
 

 

 

Working Memory for Multifeature Visuospatial Stimuli in 

Normal Aging 

 

Christina Feldman 

BSc (Hons) 

 

School of Psychology 

University of Western Australia 

 

 

 

 

This thesis is presented for the degree of Doctor of Philosophy, and in partial 

fulfillment of the requirements for the degree of Master of Psychology (Clinical 

Neuropsychology), of the University of Western Australia. 

2005 



Abstract 

 

The aim of the present series of studies was to identify barriers to working memory 

for multifeature visuospatial stimuli in normal aging. Memory for multifeature stimuli 

requires retention of multiple visuospatial features, as well as the relationships between 

features within stimuli, known as memory binding.  In Experiment 1, younger people (17-

25 years) and older people (66-95 years) completed a modification of Wheeler and 

Treisman’s (2002) visual change detection task, to determine the effects of normal aging on 

memory binding, and memory for multiple features.  This task included a 500 ms study 

display made up of three or four visual stimuli, constructed of variable colours, locations 

and shapes, followed by a 900 ms retention interval and a single probe stimulus.  

Participants performed a same-different judgement, comparing the probe stimulus to the 

study display stimuli.  Negative (different) probes in the binding condition were made up of 

re-paired features from different study display stimuli, testing memory for the relationships 

between features within stimuli.  Negative probes in two other conditions, labeled the 

single feature condition and the ‘either’ condition, included a new feature not presented in 

the study display. In the single feature condition, participants were cued to attend to a 

specified feature (colour, location or shape in different trial blocks) that could change from 

study to probe.  In the ‘either’ condition, any of the three features could change from study 

to probe.  Results indicated that older people did not have a memory binding decrement 

compared to younger people. Further, younger people performed more accurately when 

cued to attend to a specific feature, while older people’s performance did not improve with 

cueing.   

In contrast to the results of Experiment 1, Mitchell, Johnson, Raye, Mather and 

D’Esposito (2000) reported that older people demonstrated a memory binding decrement 
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compared to younger people, on a visual change detection task in which study display 

stimuli were presented sequentially. Experiment 2 employed the binding condition and the 

‘either’ condition, with stimuli presented either sequentially or simultaneously.  Results 

were consistent with Experiment 1, with no age-related binding decrement, regardless of 

the method of stimulus presentation. 

 In Experiment 1, older people demonstrated a shape memory decrement 

compared to younger people.  Experiments 3A and 3B were performed to determine 

whether this result did represent a memory decrement per se, or whether it was a 

consequence of a shape perception decrement.  Both age groups completed a shape memory 

task, and a shape perception task, in which they indicated whether any two study display 

stimuli were the same shape, or whether they were all different shapes. Compared to 

younger people, older people demonstrated a similar performance decrement across shape 

perception and memory tasks, indicating that their performance was mediated by an 

underlying perceptual decrement.   

Experiment 4 was conducted to determine if older people had difficulty selectively 

attending to a feature across multifeature stimuli, as suggested by their failure to benefit 

from cueing in Experiment 1.  Stimuli in this visual change detection task varied on two 

features, one to be attended, and the other to be ignored, both equally likely to change from 

study to probe. Older people had a greater performance decrement when the irrelevant 

feature was incompatible with the correct response, compared to younger people, consistent 

with a selective attention decrement.   

Experiment 5B adapted the design of Experiment 4 to both a perception task and a 

working memory task, while Experiment 5A identified appropriate stimulus features to use 

in Experiment 5B.  Results of Experiment 5B indicated that older people’s selective 

 iii



attention decrement was not specific to working memory, but occurred at the perceptual 

level.   

Overall, older people do not have particular difficulty remembering multiple 

visuospatial features, or binding these features within working memory.  Rather, older 

people’s performance was marked by difficulty selectively attending to a specified feature 

across multifeature stimuli. 
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Chapter 1 

Working Memory for Multifeature Visuospatial Stimuli and Normal Aging 

 

Visuospatial working memory involves the short-term storage and manipulation of 

visuospatial stimuli.  Traditional measures of visuospatial working memory usually employ 

stimuli defined by a single visuospatial feature, such as location, size, colour or shape, to 

name a few.  However, the complex visuospatial stimuli we encounter in our everyday lives 

are made up of multiple visuospatial features. While retention of multiple visuospatial 

features is a necessary prerequisite for multifeature memory, retention of the unique 

combinations of these features, known as memory binding, is also essential for accurate 

memory of complex visuospatial stimuli.  For instance, memory for a green book and a red 

cup requires retention of these features in the correct conjunction; otherwise one might 

erroneously remember a red book and a green cup. In this way, retention of individual 

features is necessary, but not sufficient, to accurately remember multifeature stimuli, and 

an inability to bind these features together would likely represent a barrier to accurate 

memory for such stimuli. 

While age-related changes in memory for single-feature visuospatial stimuli have 

been investigated in depth (Hartman, Dumas, & Neilsen, 2001; Jenkins, Myerson, Hale, & 

Fry, 1999; Jenkins, Myerson, Joerding, & Hale, 2000; Muller & Knight, 2002; Myerson, 

Hale, Rhee, & Jenkins, 1999; Olson, Zhang, Mitchell, Johnson, Bloise, & Higgins, 2004; 

Sara & Faubert, 2000), the literature examining age-related changes in memory for more 

complex, multifeature stimuli is limited.  The few studies that have investigated the effects 

of normal aging on working memory for multifeature stimuli suggest older people have 

difficulty retaining the relationships between feature values (Mitchell, Johnson, Raye, 

Mather, & D’Esposito, 2000; Mitchell, Johnson, Raye, & D’Esposito, 2000; Rypma & 
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D’Esposito, 2000) and will be reviewed later in this chapter.  The aim of the present series 

of studies was to identify any impediments to working memory for multifeature 

visuospatial stimuli in normal aging.  A multifeature memory decrement would represent a 

significant barrier to memory for everyday objects, which would likely go undetected in 

studies of single-feature memory in older people.   

There are two pertinent differences between single-feature and multifeature stimuli 

that could impact upon working memory performance.  First, multifeature stimuli contain 

more information than single-feature stimuli, in the form of multiple features, and thus 

might be more difficult to remember due to increased memory load.  Second, the unique 

relationships between these features within stimuli must be retained, as incorrect 

recombination of features from different stimuli would lead to poor memory performance.   

To provide a context for subsequent discussion of the effects of aging on 

multifeature visuospatial working memory, the following review will include supporting 

literature on Baddeley’s (1986) working memory model, the decline in working memory in 

normal aging, and theories of memory binding.  Baddeley’s working memory model has 

been selected as a framework for the present study because it provides a satisfactory 

explanation for many working memory phenomena within the research literature, and takes 

a modular approach (Baddeley, 1986, 1992, 1996; Baddeley & Logie, 1999). 

Baddeley’s (1986) Working Memory Model 

Working memory is generally characterized as a limited capacity cognitive 

workspace for retention and manipulation of activated information over a brief interval 

(Baddeley, 1986, 1996).  There are three major components of working memory within 

Baddeley’s (1986) model.  These include the central executive, which coordinates higher-

order activity including attention, strategy selection and integration of information, as well 

as two slave storage systems: the phonological loop, which stores verbal information, and 
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the visuospatial sketchpad (VSSP), which stores visuospatial information (Baddeley, 1986, 

1992).  The role of the central executive in coordinating higher-level processes has been 

demonstrated by dual task performance decrements, with allocation of resources to more 

than one task leading to impaired working memory performance (Baddeley, 1986).  The 

independent nature of the phonological loop and VSSP has been substantiated by evidence 

from interference studies, with verbal distracters selectively interfering with memory for 

verbal material, and visuospatial distracters selectively interfering with memory for 

visuospatial information (Baddeley, 1986; Hale, Myerson, Rhee, Weiss, & Abrams, 1996; 

Logie, Zucco, & Baddeley, 1990).  In addition, there is considerable neurological evidence 

for a separation between these two slave systems, including a double dissociation between 

brain lesion sites and working memory deficits (Hanley, Young, & Pearson, 1991), together 

with functional neuroimaging evidence of dissociable neural substrates (Gruber & von 

Cramon, 2003; Smith & Jonides, 1997; Smith, Jonides, & Koeppe, 1996).   

Within the VSSP there is also a dissociation between storage of visual and spatial 

information (Klauer & Zhao, 2004; Logie, 1995), and as such the visuospatial sketchpad 

had been divided into the inner scribe for spatial information, and the visual cache for 

visual information (Baddeley & Logie, 1999).  Like the verbal-visuospatial dissociation 

detailed above, the visual-spatial dissociation is based on double dissociations between 

deficits in patients with brain lesions (Baddeley, 1996; Logie), neuroimaging evidence 

(Smith & Jonides, 1997), and selective interference (Baeyens & Bruyer, 1999; Bruyer & 

Scailquin, 1998; Hecker & Mapperson, 1997; Klauer & Zhao; Logie & Marchetti, 1991; 

Tresch, Sinnamon, & Seamon, 1993). The dissociation of visual and spatial working 

memory may follow on from the dissociation of the ventral ‘what’ and dorsal ‘where’ 

streams of visual processing (Ungerleider & Haxby, 1994). Nonetheless, the inner scribe 

and visual cache have proven more difficult to tease apart experimentally than the VSSP 
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and phonological loop, and are often treated as a single, overarching non-verbal system 

(Baddeley, 1992, 1996). 

Recently, Baddeley (2000, 2002) proposed an additional component of the working 

memory model, the episodic buffer.  This component performs many of the higher order 

processes previously attributed to the central executive, together with multimodal 

information storage, and might serve to bind information from different slave systems 

(Baddeley, 2000, 2002).  In the case of working memory for multifeature visuospatial 

stimuli, the episodic buffer could bind visuospatial features within stimuli, storing the 

relationships between these features.  As the episodic buffer is a relatively new addition to 

the working memory model, little research has been conducted on this component to date.  

Working Memory Decline in Normal Aging 

Theories of Working Memory Decline in Normal Aging 

A decline in working memory function is one of the most robust findings in the 

aging literature, replicated across a wide variety of tasks (Salthouse, 1994; Salthouse, & 

Babcock, 1991).  There are two major theories that account for the age-related working 

memory decline in terms of a decrease in cognitive resources, namely processing speed, 

and inhibition. 

Processing speed. The results of several investigations by Salthouse and colleagues 

(Salthouse, 1991, 1992, 1994, 1995, 1996; Salthouse & Babcock, 1991; Salthouse, 

Hancock, Meinz, & Hambrick, 1996; Salthouse & Meinz, 1995) as well as others (Fisk & 

Warr, 1996; Hartley, Speer, Jonides, Reuter-Lorenz, & Smith, 2001; Park, Lautenschlager, 

Hedden, Davidson, Smith, & Smith, 2002) have indicated that working memory decline in 

normal aging is mediated by a decline in speed of mental processing.  These experiments 

included working memory tasks that require information storage and processing, such as 

reading span and computation span, which were administered to samples spanning the adult 
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age range, together with processing speed measures, such as perceptual comparison tasks 

(Salthouse, 1992, 1994).  These results indicate that a large proportion of age-related 

variance in working memory performance was accounted for by statistical control of 

processing speed measures, suggesting the working memory decline in normal aging is 

underpinned by general mental slowing (Fisk & Warr; Hartley et al.; Park et al.; Salthouse, 

1991, 1992, 1994, 1995, 1996; Salthouse et al.; Salthouse & Babcock; Salthouse & Meinz).  

Salthouse (1996) proposed that speed of information processing mediates working memory 

decline by decreasing rehearsal speed, leading to a reduction in working memory span 

(Salthouse, 1994, 1996).   

Inhibition. One alternative to the speed of processing theory is that the working 

memory decline in normal aging can be accounted for by a reduction in inhibitory function 

(Hasher & Zacks, 1988; Stoltzfus, Hasher, & Zacks, 1996; Zacks & Hasher, 1994; Zacks, 

Hasher, & Li, 2000).  According to this view, older people are less able to suppress 

irrelevant information from entering working memory, and this irrelevant information in 

turn draws upon the limited capacity storage components of the working memory system, 

leading to less efficient encoding and retrieval (Hasher & Zacks; Stoltzfus et al.; Zacks et 

al.; Zacks & Hasher).  This view is supported by the increase in proactive interference 

observed in normal aging, reflecting difficulty suppressing irrelevant information within 

working memory (Zacks et al.).  Working memory span tasks typically begin with shorter 

sequences and move up to longer sequences.  Zacks et al. argued that this progressive span 

procedure may disadvantage older people because the early, shorter sequences may 

generate proactive interference and impede performance on the subsequent, longer 

sequences. When this task was administered in the reverse order, with longer sequences 

preceding shorter ones, older people showed much less of a decrement compared to 

younger people (Zacks et al.).  This pattern of performance suggests that older adults’ 
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reduced working memory span could be underpinned by increased susceptibility to 

proactive interference, likely mediated by an inhibitory decrement (Zacks et al.). 

This inhibition theory predicts that the working memory decline in normal aging 

should be associated with a similar decline in measures of inhibition, including the Stroop 

task, with participants inhibiting a word reading response, while naming the colour of the 

ink the word is printed in, and negative priming, with participants selecting a previously 

inhibited distracter stimulus. However, Grant and Dagenbach (2000) reported intact 

negative priming in conjunction with a decline in working memory span in a group of older 

people, indicating these measures were not related.  Additionally, Jenkins et al. (1999) 

found that across the adult age range, individuals with larger working memory spans were 

more susceptible to interference from a secondary task, indicating preserved working 

memory span in the presence of an inhibitory decrement. 

Salthouse and Meinz (1995) set out to determine whether measures of processing 

speed or inhibition more fully accounted for the working memory decline in normal aging.  

They obtained reading and computation spans, as measures of working memory, together 

with Stroop interference performance, as a measure of inhibition, as well as several 

processing speed measures, on a sample spanning the adult age range.  Results showed that 

although Stroop performance accounted for a large proportion of the age-related variance in 

working memory span, processing speed accounted for an even greater proportion of this 

variance, as well as most of the age-related variance in Stroop performance.  Salthouse and 

Meinz concluded that a decline in processing speed across the lifespan likely underpinned 

the concomitant declines in working memory and inhibition.   

While it appears more likely that the decline in working memory in normal aging is 

underpinned by a decrement in speed of processing than inhibition, the present study is 

concerned only with working memory for multifeature visuospatial stimuli.  The following 
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section will therefore review age-related changes in those working memory modules that 

likely impact upon multifeature visuospatial working memory. 

Effect of Normal Aging on Components Required for Multifeature Visuospatial Working 

Memory 

Most of the evidence to date suggests a general decline across all components of 

Baddeley’s (1986) working memory model with increasing age (Phillips & Hamilton, 

2001).  However, a few studies, detailed below, have found differential decrements in the 

central executive and visuospatial sketchpad in normal aging. 

Central executive.  The central executive appears to be particularly vulnerable to the 

effects of normal aging, based on tasks requiring divided attention and active manipulation 

of material (Baddeley, 1986; Phillips & Hamilton, 2001).  Older people have demonstrated 

greater decrements than younger people on working memory tasks that require active 

manipulation of material, such as backward digit span, recalling words in alphabetical 

order, and a variant of the n-back task (Belleville, Rouleau, & Caza, 1998; Dobbs & Rule, 

1989; Salthouse & Babcock, 1991).  Additionally, older people have demonstrated dual-

task decrements for concurrent letter and digit span tasks (Salthouse, Rogan, & Prill, 1984). 

As the episodic buffer includes many of the properties previously attributed to the central 

executive (Baddeley, 2000, 2002), this decline in the central executive with increasing age 

may carry over to the episodic buffer, which likely stores binding information, although 

this has not be tested to date.  

Visuospatial sketchpad. Most of the research into the effects of normal aging on 

working memory has been conducted using verbal material, and thus there has been little 

examination of the visuospatial sketchpad in older people (Phillips & Hamilton, 2001).  

Nonetheless, there is some limited evidence that the visuospatial sketchpad is more 

vulnerable to the effects of normal aging than the phonological loop (Hartley et al., 2001; 
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Jenkins et al., 2000; Myerson et al., 1999), although some studies have found equivalent 

rates of age-related decline for these components (Park et al., 2002; Salthouse, 1995; 

Salthouse, Kausler, & Saults, 1988).  Within the visuospatial sketchpad there is evidence 

for age-related decline in both the inner scribe, which stores spatial material, and the visual 

cache, which stores visual material, although there has been little investigation comparing 

the effects of normal aging on these two subcomponents. Older people have demonstrated 

working memory decrements compared to younger people for spatial material (Hartman et 

al., 2001; Lyons-Warren, Lillie, & Hershey, 2004; Muller & Knight, 2002; Perlmutter, 

Metzger, Nezworski, & Miller, 1981) and visual material (Bruyer & Scailquin, 1999; 

Hartman et al.; Oscar-Berman, Hutner, & Bonner, 1992; Park & Puglisi, 1985), although 

there is some evidence that performance is preserved for easier working memory tasks 

within the visuospatial domain (Faubert, 2002; Faubert & Bellefeuille, 2002; Olson et al., 

2004; Oscar-Berman et al.).   

Overall, investigation of the effect of normal aging on working memory suggests 

that working memory decline is likely underpinned by slowed speed of processing, and that 

the central executive and visuospatial sketchpad might be subject to greater age-related 

decline than the phonological loop. General theories of memory binding will now be 

reviewed, before returning to the effect of normal aging on multifeature visuospatial 

memory. 

Cognitive Theories of Memory Binding 

The ‘binding problem’ in visual perception addresses how visuospatial features, 

analysed by spatially separate cortical areas in visual processing, are recombined to form 

meaningful visual percepts (Wheeler & Treisman, 2002).  More pertinent to the present 

study is the problem of binding within memory.  While many studies have measured 

memory for visuospatial stimuli defined by a conjunction of features (Chalfonte & 
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Johnson, 1996; Elliott & Dolan, 1998; O’Reiley & Rudy, 2001), studies that directly 

examine memory binding must include measures of memory for the relationships between 

features within stimuli. For this reason, the related literature on source memory and 

associative memory will not be reviewed. This literature includes measures of memory for 

multiple stimulus features, but these studies usually do not test memory for the 

relationships between these features within stimuli, and as such this literature falls outside 

the scope of the present study.  

There are two major competing theories of memory binding.  A strong theory of 

memory binding states that visual features are bound into unified object representations 

during perception, and that these bound object representations persist into memory, leading 

to automatic and effortless memory binding (Luck & Vogel, 1997, 1998; Vogel, Woodman, 

& Luck, 2001).  An alternative theory states that perceptual binding relies upon continuous 

reference back to the stimuli for binding information, while no such backup exists in 

memory (Treisman, Sykes, & Gelade, 1977). In the absence of this stimulus referent, the 

visual features might disintegrate or ‘fall apart’ in memory and perhaps recombine 

incorrectly (Treisman et al.).  According to this theory, additional attentional resources are 

required to keep visual features bound together within working memory (Wheeler & 

Treisman, 2002).  The question of whether perceptual binding persists effortlessly into 

memory, or whether attentional resources are required to keep object representations from 

disintegrating into their constituent features, will be considered presently. For the purposes 

of this study, the following review will be limited to studies of visuospatial working 

memory. 

Strong Binding 

The strong theory of memory binding, proposed by Luck and Vogel (1997) and 

expanded upon by Vogel et al. (2001), posits that visual object representations, and not 
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their constituent features, are the basic units of visuospatial working memory. For the 

purposes of this discussion, visuospatial dimensions (colour, shape, etc) will be referred to 

as ‘features’, while specific values of these dimensions (red, green, circle, square) will be 

referred to as ‘feature values’.  According to this theory, once visuospatial feature values 

are bound in perception, the relationships between feature values are automatically and 

effortlessly retained, because working memory operates on bound object representations, 

rather than feature values (Vogel et al.). The capacity of visuospatial working memory is 

limited only by the number of stimuli (three to four for younger adults), with seemingly 

unlimited memory for feature values, providing they are bound together within the limited 

number of objects held in memory (Luck, & Vogel; Vogel et al.).  

 Luck and Vogel (1997) and Vogel et al. (2001) examined working memory for 

multifeature stimuli using a visual change detection task.  In their procedure, a study 

display containing a variable number of visuospatial stimuli was presented on a computer 

screen for 100 ms.  Following a blank screen interval of 900 ms, a probe display containing 

the same number of stimuli as the study display was presented, and participants made a 

same-different judgement.  Positive probe displays were identical to the study display, 

while negative probe displays differed by one feature value of one stimulus. Using stimuli 

defined by two features (colour and orientation), Luck and Vogel, and Vogel et al. 

compared performance across two conditions: one in which a single specified feature could 

change between study and probe, and one in which either feature could change, requiring 

memory for both features.  Successful performance on this task was limited by the number 

of study display stimuli, falling between three and four, regardless of the number of 

variable features within these stimuli.  Similar results were also obtained for stimuli defined 

by four features (colour, orientation, size, and presence or absence of a gap; Luck & Vogel; 

Vogel et al.).  Based on these results, it was concluded that bound object representations 
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constitute the basic unit of visuospatial working memory, and that binding between feature 

values is implicit in this object-based code, with no performance decrement for multiple 

features (Luck & Vogel; Vogel et al.).  

However, as both the single-feature and multiple-feature conditions employed the 

same multifeature stimuli, participants might have incidentally encoded and stored multiple 

features across all conditions, regardless of task requirements (Luck & Vogel, 1997; Vogel 

et al., 2001).  This possibility was addressed by comparing memory for stimuli defined by a 

single feature, to stimuli defined by two features.  Performance was equivalent across these 

conditions as well (Luck & Vogel; Vogel et al.).  It was concluded that bound objects were 

the limiting and primary unit of working memory, and that binding was automatic and 

effortless, as up to sixteen features could be retained without a performance decrement, 

provided they were integrated within four objects (Luck & Vogel; Vogel et al.).   

An alternate interpretation of these findings is that feature values are stored in 

parallel, independent feature stores, and that the observed capacity limit is mediated by the 

limited number of feature values that can be retained within each feature store, with the 

limit being three to four colours, three to four orientations, etc. (Luck & Vogel, 1997; 

Vogel et al., 2001; Wheeler & Treisman, 2002). If feature values were retained in parallel 

stores, rather than as integrated object representations, then memory binding would require 

an additional layer of information for the relationships between the feature values held in 

these separate stores.  Luck and Vogel, and Vogel et al. addressed the possibility of 

multiple, limited capacity feature stores in a study that employed stimuli defined by two 

values of the same feature. Stimuli consisted of squares defined by two colours: one colour 

on the outside surround of the square, and a different colour in the centre.  In this way, if 

performance was limited by the capacity of independent feature memory stores, then a 

performance decrement would be expected for bicoloured squares compared to single-

 11



coloured squares, due to the increased total number of feature values.  Performance was 

equivalent between squares defined by one feature value compared to two, with eight 

colours remembered as easily as four, provided they were integrated within four stimuli 

(Luck & Vogel, 1997; Vogel et al.).  These results suggest that once feature values are 

integrated into object representations, the number of feature values ‘chunked’ in each 

object is not a limiting factor, but rather the number of objects determines working memory 

capacity (Luck & Vogel, 1998).  Further, binding multiple features in working memory 

appears to be effortless, as it incurred no performance decrement (Luck & Vogel, 1997; 

Vogel et al.). 

Based on these results, Luck and Vogel (1997) and Vogel et al. (2001) concluded 

that integrated object representations make up the basic unit of visuospatial working 

memory. They subsequently inferred that binding between feature values was stored 

implicitly within an object-based memory code.  However, Luck and Vogel’s, and Vogel et 

al.’s methodology contained no direct measure of memory for the relationships between 

feature values within stimuli.  Therefore, these results do not indicate whether memory for 

the relationships between feature values is as robust as memory for the feature values 

themselves. 

Attentional Binding 

As described previously, an alternative memory binding theory posited by Wheeler 

and Treisman (2002) maintains that within working memory, features are held in parallel 

memory stores, and that binding requires an extra layer of information containing the 

relationships between feature values, that is, for the extra information as to which feature 

values belong together within each stimulus. Multiple, parallel feature memory stores could 

account for the seemingly unlimited total number of feature values retained (up to 16) in 

Luck and Vogel’s (1997), and Vogel et al.’s (2001) investigations, while the limited 
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number of stimuli retained could be due to the limited capacity of each of these stores: 

three to four colours, three to four orientations, etc. (Wheeler & Treisman). These parallel 

stores are analogous to the parallel analysis of features within the visual perceptual system, 

and thus pose the same binding problem of recombining these feature values correctly 

(Wheeler & Treisman).  

As described above, Luck and Vogel (1997), and Vogel et al. (2001) addressed the 

possibility of limited capacity feature memory stores by comparing memory for single-

coloured and bicoloured squares.  Performance was equivalent across these conditions, and 

it was concluded that feature values were bound effortlessly within working memory (Luck 

& Vogel; Vogel et al.).  However, both Wheeler and Treisman (2002), and Delvenne and 

Bruyer (2004) failed to replicate this finding, using a variety of bicoloured stimuli. Instead, 

they found the capacity of working memory was limited by the number of different colours 

in the display, rather than the number of stimuli.  Thus, performance was equivalent 

between a display of six single-coloured stimuli and a display of three bicoloured stimuli 

(Wheeler & Treisman; Delvenne & Bruyer).  This finding was replicated using a single 

probe stimulus procedure, discussed in detail below (Delvenne & Bruyer).  These results 

suggest that working memory capacity is limited by the number of values of each feature, 

rather than the number of stimuli.  This suggests binding between feature values is not 

implicit in the visuospatial memory code, as Luck and Vogel, and Vogel et al. maintain, 

and some alternative explanation for memory binding is required. Wheeler and Treisman 

set out to examine working memory for the relationships between feature values within 

stimuli. 

Wheeler and Treisman (2002) posited that the multifeature stimuli used by Luck 

and Vogel (1997), and Vogel et al. (2001) could be remembered with separate lists of 

feature values in parallel feature stores, and that memory binding was not directly 
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addressed in their procedure.  Specifically, memory for the relationships between feature 

values within stimuli was never directly tested.  To address this limitation, Wheeler and 

Treisman replicated Luck and Vogel’s, and Vogel et al.’s procedure using stimuli that 

varied on colour and location.  They included an additional binding condition, with 

negative probe stimuli made up of re-paired study display feature values, to test memory 

for the relationships between feature values.  That is, for negative probes in this binding 

condition, feature values from two different study display stimuli were re-paired to make 

two new stimuli.  Although these negative probe stimuli were made up of feature values 

from the study display, they were different from the study display stimuli, in that they 

represented new relationships between these feature values. Therefore, independent lists of 

feature values in parallel memory stores, without additional binding information would lead 

to an incorrect ‘same’ response, as all of the feature values in the negative probe display 

were presented in the study display.  This condition was compared to a single feature 

condition, in which only one specified feature changed from study to probe (either location 

or colour in different blocks), and an ‘either’ condition in which either feature could change 

from study to probe, with participants cued to a specified feature at probe.  In these single 

feature and ‘either’ conditions, negative probe displays included two new feature values not 

presented in the study display.  Therefore, these conditions could be completed correctly 

using parallel feature stores, and did not test memory binding.   

Performance on the single feature and ‘either’ conditions of Wheeler and 

Treisman’s (2002) task was consistent with Luck and Vogel’s (1997) and Vogel et al.’s 

(2001) findings, with no performance decrement for the ‘either’ condition compared to the 

single feature condition.  However, there was a performance decrement for the binding 

condition compared to the single feature and ‘either’ conditions, indicating that memory for 

the relationships between feature values was not as robust as memory for the feature values 
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themselves.  Further to this, the increased error rate in the binding condition was driven by 

a failure to reject negative probes, indicating that participants incorrectly recognized re-

paired probe stimuli as being the same as study display stimuli.  Thus the changes in the 

relationships between the feature values went unnoticed much of the time, with poorer 

memory for binding information compared to memory for feature values.  These results 

support the assertion that there are independent, parallel feature memory stores, and that 

feature values are not automatically and effortlessly bound in memory.   

 Wheeler and Treisman (2002) conducted further investigations to determine 

whether characteristics of the probe display had an effect upon memory binding. They 

modified the probe display such that it contained a single stimulus, rather than the same 

number of stimuli as the study display.  Participants made a same-different judgement 

based on whether this stimulus was the same as any of the study display stimuli.  This 

allowed attention to be focussed on this single probe stimulus, rather than spread across 

multiple stimuli within the probe display. Within this experiment negative probe stimuli in 

the single feature and ‘either’ conditions contained one new feature value, while negative 

probe stimuli in the binding condition were constructed of re-paired features from two 

different study display stimuli.  Binding performance improved when tested using a single 

probe stimulus, up to the level of the least accurately remembered feature within the 

‘either’ condition.  This suggested that memory binding was intact, as Wheeler and 

Treisman posited that performance in the binding condition could not be expected to 

exceed that of the least accurately remembered constituent feature within the stimuli.  

These results indicated that memory for the relationships between features was accessible 

when tested with a single probe stimulus. Wheeler and Treisman concluded that focussed 

attention was required for successful memory binding, with perception of multiple probe 

stimuli diverting enough attention for binding between feature values to ‘fall apart’.  
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Wheeler and Treisman further concluded that if feature values were stored in parallel 

independent memory stores, then there must be an additional mechanism for binding 

information between feature values.  These results were replicated using variable colour 

and shape, with similar results (Wheeler & Treisman).  

Accumulated decision making errors could also explain the above results, with only 

one decision required for a single stimulus probe display, but multiple decisions required 

for a multiple stimulus probe display; although the reasons that this would lead to a 

decrement in the binding condition only are unclear.  Wheeler and Treisman (2002) 

addressed the issue of accumulated decision making errors by comparing performance for 

two different multiple stimulus probe display conditions.  A standard multiple stimulus 

probe display was compared to a condition in which one of the stimuli within the probe 

display was cued with an arrow. Luck and Vogel (1997) and Vogel et al. (2001) employed 

a similar procedure in which a single probe stimulus was highlighted with an outline box, 

but, as noted above, they did not include a binding condition with re-paired negative probe 

stimuli. Wheeler and Treisman implemented this manipulation on binding trials only, as 

their investigations had shown no effect of the number of probe display stimuli on 

performance in the ‘either’ or single feature conditions. Results revealed no difference 

between performance for cued and uncued multiple stimulus probe displays, within the 

binding condition.  Thus, the poor binding performance with a multiple stimulus probe 

display, compared to a single stimulus probe display, can be attributed to the presence of 

multiple stimuli, rather than accumulated errors from making same-different judgements 

across multiple stimuli. Wheeler and Treisman concluded that the perception of multiple 

stimuli in the probe display diverted attention from binding, leading to a performance 

decrement. While cueing a particular stimulus might help to focus attention, the presence of 

multiple stimuli might nonetheless serve as a distraction. 
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 Based on these results, Wheeler and Treisman (2002) proposed a model of 

multifeature visuospatial working memory that included parallel, limited capacity feature 

stores, and a separate mechanism for remembering the relationship between feature values, 

enabling memory binding. They also concluded that retention of binding information 

required additional attentional resources, compared to memory for feature values.  When 

confronted with multiple stimuli at probe, attentional resources were depleted, and binding 

information became degraded, leading to false recognition of stimuli made up of re-paired, 

but studied feature values.  However, when tested with a single probe stimulus, participants 

were able to focus attention and correctly reject re-paired negative probes, up to the level 

demonstrated for the least accurately remembered constituent stimulus feature, representing 

intact memory binding. 

 Results of several other studies of working memory for multifeature stimuli are 

consistent with Wheeler and Treisman’s (2002) model.  First, several visuospatial working 

memory studies are consistent with parallel, independent visuospatial feature stores.  There 

is considerable evidence that working memory for location is independent of working 

memory for other visual features, as conceptualized by the division of the visuospatial 

sketchpad into the inner scribe for spatial information and the visual cache for visual 

information (Baddeley & Logie, 1999).  This dissociation has been substantiated by 

selective interference tasks, with spatial distracters interfering with memory for location 

only, and visual distracters interfering with memory for visual features only (Baeyens & 

Bruyer, 1999; Bruyer & Scailquin, 1998; Hecker & Mapperson, 1997; Klauer & Zhao, 

2004; Logie & Marchetti, 1991; Tresch et al., 1993).  With regard to the independent 

storage of multiple visual features, studies of colour and shape have shown that 

manipulation of an irrelevant visual feature has little or no effect upon memory for another 

attended feature (Isenberg, Nissen, & Marchak, 1990; Stefurak & Boynton, 1986).   
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There is also additional evidence for the somewhat fragile nature of memory 

binding. The Wheeler and Treisman (2002) model posits that intact memory binding relies 

upon attentional resources, and therefore any concurrent task that draws upon attentional 

resources could lead to a failure of memory binding.  Stefurak and Boynton (1986) tested 

memory for conjunctions of animal shapes and colours.  A study display of five coloured 

animal shapes was followed by either a 3- or 15-second delay, and a single probe stimulus.  

Probe stimuli were either the same as one of the study display stimuli, contained one or 

more features not included in the study display, or were constructed of re-paired features 

from different study display stimuli, testing memory for the relationships between feature 

values.  Results indicated that participants were able to detect re-paired negative probes, 

but not while performing a mental arithmetic task.  The authors suggested that the mental 

arithmetic task acted to suppress verbal recoding and articulatory rehearsal of stimuli, and 

concluded that memory binding was mediated by verbal labeling.  However, it seems likely 

that the mental arithmetic task also diverted attentional resources from the memory task, 

perhaps leading to a binding failure by diverting attentional resources (Wheeler & 

Treisman, 2002).  Indeed, this interpretation seems more likely, as subsequent studies have 

shown that binding information can be retained in the presence of articulatory suppression 

(Wheeler & Treisman), indicating that verbal labels do not likely mediate visuospatial 

memory binding. 

Additional studies have been generally consistent with Wheeler and Treisman’s 

(2002) assertion that multiple stimulus probe displays lead to a memory binding decrement.  

Treisman (1977) and Treisman et al. (1977) both employed a visual change detection task 

to measure memory binding.  Study and probe displays each consisted of two stimuli, with 

each stimulus defined by two features. Stimuli were coloured letters, coloured shapes, or 

schematic faces made up of stylized eyes and mouths, in separate experiments.  Participants 
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made a same-different judgment for the probe display, which immediately followed the 

study display.   Negative probe displays included a variety of different configurations of 

new features and re-paired features, testing memory for the relationships between feature 

values.  The least accurate performance, and slowest response latencies were observed for 

negative probes in which the features were not new, but the relationships between them had 

changed, consistent with Wheeler and Treisman’s account of poor memory binding in the 

presence of multiple probe stimuli. 

Generally, those studies which included multiple probe display stimuli reported a 

memory binding decrement (Treisman, 1977; Treisman et al., 1977) while those with a 

single probe stimulus reported intact binding, when attention was not otherwise diverted 

(Delvenne & Bruyer, 2004; Stefurak & Boynton, 1986).  However, two studies have been 

inconsistent with this pattern of results, with intact binding reported for a multiple stimulus 

probe display (Simons, 1996) and a binding decrement detected for a single stimulus probe 

display (Mewhort & Johns, 2000).   

Simons (1996) conducted a visual change detection task in which a study display of 

five shapes, each in one of nine possible locations, was followed by a 4300 ms delay and a 

probe display of five stimuli, requiring a same-different judgment.  There were two 

conditions in which negative probes contained a new shape, or a new location, and a third 

‘switch’ condition in which two of the shapes changed locations with one another, testing 

memory for the relationships between feature values.  Performance was most accurate for 

the new location condition, followed by the new shape and ‘switch’ conditions, which were 

equivalent in difficulty.  Thus, binding performance matched the level of performance for 

the least accurately remembered stimulus feature, when tested with a multiple stimulus 

probe display, contrary to Wheeler and Treisman’s (2002) results.  However, performance 

 19



for both the new shape and switch conditions was near chance level, perhaps leading to a 

floor effect, and disguising any binding decrement. 

Mewhort and Johns (2000) also implemented a visual change detection task with a 

study display of three coloured shapes, followed by a 1750 ms mask and a single probe 

stimulus.  Negative probe stimuli were made up of either two new feature values, one new 

and one old feature value, or two re-paired feature values from the study display, testing 

memory for the relationships between features.  They found the most accurate performance 

for two new feature values, followed by one new and one old feature value, and the least 

accurate performance for re-paired probes.  Mewhort and Johns concluded that re-paired 

probe stimuli were more likely to be incorrectly recognized because they shared more 

feature values with the study display, and therefore elicited a greater feeling of familiarity.  

This result represents an instance of a binding decrement with a single probe stimulus, 

contrary to Wheeler and Treisman’s (2002) findings.  However, perception of the mask 

employed during the retention interval may have drawn upon the limited attentional 

resources required for memory binding, in a similar way to a multiple stimulus probe 

display, leading to a memory binding decrement. Additionally, Wheeler and Treisman 

compared binding performance to the least accurately remembered constituent feature, 

representing a more lenient criterion, while Mewhort and Johns did not perform this 

comparison. 

With a few exceptions, the balance of evidence to date supports Wheeler and 

Treisman’s (2002) theory of multifeature memory binding, with parallel, independent, 

limited capacity feature stores, together with a separate mechanism for binding feature 

values within stimuli, requiring additional attentional resources. This cognitive theory of 

memory binding accurately describes binding performance on tasks of multifeature 

visuospatial memory and will serve as a model for the present series of studies.  However, 
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this theory does not explain how features are bound between parallel feature memory stores 

in the working memory system. The neural synchrony theory fills this theoretical gap, by 

proposing a mechanism for binding between feature values.   

Neural Synchrony Theory as Applied to Memory Binding 

The neural synchrony theory states that activity in spatially separate cortical 

neurons coding for feature values of the same stimulus, can be bound together by a 

transient period of temporally synchronous neural firing (Engel, Fries, Konig, Brecht, & 

Singer, 1999; Engel & Singer, 2001; Gray, 1999; Luck & Vogel, 1997, 1998; Singer, 1996, 

1999; Singer, Engel, Kreiter, Munk, Neuenschwander, & Roelfsema, 1997; Singer & Gray, 

1995; Vogel et al., 2001; Wheeler & Treisman, 2002). These spatially separate cells firing 

in unison represent a unique ‘cell assembly’, coding for a single stimulus.  Multiple stimuli 

are represented by multiple cell assemblies, each with a unique pattern of synchronous 

firing, which differentiates them from one another (Engel et al.; Engel & Singer; Gray; 

Singer, 1999; Singer & Gray; Singer et al.; Vogel et al; Wheeler & Treisman).  Memory for 

multiple features within a stimulus can be accounted for by multiple neurons in a single cell 

assembly, each coding for a different feature value (Luck & Vogel, 1997, 1998; Vogel et 

al.; Wheeler & Treisman). The limited capacity of stimuli held in memory may be a result 

of the limited number of firing patterns that can be established before some spurious 

synchrony occurs between cells coding for different stimuli (Luck & Vogel, 1997, 1998; 

Raffone & Wolters, 2001; Vogel et al.; Wheeler & Treisman). This spurious 

synchronization may in turn decrease the separability of these cell assemblies, degrading 

the representation of these stimuli in memory and leading to memory binding errors (Vogel 

et al.).  

Both human EEG studies and intracranial recordings in monkeys have reported 

neural synchrony during visuospatial memory tasks, usually in the form of gamma-band 
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oscillation (Bertrand & Tallon-Baudry, 2000; Nakamura, Mikami, & Kubota, 1992; 

Sarnthein, Petsche, Rappelsberger, Shaw, & Von Stein, 1998; Tallon-Baudry, Bertrand, & 

Fischer, 2001; Tallon-Baudry, Bertrand, Peronnet, & Pernier, 1998; Tallon-Baudry, 

Kreiter, & Bertrand, 1999; Tallon-Baudry, Mandon, Freiwald, & Kreiter, 2004).  However, 

no studies to date have examined neural synchrony in conjunction with memory for 

multifeature stimuli, or the relationships between feature values within these stimuli.  

Therefore, while the neural synchrony theory makes theoretical sense as an explanation for 

memory binding, it has yet to be subjected to empirical testing in this respect. 

Effect of Normal Aging on Binding in Visuospatial Working Memory 

As noted previously, a working memory decrement for multifeature visuospatial 

stimuli in normal aging, particularly with regard to binding, would represent a significant 

impediment that has likely gone undetected in studies employing single-feature stimuli.  

Indeed, few studies have examined the effect of normal aging on memory binding using the 

re-paired probe stimulus method.  Mitchell, Johnson, Raye, Mather et al.(2000) compared a 

group of older people (63 to 85 years) to a group of younger people (18 to 21 years) on a 

visual change detection task.  Study displays consisted of three line drawings of common 

objects, presented sequentially for 1000 ms each, within a three by three grid, excluding the 

centre position, followed by an 8000 ms retention interval and a single probe stimulus.  

Probes in the object condition consisted of a stimulus in the unused centre grid position, 

probes in the location condition consisted of a dot presented within the grid, and 

combination condition probes consisted of a drawing within the grid.   While negative 

probes in the object and location conditions contained a new feature value not presented in 

the study display, negative probes in the combination condition were constructed of re-

paired feature values from different study display stimuli, testing memory for the 

relationships between feature values, similar to Wheeler and Treisman’s (2002) binding 
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condition. Older people demonstrated a performance decrement for the combination 

condition, compared to the object and location conditions, representing a binding 

decrement.  Older people’s binding decrement was further supported by their particular 

difficulty rejecting negative probes made up of re-paired feature values.   

However, there was a confound of memory load, or the quantity of information to 

be retained in this experiment, with memory for only one feature required for the object and 

location conditions, but memory for two features (both object and location) in the 

combination condition.  To remedy this, an additional experiment included a condition in 

which either object or location could change from study to probe, with negative probes 

including a new feature value not presented in the study display, similar to Wheeler and 

Treisman’s (2002) ‘either’ condition.  In this way, memory binding was not necessary to 

reject these negative probes, but memory load was held constant between this condition and 

the combination condition described earlier.  Again, older people demonstrated a relative 

memory binding decrement compared to younger people, although both age groups 

demonstrated a performance decrement for re-paired negative probes in the combination 

condition, compared to their performance in the ‘either’ condition.  Based on these results, 

it was concluded that older people had a specific memory binding decrement compared to 

younger people. To follow up this result, two functional magnetic resonance imaging 

(fMRI) studies were conducted, to determine the neural underpinnings of this binding 

decrement in normal aging, discussed presently. 

Memory Binding, Aging and Neuroimaging 

Two fMRI studies of memory binding and aging have been conducted to date 

(Mitchell, Johnson, Raye, & D’Esposito, 2000; Rypma & D’Esposito, 2000).  Both 

replicated the method of Mitchell, Johnson, Raye, Mather et al.’s (2000) first experiment, 

comparing memory for objects and locations separately, to memory for a combination of 
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objects and locations, using re-paired negative probes.  However, like Mitchell, Johnson, 

Raye, Mather et al.’s (2000) first experiment, these studies included a confound between 

memory binding and memory load, with memory for only one feature required for the 

object and location conditions, but memory for two features required for the combination 

condition, testing memory binding.  Nonetheless, these studies represent the most thorough 

neuroimaging investigations of memory binding and aging to date, and will be reviewed 

presently.  Although these two studies employed the same procedure, they produced 

different patterns of behavioural and neuroimaging results. Rypma and D’Esposito reported 

that older people demonstrated slowed memory binding performance, but decreased 

dorsolateral prefrontal cortex (DLPFC) activation during the combination condition, 

compared to younger people.  Mitchell, Johnson, Raye and D’Esposito found that older 

people demonstrated a binding decrement similar to that reported by Mitchell, Johnson, 

Raye, Mather et al., together with a decrease in hippocampal activation within the 

combination condition, compared to younger people. Therefore, the neuroimaging evidence 

suggests that older people do not rely on DLPFC and hippocampal activation to the same 

extent as younger people, during a memory binding task.  These cortical areas are also 

subject to accelerated age-related degeneration, suggesting there may be an organic basis 

for a memory binding decrement in normal aging.  Evidence for selective degeneration of 

these cortical areas in normal aging, which could possibly underpin a memory binding 

decrement, will be reviewed presently.   

DLPFC, Memory Binding and Aging 

As noted above, Rypma and D’Esposito (2000) conducted an fMRI study on a 

group of older people (mean age = 68.8 years, range 66-71 years) and younger people 

(mean age = 25.0 years, range 20-29 years), comparing memory for combinations of line 

drawings and locations, to memory for these features in isolation.  Results demonstrated a 

 24 



decrease in DLPFC activation in older people compared to younger people, in the 

combination condition, while their behavioural performance in this condition was intact but 

relatively slower than the object and location conditions, compared to younger people’s 

performance (Rypma & D’Esposito, 2000, 2001). This suggests that a decline in DLPFC 

integrity in normal aging might mediate changes in speed of binding performance (Rypma 

& D’Esposito, 2000, 2001). 

Additionally, Prabhakaran, Narayanan, Zhao, and Gabrieli (2000) conducted an 

fMRI study on younger people during a visual change detection task of letters and 

locations.  They reported increased DLPFC activation in a condition requiring memory for 

these features in conjunction, using re-paired probes, compared to memory for these 

features in isolation.  They concluded that DLPFC activation was essential for accurate 

memory binding. 

There is growing evidence that aging is associated with selective DLPFC 

degeneration.  DLPFC is usually defined as including Brodmann areas 9 and 46, located on 

the superior and middle frontal gyri (Petrides & Pandya, 1999), and there is considerable 

evidence that this area is essential for visuospatial working memory (Moscovitch & 

Winocur, 2002; Petrides & Pandya). The popular theory that cognitive aging is 

characterized by accelerated degeneration of the frontal lobes has been superseded by a 

more refined theory of selective DLPFC degeneration in aging, with relative sparing of the 

remaining ventrolateral prefrontal cortex (VLPFC) (Phillips & Della Sala, 1999).  This 

DLPFC theory of cognitive aging has been supported by both cognitive and 

neuroanatomical findings.  Older people tend to demonstrate similar cognitive decrements 

to patients with DLPFC damage, including deficits on the Wisconsin Card Sorting Task, 

Raven’s Progressive Matrices, delayed response task, and self-ordered pointing task; while 

the impulse control, social decision making and psychiatric symptoms characterized by 
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VLPFC damage are not observed in normal aging (Esposito, Kirkby, Van Horn, Ellmore, & 

Berman, 1999; MacPherson, Phillips, & Della Sala, 2002; Phillips & Della Sala). In short, 

it appears that those cognitive functions mediated by DLPFC show marked decline with 

increasing age, while those mediated by VLPFC are spared (Esposito et al.; MacPherson et 

al.; Tekin & Cummings, 2002). 

With regard to neuroanatomical evidence, animal studies have found markers of 

neural degeneration in DLPFC with increasing age.  Studies of area 46 in aging monkeys 

have revealed cortical thinning, reduction of synapses in layer 1, degeneration of dendrites, 

demyelination, inclusions within glial cytoplasm, and dendritic spine loss (Duan, Wearne, 

Rocher, Macedo, Morrison, & Hoff, 2003; Peters, Leahu, Moss, & McNally, 1994; Peters, 

Sethares, & Moss, 1998).   Most studies employing human structural MRI methods have 

revealed accelerated age-related volume reduction in DLPFC compared to other cortical 

areas (Convit, et al., 2001; Raz et al., 1997, Tisserand et al., 2002). Additionally, a human 

positron emission tomography (PET) study detected a decrease in resting metabolism in 

frontal cortex in normal aging, including DLPFC (Garraux, Salmon, Degueldre, Lemaire, 

Laureys, & Franck, 1999).  However, Scheff, Price, and Sparks (2001) found no age-

related decline in synaptic density in autopsy tissue of area 9, although area 46 was not 

included in this study.  Leaving aside this single exception, these structural and metabolic 

studies of DLPFC integrity concur with the behavioural evidence cited above, indicating 

that normal aging is associated with accelerated degeneration in this cortical area.  These 

findings, together with Rypma and D’Esposito’s (2000) and Prabhakaran et al.’s (2000) 

fMRI results suggest that accelerated degeneration of DLPFC in normal aging might 

underpin changes in memory binding performance. 
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Hippocampus, Memory Binding and Aging 

An fMRI study conducted by Mitchell, Johnson, Raye, and D’Esposito (2000) 

replicated Mitchell, Johnson, Raye, Mather et al.’s (2000) first study, testing memory for 

combinations of line drawings and locations, compared to memory for these features in 

isolation, in younger people (mean age = 23.7 years) and older people (mean age = 67.0 

years).  Negative probes in the combination condition were constructed of re-paired feature 

values from study display stimuli, testing memory for the relationship between feature 

values.  Results indicated that older people demonstrated poorer performance for the 

combination condition, together with reduced left hippocampal activation, compared to 

younger people (Mitchell, Johnson, Raye, & D’Esposito).  This result suggests that a 

decline in memory binding performance in normal aging could be underpinned by changes 

in hippocampal integrity. 

The hippocampus is a primitive cortical structure located within the temporal lobe, 

bordering the inferior horn of the lateral ventricle (Nolte, 1999).  It receives input largely 

from entorhinal cortex, and projects primarily through the fornix, with some fibres 

projecting to DLPFC and inferior temporal cortex (Bozkurt, Kamper, Stephan, & Kotter, 

2002; Nolte; Rolls, 2000).  Although its primary purpose is consolidation of information 

into long term memory (Nolte), recent studies have shown the hippocampus also plays a 

part in working memory (Curtis, Zald, Lee, & Pardo, 2000).  

There is substantial evidence suggesting that the hippocampus is subject to 

accelerated degeneration in normal aging. Structural MRI studies across the adult age range 

have consistently revealed decreased hippocampal volume with increasing age, compared 

to other cortical structures, together with increased lateral horn ventricular volume (Bigler, 

Andersob, & Blatter, 2002; Golomb, de Leon, Kluger, George, Tarshish, & Ferris, 1993; 

Jack et al. 1998; Jernigan et al., 2001; Raz, Gunning-Dixon, Head, Dupuis, & Acker, 1998; 
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Schuff, Amend, Knowlton, Norman, Fein, & Weiner, 1999).  In some contrast, two 

structural MRI studies found no evidence of accelerated hippocampal atrophy across the 

adult age range, but rather a decrease in adjacent, temporal lobe grey matter volume, 

together with increased lateral horn ventricular volume (Sullivan, Marsh, Mathalon, Lim, & 

Pfefferbaum, 1995; Sullivan, Marsh, & Pfefferbaum, 2005). However, Raz (2000) 

suggested some of the discrepancies in this literature could be attributed to the use of 

different boundaries to define the hippocampal structure in different studies. Post-mortem 

studies of patients without neurological disease have also found an age-related decline in 

hippocampal volume, as well as in secondary hippocampal structures (Simic, Kostovic, 

Winblad, & Bodganovic, 1997; West, 1993).  However, a similar study of aging found that 

hippocampal volume was related more closely to overall cerebral volume than to age 

(Harding, Halliday, & Kril, 1998). Additionally, a magnetic resonance spectroscopic study 

identified a decrease in cellular metabolites within the hippocampus with increasing age 

(Schuff et al.). Despite some dissent, most studies have found accelerated hippocampal 

degeneration in normal aging, measured in terms of volume, number of neurons and 

cellular metabolites.  This evidence, together with the results of Mitchell, Johnson, Raye 

and D’Esposito (2000) suggest that older people’s memory binding decrement could be 

underpinned by accelerated hippocampal degeneration in normal aging.   

Taken together, the results of Mitchell, Johnson, Raye, and D’Esposito (2000) and 

Rypma and D’Esposito (2000) indicate that older people rely less upon DLPFC and the 

hippocampus when performing tests of visuospatial memory binding than younger people.  

Additionally, these areas are particularly vulnerable to degeneration in normal aging, 

compared to the rest of the cortex.  This body of evidence suggests that memory binding 

relies upon cortical areas which are subject to accelerated degeneration in normal aging, 

possibly underpinning a memory binding decrement in older people. 
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Overview of the Present Series of Studies 

The aim of the present series of studies was to identify barriers to working memory 

for multifeature visuospatial stimuli in normal aging. The ability to remember the 

relationships between feature values within stimuli, known as memory binding, is essential 

for accurate memory for multifeature stimuli, preventing erroneous recombination of 

feature values in memory.  While the results of Mitchell, Johnson, Raye, Mather et al.’s 

(2000) study appear to offer definitive evidence that older people are subject to a memory 

binding decrement, their results are somewhat discrepant from subsequent studies of 

memory binding in younger people.  Specifically, Mitchell, Johnson, Raye, Mather et al. 

concluded that younger people demonstrated a binding decrement, with poorer 

performance for re-paired negative probes compared to probes containing a new feature 

value, albeit to a lesser extent than older people.  However, Wheeler and Treisman (2002) 

concluded that younger people’s memory binding performance was intact.  This suggests 

that the binding decrement detected in younger people by Mitchell, Johnson, Raye, Mather 

et al. may be somewhat task-specific, as it did not generalize to Wheeler and Treisman’s 

methodology.  It is reasonable to suggest that the memory binding decrement for older 

people compared to younger people, reported by Mitchell, Johnson, Raye, Mather et al., 

might also be somewhat task specific, and might not generalize when tested using Wheeler 

and Treisman’s methodology.   

Experiment 1 aimed to determine whether a group of older people (66-95 years) 

would demonstrate a relative binding decrement, compared to a group of younger people 

(17-25 years), when tested using a modified version of Wheeler and Treisman’s (2002) 

task. In this study, participants completed a visual change detection task with stimuli that 

varied on colour, location and shape. Experiment 1 included a binding condition, with 

negative probes constructed from re-paired feature values, a single feature condition, in 
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which participants were cued to one feature which could change from study to probe 

displays, in a blocked format, and an ‘either’ condition, in which any of the three features 

could change from study to probe. 

In prospect, Experiment 1 produced several unexpected results that lead to 

subsequent experiments.  Older people did not demonstrate a greater decrement for the 

binding condition compared to the ‘either’ condition, than younger people, in contrast to 

Mitchell, Johnson, Raye, Mather et al.’s (2000) results.  Experiment 2 aimed to determine 

if a difference in stimulus presentation accounted for the discrepant results between these 

studies.  Specifically, Mitchell, Johnson, Raye, Mather et al. presented study display stimuli 

sequentially, while Experiment 1 presented stimuli simultaneously.  Therefore Experiment 

2 replicated the binding and ‘either’ conditions from Experiment 1, under conditions of 

sequential and simultaneous stimulus presentation. 

Within the single feature condition of Experiment 1, older people demonstrated a 

greater decrement for shape memory compared to location memory, relative to younger 

people.  Experiment 3A aimed to determine whether this result represented a shape 

memory decrement, or whether it was underpinned by a perceptual decrement.  This was 

carried out by comparing older and younger people’s performance on a shape perception 

task, and a shape memory task, with the colour and location of stimuli either variable, or 

held constant.  

In Experiment 3A, older people demonstrated preserved shape perception as 

compared to younger people when stimulus colour and location were held constant, but not 

when they varied within each display. However, there was a confound of colour between 

these conditions, with all stimuli black in the constant colour and location condition, but 

each stimulus one of eight different colours in the variable colour and location condition.  

Experiment 3B repeated the perception task of Experiment 3A, across constant and variable 
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colour and location, with stimuli in the constant colour and location condition the same 

colour within each trial, but different colours between trials, using the same eight colours as 

the variable colour and location condition.  

In Experiment 1, younger people benefited from cueing to a specified feature within 

the single feature condition, compared to the ‘either’ condition, while older people did not.  

This indicated that older people might have a selective attention decrement, as they did not 

benefit from cueing.  Experiment 4 tested older and younger people on a visual change 

detection task with stimuli defined by colour and location.  In each trial block, one of these 

features was to be attended, while the other was irrelevant.  However, both features were 

equally likely to change from study to probe displays, and as such, the relationship between 

these features across study display and probe displays could be either compatible (both the 

same or both different between study and probe) or incompatible (one the same and the 

other different between study and probe).  

Older people demonstrated greater interference from incompatible irrelevant 

features than younger people in Experiment 4, consistent with a selective attention 

decrement, and Experiment 5B aimed to determine whether this selective attention 

decrement was specific to working memory, or whether it was due to a perceptual 

decrement.  Therefore, Experiment 5B compared younger and older people’s performance 

across memory and perception tasks, with compatible and incompatible relationships 

between attended and irrelevant features.  Experiment 5A served as a preliminary study to 

identify an appropriate variable stimulus feature to use in Experiment 5B, because location 

could not be employed as a variable feature within a perceptual same-different task, as all 

stimuli necessarily occupy different locations within a display.  
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Chapter 2 

Experiment 1: Working Memory for Multiple Features, and Binding Between Feature 

Values in Normal Aging 

 

The present study was conducted to determine if older people have a working 

memory decrement for multifeature visuospatial stimuli compared to younger people, as 

measured by memory for multiple features, and the relationships between feature values. 

Recall from the previous chapter that Mitchell, Johnson, Raye, Mather et al. (2000) 

examined memory for line drawings of common objects, presented in different positions 

within a three by three grid. Study displays consisted of three stimuli presented sequentially 

for 1000 ms each, followed by an 8000 ms retention interval and a single probe stimulus.  

Both younger and older people performed more accurately when negative probe stimuli 

included a new feature value not presented in the study display, than when they were made 

up of re-paired feature values from different study display stimuli, representing a test of 

memory binding.  However, older people demonstrated a more pronounced decrement in 

this respect, compared to younger people. Mitchell, Johnson, Raye, Mather et al. concluded 

that older people had a relative memory binding decrement compared to younger people.  

Thus, older people had greater difficulty remembering the relationships between feature 

values, which could represent a significant impediment to accurate memory for 

multifeature stimuli, possibly leading to erroneous recombination of feature values within 

memory. 

Recall also from the previous chapter that Wheeler and Treisman (2002) conducted 

several studies examining memory binding performance in younger people, using a visual 

change detection task.  Stimuli were made up of two visuospatial features: colour and 

location, and colour and shape in different experiments. Study displays consisted of 
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multiple stimuli (three or six) presented simultaneously for 150 ms, followed by a 900 ms 

retention interval and a single probe stimulus, or a multiple stimulus probe display, in 

different experiments.  In the single feature condition, participants were cued to attend to a 

specified feature that could change from study to probe, in a blocked trial format.  In the 

‘either’ condition, either of the features could change from study to probe, with participants 

cued to attend to one of these features at probe onset.  Negative probes in the single feature 

and ‘either’ conditions contained a new feature value not presented in the study display.  In 

the binding condition, negative probes were constructed of re-paired feature values from 

different study display stimuli.  Results were equivalent across the single feature and 

‘either’ conditions, indicating there was no performance decrement associated with 

remembering two features compared to a single feature. There was an effect of set size, 

with performance more accurate for study displays with three stimuli rather than six 

stimuli.  Based on these results, Wheeler and Treisman concluded that feature values were 

stored in parallel, independent, limited capacity feature memory stores.   

Wheeler and Treisman (2002) reported a performance decrement for the binding 

condition compared to the ‘either’ condition when using a multifeature probe display.  

However, when the probe display consisted of a single stimulus, performance in the 

binding condition was equivalent to performance for the least accurately remembered 

feature within the ‘either’ condition.  Wheeler and Treisman concluded that this was a 

reasonable criterion for successful memory binding, as performance in the binding 

condition could not be expected to exceed performance for the least accurately remembered 

constituent feature.  Thus, Wheeler and Treisman further concluded that younger people 

were able to bind feature values together effectively, with no performance cost associated 

with memory for the relationships between feature values, when tested with a single probe 

stimulus. 
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While Mitchell, Johnson, Raye, Mather et al.’s (2000) results appear to offer 

conclusive evidence of a memory binding decrement for older people, there is some reason 

to believe that these results could be somewhat task specific, and might not generalize to 

other measures of memory binding. Specifically, Wheeler and Treisman (2002) concluded 

that younger people did not have a memory binding decrement, while Mitchell, Johnson, 

Raye, Mather et al. reported a memory binding decrement in younger peoples’ 

performance.  These discrepant results suggest that the memory binding decrement for 

younger people reported by Mitchell, Johnson, Raye, Mather et al. might have been 

specific to their task, as it did not generalize to Wheeler and Treisman’s method.  It is 

therefore reasonable to speculate that older people’s relative memory binding decrement, 

compared to younger people, might not generalize to Wheeler and Treisman’s method 

either. 

Several methodological differences between these studies could possibly account 

for these discrepant results in younger people’s performance, and additionally could have 

interacted with age to produce the memory binding decrement demonstrated by older 

people in Mitchell, Johnson, Raye, Mather et al.’s (2000) study.  First, Wheeler and 

Treisman (2002) compared binding performance to the least accurately remembered feature 

within the ‘either’ condition, which represents a less stringent criterion for successful 

memory binding, while Mitchell, Johnson, Raye, Mather et al. did not present results 

analysed to this level of detail.  Applying this criterion to older people’s performance could 

possibly attenuate the binding decrement reported for older people by Mitchell, Johnson, 

Raye, Mather et al.  

The nature of the stimuli also differed between these two studies.  While Wheeler 

and Treisman (2002) used abstract features such as colour, shape and location, Mitchell, 

Johnson, Raye, Mather et al. (2000) used line drawings of common objects, which may 
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have promoted verbal recoding and semantic elaboration of stimuli, which in turn may have 

interacted with age to produce a memory binding decrement. Thus Wheeler and Treisman’s 

task likely represents a purer measure of visuospatial working memory than Mitchell, 

Johnson, Raye, Mather et al.’s task.   

Additionally, stimulus presentation differed between these two studies, with 

Wheeler and Treisman (2002) presenting all study display stimuli simultaneously, while 

Mitchell, Johnson, Raye, Mather et al. (2000) presented study stimuli sequentially.  Finally, 

Wheeler and Treisman employed a shorter stimulus exposure (150 ms) and retention 

interval (900 ms) than Mitchell, Johnson, Raye, Mather et al. (1000 ms and 8000 ms 

respectively).  Sequential stimulus presentation and longer stimulus exposure and retention 

intervals could possibly interact with age to produce a more pronounced memory binding 

decrement in older people. Therefore, just as the memory binding decrement detected for 

younger people by Mitchell, Johnson, Raye, Mather et al. did not generalize to the method 

employed by Wheeler and Treisman, so the relative memory binding decrement for older 

people compared to younger people might not generalize to Wheeler and Treisman’s 

method either. The present study examined whether the memory binding decrement for 

older people compared to younger people, detected by Mitchell, Johnson, Raye, Mather et 

al., would generalize to a modification of Wheeler and Treisman’s method. 

The present study followed the design of Wheeler and Treisman’s study with a 

binding condition, an ‘either’ condition, and a single feature condition.  Study displays 

were constructed in the same way across conditions, and contained either three or four 

stimuli which varied on colour, location and shape. Positive probes in all conditions were 

made up of a single stimulus which was identical to one of the study display stimuli.  

Negative probes in the single feature and ‘either’ conditions contained a new feature value 

not presented in the study display, while negative probes in the binding condition were 
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made up of re-paired feature values from two different study display stimuli. Figure 2.1 

illustrates a possible study display together with possible negative probe stimuli for each 

condition.   

Several changes were made to Wheeler and Treisman’s (2002) methodology to 

apply it to an aging population. These modifications would not likely affect results, but 

would make the task appear less confronting to older people.  First, an articulatory 

suppression task was not included in this study. Similar studies have not reported any effect 

of articulatory suppression, indicating that participants did not engage in verbal recoding 

for briefly presented geometric stimuli (Luck & Vogel, 1997; Vogel et al., 2001). Also, the 

study display duration was increased from 150 ms to 500 ms.  Luck and Vogel reported 

equivalent performance for 100 ms and 500 ms study displays, indicating that this change 

would not likely affect results. Further to this, set sizes of three and four stimuli were used 

rather than three and six.  Set sizes of three and four were chosen because the capacity of 

visuospatial working memory is estimated to fall within this range (Cowan, 1998, 2000), 

and there is evidence that it declines with increasing age (Jenkins et al., 1999, 2000; 

Myerson et al., 1999). 

Additionally, the present study employed three variable features (colour, location 

and shape) rather than two, as a memory binding decrement might be more easily detected 

with a greater number of features.  Luck and Vogel (1997) and Vogel et al. (2001) reported 

equivalent performance for stimuli defined by one, two and four features, but did not test 

memory binding directly.  However, with this change, performance in the binding 

condition might not be limited to the level of performance for the least accurately 

remembered feature within the ‘either’ condition, since intact memory for any single 

feature is required to reject only one third of re-paired negative probes within the binding 

condition.  For instance, the first two of the three negative probe stimuli for the binding 
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Sample Study Display        

           

 

Binding Probes      
 
 

‘Either’ probes      
 
 

Single feature probes       
 

Figure 2.1.  Sample study display stimuli and negative probe stimuli within the binding, 

‘either’, and single feature (shape-only, location-only and colour-only) conditions.  Note 

that stimuli were identical in the ‘either’ and single feature conditions. 

 

condition presented in Figure 2.1 could be correctly rejected with accurate memory for 

colour and location only.  Therefore, intact memory for any single feature was required for 

only one third of the re-paired negative probes in the binding condition.  Thus, performance 

in the binding condition could possibly exceed performance for the least accurately 

remembered feature within the ‘either’ condition. 
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Also, participants were not cued to a specified feature at probe in the ‘either’ 

condition, as in Wheeler and Treisman (2002), to maintain consistency between the binding 

and ‘either’ conditions. However, this made it difficult to quantify performance in the 

‘either’ condition by different features.  While negative probes in the ‘either’ condition 

could be segregated according to which feature changed, positive probes could not be 

segregated by feature, as all feature values were the same as the study display.  Therefore, 

equal numbers of positive probes within the ‘either’ condition were each arbitrarily labelled 

colour probes, location probes, or shape probes, for the purposes of data analysis.  

Aims 

The present study set out to determine if older people would demonstrate a relative 

memory binding decrement compared to younger people, as reported by Mitchell, Johnson, 

Raye, Mather et al. (2000), when tested with a variant of Wheeler and Treisman’s (2002) 

method. This method could also determine whether older people have difficulty 

remembering an increased number of features, or remembering any particular feature, 

compared to younger people.  A secondary aim was to replicate the findings of Wheeler 

and Treisman with regard to the binding, ‘either’ and single feature conditions.  

Hypotheses 

Binding. Although it has been suggested that the memory binding decrement for 

older people detected by Mitchell, Johnson, Raye, Mather et al. (2000) might not generalize 

to an adaptation of Wheeler and Treisman’s (2002) method, the balance of evidence to date 

supports a memory binding decrement in normal aging.  Therefore, an interaction was 

predicted such that older people would demonstrate a greater performance decrement for 

the binding condition compared to the ‘either’ condition than younger people.  This result 

would represent a memory binding decrement in normal aging. 
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To determine whether either age group demonstrated an absolute memory binding 

decrement, performance on the binding condition was compared to the least accurately 

remembered feature within the ‘either’ condition, within each age group separately, as 

Wheeler and Treisman (2002) concluded that this was a reasonable criterion for intact 

memory binding.  Although it was suggested above that this criterion might not apply to the 

present study, with three variable features, rather than two, this limit on binding 

performance might still hold within the present study.  Therefore, younger people’s 

performance within the binding condition was predicted to fall at the level of the least 

accurately remembered feature within the ‘either’ condition, representing intact memory 

binding and replicating Wheeler and Treisman’s results. Older people’s performance on the 

binding condition would likely fall below that of the least accurately remembered feature 

within the ‘either’ condition, consistent with their predicted relative memory binding 

decrement, noted above.   

Number of attended features. Performance in the ‘either’ condition, requiring 

memory for three features, was predicted to be equivalent to performance in the single 

feature condition, requiring memory for only one feature, consistent with Wheeler and 

Treisman’s (2002), Luck and Vogel’s (1997), and Vogel et al.’s (2001) findings.  No 

interaction between number of features and age group was predicted. 

Set size.  An effect of set size was predicted, with performance for trials with three 

study display stimuli more accurate than performance for trials with four stimuli, consistent 

with Wheeler and Treisman’s (2002), Luck and Vogel’s (1997), and Vogel et al.’s (2001) 

findings.  An interaction between set size and age group was predicted such that older 

people would demonstrate poorer performance for trials with four stimuli compared to 

three stimuli than younger people, consistent with the decline in working memory capacity 
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in normal aging demonstrated within the research literature (Jenkins et al., 1999, 2000; 

Myerson et al., 1999). 

Features.  Although it was not a primary aim of this study, the single feature 

condition allowed for measurement of age group differences in memory for specific 

features, including colour, location, and shape. However, no specific pattern of interaction 

between type of feature and age group was predicted within the single feature condition. 

Method 

Participants 

  Participants included 42 undergraduates from the University of Western Australia 

who received course credit or reimbursement of travel expenses, and 38 older adults, 

recruited from the community, who received reimbursement of travel expenses.  The age 

and gender characteristics of these samples are available in Table 2.1. 

Each participant was interviewed and excluded from the study if he or she reported 

any neurological disease, neurodegenerative disease, moderate to severe traumatic brain 

injury within the last five years or with any lasting sequelae, brain damage from a known 

cause, stroke, transient ischaemic attack within the last year, myocardial infarction within 

the last year, untreated hypertension, previous alcohol dependency, current excessive 

alcohol consumption (<28 standard drinks per week), previous illicit substance dependence, 

illicit substance use within the last month, current psychological disorder, current use of 

psychotropic medication, previous metabolic or drug toxicity, current chronic pain or any 

other debilitating disease.  All participants reported normal or corrected to normal vision.   

Participants rated their health from one (very bad) to ten (very good), and these 

ratings were not different between groups, t(79) = 0.79, p = .43 (see Table 2.1).  Older 

people were screened for dementia using the Mini Mental State Examination (MMSE, 

Folstein, Folstein, McHugh, & Fanjiang, 2001) and all scores obtained fell above the cut- 
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Table 2.1 

Demographic characteristics of the younger and older samples. 

Sample characteristic Younger group Older group 

N 

 

42 38 

Gender 

 

27 F, 15 M 25 F, 13 M 

Age   

     Mean 19.0 years  76.9 years  

     Standard deviation   2.0 years   7.2 years 

     Range 

 

17 - 25 years 66 - 95 years 

WAIS-III Vocabulary  

age-adjusted scaled score 

  

     Mean 11.6  11.7  

     Standard deviation 

 

  1.9   2.8 

Perceived health   

     Mean   7.8    8.1  

     Standard deviation 

 

  0.9   1.4 

MMSE   

     Mean Not administered 27.6  

     Standard deviation    1.8 

     Range  24 - 30 
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off score for impairment of 23 out of 30 (Table 2.1). Although some have argued that this 

cut-off may include those with early, pre-clinical dementia (Pasqualetti, Moffa, Chiovenda, 

Carlesimo, Caltagirone, & Rossini, 2002), the recommended cut-off of 23 out of 30 has 

adequate sensitivity, at 87% (Folstein et al.; Tombaugh, 1992). 

To obtain an IQ estimate, all participants were administered the Vocabulary subtest 

of the Wechsler Adult Intelligence Scale, Third edition (WAIS-III, Wechsler, 1997), 

excluding six non-native English speakers (five younger and one older) from whom IQ 

estimates were not obtained.  This instrument is often used as an IQ estimate within the 

aging literature (Rypma & D’Esposito, 2000; Olsen et al., 2004, for instance), and loads 

highly on general intelligence (Kaufman & Lichtenberger, 1999), making it a suitable 

choice to obtain an IQ estimate. There was no difference between groups for age-adjusted 

scaled scores on this instrument, t(73) = 0.16, p = .87 (Table 2.1).   

Design   

There were three within-individuals factors including condition (binding, ‘either’ 

and single feature), set size (three stimuli and four stimuli) and probe type (negative and 

positive), and one between-individuals factor (age group: younger and older).  

Stimuli 

Stimuli were presented on a NEC Multisync XV 38 cm monitor connected to a 

Soho IBM-compatible PC with a QWERTY keyboard.  The task was administered and 

responses recorded by a Meta Card 4.2.1 program.  The experiment took place in a well-lit 

room with standard overhead lighting. Participants sat 70 cm from the computer screen and 

responded by pressing the right and left arrow keys on the PC keyboard labelled ‘yes’ and 

‘no’.  Allocation of ‘yes’ and ‘no’ to the right and left arrow keys was counter-balanced 

across participants within each age group.  
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Stimuli were presented on a grey background within a white square outline that 

remained on the screen throughout each trial and subtended a visual angle of 6.5 degrees. 

The attended feature or features were listed on the top of the computer screen during 

testing.  Study displays consisted of either three or four stimuli, each constructed of a 

combination of three features: colour, location, and shape. Stimuli subtended a visual angle 

of 0.82 degrees and were placed in randomly selected positions, excluding the centre 

position, in an invisible three by three grid. The shapes included a circle, square, arrow, 

triangle, diamond, star, cross and an angular hourglass.  The colours and corresponding 

Commission International L’Eclairage 1931 two degree chromaticity values were as 

follows: black (x = .30, y = .33), red (x = .56, y = .34), dark blue (x = .15, y = .07), light 

blue (x = .21, y = .25), purple (x = .21, y = .12), pink (x = .30, y = .18), yellow (x = .41, y = 

.50) and green (x = .31, y = .47). There were equal numbers of possible values for all three 

features, with eight locations, eight colours, and eight shapes. Study displays were 

constructed in the same way across all conditions, and feature values were selected 

randomly but not repeated within each study display.  See Figure 2.1 for a sample study 

display. 

Probe displays consisted of one stimulus only.  For positive probes, this stimulus 

was identical to one of the study display stimuli, for all conditions.    Negative probes in the 

‘either’ and single feature conditions were the same as one of the study display stimuli with 

respect to two of the three features, but different in respect of the remaining feature, which 

was given a value not used in the study display.  In the ‘either’ condition, each feature was 

equally likely to change from study to probe, with one third changing colour, one third 

changing location, and one third changing shape.  The single feature condition was split 

into three blocks, each with a single specified feature that could change from study to 

probe. Negative probes in the binding condition consisted of a re-paired combination of 
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features from two study display stimuli.  That is, negative probes were constructed from 

two feature values of one study display stimulus and a third feature value from a different 

stimulus.  This third, re-paired feature was colour, location or shape in equal numbers of 

trials. See Figure 2.1 for examples of negative probe stimuli across all conditions. 

Procedure   

Informed consent was obtained from participants, followed by a brief interview and 

psychometric testing. All experimental instructions were presented on the computer screen 

in a self-paced format.  An overview of the task was followed by detailed instructions at the 

beginning of each trial block.  Participants were fully informed about the nature of the task 

and were instructed to aim for both accuracy and speed, although accuracy was given 

somewhat more importance.  The experimenter answered participants’ questions and 

clarification of instructions was given when necessary.  Participants were encouraged to 

take breaks between, but not during, trial blocks. 

Each trial commenced 2000 ms after the participant’s response to the previous trial, 

or 2000 ms following instructions in the first trial of each block.  Each trial consisted of a 

500 ms study display followed by a 900 ms blank screen retention interval and a probe 

display which remained until the participant responded.  The task did not advance to the 

next trial until a response was made.  

Participants completed five blocks of trials: two corresponding to the binding and 

‘either’ conditions, and three for the single feature condition, including one each for colour, 

location and shape.  These blocks were administered in a counter-balanced order within 

each age group.  Half of the trials in each block contained three stimuli and half contained 

four stimuli, and in each case, half of the trials had positive probes and half had negative 

probes, randomly mixed within each block.  Participants completed blocks of either 120 
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trials (binding and ‘either’ conditions) or 40 trials for each block within the single feature 

condition, preceded by 12 or four practice trials respectively. 

Results 

 Data were screened for participants who performed below chance level, and thus 

did not comprehend the task or were not sufficiently motivated.  Raw accuracy data were 

analysed, followed by signal detection analyses to examine any difference in response bias 

between age groups.  Finally, response latency analyses were undertaken to consider 

additional effects not detected in the accuracy analyses, and determine if results were 

affected by any speed-accuracy tradeoffs.  For this series of studies, all hypothesis-driven 

analyses were subject to an alpha level of .05, and all follow-up analyses were subject to 

Bonferroni corrected alpha values. Non-significant interactions that were not directly 

relevant to the hypotheses have not been reported for this and all subsequent experiments. 

Data Screening 

Overall performance for one older participant and two younger participants fell at or 

below 50% accuracy, and these data were discarded.  These participants were not included 

in the demographic statistics reported in Table 2.1.  

Accuracy Analyses 

Accuracy was represented by percent correct responses. A three (condition: binding, 

‘either’, and single feature) by two (set size: three and four stimuli) by two (probe type: 

negative and positive) by two (age group: younger and older) ANOVA with all factors 

repeated within individuals except age group, was conducted on percent correct responses. 

Younger people responded more accurately than older people, F(1, 78) = 28.58, p < .001, 

ηp
2 = .27 (see Table 2.2).  There was a main effect of condition, F(2, 77) = 21.39, p < .001,  
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Figure 2.2.  Mean percent correct responses with standard errors of the mean (as error bars) 

for the binding, ‘either’, and single feature conditions, for younger and older people. 

 

ηp
2 = .22, and an interaction between condition and age group, F(2, 77) = 11.70, p < .001, 

ηp
2 = 13. 

To investigate this age group by condition interaction further, a two (condition: 

binding and ‘either’) by two (age group: younger and older) ANOVA was conducted 

(Bonferroni corrected alpha = .025).  Performance was less accurate in the binding 

condition than in the ‘either’ condition, F(1, 78) = 11.02, p = .001, ηp
2 = .12 (see Figure 2.2 

and Table 2.2), and there was a non-significant interaction between age group and 

condition, F(1, 78) = 2.92, p = .09, ηp
2 = .04.  Although this interaction was non-

significant, the pattern of means across age groups, as seen in Figure 2.2, was contrary to 

the major hypothesis, with younger people demonstrating a greater performance decrement 

for the binding condition compared to the ‘either’ condition, than older people. 
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Table 2.2 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

81.18   (7.93) 72.88   (6.63) 

  Binding 77.18   (9.09) 71.62   (5.87) 

  ‘Either’ 80.98   (8.63) 72.82   (8.39) 

  Single feature 

 

85.41   (8.68) 74.16   (8.15) 

‘Either’-colour 83.07   (9.65) 74.65 (10.59) 

‘Either’-location 85.05 (10.43) 78.98 (11.85) 

‘Either’-shape 

 

74.69   (9.06) 64.79   (8.52) 

  Single feature-colour 85.35   (9.89) 75.59 (10.32) 

  Single feature-location 89.10   (9.65) 82.64 (14.34) 

  Single feature-shape 

 

81.72 (10.33) 60.44 (10.02) 

  Three stimuli 84.23   (8.92) 75.08   (7.02) 

  Four stimuli 

 

78.12   (7.56) 69.81   (7.07) 

  Negative probes 87.55   (4.93) 71.81 (10.84) 

  Positive probes 74.80 (14.46) 73.08   (8.25) 

 

 

A two (condition: ‘either’ and single feature) by two (age group: younger and older) 

ANOVA was conducted (Bonferroni corrected alpha = .025), to further investigate the age 

group by condition interaction detected in the major ANOVA above. Performance was less 
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accurate in the ‘either’ condition than in the single feature condition, F(1, 78) = 19.21, p < 

.001, ηp
2 = .12 (Figure 2.2 and Table 2.2), and there was an interaction between condition  

and age group, F(1, 78) = 5.58, p = .02, ηp
2 = .07.  Follow-up analyses (Bonferroni 

corrected alpha = .0125) revealed an effect of age group in the ‘either’ condition, t(78) = 

4.28, p < .001, and the single feature condition, t(78) = 5.96, p < .001, and an effect of 

condition for younger people, t(41) = 4.75, p < .001, but not for older people, t(37) = 1.45, 

p = .16. These results together with visual inspection of Figure 2.2 indicate that older 

people did not improve their performance from the ‘either’ to the single feature condition to 

the same extent as did younger people. 

Returning to the major ANOVA reported above, performance was more accurate 

for trials with three stimuli than four stimuli, F(1, 78) = 103.51, p < .001, ηp
2 = .57, as 

predicted (Table 2.2).  There was no interaction between set size and age group, F(1, 78) = 

0.55, p = .46, ηp
2 = .01.  

Performance was more accurate for negative probes than for positive probes, F(1, 

78) = 12.62, p = .001, ηp
2 = .14 (Table 2.2), and there was an interaction between probe 

type and age group, F(1, 78) = 18.78, p < .001, ηp
2 = 19. Follow-up analyses (Bonferroni 

corrected alpha = .0125) revealed an effect of age group on negative probes, t(78) = 8.49, p 

< .001, but not on positive probes, t(78) = 0.65,  p = .52, and an effect of probe type for 

younger people, t(41) = 5.56, p < .001, but not for older people, t(37) = 0.56, p = .58.  

These results and the means listed in Table 2.2 indicate that younger people responded with 

greater accuracy and less variability for negative than for positive probes, while this was 

not the case for older people.  This suggests a possible difference in response bias between 

age groups, which was subsequently addressed by signal detection analyses reported below. 
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Wheeler and Treisman (2002) suggested that performance in the binding condition 

should be compared to the least accurately remembered feature within the ‘either’ 

condition, as this represents a reasonable criterion for an absolute binding decrement.  To 

this end, within each age group, the binding condition was compared to the least accurately 

remembered feature within the ‘either’ condition, which in this case was shape (Table 2.2).  

Within the younger age group, performance was not significantly different between the 

binding condition and shape trials within the ‘either’ condition, t(41) = 2.01, p = .05, ηp
2 = 

.09, as predicted.  However, older people’s performance within the binding condition 

exceeded their performance for shape trials within the ‘either’ condition, t(37) = 4.47, p < 

.001, ηp
2 = .35 (Table 2.2). As noted previously, intact memory for any single feature is 

only required for one third of all negative probes within the binding condition.  Therefore, 

it appears that performance for the least accurately remembered feature within the ‘either’ 

condition is not an appropriate criterion to compared binding against in the present study, 

due to the use of three variable features, rather than two. 

To detect any age-related memory decrements for specific features, a three (feature: 

colour, location, and shape) by two (age group: younger and older) ANOVA was 

performed on accuracy within the single feature condition, in which participants were cued 

to attend to a specified feature in different trial blocks. There was a main effect of feature, 

F(2, 77) = 61.79, p < .001, ηp
2 = .44, and an interaction between feature and age group, 

F(2, 77) = 16.70, p < .001, ηp
2 = 18.  To determine which features were subject to a relative 

age-related decrement, three two by two ANOVAs (Bonferroni corrected alpha = .0167) 

were conducted over pairs of features (colour and location; colour and shape; location and 

shape) and age group (younger and older).  There was an interaction between age group 

and colour compared to shape, F(1, 78) = 20.28, p < .001, ηp
2 = .21, and between age group  
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Figure 2.3. Mean percent correct responses with standard errors of the mean (as error bars) 

for the colour-only, location-only, and shape-only blocks within the single feature 

condition, for younger and older people. 

 

and location compared to shape, F(1, 78) = 23.15, p < .001, ηp
2 = .23, but not between age 

group and colour compared to location, F(1, 78) = 1.90, p = .17, ηp
2 = .02.  These results 

together with visual inspection of Figure 2.3 indicate that older people had a greater 

decrement than younger people for shape memory compared to colour and location 

memory. 

As there was a wide age range for the older group (29 years), it was possible that 

within this sample, performance declined among only the oldest participants. With this in 

mind, a median split of the older group by age was performed, with the ages of a young-old 

sub-sample ranging from 66 to 76 years and an old-old sub-sample ranging from 77 to 95 

years.  A three (condition: binding, ‘either’, and single feature) by two (probe type: 

negative and positive) by two (set size: three and four stimuli) by two (age sub-group: 

young-old and old-old) ANOVA with all factors repeated within individuals except age 
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sub-group, was conducted. There was no main effect of age sub-group, F(1, 36) = 1.59, p = 

.22, ηp
2 = .04 (young-old mean = 74.94, standard deviation = 5.95; old-old mean = 71.23, 

standard deviation = 7.04), and no interactions between age sub-group and any other 

factors (smallest p = .13).  Therefore, it was concluded that there was no effect of age 

within the older age group in the present study. 

Signal Detection Analyses 

The interaction between probe type and age group reported above might represent a 

difference in response bias (c) between age groups, which could have produced misleading 

results in the accuracy analyses.  Response bias was calculated using the following 

formula, with z-scores based on the Gaussian normal distribution (Macmillan & Creelman, 

1991):  

 

c = -0.5 [z(HR) + z(FAR)], with  

HR = hit rate 

FAR = false alarm rate  

 

Hit rate was quantified by the proportion of ‘yes’ responses to positive probes, and 

false alarm rate was the proportion of ‘yes’ responses to negative probes.  Negative values 

of c indicate a bias toward answering ‘no’ and positive values indicate a bias toward 

answering ‘yes’.  Before c was calculated, the HR and FAR values were adjusted as per 

Stanislaw and Todorov (1999) to eliminate HR = 0 and FAR = 0:  

 

HR’ = (HR  + .005)/1.01 

FAR’ = (FAR + .005)/1.01 
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Table 2.3 

Mean response bias (c) and discrimination (d’) with standard deviations (in parentheses) 

for younger and older people. 

Condition Younger Older 

Response bias (c) 

  Overall 

 

  -.26   (.29)    .00   (.25) 

  Binding   -.22   (.32)    .03   (.36) 

  ‘Either’   -.22   (.37)   -.04   (.29) 

  Single feature 

 

  -.33   (.35)    .02   (.31) 

  Three stimuli   -.14   (.29)    .07   (.23) 

  Four Stimuli 

 

  -.37   (.32)   -.06   (.30) 

Discrimination (d’) 

  Overall 

 

2.20 (0.65) 1.42 (0.48) 

  Binding 1.71 (0.74) 1.25 (0.37) 

  ‘Either’ 2.03 (0.69) 1.32 (0.53) 

  Single feature 

 

2.88 (0.82) 1.69 (0.72) 

  Single feature –colour 2.96 (1.05) 1.76 (0.84) 

  Single feature –location 3.44 (1.18) 2.70 (1.51) 

  Single feature –shape 

 

2.25 (0.95) 0.61 (0.64) 

  Three stimuli 2.45 (0.81) 1.60 (0.52) 

  Four stimuli 1.96 (0.56) 1.23 (0.50) 
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A three (condition: binding, ‘either’, and single feature) by two (set size: three and 

four stimuli) by two (age group: younger and older) ANOVA was conducted on c, with all 

factors repeated within individuals except age group.  Younger people had a stronger bias 

toward answering ‘no’ than older people, F(1, 78) = 18.98, p < .001, ηp
2 = .20 (see Table  

2.3).  There was no main effect of condition, F(2, 77) = 1.03, p = .36, ηp
2 = .01, and no 

interaction between condition and age group, F(2, 77) = 1.96, p = .14, ηp
2 = .03.  There was 

a stronger bias toward answering ‘no’ for trials with four stimuli than three stimuli, F(1, 

78) = 68.27, p < .001, ηp
2 = .47 (Table 2.3), and an interaction between set size and age 

group, F(1, 78) = 4.68, p = .03, ηp
2 = .06.  Follow-up analyses (Bonferroni corrected alpha 

= .0125) revealed an effect of set size for younger people, t(41) = 7.19, p < .001, and older 

people, t(37) = 4.48, p < .001, and an effect of age group for trials with three stimuli, t(78) 

= 3.70, p < .001, and four stimuli, t(78) = 4.46, p < .001.  While these results were not 

particularly informative, with all comparisons significant, inspection of Table 2.3 indicates 

that younger people had a greater discrepancy between response bias for trials with three 

and four stimuli than older people. 

To address the possibility that age-related differences in response bias affected the 

results of the accuracy analyses, the ability to discriminate between negative and positive 

probes (d’) was calculated, as an index of sensitivity independent of response bias.  The 

following formula was used to calculate d’, assuming equal signal and noise variance 

(Macmillan & Creelman, 1991):   

 

d’= z(CR) – z(M), with   

CR = correct rejection rate 

M = miss rate  
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Correct rejection rate was the proportion of ‘no’ responses to negative probes and 

miss rate was the proportion of ‘no’ responses to positive probes.  Before d’ was calculated, 

the CR and M values were adjusted in the same way as the HR and FAR values, described 

above (Stanislaw & Todorov, 1999).  Greater values of d’ indicate increasing ability to 

discriminate between negative and positive probes. 

A three (condition: binding, ‘either’, and single feature) by two (set size: three and 

four stimuli) by two (age group: younger and older) ANOVA was conducted on d’, with all 

factors repeated within individuals except age group.  Younger people discriminated 

between negative and positive probes more effectively than older people, F(1, 78) = 37.20, 

p < .001, ηp
2 = .91 (Table 2.3).  There was a main effect of condition, F(2, 77) = 81.69, p < 

.001, ηp
2 = .51, and an interaction between condition and age group, F(2, 77) = 16.08, p < 

.001, ηp
2 = .17. 

 To investigate this age group by condition interaction further, a two (condition: 

binding and ‘either’) by two (age group: younger and older) ANOVA was conducted 

(Bonferroni corrected alpha = .025).  Participants produced greater d’ values for the ‘either’ 

condition than for the binding condition, F(1, 78) = 10.37, p = .002, ηp
2 = .12, and there 

was a non-significant interaction between condition and age group, F(1, 78) = 4.18, p = 

.04, ηp
2 = .05.  Visual inspection of Figure 2.4 indicates that younger people improved their 

performance from the binding condition to the ‘either’ condition to a greater extent than did 

older people, in some contrast to the hypothesis that older people would have a greater 

binding decrement, although this result did not reach significance. 

A two (condition: ‘either’ and single feature) by two (age group: younger and older) 

ANOVA was conducted (Bonferroni corrected alpha = .025) to further investigate the age  
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Figure 2.4.  Mean d’ with standard errors of the mean (as error bars) for the binding, 

‘either’, and single feature conditions, for younger and older people. 

 

group by condition interaction reported for the major ANOVA above.  Participants 

produced greater d’ values for the single feature condition than the ‘either’ condition, F(1, 

78) = 85.37, p < .001, ηp
2 = .52, and there was an interaction between condition and age 

group, F(1, 78) = 13.44, p < .001, ηp
2 = .15.  Follow-up analyses (Bonferroni correct alpha  

= .0125) revealed an effect of condition for younger people, t(41) = 8.49, p < .001, and for 

older people, t(37) = 4.41, p < .001, and an effect of age group for the ‘either’ condition, 

t(78) = 5.12, p < .001, and the single feature condition, t(78) = 6.86, p < .001. Although all 

comparisons were significant, visual inspection of Figure 2.4 indicates that older people did 

not improve their performance from the ‘either’ condition to the single feature condition to 

the same extent as did younger people.   

Returning to the major ANOVA, d’ values were greater for trials with three stimuli 

than four stimuli, F(1, 78) = 75.86, p < .001, ηp
2 = .49, but there was no interaction 

between set size and age group, F(1, 78) = 1.50, p = .23, ηp
2 = .02. 
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A three (feature: colour, location, and shape) by two (age group: younger and older) 

ANOVA was performed on d’ data from the single feature condition, in which participants 

were cued to attend to a specified feature in different trial blocks. There was a main effect 

of feature, F(2, 77) = 67.48, p < .001, ηp
2 = .46, and an interaction between feature and age 

group, F(2, 77) = 5.14, p = .007, ηp
2 = .06. To determine which features were subject to a 

relative age-related decrement, three two by two ANOVAs (Bonferroni corrected alpha = 

.0167) were conducted over pairs of features (colour and location; colour and shape; 

location and shape) and age group (younger and older). There was an interaction between 

age group and location compared to shape, F(1, 78) = 8.02, p = .006, ηp
2 = .09 (Table 2.3), 

but not between age group and colour compared to location, F(1, 78) = 2.64, p = .11, ηp
2 = 

.03.  There was a non-significant interaction between age group and colour compared to 

shape, F(1, 78) = 3.50, p = .07, ηp
2 = .04, whereas the corresponding interaction reached 

significance in the accuracy analysis, indicating some effect of response bias upon this 

result.  These results indicate that older people had a greater decrement for shape memory 

than location memory, compared to younger people. 

Response Latency Analyses 

Response latency analyses were undertaken to detect any additional effects not 

apparent in the accuracy analyses, as well as to determine if any speed-accuracy tradeoffs 

had an effect upon results. Response latencies were calculated for correct responses only. 

To eliminate outliers, median response latencies were calculated.  One older participant’s 

data were discarded, as all responses were incorrect for one cell in the design, and thus 

median correct response latencies could not be computed for each level of each factor. 

A three (condition: binding, ‘either’, and single feature) by two (set size: three and 

four stimuli) by two (probe type: negative and positive) by two (age group: younger and  
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Figure 2.5.  Mean response latencies with standard errors of the mean (as error bars) for the 

binding, ‘either’, and single feature conditions for younger and older people. 

 

older) ANOVA with all factors repeated within individuals except age group, was 

conducted on median correct response latencies.  Younger people responded faster than 

older people, F(1, 77) = 117.79, p < .001, ηp
2 = .61 (see Table 2.4).  There was a main 

effect of condition, F(2, 76) = 6.43, p = .002, ηp
2 = .08, but no interaction between 

condition and age group, F(2, 76) =  .75, p = .48, ηp
2 = .01. 

To investigate the main effect of condition reported above, paired samples t-tests 

(Bonferroni corrected alpha = .025) were conducted between the binding condition and the 

‘either’ condition, and between the ‘either’ condition and the single feature condition. 

There was no difference in response latencies between the binding condition and the 

‘either’ condition, t(77) = 0.36, p = .72, but responses were faster in the ‘either’ condition, 

than in the single feature condition, t(77) = 2.77, p = .007 (see Figure 2.5 and Table 2.4).  

As noted above, performance was less accurate in the ‘either’ condition than in the single 

feature condition, suggesting a possible speed-accuracy trade-off across these conditions. 
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Table 2.4 

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

734 (134) 1284 (296) 

  Binding 724 (140) 1246 (297) 

  ‘Either’ 706 (143) 1246 (398) 

  Single feature 

 

773 (166) 1361 (365) 

  Single feature –colour 723 (154) 1286 (431) 

  Single feature –location 750 (166) 1260 (322) 

  Single feature –shape 

 

846 (238) 1537 (581) 

  Three stimuli 720 (136) 1230 (259) 

  Four stimuli 

 

749 (135) 1338 (354) 

  Negative probes 738 (147) 1382 (390) 

  Positive probes 731 (130) 1186 (242) 

 

 

Returning to the major ANOVA above, responses were faster for trials with three 

stimuli than four stimuli, F(1, 77) = 21.65, p < .001, ηp
2 = .22, and there was an interaction 

between set size and age group, F(1, 77) = 7.25, p = .009, ηp
2 = .09.  Follow-up analyses 

(Bonferroni corrected alpha = .0125) revealed an effect of age group on trials containing 

four stimuli, t(77) = 10.00, p < .001, and trials containing three stimuli, t(77) = 11.36, p < 

.001, and an effect of set size for the younger group, t(41) = 5.50, p < .001, and for the  

older group, t(36) = 3.51, p = .001.  Although all follow-up comparisons were significant, 
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inspection of Table 2.4 suggests that older people’s responses were particularly slower for 

trials containing four stimuli relative to trials containing three stimuli, than younger people. 

Responses were faster for positive probes than negative probes, F(1, 77) = 27.69, p 

< .001, ηp
2 = .23, possibly representing a shift in speed-accuracy trade-off across probe 

types, as performance was more accurate for negative probes than positive probes. There 

was also an interaction between probe type and age group, F(1, 77) = 19.84, p < .001, ηp
2 = 

.21. Follow-up analyses (Bonferroni corrected alpha = .0125) revealed an effect of age 

group on negative probes, t(77) = 9.95, p < .001, and positive probes, t(77) = 10.45, p < 

.001, and an effect of probe type within older people, t(36) = 4.49, p < .001, but not 

younger people, t(41) = 0.60, p = .55.  These results together with inspection of Table 2.4 

indicate that older people responded relatively more slowly for negative probes than 

positive probes compared to younger people.  

To detect any age-related memory decrements for specific features, a three (feature: 

colour, location, and shape) by two (age group: younger and older) ANOVA was 

performed on response latencies for the single feature condition, in which participants were 

cued to attend to a specified feature in different trial blocks.  There was a main effect of 

feature, F(2, 76) = 15.33, p < .001, ηp
2 = .17, but only a marginal interaction between 

feature and age group, F(2, 76) = 2.88, p = .06, ηp
2 = .04. Follow-up analyses indicated that 

responses were slower for shape compared to location trials, t(77) = 4.23, p < .001, and for 

shape compared to colour trials,  t(77) = 4.23, p < .001.  However, response latencies were 

not significantly different between colour and location trials, t(77) = 0.08, p = .93. 

While the above analyses were conducted in part to detect speed-accuracy tradeoffs 

across conditions, correlations were conducted between response latencies and accuracy 

within each age group, collapsed across the within-subjects factors, to detect any speed-
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accuracy trade-off across participants.  A positive correlation in this case would indicate a 

speed-accuracy trade-off, with slower responses for participants who were more accurate, 

and faster responses for those who were less accurate.  A negative correlation would 

indicate that participants who were more accurate were faster as well.  Older people’s 

response latencies and accuracy were negatively correlated, r = -.43, p = .008, while no 

relationship was detected between younger people’s response latencies and accuracy, r = 

.07, p = .67.  These results suggest there was no speed-accuracy trade-off across 

participants within the present study. 

Discussion 

Wheeler and Treisman’s (2002) Binding Model 

 The overall pattern of performance across conditions within the present study was 

not entirely consistent with Wheeler and Treisman’s (2002) results in several respects.  

Older people’s performance within the binding condition exceeded that of the least 

accurately remembered feature within the ‘either’ condition (shape), suggesting that 

binding performance was not limited by the least accurately remembered constituent 

feature, and therefore, this was not an appropriate criterion to judge binding performance 

against, in the present study.  The reason for this discrepancy in results between the present 

study and Wheeler and Treisman’s study could be due to the use of three variable features, 

rather than two.  Specifically, for re-paired negative probes in the binding condition, poor 

memory for any single feature would limit performance on only one third of trials, and 

intact memory for two of the three features would furnish enough information to detect re-

paired feature values for the remaining two thirds of trials.  For instance, intact colour and 

location memory provide enough information to correctly reject the first two of the three 

negative binding probes in Figure 2.1.  Therefore, poor shape memory would only limit 

performance for one third of negative probes within the binding condition. 
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 Within the present study, there was a performance decrement for the binding 

condition compared to the ‘either’ condition, similar to Wheeler and Treisman’s (2002) 

results.  However, as noted above, Wheeler and Treisman concluded that there was no 

performance cost associated with binding, when compared to the least accurately 

remembered feature within the ‘either’ condition.  As this more lenient criterion could not 

be applied in the present study, it is difficult to determine whether participants 

demonstrated a memory binding decrement, as conceptualized by Wheeler and Treisman.  

However, as performance within the binding condition fell above chance, it can be 

concluded that there was some retention of the relationships between feature values within 

stimuli, but that memory for this information is likely more vulnerable than memory for 

feature values, suggesting a probable memory binding decrement.  

Additionally, results were not entirely consistent with the parallel feature memory 

stores proposed by Wheeler and Treisman (2002).  Specifically, there was a performance 

decrement for memory for three features compared to memory for a single, specified 

feature.  In contrast, Wheeler and Treisman, Luck and Vogel (1997) and Vogel et al. (2001) 

found equivalent performance across conditions assessing memory for one, two and four 

features. One possible methodological difference that could account for this discrepancy in 

results is that Wheeler and Treisman cued participants to attend to a specified feature at 

probe in the ‘either’ condition, while the present study did not provide this cue.  This 

suggests that the decrement for the ‘either’ condition compared to the single feature 

condition might be attributed to attending to multiple features of the probe stimulus.  This 

suggests some attentional cost associated with retrieval of multiple features.  However, this 

does not account for the discrepancy between the results of the present study and Luck and 

Vogel, and Vogel et al., who did not cue participants to a feature at probe, but reported 

equivalent performance for memory for one, two and four features. 
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The results of the present study do not suggest a single, limited capacity store for all 

visuospatial features. Performance in the ‘either’ condition would be expected to fall well 

below that of the single feature condition, in the case of a single, limited capacity feature 

store, as the total number of feature values to be remembered triples between these 

conditions.  Inspection of Figure 2.2 clearly demonstrates that there is not a multiplicative 

effect on performance between these conditions, but rather there is a more subtle effect, 

with a small effect size, suggesting perhaps some weak, constraining factor affecting 

memory for multiple features. Therefore, this result suggests parallel storage of features, 

together with some limiting factor or resource that has a weak effect upon performance as 

the number of attended features increases.  Although the nature of this limiting resource 

cannot be conclusively determined from the present study, attention seems a likely 

candidate. While the number of feature values that can be stored in working memory likely 

increases with the number of activated feature memory stores, attentional capacity would 

not similarly expand with the number of attended features.  Thus, an increased number of 

features to be remembered might reasonably place a higher demand on attentional 

resources, as attentional capacity would not expand in the same way as working memory 

capacity, with its parallel feature stores.  In this way, attention might place a weak 

constraint on working memory for multiple features. 

Working memory and attention are closely related, but different working memory 

models conceptualize this relationship differently. Cowan (1988, 1995, 1999, 2000) 

maintains that the contents of working memory are made up of those items currently within 

the focus of attention, and as such, working memory and attention represent essentially the 

same construct.  Additionally, Cowan (1998) suggests that the contents of working memory 

are made up of bound objects, as conceptualized by Luck and Vogel (1997) and Vogel et 

al. (2001), and does not allow for parallel, independent feature stores.  In contrast, 
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Baddeley and Logie (1999) conceptualized attention as a resource that acts upon and 

regulates the contents of working memory. Further, Baddeley and Logie have divided the 

visuospatial sketchpad into the inner scribe for spatial information and the visual cache for 

visual information, which is not far removed from the parallel, independent feature memory 

stores suggested by the present study and Wheeler and Treisman (2002). Therefore, the 

present series of studies will employ this resource-based concept of attention, with attention 

likely having some weak, constraining effect on performance when the number of features 

to be remembered increases. 

In short, the performance decrement for the ‘either’ condition compared to the 

single feature condition might reflect the cost of attending to three features, compared to 

selectively attending to one feature.  However, this result must be interpreted with caution, 

as it could possibly be contaminated by a shift in speed-accuracy trade-off across 

conditions, as noted above.   

Effect of Normal Aging on Memory Binding 

 Mitchell, Johnson, Raye, Mather et al. (2000) concluded that older people had a 

relative memory binding decrement, compared to younger people.  The results of the 

present study do not support these findings, as older people did not demonstrate a greater 

decrement for remembering the relationships between feature values, compared to 

remembering feature values themselves, than did younger people.  However, the results 

across age groups for the binding and either conditions, as measured by percent correct 

responses and the d’ index, suggested older people had relatively spared binding 

performance, compared to younger people, in some contrast to Mitchell, Johnson, Raye, 

Mather et al.’s results.  Thus older people’s performance was more uniform across these 

conditions than younger people’s performance, although this interaction was not significant 

using the Bonferroni corrected alpha value.   
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There are several possible explanations for this non-significant, counter-intuitive 

finding.  Older people could possibly store features as bound objects in working memory, 

with the relationships between feature values effortlessly included in this code, as described 

by Luck and Vogel (1997) and Vogel et al. (2001), while younger people might use parallel 

feature stores together with a separate mechanism for binding information, as Wheeler and 

Treisman (2002) described.   In this way, older people might encode stimuli holistically, as 

bound objects, with no cost associated with retention of binding information.  However, 

such a dramatic age-related change in the structure and code of visuospatial working 

memory does not seem likely.   

A more plausible explanation is that younger people remembered binding 

information only when it was required, and at some cost, while older people might have 

retained this information whether it was required or not.  This would lead to poor 

performance in both conditions for older people, with no performance decrement between 

conditions, as observed.  Indeed, if memory binding comes at a performance cost, then 

remembering binding information under all conditions would seem to be a poor strategy.  

According to this interpretation, younger people likely improved their performance from 

the binding condition to the ‘either’ condition by attending to the relationships between 

features within the binding condition only, freeing attentional resources for feature memory 

in the ‘either’ condition. In some contrast, older people might not have adjusted their focus 

of attention between conditions, attending to binding information when it was not required, 

leading to a more uniform pattern of performance across conditions.  The observed pattern 

of performance across age groups suggests that younger people were better able to 

selectively attend to relevant information only, whereas older people likely attended to all 

available information, without selecting relevant information according to task demands.   
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It is unclear why the results of this experiment depart so dramatically from those of 

Mitchell, Johnson, Raye, Mather et al. (2000).  One major methodological difference 

between these studies is that study display stimuli were presented simultaneously in the 

present study, but sequentially by Mitchell, Johnson, Raye, Mather et al.  Sequential 

stimulus presentation could possibly enhance memory binding by separating stimuli from 

one another in time as well as in space.  It is plausible that younger people gained more of a 

benefit from sequential stimulus presentation than did older people, leading to the memory 

binding decrement reported for older people by Mitchell, Johnson, Raye, Mather et al., but 

not in the present study.  For this reason, the aim of Experiment 2 was to determine 

whether the relative memory binding decrement reported by Mitchell, Johnson, Raye, 

Mather et al. for older people compared to younger people, could be elicited with 

sequential stimulus presentation, and if this methodological difference was responsible for 

the discrepancy in results between these two studies. 

Effect of Normal Aging on Number of Attended Features 

Within the present study, younger people improved their performance with a 

decrease in the number of features to be remembered, to a greater extent than did older 

people. However, this result must also be interpreted with caution, as there was a possible 

shift in speed-accuracy trade-off across these conditions.  This counter-intuitive finding, 

with younger people demonstrating a larger difference in performance between conditions 

than older people, could again be accounted for by a difference in selective attention 

between age groups.  Specifically, younger people might have selectively attended only to 

the cued feature in the single feature condition, leading to improved performance, while 

older people might have attended to all three features across both conditions, leading to 

more uniform performance across conditions.  Thus, the most plausible explanation is that 

younger people were better able to selectively attend to relevant information than older 
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people, allowing them to improve their performance when less information was required. 

The impact of age-related differences on the ability to selectively attend to one feature over 

another within a multifeature visuospatial working memory task was examined in 

Experiment 4. 

Effect of Normal Aging on Memory for Different Features 

Although detecting feature-specific age-related memory decrements was not a 

major aim of the present study, the single feature condition leant itself to this purpose.  

Within the single feature condition, older people demonstrated a greater decrement for 

shape compared to location memory than younger people, on the d’ index.  However, a 

specific shape memory decrement cannot be concluded from these results, due to a relevant 

confound between age groups.  Although all participants reported normal or corrected to 

normal vision, there is a general decline in visual acuity in normal aging (Fahle & Duam, 

1997; Fozard & Gordon-Salant, 2001; Sara & Faubert, 2000; Schneider & Pichora-Fuller, 

2000) which might have a greater impact upon shape perception than location perception.  

As there was no perceptual control task within the present study, it cannot be conclusively 

determined whether older people have a shape memory decrement, or if the observed 

pattern of performance was mediated by a perceptual decrement.  To account for this 

possible confound, Experiment 3A was conducted to determine whether older people were 

subject to a specific shape memory decrement, or whether their shape memory performance 

was mediated by a perceptual decrement. 

Conclusions 

 The results of the present study suggest a few modifications to Wheeler and 

Treisman’s (2002) binding model.  There was a performance decrement for the binding 

condition compared to the ‘either’ condition, indicating that memory for the relationships 

between feature values is somewhat more vulnerable than memory for the feature values 
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themselves.  However, as performance within the binding condition was clearly not limited 

by performance for the least accurate feature within the ‘either’ condition, this more lenient 

criterion could not be applied to the present study.  Therefore, it could not be conclusively 

determined whether results in the present study were consistent with Wheeler and 

Treisman’s results.  The results of the present study suggest that there is some retention of 

binding information, but that memory for this information is more vulnerable than memory 

for feature values. 

 Additionally, the results of the present study suggest that multifeature visuospatial 

working memory is underpinned by parallel, independent feature stores, as proposed by 

Wheeler and Treisman (2002), but that there is some weak, limiting factor upon 

performance with an increased number of features to be remembered.  While the capacity 

of working memory for feature values likely expands with the number of activated feature 

stores, attentional capacity remains limited.  The limited amount of information that can be 

held within the focus of attention could represent a weak limiting influence upon memory 

performance as the number of attended features increases, consistent with performance in 

the present study. 

 With regard to age differences, the memory binding decrement for older people 

detected by Mitchell, Johnson, Raye, Mather et al. (2000) did not generalize to the present 

study, but rather, older people showed less of a discrepancy between the binding and 

‘either’ conditions than younger people, although this result did not reach the Bonferroni 

corrected alpha value.  Additionally, older people did not benefit from a decrease in the 

number of features to be remembered, to the same extent as did younger people. Both of 

these results could possibly be explained by a difference in selective attention between age 

groups. Specifically, younger people likely selectively attended to task relevant 

information, improving the efficiency of working memory by focusing their limited 
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attentional resources.  In this way, when less information was required, younger people 

used their attentional resources more efficiently.  However, older people likely attended to 

all available information, regardless of whether it was relevant to the task at hand.  This 

could explain their more uniform pattern of performance across tasks, with similar results 

regardless of the quantity of information to be retained.  
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Chapter 3 

Experiment 2: Effects of Sequential and Simultaneous Stimulus Presentation on Memory 

Binding in Younger and Older People 

 

As reviewed in previous chapters, Mitchell, Johnson, Raye, Mather et al. (2000) 

examined the effect of normal aging on memory binding, using a visual change detection 

task. The results of their study indicated that older people had more difficulty remembering 

the relationships between feature values (line drawings and locations), than remembering 

the feature values themselves, compared to younger people.  Experiment 1 tested whether 

this finding would generalize to a modification of Wheeler and Treisman’s (2002) method.  

In contrast to Mitchell, Johnson, Raye, Mather et al.’s results, the results of Experiment 1 

indicated that that older people did not have a relative memory binding decrement 

compared to younger people.  Rather, younger people appeared to demonstrate a memory 

binding decrement, while older people exhibited more uniform performance across 

conditions, although this interaction did not reach significance.  

The aim of the present study was to determine if this discrepancy in results between 

Mitchell, Johnson, Raye, Mather et al. (2000) and Experiment 1 was due to a fundamental 

difference in the nature of the stimulus presentation between these two studies.  While 

Experiment 1 replicated Wheeler and Treisman (2002) by presenting study display stimuli 

simultaneously, Mitchell, Johnson, Raye, Mather, et al. presented study display stimuli 

sequentially.  There are two major ways in which sequential stimulus presentation could 

affect memory binding performance.  First, when stimuli are presented sequentially, the 

stimuli within each study display are separated from one another not only by spatial 

location, but also by time, possibly leading to decreased erroneous recombination of feature 

values.  However, within the perceptual binding literature, sequential stimulus presentation 
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has not led to improved binding performance (Keele, Cohen, Ivry, Liotti, & Yee, 1988; 

Kleiss & Lane, 1986) and there is some evidence that sequential stimulus presentation leads 

to increased incidence of binding errors (Lehky, 2000).  Additionally, there is some 

evidence that sequentially presented dot locations are integrated into a single representation 

within memory, provided the inter-stimulus-interval is less than 500 ms (Jiang & Kumar, 

2004; Jiang, Kumar, & Vickery, 2005).  However, the effect of sequential stimulus 

presentation on memory binding has not been examined to date. The discrepancy in results 

between Experiment 1 and Mitchell, Johnson, Raye, Mather et al. suggests younger people 

might benefit more from temporal separation of stimuli than older people, although the 

reasons for this are unclear. 

Sequential stimulus presentation also lengthens the retention interval for all but the 

last stimulus in each study display, compared to simultaneous stimulus presentation.  It is 

plausible that memory for binding information might decay more rapidly than memory for 

feature values.  Older people might be more susceptible to this decay that younger people, 

leading to the memory binding decrement observed for older people by Mitchell, Johnson, 

Raye, Mather et al. (2000), but not in Experiment 1.  One way to examine the effect of 

retention interval within sequential presentation would be to compare serial position curves 

across conditions.   However, it is difficult to examine serial position within a memory 

binding study using re-paired negative probes, as these probes are made up of re-paired 

feature values from different stimuli within the study display, which necessarily occupy 

different serial positions. 

Aims 

The major aim of Experiment 2 was to determine whether the difference in results 

between Experiment 1 and Mitchell, Johnson, Raye, Mather, et al. (2000) was due to the 

difference in stimulus presentation between these two studies. This was carried out by 
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comparing younger and older people’s performance on the binding and ‘either’ conditions 

using both sequential and simultaneous stimulus presentation.  

Hypotheses 

An interaction between condition, stimulus presentation, and age group was 

predicted, such that older people would demonstrate a greater decrement for the binding 

condition compared to the ‘either’ condition than younger people, when stimuli were 

presented sequentially, but not when stimuli were presented simultaneously.  This result 

would be consistent with the results of Experiment 1, and the results of Mitchell, Johnson, 

Raye, Mather et al.’s (2000) study.  However, if older people did not demonstrate a binding 

decrement with simultaneous or sequential stimulus presentation, then the difference 

between the results of Experiment 1 and Mitchell, Johnson, Raye, Mather et al. would 

remain unexplained. 

Method 

Participants 

The same group of participants completed Experiments 2, 3A and 4 in a counter-

balanced order. Younger people included 31 undergraduates from the University of 

Western Australia who received course credit or reimbursement of travel expenses, and 

older people included 31 older adults, recruited from the community, who received 

reimbursement of travel expenses.  Twenty-four of the older people also participated in 

Experiment 1 approximately nine months previously. The age and gender characteristics of 

these samples are available in Table 3.1. 

Participants were interviewed to ensure they fulfilled health criteria as per 

Experiment 1, and reported normal or corrected to normal vision.  Self-reported health 

ratings (one = very bad, ten = very good) were not different between age groups, t(61) = 

0.86, p = .39 (Table 3.1). There was no difference between age groups for WAIS-III  
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Table 3.1 

Demographic characteristics of the younger and older samples. 

Sample characteristic Younger group Older group 

N 

 

31 31 

Gender 

 

20 F, 11 M 23 F, 8 M 

Age   

     Mean 19 years 77 years 

     Standard deviation   2.7 years   5.3 years 

     Range 

 

17 - 25 years 67 - 87 years 

WAIS-III Vocabulary   

     Mean 12.1  11.5  

     Standard deviation 

 

  1.9   2.3 

Perceived health   

     Mean   7.8    8.1 

     Standard deviation 

 

  1.2   1.0 

MMSE   

     Mean Not administered 27.8 

     Standard deviation    1.7 

     Range  24 - 30 

 

 

Vocabulary sub-test age-adjusted scaled scores, t(49) = 1.01, p = .32 (Table 3.1), although 

this instrument was not administered to 12 non-native English speakers in the younger 

group.  All MMSE scores obtained for the older sample fell above the cut-off score for 

impairment of 23 out of 30 (Table 3.1). 
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Design 

There were three within-individuals factors, each with two levels, including 

condition (binding and ‘either’), stimulus presentation (sequential and simultaneous) and 

probe type (negative and positive), and one between-individuals factor (age group: younger 

and older). 

Stimuli 

Study and probe displays were largely the same as for the binding and ‘either’ 

conditions of Experiment 1, except that all trials included four, square-shaped study display 

stimuli. Within the simultaneous presentation condition, all four study display stimuli 

appeared on the screen together for 500 ms, as in Experiment 1. Within the sequential 

presentation condition, stimuli were presented one at a time, for 500 ms each, for a total 

2000 ms study display interval. Stimuli varied on colour and location, using the same eight 

colours and eight locations as in Experiment 1.  Features were selected randomly but not 

repeated within each trial. 

Procedure 

The procedure was as in Experiment 1, except that in all trials, the white outline box 

in which the stimuli were displayed disappeared during the retention interval and 

reappeared with the probe stimulus, to make the probe display distinct from the study 

display. Participants completed four trial blocks corresponding to the intersection of 

condition and stimulus presentation factors (binding simultaneous, binding sequential, 

‘either’ simultaneous, and ‘either’ sequential) in a counter-balanced order within each age 

group.  There were equal numbers of positive and negative probes randomly mixed within 

each block.  Each of the four blocks included 40 trials preceded by 4 practice trials. 
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Results 

Accuracy Analyses  

All data sets fell above chance performance level indicating that all participants 

comprehended the task and were sufficiently motivated.  A two (condition: binding and 

‘either’) by two (stimulus presentation: simultaneous and sequential) by two (probe type: 

negative and positive) by two (age group: younger and older) ANOVA was performed with 

all factors repeated within individuals except age group.  Younger people performed more 

accurately than older people, F(1, 60) = 15.63, p < .001, ηp
2 = .21 (see Table 3.2). 

Performance was more accurate in the ‘either’ condition than in the binding condition, F(1, 

60) = 18.95, p < .001, ηp
2 = .24 (Table 3.2). There was no interaction between condition 

and age group, F(1, 60) = 0.75, p = .39, ηp
2 = .01, indicating that both groups demonstrated 

a similar pattern of performance across conditions.   

 

Table 3.2 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

85.47 (10.47) 75.77   (8.79) 

  Binding 84.08 (11.38) 73.68   (9.48) 

  ‘Either’ 

 

86.87 (10.40) 77.86   (9.28) 

  Sequential presentation 85.97 (11.25) 75.98 (10.05) 

  Simultaneous presentation 

 

84.98 (10.51) 75.55   (8.80) 

  Negative probes 90.94   (9.35) 78.77 (10.36) 

  Positive probes 80.01 (16.55) 72.76 (16.10) 
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There was no main effect of stimulus presentation, F(1, 60) = 0.75, p = .39, ηp
2 = 

.01, and no interaction between condition, stimulus presentation and age group, F(1, 60) = 

0.79, p = .38, ηp
2 = .01, contrary to the major hypothesis that older people would 

demonstrate a relative binding decrement compared to younger people when stimuli were 

presented sequentially, but not when stimuli were presented simultaneously. 

 However, there was an interaction between condition and stimulus presentation, 

F(1, 60) = 7.42, p = .008, ηp
2 = .11. Follow-up analyses (Bonferroni corrected alpha = 

.0125) revealed a significant effect of condition when stimuli were presented sequentially, 

t(61) = 4.69, p < .001, a non-significant effect of condition when stimuli were presented 

simultaneously, t(61) = 2.27, p = .03, a non-significant effect of stimulus presentation 

within the ‘either’ condition, t(61) = 2.46, p = .02, but no such effect of stimulus 

presentation in the binding condition, t(61) = 0.76, p = .45.  These results, and  Figure 3.1 

suggest a greater binding decrement, across both age groups, when stimuli were presented 

sequentially, than when they were presented simultaneously.  
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Figure 3.1.  Mean percent correct responses with standard errors of the mean (as error bars) 

for the binding condition and the ‘either’ condition, with sequential and simultaneous 

stimulus presentation, for younger and older people. 
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Returning to the major ANOVA reported above, there was an interaction between 

condition and probe type, F(1, 60) = 11.08, p = .001, ηp
2 = .16. Follow-up analyses 

(Bonferroni corrected alpha = .0125) revealed a significant effect of probe type in the 

‘either’ condition, t(61) = 4.37, p < .001, a non-significant effect of probe type in the 

binding condition, t(61) = 2.49, p = .02, an effect of condition on negative probes, t(61) = 

5.04, p < .001, but no effect of condition on positive probes, t(61) = 1.37, p = .18.  These 

results and Figure 3.2 indicate that performance was relatively more accurate for negative 

probes than positive probes within the ‘either’ condition, than within the binding condition. 

This suggests that the overall binding decrement noted above might be driven by difficulty 

correctly rejecting re-paired negative probes in the binding condition.   

 Performance was more accurate for negative probes than positive probes, F(1, 60) = 

12.57, p = .001, ηp
2 = .17 (Table 3.2), and there was no interaction between probe type and 

age group, F(1, 60) = 1.06,  p = .31, ηp
2 = .02, or between probe type, age group and any 

Figure 3.2.  Mean percent correct responses with standard errors of the mean (as error bars) 

for the binding condition and the ‘either’ condition, and negative and positive probes, for 

younger and older people. 
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other factors (smallest p = .14).  These results did not suggest a difference in response bias 

between age groups, so signal detection analyses were not undertaken. 

Practice Effects 

Twenty-four of the 31 older participants completed Experiment 1 approximately 

nine months earlier, while all of the younger participants were naïve to this study. To 

identify any practice effects within the older sample, a two (condition: binding and ‘either’) 

by two (stimulus presentation: simultaneous and sequential) by two (probe type: negative 

and positive) by two (practice: naïve and experienced) ANOVA was performed on the data 

from the older sample only, with all factors repeated within individuals except practice. 

There was no effect of practice, F(1, 29) = 1.41, p = .25, ηp
2 = .05 (naïve mean = 72.32, 

standard deviation = 7.87; experienced mean = 76.77, standard deviation = 8.94), and no 

interaction between practice and any other factors (smallest p = .61). It was concluded that 

there was no effect of practice upon older people’s performance in the present study. 

Response Latency Analyses 

Median response latencies were calculated for correct responses only. One older 

and one younger participants’ data were not included, as all responses were incorrect for 

one cell in the design. A two (condition: binding and ‘either’) by two (stimulus 

presentation: simultaneous and sequential) by two (probe type: negative and positive) by 

two (age group: younger and older) ANOVA was performed with all factors repeated 

within individuals except age group.  Younger people responded faster than older people, 

F(1, 58) = 71.04, p < .001, ηp
2 = .55 (see Table 3.3).  There was no main effect of 

condition, F(1, 58) = 2.67, p = .11, ηp
2 = .04, and no interaction between condition and age 

group, F(1, 58) = 0.63, p = .43, ηp
2 = .01. Responses were slower for sequential 

presentation than simultaneous presentation, F(1, 58) = 29.14, p < .001, ηp
2 = .33 (Table  
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Table 3.3 

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

824 (192) 1320 (259) 

  Binding 849 (213) 1329 (303) 

  ‘Either’ 

 

798 (194) 1311 (245) 

  Sequential presentation 880 (218) 1403 (313) 

  Simultaneous presentation 

 

759 (180) 1236 (274) 

  Negative probes 830 (201) 1389 (298) 

  Positive probes 817 (189) 1251 (248) 

 

 

3.3).  There was no interaction between condition, stimulus presentation and age group, 

F(1, 58) = 0.39, p = .54, ηp
2 = .01. However, there was an interaction between condition 

and stimulus presentation, F(1, 58) = 9.39, p = .003, ηp
2 = .14.  Follow-up analyses 

(Bonferroni corrected alpha = .0125), revealed an effect of stimulus presentation in the 

binding condition, t(59) = 6.12, p < .001, and in the ‘either’ condition, t(59) = 3.53, p = 

.001, and a non-significant effect of condition for sequential presentation, t(59) = 2.56, p = 

.013, but no effect of condition for simultaneous presentation, t(59) = 0.58, p = .57.  While 

these results do not adequately reveal the nature of the interaction, visual inspection of 

Figure 3.3 indicates that there was a greater decrement for sequential compared to 

simultaneous stimulus presentation in the binding condition, than in the ‘either’ condition, 

similar to the corresponding accuracy analyses. 
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Figure 3.3.  Mean response latencies with standard errors of the mean (as error bars) for the 

binding condition and the ‘either’ condition, and simultaneous and sequential stimulus 

presentation, for younger and older people. 

 

There was an interaction between condition and probe type, F(1, 58) = 4.03, p = 

.049, ηp
2 = .07.  Follow-up analyses (Bonferroni corrected alpha = .0125) revealed an effect 

of probe type within the binding condition, t(59) =3.82, p < .001, a non-significant effect of 

probe type within the ‘either’ condition, t(59) = 2.50, p = .02,  a non-significant  effect of 

condition on negative probes, t(58) = 2.31, p = .02, but no such effect of condition on 

positive probes, t(58) = 0.45, p = .66.  These results, as illustrated Figure 3.4, indicate 

relatively slower responses for negative probes than positive probes in the binding 

condition, relative to the ‘either’ condition, as in the corresponding accuracy analyses. 

Returning to the major ANOVA above, responses were slower for negative probes 

than positive probes, F(1, 58) = 19.13, p < .001, ηp
2 = .18 (Table 3.3), while performance 

on negative probes was more accurate than positive probes, representing a possible speed-

accuracy trade-off across probe types. There was an interaction between probe type and age 

group, F(1, 58) = 12.79, p = .001, ηp
2 = .18.  Follow-up analyses (Bonferroni corrected  
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Figure 3.4.  Mean response latencies with standard errors of the mean (as error bars) for the 

binding and the ‘either’ conditions, and negative and positive probes, for younger and older 

people. 

 

alpha = .0125) indicated an effect of probe type within the older group, t(29) = 4.27, p < 

.001, but not the younger group, t(29) = 1.09, p = .28, and an effect of age group on 

negative probes, t(59) = 8.29, p < .001, and on positive probes, t(59) = 7.62, p < .001.  

These results together with inspection of Table 3.3 indicate that older people responded 

relatively more slowly for negative probes than positive probes, compared to younger 

people. 

To detect any speed-accuracy trade-off across participants, correlations were 

conducted between response latency and accuracy within each age group, collapsed across 

all with-subjects factors. There was no relationship between accuracy and response 

latencies for younger people, r = -.04, p = .82, or older people, r = -.34, p = .07. 

Discussion 

 Mitchell, Johnson, Raye, Mather et al. (2000) concluded that older people had 

greater difficulty remembering the relationships between feature values within stimuli than 
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younger people. In contrast, the results of Experiment 1 did not support this finding, with 

no evidence for a relative memory binding decrement for older people.  The aim of the 

present study was to determine whether the discrepancy in results between these two 

experiments stemmed from a crucial difference in stimulus presentation, with Mitchell, 

Johnson, Raye, Mather et al. presenting study display stimuli sequentially, and Experiment 

1 presenting study display stimuli simultaneously.  The results of the present study 

indicated that sequential stimulus presentation did not lead to an age-related memory 

binding decrement, as both age groups demonstrated a similar pattern of performance 

across conditions and methods of stimulus presentation.  This suggests that the discrepancy 

in results between Experiment 1 and Mitchell, Johnson, Raye, Mather et al. was likely not 

mediated by the use of simultaneous, rather than sequential stimulus presentation.  

Therefore, the reason this age-related memory binding decrement did not generalize to 

Experiment 1, which used a variant of Wheeler and Treisman’s (2002) method, remains 

unclear.  However, the results of the present study together with Experiment 1, indicate that 

older people did not have greater difficulty remembering the relationships between feature 

values than younger people, when tested with a variant of Wheeler and Treisman’s method.  

Thus, older people’s working memory for multifeature visuospatial stimuli appears to be 

intact with respect to binding. 

With regard to the effect of stimulus presentation on memory binding performance 

across both age groups, results of the present study indicated that there was a greater 

memory binding decrement associated with sequential, compared to simultaneous stimulus 

presentation. This result suggests that sequential stimulus presentation interferes with the 

ability to effectively bind feature values within working memory, and is consistent with the 

perceptual binding literature (Lehky, 2000). However, the reason that sequential stimulus 

presentation should lead to a memory binding decrement is unclear.  Earlier it was posited 

 81



that sequential stimulus presentation might make stimuli more distinct from one anther, 

through temporal separation, and that this might improve memory binding performance.  

Results show this is clearly not the case, and another explanation for the effect of stimulus 

presentation on memory binding must be formulated.  

In addition to separating stimuli in time, sequential stimulus presentation also 

extended the retention interval for three of the four stimuli, compared to the simultaneous 

presentation condition.  While the retention interval for the last stimulus in the sequential 

presentation condition is 900 ms (as in simultaneous presentation), the retention interval is 

1400 ms for the third stimulus, 1900 ms for the second stimulus and 2300 ms for the first 

stimulus.  Thus, the effect of stimulus presentation might have been due to the increased 

retention interval for three of the four stimuli, when presented sequentially. Memory for 

binding information might decay more rapidly than memory for feature values, although 

there is no direct evidence to support this speculation.  With regard to previous literature, 

Wheeler and Treisman employed simultaneous stimulus presentation together with a brief 

(900 ms) retention interval, and concluded that younger people did not have a memory 

binding decrement, while Mitchell, Johnson, Raye, Mather et al. employed sequential 

stimulus presentation together with a longer retention interval (8000 ms) and reported that 

both younger and older people demonstrated an absolute memory binding decrement.  

Thus, the effect of simultaneous compared to sequential stimulus presentation cannot be 

disentangled from the effect of retention interval, either within the present study, or the 

research literature, and therefore cannot speak to the possible relationship between 

retention interval and memory binding performance.  While an examination of serial 

position might elucidate the relationship between memory binding and retention interval, 

this would prove difficult when using the re-paired negative probe method, as these probes 
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are necessarily constructed from different stimuli within the study display, occupying 

different serial positions. 

It is interesting to note that the decrement in the binding condition compared to the 

‘either’ condition was mediated by decreased correct rejection of re-paired negative probes 

within the binding condition.  This indicates that the overall memory binding decrement 

was driven by increased false recognition of re-paired negative probes, representing a 

failure of memory binding.   

Conclusions 

The major aim of the present study was to determine if the method of stimulus 

presentation mediated the discrepancy in results between Mitchell, Johnson, Raye, Mather 

et al. (2000) and Experiment 1, with regard to memory binding and age group.  There was 

no evidence in the present study that the method of stimulus presentation had a different 

impact upon memory binding between age groups.  Therefore, the results of the present 

study, together with the results of Experiment 1, indicate that older people’s ability to bind 

visuospatial feature values within stimuli in working memory was intact, and does not 

represent a barrier to effective multifeature visuospatial working memory in normal aging. 

Sequential stimulus presentation appears to impede memory for the relationships 

between feature values within stimuli, compared to simultaneous stimulus presentation.  

One possible explanation for this observation is that retention intervals were lengthened for 

all but the last stimulus for sequential presentation compared to simultaneous presentation, 

and binding information might decay more rapidly than feature values within working 

memory.  Thus, the memory binding decrement reported for simultaneous presentation 

might reflect the effect of increased retention interval.  However, the effect of retention 

interval on memory binding cannot be isolated within the present study, or within the 

research literature to date (Mitchell, Johnson, Raye, Mather et al., 2000; Wheeler & 
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Treisman, 2002).  Therefore, the reason that sequential stimulus presentation leads to poor 

memory for the relationships between feature values remains unclear. 
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Chapter 4 

Experiments 3A and 3B: Effects of Normal Aging on Shape Perception and Shape Memory  

 

In the single feature condition of Experiment 1, older people demonstrated a greater 

decrement for shape memory compared to location memory than younger people, as 

measured by the d’ index. This finding warrants further investigation, as difficulty 

remembering shapes represents a possible barrier to effective visuospatial working memory 

in older people.  As Experiment 1 did not include a perceptual control task, this result could 

be an artefact of an age-related shape perception decrement, rather than a specific shape 

memory decrement.  Specifically, shape perception likely relies more upon intact visual 

acuity than location perception, and visual acuity may have covaried with age to produce 

the observed shape memory decrement. 

Although all participants in Experiment 1 reported normal or corrected to normal 

vision, visual acuity generally declines in normal aging, even in the absence of visual 

pathology, due to changes in the retina and accessory structures (Fahle & Duam, 1997; 

Fozard & Gordon-Salant, 2001; Sara & Faubert, 2000; Schneider & Pichora-Fuller, 2000). 

There is a reduction in blood supply to the retina, and a reduction in the number of central 

rods and retinal ganglion cells with increasing age (Schneider & Pichora-Fuller). The lens 

also becomes less elastic, losing much of its accommodative power, leading to a fixed 

focussing distance, and a reduction in the ability to process stimuli not presented at this 

optimal distance (Fozard & Gordon-Salant; Schneider & Pichora-Fuller). Additionally, less 

light falls on the retina with increasing age, as the pupil becomes smaller, and the lens 

absorbs more light (Schneider & Pichora-Fuller). These changes in accessory structures 

lead to blurring of the retinal image, reducing visual acuity in older people (Schneider & 

Pichora-Fuller).  
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The relative shape memory decrement for older people compared to younger people 

detected in Experiment 1, might be underpinned by a shape perception decrement, as shape 

perception likely requires greater visual acuity than location or colour perception.  Indeed, 

Sara and Faubert (2000) found that older people (mean age = 69 years) and younger people 

(mean age = 24 years) produced equivalent shape memory performance when the 

luminance contrast between stimuli and the background was adjusted to compensate for 

perceptual differences between individuals.   

Experiment 3A 

Aims. The present study examined whether older people have a specific shape 

memory decrement compared to younger people, as suggested by the results of Experiment 

1, or whether this finding was an artefact of a shape perception decrement. This was 

achieved by comparing older and younger people’s performance on a shape memory task 

and a shape perception task. 

To replicate the shape-only block of the single feature condition in Experiment 1, 

the present study included a condition in which study display stimuli were constructed of 

variable colour, location and shape values. However, it is possible that these additional 

variable stimulus features could have some effect upon shape perception or memory, 

perhaps drawing upon attentional resources.  Therefore, to isolate shape perception and 

memory from the effects of irrelevant variable features, the present study also included a 

condition in which study display stimuli varied on shape only, with the colours and the 

locations of stimuli held constant across trials. 

Hypotheses. It was predicted that older people would demonstrate a uniform 

decrement across shape memory and shape perception tasks, compared to younger people, 

with no interaction between these tasks and age group.  This would indicate that older 

people’s shape memory decrement was mediated by an underlying perceptual decrement.  
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Alternatively, an interaction between age group and task, such that older people 

demonstrated a greater decrement for memory than perception compared to younger 

people, would indicate a specific shape memory decrement for older people, independent of 

shape perception.  

No effect of feature variability, as examined by comparing constant stimulus colour 

and location with variable stimulus colour and location, was predicted, nor any interaction 

between feature variability and age group. 

Method 

Participants. Participants were as reported in Experiment 2, with the exception that 

two of the older participants declined participation in this study. 

Design. There were three within-individuals factors, each with two levels, including 

task (perception and memory), feature variability (constant colour and location, and 

variable colour and location) and probe type (negative and positive) and one between-

individuals factor (age group: younger and older).   

Stimuli.  Stimuli were made up of the same eight shapes as in Experiment 1, 

including circle, square, arrow, triangle, diamond, star, cross and an angular hourglass, 

selected randomly and not repeated within each study display, except as noted below for 

the perception task. In the constant colour and location condition all stimuli were black, and 

presented in the following locations: top centre, bottom centre, left centre and right centre. 

In the variable colour and location condition, these feature values were selected randomly 

from the eight colours and the eight locations reported in Experiment 1, and not repeated 

within each trial.  

The memory task was as in the shape-only block of the single feature condition in 

Experiment 1, except that all study displays included four stimuli. Participants responded 

‘yes’ if the probe stimulus was the same shape as any of the study display stimuli, and ‘no’ 
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if it was a different shape to all of the study display stimuli.  Colour and location did not 

change from study to probe. 

Trials within the perception task consisted of study displays only, with participants 

responding ‘yes’ if two of the four stimuli were the same shape, or ‘no’ if they were all 

different shapes, representing positive and negative probes respectively.   

Procedure. The procedure was as in Experiment 1, except that trials in the 

perception task did not include probe displays.  Study displays in both conditions lasted 

500 ms. Participants completed four trial blocks in a counter-balanced order, corresponding 

to the intersection of task and feature variability factors (memory with constant colour and 

location, memory with variable colour and location, perception with constant colour and 

location, perception with variable colour and location).  Each block included 40 trials 

preceded by four practice trials. 

Results 

Accuracy analyses. Each participant’s overall performance fell above 50% 

accuracy.  A two (task: perception and memory) by two (feature variability: constant colour 

and location, and variable colour and location) by two (probe type: negative and positive) 

by two (age group: younger and older) ANOVA was conducted on percent correct 

responses, with all factors repeated within individuals except age group.  Younger people 

performed more accurately than older people, F(1, 58) = 50.90, p < .001, ηp
2 = .47 (see 

Table 4.1). Performance was more accurate for the perception task than the memory task, 

F(1, 58) = 20.27, p < .001, ηp
2 = .26 (Table 4.1).  There was no interaction between task 

and age group, F(1, 58) = 0.45, p = .50, ηp
2 = .01, as predicted, indicating older people 

demonstrated a uniform performance decrement across tasks, compared to younger people. 
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Table 4.1 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

84.87 (6.67) 71.99   (7.31) 

 Perception 88.45 (7.99)  74.64 (11.48) 

  Memory 

 

81.29 (8.53) 69.34   (6.56) 

 Constant colour and location 86.99 (7.04) 75.42   (9.33) 

  Variable colour and location 

 

82.76 (7.44) 68.56   (8.12) 

  Negative probes 85.93 (6.33) 74.21 (10.01) 

  Positive probes 

 

83.82 (9.67) 69.77 (10.45) 

 

 

Performance was more accurate for constant colour and location than for variable 

colour and location, F(1, 58) = 30.24, p < .001, ηp
2 = .34 (Table 4.1), but there was no 

significant interaction between feature variability and age group, F(1, 58) = 1.70, p = .20, 

ηp
2 = .03.   However, there was an interaction between task and feature variability, F(1, 58) 

= 5.50, p = .002, ηp
2 = .09, and between task, feature variability and age group, F(1, 58) = 

12.80, p = .001, ηp
2 = .18.  To follow-up this result, a two (feature variability: constant 

colour and location, and variable colour and location) by two (age group: younger and 

older) ANOVA (Bonferroni corrected alpha = .025) was conducted on the memory task and 

on the perception task.  There was an interaction between feature variability and age group 

in the perception task, F(1, 58) = 9.03, p = .004, ηp
2 = .14, but not in the memory task, F(1, 
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58) = 1.08, p = .30, ηp
2 = .02.  Follow-up analyses (Bonferroni corrected alpha = .0125) of 

the feature variability by age group interaction within the perception task revealed an effect 

of age group for variable colour and location, t(58) = 6.24, p < .001, and for constant colour 

and location, t(58) = 3.48, p = .001, and an effect of feature variability for younger people, 

t(30) = 2.75, p = .011, and for older people, t(58) = 4.80, p < .001.  While these 

comparisons do not reveal the nature of this interaction, when considering Figure 4.1 older 

people appear to have a relatively greater discrepancy in shape perception between 

conditions of constant and variable colour and location, compared to younger people. 

 Returning to the major ANOVA above, performance was more accurate for 

negative probes than positive probes, F(1, 58) = 4.45, p = .04, ηp
2 = .07,  but there was no 

interaction between probe type and age group, F(1, 58) = 0.56, p = .46, ηp
2 = .01. However, 

there was an interaction between task, probe type and age group, F(1, 58) = 10.10, p = 

.002, ηp
2 = .15, indicating the accuracy data could have been influenced by a difference in 

response bias between age groups, addressed by signal detection analyses below. 
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Figure 4.1.  Mean percent correct responses with standard errors of the mean (as error bars) 

for perception and memory tasks, and variable and constant colour and location, for 

younger and older people. 
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Practice effects. There was a potential confound between age groups and practice 

effects in the present study, with 24 of the 29 older participants completing Experiment 1 

approximately nine months earlier, while all of the younger participants were naïve to this 

study. To identify any practice effects within the older sample, a two (task: perception and 

memory) by two (feature variability: constant colour and location, and variable colour and 

location) by two (probe type: negative and positive) by two (practice: naïve and 

experienced) ANOVA was conducted on data within the older sample, with all factors 

repeated within individuals except practice. There was no main effect of practice, F(1, 27) 

= 1.85, p = .19, ηp
2 = .06, and no interaction between practice and task, F(1, 27) < .01, p = 

.95, ηp
2 < .01, or between practice and probe type, F(1, 27) = .57, p = .46, ηp

2 = .02.  

However, there was an interaction between practice and feature variability, F(1, 27) = 6.08, 

p = .02, ηp
2 = .18, such that experienced older participants appeared to improve their 

 

Table 4.2 

Mean percent correct responses with standard deviations (in parentheses) for naïve and 

experienced older people. 

Condition Naive Experienced 

  Overall 

 

68.00   (6.24) 72.82   (7.36) 

  Memory 65.50   (4.56) 70.14   (6.71) 

  Perception 

 

70.50 (10.95) 75.50 (11.62) 

  Constant colour and location 67.00   (9.75) 77.17 (8.41) 

  Variable colour and location 

 

69.00   (3.69) 68.47   (8.86) 

  Negative probes 68.00   (6.71) 75.51 (10.20) 

  Positive probes 68.00   (9.34) 70.13 (10.82) 
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performance for constant compared to variable colour and location, while naïve participants 

did not (see Table 4.2). This result was not particularly problematic, as it did not lead to a 

spurious interaction between age group and feature variability in the overall analyses. 

Additionally, this result did not drive the age group by task by feature variability 

interaction noted above, as there was no interaction between practice, task and feature 

variability, F(1, 27) = 0.08, p = .78, ηp
2 = .01.  However, these analyses had limited power, 

due to the small size of the naive sample (n = 5). 

 Signal detection analyses.  Response bias (c) was calculated and adjusted as per 

Experiment 1 with negative values of c indicating a bias toward a ‘no’ response and 

positive values indicating a bias toward a ‘yes’ response.  A two (task: perception and 

memory) by two (feature variability: constant colour and location, and variable colour and 

location) by two (age group: younger and older) ANOVA, with all factors repeated within 

individuals except age group, was conducted on c.  There was no main effect of age group 

on c values, F(1, 58) = 1.13, p = .29, ηp
2 = .02.  No main effect was detected for feature 

variability, F(1, 58) = 1.88, p = .18, ηp
2 = .03, and no interaction between feature 

variability and age group was observed, F(1, 58) = 0.60, p = .44, ηp
2 = .01.  However, there 

was an overall bias toward ‘no’ responses for the perception task, and a bias toward ‘yes’ 

responses for the memory task, F(1, 58) = 41.77, p < .001, ηp
2 = .42, (see Table 4.3),  and 

an interaction between task and age group, F(1, 58) = 6.14, p = .02, ηp
2 = .10.  Follow-up 

analyses (Bonferroni corrected alpha = .0125) revealed an effect of task for younger 

people, t(30) = 2.77, p = .01, and for older people, t(28) = 6.47, p < .001, and a marginal 

effect of age group on the perception task, t(58) = 2.56, p = .013, but not effect of age 

group on the memory task, t(58) = 0.68, p = .50.  Although these follow-up comparisons do  

 92 



Table 4.3 

Means and standard deviations for response bias (c) and discrimination (d’) for younger 

and older people. 

Condition Younger Older 

Response bias (c) 

  Overall 

 

 -.04  (.23)   .10  (.24) 

 Perception  -.14  (.29)   -.32  (.27)   

 Memory 

 

  .06  (.31)   .11  (.34) 

  Constant colour and location   .01  (.31)  -.09  (.30) 

  Variable colour and location 

 

 -.09  (.30)  -.12  (.26) 

 

Discrimination (d’) 

  Overall 

 

2.43 (0.67) 1.39 (0.55) 

  Perception 2.88 (0.94) 1.64 (0.92) 

  Memory 

 

1.99 (0.67) 1.13 (0.43) 

  Constant colour and location 2.67 (0.81) 1.69 (0.75) 

  Variable colour and location 2.20 (0.69) 1.09 (0.58) 

 

 

not greatly assist interpretation of the interaction, inspection of Table 4.3 indicates that 

older people had a greater discrepancy in response bias between tasks than younger people. 

In light of these results, d’ was calculated, as an index of sensitivity independent of 

response bias.  A two (task: perception and memory) by two (feature variability: constant 

colour and location, and variable colour and location) by two (age group: younger and 

older) ANOVA was performed on d’, with all factors repeated within individuals except 
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age group.  Younger people produced greater d’ values than older people, F(1, 58) = 43.15, 

p < .001, ηp
2 = .43 (Table 4.3).  Participants produced greater d’ values for the perception 

task than the memory task, F(1, 58) = 34.15, p < .001, ηp
2 = .37 (Table 4.3), but there was 

no interaction between task and age group, F(1, 58) = 2.50, p = .12, ηp
2 = .04.  Participants 

displayed more effective discrimination for constant than for variable colour and location, 

F(1, 58) = 32.64, p < .001, ηp
2 = .36, but there was no interaction between feature 

variability and age group, F(1, 58) = 0.53, p = .47, ηp
2 = .01.  There was no interaction 

between feature variability and task, F(1, 58) = 3.85, p = .06, ηp
2 = .06, while the 

corresponding result in the accuracy analysis reached significance.  There was an 

interaction between feature variability, task and age group, F(1, 58) = 5.22, p = .026, ηp
2 = 

.08.  To follow-up this result, a two (feature variability: constant colour and location, and 

variable colour and location) by two (age group: younger and older) ANOVA was 

conducted within the memory task and within the perception task (Bonferroni corrected 

alpha = .025).  There was a non-significant interaction between feature variability and age  
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Figure 4.2. Mean d’ with standard errors of the mean (as error bars) for perception and 

memory tasks, and constant and variable colour and location, for younger and older people. 
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group within the perception task, F(1, 58) = 3.07, p = .09, ηp
2 = .05, and no interaction 

between feature variability and age group within the memory task, F(1, 58) = 1.24, p = .27, 

ηp
2 = .02.   

Response latency analyses. Median response latencies were calculated for correct 

responses only. A two (task: perception and memory) by two (feature variability: constant 

colour and location, and variable colour and location) by two (probe type: negative and 

positive) by two (age group: younger and older) ANOVA was conducted on response 

latencies, with all factors repeated within individuals except age group.  Younger people 

responded faster than older people, F(1, 58) = 55.80, p < .001, ηp
2 = .49 (see Table 4.4). 

Responses was faster for the perception task than for the memory task, F(1, 58) = 4.45, p = 

.04, ηp
2 = .07 (Table 4.4), but there was no interaction between task and age group, F(1, 58)  

 

Table 4.4  

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

874 (177) 1330 (286) 

  Perception 944 (211) 1354 (344) 

  Memory 

 

804 (190) 1305 (386) 

  Constant colour and location 831 (188) 1184 (209) 

  Variable colour and location 

 

918 (179) 1476 (418) 

  Negative probes 941 (197) 1419 (270) 

  Positive probes 808 (165) 1240 (329) 
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= 1.05, p = .31, ηp
2 = .02.   Responses were faster for constant than for variable colour and 

location, F(1, 58) = 36.90, p < .001, ηp
2 = .39 (Table 4.4), and there was an interaction 

between feature variability and age group, F(1, 58) = 10.84, p = .002, ηp
2 = .16.  Follow-up 

analyses (Bonferroni corrected alpha = .0125) indicated an effect of age group within the 

constant colour and location condition, t(58) = 6.88, p < .001, and within the variable 

colour and location condition, t(58) = 6.80, p < .001, as well as an effect of feature  

variability for younger people, t(30) = 4.76, p < .001, and for older people, t(28) = 4.75, p < 

.001.  While all of these comparisons were significant, the pattern of means across age 

groups and feature variability in Table 4.4 indicates that older people responded more 

slowly, and with greater variability, for variable colour and location compared to constant 

colour and location, than younger people. 

There was an interaction between task and feature variability F(1, 58) = 9.35, p = 

.003, ηp
2 = .14, but not between task, feature variability and age group, F(1, 58) = 0.16, p = 

.69, ηp
2 < .01.  Follow-up analyses of the task by feature variability interaction (Bonferroni 

corrected alpha = .0125) revealed an effect of feature variability for the memory task, t(59) 

= 2.63, p = .011, and the perception task, t(59) = 5.76, p < .001, and an effect of task for 

variable colour and location, t(59) = 2.87, p = .006, but not for constant colour and 

location, t(59) = 0.33, p = .74.  These results together with visual inspection of Figure 4.3 

indicate that responses were particularly slow for perception of stimuli that varied on 

colour and location, across both age groups. 

Responses were faster for positive probes than negative probes, F(1, 58) = 71.30, p 

< .001, ηp
2 = .55, while performance was more accurate for negative probes than for 

positive probes, indicating a possible speed-accuracy trade-off across probe types.  There 

was no interaction between probe type and age group, F(1, 58) = 1.48, p = .23, ηp
2 = .03. 
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Figure4.3.  Mean response latencies with standard errors of the mean (as error bars) for 

perception and memory tasks, and variable and constant colour and location, for younger 

and older people. 

 

There was no relationship between accuracy and response latencies for younger 

people, r = .19, p = .30, or older people, r = -.15, p = .43. 

Discussion 

The aim of the present study was to determine if older people had a shape memory 

decrement over and above any difficulty in shape perception.  Both age groups 

demonstrated a similar pattern of performance across memory and perception tasks, 

overall.  This result suggests that older people do not have a shape memory decrement, but 

rather that they have difficulty perceiving shapes compared to younger people.  Therefore, 

the shape memory decrement detected for older people in Experiment 1 was likely due to a 

difference in shape perception between age groups.  

As noted above, older people demonstrated a relatively greater discrepancy between 

constant and variable colour and location within the perception condition, compared to 

younger people, although there was some effect of response bias upon this result. The 
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presence of this interaction between feature variability and age group within the perception 

task only, indicates that older people improved their performance with constant colour and 

location only when they were able to compare stimuli presented simultaneously, and that 

this effect did not extend to the memory task.  Therefore, older people’s improved 

performance for constant colour and location was apparent only when participants were 

able to refer back to, and re-perceive stimuli when making a same-different judgement. 

However, there was a possible confound in the methodology of the present study 

which might have contributed to this result.  Specifically, the manipulation of feature 

variability was confounded with the stimulus colours employed.  Stimuli in the constant 

colour and location condition were all black, while in the variable colour and location 

condition stimuli were constructed using eight different colours.   

Compared to the gray background, which had a luminance of 24.5 candelas per 

square meter, the black stimuli had the greatest Michelson luminance contrast, at -.74, 

while the other colours had lesser contrast against the background as follows: red = -.13, 

dark blue = -.52, light blue = .24, purple = -.41, pink = -.01, yellow = .46, and green =  -.25. 

This confound of stimulus contrast between conditions may have mitigated older people’s 

shape perception decrement in the constant colour and location condition.  There is a 

considerable decline in luminance contrast sensitivity in aging, due to increased light 

scatter from the cornea (Fozard & Gordon-Salant, 2001; Schneider & Pichora-Fuller, 

2000). Contrast sensitivity is more closely correlated with the perception of visual object 

identity than visual acuity, and changes in contrast sensitivity underpin age-related 

decrements in tasks which rely heavily on visual acuity, such as letter identification (Fozard 

& Gordon-Salant; Schneider & Pichora-Fuller). Sara and Faubert (2000) found that older 

people required considerably greater luminance contrast to discriminate shapes. Gilmore, 

Cronin-Golomb, Neargarder, and Morrison (2005) varied luminance contrast between 
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stimuli and a backward mask in a letter identification task, with older people (mean age = 

74 years) and younger people (mean age = 20 years). They found that older people’s 

accuracy improved to the level of younger people’s performance when the luminance 

contrast between the stimuli and mask was increased.  These results indicate that a 

difference in luminance contrast can narrow the age-related performance gap on a visual 

perception task.  Therefore, further investigation was required to determine whether older 

people have a relative decrement for shape perception with variable colour and location, or 

whether this result was due to a confound of stimulus contrast.   

Experiment 3B 

The manipulation of feature variability in Experiment 3A was confounded with the 

stimulus colours used in each level of this factor.  Specifically, eight different colours were 

used in the variable colour and location condition, while all stimuli were black in the 

constant colour and location condition. Of all the colours employed, black stimuli had the 

greatest luminance contrast with the background, perhaps reducing the age-related shape 

perception decrement in the constant colour and location condition.  To address this issue, 

the present study replicated the perception task of Experiment 3A across both constant and 

variable colour and location conditions, with a single modification. Within the constant 

colour and location condition, stimuli were the same colour within each trial, but different 

colours between trials, using the same eight colours as for the variable colour and location 

condition. 

Aims.  The present study aimed to determine if the interaction between feature 

variability and age group within the perception task of Experiment 3A was due to the 

confound between feature variability and the colours employed in different levels of this 

factor.  This was achieved by correcting this confound, using the same colours across both 
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constant and variable colour and location conditions, within a shape perception task 

administered to younger and older people. 

Hypothesis.  It was hypothesized that there would be no interaction between feature 

variability and age group within this shape perception task, as stimuli in the constant and 

variable colour and location conditions were constructed from the same eight colours. 

Method 

Participants.  The same group of participants completed experiments 3B and 5A in 

a counter-balanced order, including 20 undergraduates from the University of Western 

Australia, who received course credit or reimbursement of travel expenses, and 19 

community-dwelling older adults, who received reimbursement of travel expenses.  

Seventeen of the 19 older adults also participated in Experiments 2, 3A and 4 

approximately nine months previously. The demographic characteristics of these samples 

are available in Table 4.5. 

All participants fulfilled health criteria as per Experiment 1 and reported normal or 

corrected to normal vision.  Self-reported health ratings were not different between groups, 

t(37) = 0.95, p = .35 (Table 4.5). There was no difference between groups for WAIS-III 

Vocabulary sub-test age-adjusted scaled scores, t(33) = 1.68, p = .10 (Table 4.5), although 

this instrument was not administered to four non-native English speakers in the younger 

group. All MMSE scores obtained within the older sample fell above the cut-off score for 

impairment of 23 out of 30 (Table 4.5). 

Design. There were two within-individuals factors, each with two levels, including 

feature variability (constant colour and location, and variable colour and location) and 

probe type (negative and positive) and one between-individuals factor (age group: younger 

and older).   
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Table 4.5 

Demographic characteristics of the younger and older samples. 

Sample characteristic Younger group Older group 

N 

 

20 19 

Gender 

 

16 F, 4 M 15 F, 4 M 

Age   

     Mean 19 years 75 years 

     Standard deviation   2.1 years   5.7 years 

     Range 

 

17 - 25 years 67 - 88 years 

WAIS-III Vocabulary  

age-adjusted scaled score 

  

     Mean 11.9  12.4  

     Standard deviation 

 

  2.2   2.5 

Perceived health   

     Mean   8.0    8.2  

     Standard deviation 

 

  1.0   0.9 

MMSE   

     Mean Not administered 28.3  

     Standard deviation    1.5 

     Range  24 - 30 

 

 

Stimuli. The stimuli were as in the perception condition of Experiment 3A except 

that within the constant colour and location condition, colour was the same for stimuli 

within each trial, but different between trials, using the same eight colours (black, red, dark 
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blue, light blue, purple, pink, yellow and green) as were used in the variable colour and 

location condition. 

Procedure. The procedure was the same as for the perception task of Experiment 

3A. There were two trial blocks corresponding to two levels of feature variability (constant 

colour and location, and variable colour and location). Each of the two trial blocks 

consisted of 40 trials preceded by four practice trials. 

Results 

 Accuracy analyses. All data sets fell above 50% accuracy. A two (feature 

variability: constant colour and location, and variable colour and location) by two (probe 

type: negative and positive) by two (age group: younger and older) ANOVA was 

conducted on percent correct responses, with all factors repeated within individuals except 

age group. Younger people performed more accurately than older people, F(1, 37) = 59.76, 

p < .001, ηp
2 = .62 (see Table 4.6).  However, unlike Experiment 3A, there was no main 

effect of feature variability, F(1, 37) = 0.83, p = .37, ηp
2 = .02.  As predicted, there was no  

50

55

60

65

70

75

80

85

90

95

constant features variable features

pe
rc

en
t c

or
re

ct
 re

sp
on

se
s

younger
older

Figure 4.4.  Mean percent correct response with standard errors of the mean (as error bars) 

for variable and constant colour and location, for younger and older people. 
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interaction between feature variability and age group, F(1, 37) = 1.15, p = .29, ηp
2 = .03 

(see Figure 4.4), while this interaction was significant in Experiment 3A.  

Performance was more accurate for negative than positive probes, F(1, 37) = 60.50, 

p < .001, ηp
2 = .62, and there was an interaction between probe type and age group, F(1, 

37) = 6.06, p = .02, ηp
2 = .14.  Follow-up analyses (Bonferroni corrected alpha = .0125) 

revealed an effect of age group for positive probes, t(37) = 6.68, p < .001, and for negative 

probes, t(37) = 4.46, p < .001, as well as an effect of probe type for younger people, t(19) = 

6.85, p < .001, and for older people, t(18) = 5.44, p < .001.  While these comparisons do 

not greatly assist the interpretation of the interaction reported above, inspection of Table 

4.6 indicates that older people had a greater performance decrement for positive compared 

to negative probes than younger people.  This suggests a possible difference in response 

bias between age groups, which was subsequently addressed by signal detection analyses 

reported below. 

 

Table 4.6 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people.   

Condition 
 

Younger Older 

  Overall 

 

88.00 (5.80) 70.86   (7.94) 

  Variable colour and location 88.13 (6.83) 69.34 (12.27) 

  Constant colour and location 

 

87.88 (6.55) 72.37   (6.74) 

  Negative probes 93.50 (5.28) 81.45 (10.81) 

  Positive probes 82.50 (8.07) 60.26 (12.39) 
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Practice effects within the older group were not analysed, as only two of the older 

participants had not participated in previous experiments. 

Signal detection analyses. As noted above, the interaction between probe type and 

age group indicates that younger and older people may have had different response biases 

in the present study. A two (feature variability: constant colour and location, and variable 

colour and location) by two (age group: younger and older) ANOVA was conducted on c 

values. There was no main effect of age group on c values, F(1, 37) = 0.05, p = .83, ηp
2 

<.01 (younger mean = -.37, standard deviation = .27; older mean = -.39, standard deviation 

= .35), no main effect of feature variability, F(1, 37) = 0.40, p = .53, ηp
2 = .01, and no 

interaction between feature variability and age group, F(1, 37) = 0.04, p = .85, ηp
2 < .01.  It 

was concluded that accuracy results were not likely to be affected by a difference in 

response bias between age groups, so d’ was not calculated. 

Response latency analyses. A two (feature variability: constant colour and location, 

and variable colour and location) by two (probe type: negative and positive) by two (age  
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 Figure 4.5.  Mean response latencies with standard errors of the mean (as error bars) for 

constant and variable colour and location, for younger and older people. 
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group: younger and older) ANOVA was conducted on median correct response latencies, 

with all factors repeated within individuals except age group. As expected, younger people 

responded faster than older people, F(1, 37) = 35.71, p < .001, ηp
2 = .49 (see Table 4.7).  

Responses were faster for constant than variable colour and location, F(1, 37) = 28.67, p <  

.001, ηp
2 = .44 (Table 4.7), and the interaction between feature variability and age group 

approached significance, F(1, 37) = 3.80, p = .06, ηp
2 = .09.  Visual inspection of Figure 

4.5 indicates that older people responded particularly slowly for trials in which stimuli 

varied on colour and location than when these were held constant, compared to younger 

people. 

Performance was faster for positive probes than negative probes, F(1, 37) = 32.77, p 

< .001, ηp
2 = .47, while performance was more accurate for negative probes than positive 

probes, representing a possible speed-accuracy trade-off across probe types.  There was no 

interaction between probe type and age group, F(1, 37) = 1.48, p = .23, ηp
2 = .04. 

 

Table 4.7 

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

  Overall 

 

  986 (127) 1478 (344) 

  Variable colour and location 1033 (127) 1578 (398) 

  Constant colour and location 

 

  940 (140) 1377 (324) 

  Negative probes 1052 (140) 1579 (385) 

  Positive probes   920 (125) 1376 (346) 
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No relationship was detected between accuracy and response latencies for younger 

people, r = .17, p = .48, or older people, r = -.04, p = .86, indicating that results were likely 

not affected by a speed-accuracy trade-off across participants. 

General Discussion 

 Older people demonstrated a specific shape memory decrement compared to 

younger people in Experiment 1. However, this result could also be accounted for by a 

shape perception decrement, particularly in light of the decline in visual acuity with 

increasing age (Fahle & Duam, 1997; Fozard & Gordon-Salant, 2001; Sara & Faubert, 

2000; Schneider & Pichora-Fuller, 2000). The aim of Experiment 3A was to determine if 

older people had a shape memory decrement independent of shape perception, compared to 

younger people.  Results did not support a specific age-related shape memory decrement, 

with both age groups demonstrating a similar pattern of results across shape memory and 

perception tasks, overall.  This indicates that the shape memory decrement for older people 

detected in Experiment 1 likely represents a difference in shape perception between age 

groups. This result was consistent with Sara and Faubert (2000) who reported age-

equivalence for working memory for shapes, when stimulus luminance contrast was 

adjusted for each participant. 

 There was a surprising result within the perception task of Experiment 3A, with 

older people demonstrating a greater discrepancy in shape perception performance between 

constant and variable colour and location, compared to younger people.  However, 

Experiment 3A included a confound between feature variability and the colours employed 

in different levels of this factor.  Specifically, all stimuli were black in the constant colour 

and location condition, leading to increased luminance contrast between stimuli and the 

background for this condition, possibly making shapes easier to perceive, compared to the 

variable colour and location condition which employed eight different colours.  This 
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increased contrast likely corrected for older people’s generally poorer perceptual 

performance, minimizing the age-related performance decrement within the constant colour 

and location condition (Fozard & Gordon-Salant, 2001; Schneider & Pichora-Fuller, 2000).  

Previous studies have shown that increased contrast can reduce age-related decrements in 

tasks of visual perception (Gilmore et al., 2005; Sara & Faubert 2000).   

Results of Experiment 3B indicated that this confound of colours was likely the 

source of this unexpected result, as both age groups demonstrated a similar pattern of 

accuracy performance across constant and variable colour and location conditions when 

stimuli were constructed from the same colours across conditions.  However, there was a 

non-significant interaction between feature variability and age group within the response 

latency data, such that older people appeared to respond more slowly for stimuli with 

variable colour and location, compared to younger people.  This suggests that older people 

might have had difficulty selectively attending to shape in the presence of other variable 

irrelevant features.  The effect of variable irrelevant features within a perception task was 

explored in Experiment 5B. 
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Chapter 5 

Experiment 4: Effects of Normal Aging on Selective Attention to a Specified Feature 

Across Multifeature Stimuli in a Working Memory Task 

 

In Experiment 1, younger people demonstrated a greater performance decrement 

than older people for the ‘either’ condition compared to the single feature condition, 

although this result was possibly contaminated by a speed-accuracy trade-off across 

conditions.  Nonetheless, this result suggests that younger people were able to improve 

their performance with a decrease in the number of visual features to be remembered, while 

older people did not demonstrate this performance gain. One plausible interpretation of this 

result is that younger people improved their performance by selectively attending to only 

the relevant feature in the single feature condition, while older people attended to all of the 

available information, at some cost, regardless of whether this information was relevant to 

the task. This suggests that older people might have a selective attention decrement 

compared to younger people, within the context of a working memory task. 

Selective attention involves selecting relevant information, as well as inhibiting 

irrelevant information (McDowd & Shaw, 2000; Rogers, 2000; Rogers & Fisk, 2001). In 

the single feature condition of Experiment 1, participants were cued to attend to one 

relevant feature and ignore irrelevant features across multiple stimuli, while most 

traditional measures of visual selective attention are fundamentally different from this task.  

Specifically, most measures of selective attention in the research literature require selection 

of a stimulus from distracters, based on the presence of a particular feature value.  For 

example, visual search tasks require participants to locate a visual stimulus among 

distracters, based on the presence of a specified feature value, such as selecting a red 

stimulus from among other coloured stimuli, or a circle from other shapes (Plude & 
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Doussard-Roosevelt, 1989; Scialfa & Harpur, 1994).  Similarly, in a typical negative 

priming task, participants select a target stimulus, rather than a distracter stimulus (usually 

different letters), based on a feature value of these stimuli, such as colour or position 

(Sullivan & Faust, 1993; Tipper, 1991; Verhaeghen & De Meersman, 1998a).  When the 

current target is the same as the distracter from the previous trial (e.g. the current target 

letter is the previous distracter letter), response latency increases, representing continued 

inhibition of this feature value, known as the negative priming effect (Sullivan & Faust; 

Tipper; Verhaeghen & De Meersman).  In this way, negative priming also requires 

selective attention to a specified feature value, such as a specified colour or location, and 

inhibition of a specified feature value, such as letter identity. 

However, in the single feature condition of Experiment 1, participants were cued to 

attend to a specified feature, such as colour or shape, across multifeature stimuli.  In this 

way, the single feature condition of Experiment 1 differed qualitatively from traditional 

measures of selective attention, as participants attended to a feature (such as colour or 

shape) across multifeature stimuli, rather than selecting a stimulus based on the presence of 

a specified feature value (such as red or a circle).  For this reason, traditional selective 

attention tasks might represent a qualitatively different construct than the kind of selective 

attention employed in the single feature condition of Experiment 1. 

The Stroop task requires selective attention to a specified visual feature over 

multifeature stimuli, similar to the single feature condition of Experiment 1.  In the Stroop 

task, participants ignore the identity of a printed colour name, while identifying the colour 

of the ink in which this word has been printed (Verhaeghen & De Meersman, 1998b; West, 

2004; West & Alain, 2000).  While this certainly requires selection of the ink colour, and 

inhibition of the printed word, it is not a pure measure of selective attention, as it also 

requires inhibition of a prepotent, or automatic reading response.  As Experiment 1 did not 
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require inhibition of an automatic response, Stroop performance cannot be directly 

generalized to the present study.  

One task that measures selective attention to a feature across multifeature stimuli is 

the filtering task of speeded classification (Gottwald & Garner, 1975; Maddox & Ashby, 

1996).  In this task participants classify visual stimuli defined by two variable features, 

such as size and colour, based on values of one of these features (Gottwald & Garner).  In a 

control condition, participants classify stimuli based on the value of one feature (e.g. 

colour), while the other feature (e.g. size) is held constant.  In the filtering task, participants 

classify stimuli based on the value of one attended feature, while the value of the other, 

irrelevant feature varies orthogonally from the attended feature. Participants 

(undergraduates, age unspecified) performed the filtering and control tasks equally quickly 

(Gottwald & Garner; Maddox & Ashby).  This indicated that younger people could 

selectively attend to a single feature of a multifeature stimulus at no additional cost, within 

a speeded classification task.    

However, Experiment 1 required a same-different judgement, rather than a 

classification judgement. Making a same-different judgement on two stimuli that have 

different values of an irrelevant feature might be more difficult than classifying stimuli that 

vary on an irrelevant feature. Santee and Egeth (1980) tested an undergraduate population 

(age unspecified) on a speeded classification filtering task, as well as a speeded same-

different task, for stimuli that varied on size and shading.   Within the same-different task, 

participants indicated whether two stimuli presented simultaneously were the same or 

different for an attended feature, while ignoring an irrelevant feature which varied between 

stimuli orthogonally to the attended feature.  Results showed no effect of variation of the 

irrelevant feature on the speeded classification task, similar to Gottwald and Garner, (1975) 

and Maddox and Ashby (1996).  In some contrast, there was a response latency decrement 
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for the same-different task when stimuli included an irrelevant orthogonally varied feature, 

compared to a control task, in which the irrelevant feature was held constant (Santee & 

Egeth). This disparity of results across tasks suggests that selective attention to a feature is 

more difficult for same-different judgements, such as in Experiment 1, than for simple 

classification tasks (Santee & Egeth).   

When making a same-different judgement on stimuli that vary on two features, the 

irrelevant feature can be described as either compatible with the attended feature (both 

features the same or both different between stimuli), or incompatible (one feature the same 

and the other different between stimuli; Hawkins & Shigley, 1972).  This principle is 

illustrated in Table 5.1, with stimuli described as either compatible or incompatible based 

on the relationship between attended and irrelevant features for two stimuli.  For these 

stimulus pairs, the correct response, based on the comparison of attended feature values 

between the two stimuli (same or different), corresponds to the probe-type factor (positive 

or negative) within the present study.  Thus, there are four different types of relationships 

between the attended and irrelevant features for stimuli within these tasks, including 

positive compatible (both features the same between stimuli), positive incompatible 

(attended-same, irrelevant-different), negative incompatible (attended-different, irrelevant-

same) and negative compatible (both features different), as illustrated in Table 5.1. 

Within the same-different task conducted by Santee and Egeth (1980), response 

latencies were slower for positive incompatible pairs of stimuli than positive compatible 

stimuli, indicating an interference effect from the irrelevant feature, consistent with a 

selective attention decrement.  However, there was no difference in response latencies 

between negative compatible and negative incompatible stimulus pairs (Santee & Egeth).  

Thus, there was a performance cost for selective attention to a visual feature within a same-  
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Table 5.1 

Descriptive labels for relationships between stimuli varying on one attended and one 

irrelevant feature. 

Irrelevant feature   

Attended feature  Same Different 

Same  Positive compatible   Positive incompatible 

Different  Negative incompatible  Negative compatible 

 

 

different task, but only when the attended feature had the same value between stimuli, as 

for positive probes within the present study. 

Besner and Coltheart (1976) also conducted a same-different judgement task with 

pairs of stimuli that varied orthogonally on shape and size.  Participants (graduate students 

and staff, age unspecified) made same-different judgements with regard to shape, while 

ignoring variable stimulus size.  Results were similar to Santee and Egeth (1980), with a 

response latency decrement for positive incompatible compared to positive compatible 

stimuli.  Again, there was no decrement for negative incompatible compared to negative 

compatible stimulus pairs.  

Hawkins and Shigley (1972) conducted a similar same-different task on a 

population of undergraduate students and staff (age unspecified), using pairs of stimuli that 

varied on colour and size, or shape and size, in different conditions.  Compared to a control 

task, in which the irrelevant feature was held constant, response latency was not different 

for compatible trials, but was longer for incompatible trials, representing interference from 

the irrelevant feature, consistent with a selective attention decrement (Hawkins & Shigley). 

However, Hawkins and Shigley reported this effect for both positive and negative stimulus 

pairs (attended feature same or different between stimuli), while Besner and Coltheart 
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(1976) and Santee and Egeth (1980) found a selective attention decrement only when the 

value of the attended feature was the same across stimuli (positive stimulus pairs). 

Garner (1988) measured response latency of same-different judgements for pairs of 

stimuli, on a group of undergraduate students (age unspecified).  Stimuli were coloured 

letters, in which the identity of the letter was the attended feature, and the variable colour 

was irrelevant.  Letter pairs were either easy or difficult to discriminate.  For trials in which 

the letters were the same (positive stimulus pairs), the colours were always compatible.  For 

trials with different letters (negative stimulus pairs), the colours could be either compatible 

or incompatible. When letter pairs were difficult to discriminate, response latencies were 

shorter for compatible colours, and longer for incompatible colours, compared to a control 

condition in which letters were all black, representing interference from the irrelevant 

feature within negative trials, in some contrast to Santee and Egeth (1980) and Besner and 

Coltheart (1976).  For letter pairs that were easy to discriminate, there was a decrement for 

incompatible colours, compared to black letters (Garner).  Taken together, these studies 

indicate that younger people demonstrate a performance decrement for selective attention 

to a specified feature across multifeature stimuli, within a same-different task. 

In Experiment 1 participants made a comparison between a probe stimulus and 

stimuli held in memory, whereas comparisons were made between stimuli presented 

simultaneously in the studies cited above. Santee and Egeth (1980) also conducted a visual 

change detection task in which the two stimuli to be compared were separated by an 

interval varying from 0 to 2000 ms.  Within this task, response latencies were extended for 

positive incompatible stimulus pairs.  However, this effect was only detected with retention 

intervals up to 500 ms, after which the decrement for incompatible irrelevant features was 

not significant.  Thus, the selective attention decrement detected in perception tasks above, 

did not generalize to a memory task with a retention interval longer than 500 ms. This 
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result suggests that younger people would likely not demonstrate a selective attention 

decrement in the present study, which employed a 900 ms retention interval, as in 

Experiment 1.  However, the task employed by Santee and Egeth required memory for only 

one stimulus, while the present study required memory for four stimuli. 

Unfortunately, this literature examining selective attention for a specified feature 

across multifeature stimuli does not include any evaluation of age-related change.  

Therefore, the literature with regard to normal aging and more traditional measures of 

selective attention will be reviewed presently.  As noted above, these measures require 

selective attention to a specified feature value, while the single feature condition of 

Experiment 1 likely tapped into selective attention to a feature across multifeature stimuli. 

However, a common underlying cognitive construct might contribute toward these two 

different manifestations of selective attention, and in this way could inform the present 

study. 

The literature with regard to aging and selective attention primarily employs two 

tasks: negative priming and visual search.  As described above, in a typical negative 

priming task, the participant is presented with two stimuli on each trial, one a target and the 

other a distracter, usually denoted by different colours.  The participant’s task is to report 

the target, usually a letter, as quickly as possible.  However, when the target is the same as 

the previously presented distracter, response latency typically increases, compared to a 

control condition with a novel distracter.  This negative priming phenomenon represents 

continued inhibition of the distracter from the previous trial.  While this negative priming 

effect is well established in younger people, several studies have failed to find an increase 

in response latency for previous distracters in older people (Hasher, Stoltzfus, Zacks, & 

Rypma, 1991; Kane, Hasher, Stoltzfus, Zacks, & Connelly, 1994; McDowd & Oseas-

Kreger, 1991; Stoltzfus, Hasher, Zacks, Ulivi, & Goldstein, 1993; Tipper, 1991), 
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suggesting an inhibitory decrement in normal aging.  A meta-analysis of negative priming 

and aging found that both younger and older people consistently show negative priming 

effects, but that the magnitude of this effect is greater for younger people than older people, 

suggesting some decline in inhibitory processes in aging (Verhaeghen & De Meersman, 

1998a).  However, several other empirical studies and meta-analyses have found equivalent 

negative priming effects across older and younger people (Connelly & Hasher, 1993; Grant 

& Dagenbach, 2000; Kramer, Humphrey, Larish, Logan, & Strayer, 1994; McDowd, 1997; 

Sullivan & Faust, 1993; Sullivan, Faust, & Balota, 1995; Verhaeghen & Cerella, 2002). 

One possible explanation for these discrepant findings lies in the temporal structure of 

these tasks.  Kramer et al. noted that those studies reporting a decline in negative priming in 

normal aging employed a forced-paced task structure, while those that did not report this 

decrement employed a self-paced task structure.  Therefore, the inhibitory decrement for 

older people detected using the negative priming task appears to be attenuated by slower 

stimulus presentation (Kramer et al.). 

Visual search is also frequently employed as a measure of selective attention in the 

aging literature.  In a typical visual search task, participants search for a target containing a 

specified feature value as quickly as possible, in the presence of distracters.  Older people 

have demonstrated a more pronounced increase in response latency with increasing 

numbers of distracters, compared to younger people (Rabbitt, 1965). However, more recent 

studies report similar patterns of performance across younger and older people for single 

feature visual search tasks (Brodeur, Trick, & Enns, 1997; Plude & Doussard-Roosevelt, 

1989). Additionally, age-related decrements in visual search are attenuated by increased 

stimulus exposure duration (Scialfa & Harpur, 1994), the use of spatial cues, practice, and 

familiarity with stimuli (see Brodeur et al.; Madden, 1990; Madden & Plude, 1993; 

McDowd & Shaw, 2000; Plude, Enns, & Brodeur, 1994; and Rogers, 2000, for reviews).  
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Therefore, like the negative priming literature reviewed above, age-related decline in visual 

search can be overcome with simple task modifications. 

The evidence across both negative priming and visual search tasks suggests a 

possible decrement in selective attention for older people, although no firm conclusion can 

be drawn from the mixed results within this literature (Plude et al., 1994; Rogers & Fisk, 

2001).  One explanation for these discrepant results is that there are likely multiple 

inhibitory mechanisms, and therefore selective attention is not a unitary construct, but 

rather is underpinned by multiple mechanisms (McDowd, 1997; Plude et al.; Shilling, 

Chetwynd, & Rabbitt, 2002). 

Older people have also demonstrated a performance decrement for the Stroop task, 

which, as explained above, measures selective attention to the colour of the ink a word is 

printed in, while ignoring the identity of the word (Brink & McDowd, 1999; Spieler, 

Balota, & Faust, 1996; West, 2004; West & Alain, 2000; West & Baylis, 1998).  However, 

age-related changes in Stroop performance have been largely attributed to changes in speed 

of processing (Basak, & Verhaeghen, 2003; Salthouse, 1996; Salthouse, & Meinz, 1995; 

Shilling et al., 2002; Verhaeghen & De Meersman, 1998b), and as noted above, the Stroop 

task additionally requires inhibition of an automatic reading response, which was not 

required in the single feature condition of Experiment 1. 

Although the research literature offers no firm conclusion with regard to the effect 

of normal aging on selective attention, the results of Experiment 1 suggest a possible 

decrement in selective attention to a specified feature across multifeature stimuli, in the 

context of a working memory task. Such a decline in selective attention in normal aging 

could represent a barrier to effective working memory for multifeature visuospatial stimuli.  

The present study set out to determine if older people have difficulty selectively attending 
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to a specified feature across multifeature stimuli, within a same-different working memory 

task.    

Aims 

 The aim of the present study was to determine if older people have a selective 

attention decrement in the context of a multifeature visuospatial working memory task, as 

suggested by the results of Experiment 1.  In the present study, participants performed a 

visual change detection task similar to the single feature condition of Experiment 1, with 

stimuli defined by two features: colour and location.  Participants were instructed to attend 

to one of these features, and ignore the other irrelevant feature, while making a same-

different judgement between study display stimuli and a single probe stimulus, separated 

           

  Sample Study Display  

      
   

Positive Compatible  Positive Incompatible 
 

      
 
  Negative Incompatible Negative Compatible 

Figure 5.1. Sample study display stimuli and probe display stimuli, across probe types and 

compatibilities, with colour the attended feature and location the irrelevant feature. 

 117



by a 900 ms retention interval. Each feature was designated as the attended feature in one 

block of trials and as the irrelevant feature in the other trial block.  However, unlike the 

single feature condition of Experiment 1, both features were equally likely to change from 

study to probe display on each trial.   Thus, for probe stimuli, the irrelevant feature could be 

either compatible with the attended feature (both features the same, or both different), or 

incompatible (one feature the same and one feature different; see Table 5.1 and Figure 5.1). 

Selective attention was represented by the extent to which there was a performance 

decrement for incompatible compared to compatible trials, indicating interference from the 

irrelevant feature on task performance.  For the purposes of the present study, probe type 

will refer to the correct response on a trial, based on the attended feature, either positive or 

negative, and compatibility will refer to the relationship between the attended and 

irrelevant features, either compatible or incompatible, as illustrated in Table 5.1 and Figure 

5.1. 

Hypotheses 

 An interaction between age group and compatibility was hypothesized, such that 

older people would show a greater decrement for incompatible trials compared to 

compatible trials than younger people, consistent with an age-related selective attention 

decrement. Furthermore, it was predicted that there would be no effect of compatibility in 

younger people, as Santee and Egeth’s (1980) results indicated this effect was not 

detectable in younger people with a retention interval longer than 500 ms. 

 Additionally, an interaction between probe type, compatibility and age group was 

hypothesized, such that there would be a greater effect of compatibility for positive than 

negative probes, for older but not younger people.  This prediction was based on Santee 

and Egeth’s (1980) and Besner and Coltheart’s (1976) finding of a selective attention 

decrement for positive but not negative probes.  However, it was expected that this effect 
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would be detected among older people only, as younger people were not expected to 

produce a compatibility effect within this task. 

Method 

Participants 

Participants were as in Experiments 2 and 3A. 

Design 

There were three within-individuals factors, each with two levels, including 

compatibility (compatible and incompatible), attended feature (colour and location), and 

probe type (negative and positive), and one between-individuals factor (age group: younger 

and older). 

Stimuli 

Study displays were constructed in the same way as in Experiment 1, except that all 

trials had four, square-shaped stimuli that varied on only two features, colour and location. 

Each of these features had eight possible values, listed in Experiment 1, selected randomly, 

but not repeated within each study display.  See Figure 5.1 for a sample study display. 

Probe stimuli were constructed as follows, and as illustrated in Figure 5.1.  Each 

positive compatible probe stimulus was the same as one of the study display stimuli for 

both features, while each positive incompatible probe stimulus was the same as one of 

study display stimuli for the attended feature, but included a new value for the irrelevant 

feature. Each negative compatible probe stimulus was different to all of the study display 

stimuli for both features, while each negative incompatible probe stimulus was the same as 

one of the study display stimuli for the irrelevant feature, but included a new value for the 

attended feature.  Each of these probe stimuli occurred with equal frequency, randomly 

mixed in each trial block. 
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Procedure 

The procedure was as in Experiment 1. There were two blocks of trials: one with 

instructions to attend to colour and ignore location, and the other with instructions to 

attended to location and ignore colour. These two trial blocks were administered in a 

counter-balanced order within each age group. Each block consisted of eight practice trials 

followed by 80 test trials. 

Results 

Accuracy Analyses  

All data sets fell above 50% accuracy. A two (compatibility: compatible and 

incompatible) by two (attended feature: colour and location) by two (probe type: negative 

and positive) by two (age group: younger and older) ANOVA was conducted on percent 

correct responses, with all factors repeated within individuals except age group.  Younger 

people performed more accurately than older people, F(1, 60) = 33.22, p < .001, ηp
2 = .36 

(see Table 5.2).  Performance was more accurate for location trials than for colour trials, 

F(1, 60) = 12.45, p = .001, ηp
2 = .17 (Table 5.2). Compatible trials elicited more accurate 

performance than incompatible trials, F(1, 60) = 64.28, p < .001, ηp
2 = .52, and there was 

an interaction between compatibility and age group, F(1, 60) = 17.19, p < .001, ηp
2 = .22.  

Follow-up analyses (Bonferroni corrected alpha = .0125) revealed an effect of age group on 

performance for compatible trials, t(61) = 3.96, p < .001, and incompatible trials, t(61) = 

5.94, p < .001, and an effect of compatibility for younger people, t(30) = 3.47, p = .002, and 

for older people, t(30) = 7.33, p < .001.  While all of these comparisons were significant, 

inspection of Table 5.2 indicates that older people had a greater decrement for incompatible 

compared to compatible trials than younger people, as predicted. 
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Table 5.2 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

Overall 

 

87.56   (8.63) 74.82   (8.77) 

Compatible 89.91   (7.24) 82.23   (8.02) 

Incompatible 

 

85.20 (11.19) 67.42 (12.36) 

Colour 85.20   (9.76) 71.64 (10.37) 

Location 

 

89.91   (9.75) 78.00 (12.56) 

Negative 94.67   (4.43) 85.52   (8.58) 

Positive 80.45 (15.82) 64.12 (17.12) 

 

 

There was an interaction between probe type and compatibility, F(1, 60) = 36.44, p 

< .001, ηp
2 = .38, and between probe type, compatibility and age group, F(1, 60) = 5.46, p 

= .02, ηp
2 = .08.  To follow-up this result, a two (compatibility: compatible and 

incompatible) by two (age group: younger and older) ANOVA was conducted for positive 

probes and for negative probes (Bonferroni corrected alpha = .025).  There was an 

interaction between age group and compatibility within positive probes, F(1, 60) = 12.30, p 

= .001, ηp
2 = .17, and negative probes, F(1, 60) = 11.04, p = .002, ηp

2 = .16. Follow-up 

analyses of these two-way interactions (Bonferroni corrected alpha = .0125) revealed an 

effect of compatibility within positive probes for younger people, t(30) = 3.60, p = .001, 

and for older people, t(30) = 6.66, p < .001, and an effect of compatibility within negative 

probes for older people, t(30) = 4.57, p < .001,  but not for younger people t(30) = 0.96, p =  
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Figure 5.2.  Mean percent correct responses with standard errors of the mean (as error bars) 

for compatible and incompatible trials, and negative and positive probes, for younger and 

older people. 

 

.35. Additionally, older people’s performance on positive incompatible trials was not 

different from chance, t(30) = 0.56, p = .58.  Inspection of Figure 5.2 indicates that younger 

people did not demonstrate a compatibility effect for negative probes, and that older people 

demonstrated particularly poor performance for positive incompatible probes, compared to 

younger people. 

 Performance was more accurate for negative probes than positive probes, F(1, 60) = 

58.90, p < .001, ηp
2 = .50, but there was no interaction between probe type and age group, 

F(1, 60) = 2.39, p = .13, ηp
2 = .04.  However, as noted above, there was an interaction 

between probe type, compatibility and age group, which might be explained by a difference 

in response bias between age groups, so signal detection analyses were undertaken and 

reported below. 

To identify any practice effects in the older sample (24 experienced, 7 naïve), a two 

(compatibility: compatible and incompatible) by two (attended feature: colour and location) 
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by two (probe type: negative and positive) by two (practice: naïve and experienced) 

ANOVA was conducted on data within the older group, with all factors repeated within 

individuals except practice. There was no main effect of practice, F(1, 29) = 0.41, p = .53, 

ηp
2 = .01 (naïve mean = 72.95, standard deviation = 7.95; experienced mean = 75.37, 

standard deviation = 9.08), and no interaction between practice and any other factors 

(smallest p = .19).   

Signal Detection Analyses 

Response bias (c) was calculated and adjusted as per Experiment 1, with negative 

values indicating a bias toward a ‘no’ response, and positive values indicating a bias toward 

a ‘yes’ response.  A two (compatibility: compatible and incompatible) by two (attended 

feature: colour and location) by two (age group: younger and older) ANOVA was 

conducted on c, with all factors repeated within individuals except age group.  There was 

no main effect of age group on c values, F(1, 60) = 0.02, p = .91, ηp
2 < .01 (younger mean 

= -.41, standard deviation = .35; older mean = -.40, standard deviation = .45).  There was 

no main effect of attended feature, F(1, 60) = 0.01, p = .92, ηp
2 < .01, and no interaction 

between attended feature and age group, F(1, 60) = 3.38, p = .07, ηp
2 = .05.  There was a 

greater bias towards ‘no’ responses for compatible trials than for incompatible trials, F(1, 

60) = 14.78, p < .001, ηp
2 = .20 (compatible mean = -.49, standard deviation = .47; 

incompatible mean = -.32, standard deviation = .40), but no interaction between 

compatibility and age group, F(1, 60) = 1.01, p = .32, ηp
2 = .02.  These results indicated 

that a difference in response bias between age groups did not likely impact upon the 

accuracy analyses.  In light of this result, d’ was not calculated, as there was no reason to 

believe the accuracy results reported above were misleading, as there was no difference in 

response bias between age groups. 

 123



Response Latency Analyses 

Median correct response latencies were calculated for all but one younger and two 

older participants, whose data were not included, as all responses were incorrect for one 

cell in the design.  A two (compatibility: compatible and incompatible) by two (attended 

feature: colour and location) by two (probe type: negative and positive) by two (age group: 

younger and older) ANOVA was conducted on response latencies, with all factors repeated 

within individuals except age group.  Younger people responded more quickly than older 

people, F(1, 57) = 63.10, p < .001, ηp
2 = .53 (see Table 5.3).  Responses were faster for 

colour than for location, F(1, 57) = 4.94, p = .03, ηp
2 = .08,  while performance was more 

accurate for location than colour trials, representing a possible speed-accuracy trade-off 

across attended features.  Responses were faster for compatible trials than for incompatible 

trials, F(1, 57) = 24.39, p < .001, ηp
2 = .30, and there was an interaction between  

 

Table 5.3 

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

Overall 

 

720 (156) 1179 (274) 

Compatible 708 (143) 1104 (237) 

Incompatible 

 

732 (176) 1255 (331) 

Colour 698 (125) 1141 (283) 

Location 

 

742 (203) 1218 (326) 

Negative 717 (183) 1168 (262) 

Positive 723 (145) 1190 (325) 
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compatibility and age group, F(1, 57) = 13.07, p = .001, ηp
2 = .19.  Follow-up analyses 

(Bonferroni corrected alpha = .0125) revealed an effect of age group for compatible trials, 

t(58) = 8.34, p < .001, and for incompatible trials, t(58) = 7.60, p < .001, and an effect of 

compatibility for older people, t(28) = 4.55, p < .001, but a non-significant effect of 

compatibility for younger people, t(29) = 1.77, p = .09.  These results together with 

inspection of Table 5.3 indicate a greater decrement for incompatible compared to 

compatible trials for older than younger people, as predicted. 

There was an interaction between compatibility and probe type, F(1, 57) = 6.80, p = 

.01, ηp
2 = .11, and between compatibility, probe type and age group, F(1, 57) = 6.35, p = 

.02, ηp
2 = .10.  To follow-up this result, a two (compatibility: compatible and incompatible) 

by two (age group: younger and older) ANOVA was conducted on positive probes and on 

negative probes (Bonferroni corrected alpha = .025).  There was an interaction between age 

group and compatibility for positive probes, F(1, 57) = 12.38, p = .001, ηp
2 = .18, but not 

for negative probes, F(1, 57) = 0.04, p = .84, ηp
2 = .01. Follow-up analyses of the age 

group by compatibility interaction within positive probes (Bonferroni corrected alpha = 

.0125) revealed an effect of age group for compatible trials, t(58) = 7.20, p < .001 and for 

incompatible trials, t(58) = 6.55, p < .001, and an effect of compatibility for older people, 

t(28) = 3.91, p = .001, but only a marginal effect of compatibility for younger people, t(29) 

= 2.16, p = .04.  These results and inspection of Figure 5.3 indicate older people had a 

greater response latency decrement for incompatible probes on positive trials than negative 

trials, compared to younger people, as predicted. 
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Figure 5.3.  Mean response latencies with standard errors of the mean (as error bars) for 

compatible and incompatible trials, and negative and positive probes, for younger and older 

people. 

 

Returning to the major ANOVA reported above, there was no effect of probe type, 

F(1, 57) = 0.38, p = .54, ηp
2 = .01, and no interaction between probe type and age group, 

F(1, 57) = 0.14, p = .71, ηp
2 < .01. 

No relationship was detected between response latencies and accuracy for younger 

people, r = .15, p = .44, or older people, r = -.29, p = .12. 

Discussion 

 In Experiment 1, younger people improved their performance from a condition 

requiring memory for three visual features, to a condition in which they were cued to attend 

to a single specified feature, while older people did not. This result might represent an age-

related selective attention decrement within a same-different working memory task. 

Younger people might have been better able to selectively attend to a single specified 

feature, leading to improved performance, while older people attended to all three visual 

features, regardless of task requirements, leading to a more stable pattern of performance 
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across conditions. The aim of the present study was to determine if older people would 

demonstrate a performance decrement, in the form of increased interference from an 

incompatible irrelevant feature, when required to selectively attend to one feature across 

multifeature stimuli, within a visuospatial working memory task. 

 The present study represents a qualitatively different measure of selective attention 

to most of the research literature, with participants attending to a specified feature across 

multiple stimuli, rather than selecting a stimulus based on the presence of a specified 

feature value, as in visual search and negative priming tasks.  Santee and Egeth (1980) 

reported that younger people demonstrated a performance decrement when an irrelevant 

feature was incompatible with the attended feature within a working memory task, but that 

this effect diminished with increasing retention intervals, and was not detectable for 

retention intervals exceeding 500 ms.  Based on these results, it was predicted that younger 

people would not demonstrate a selective attention decrement in the present study, which 

employed a 900 ms retention interval. Contrary to this hypothesis, younger people 

demonstrated a selective attention decrement, with interference from an irrelevant feature 

when it was different between study and probe, while the attended feature was the same, 

although the reason for this discrepancy in results between the present study and Santee and 

Egeth is unclear.   

On more traditional measures of selective attention, there is some suggestion that 

older people might have a selective attention decrement, although there is no clear pattern 

of performance across tasks within this literature (Plude et al., 1994; Rogers & Fisk, 2001).  

As older people failed to improve their working memory performance when cued to a 

single feature in Experiment 1, it was predicted that they would demonstrate a greater 

selective attention decrement than younger people within the present study, as measured by 

the discrepancy between their performance on compatible and incompatible trials. It was 
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also predicted that this decrement would likely manifest to a greater extent on positive than 

negative probes, consistent with the findings of Santee and Egeth (1980) and Besner and 

Coltheart (1976).  These hypotheses were confirmed, with older people demonstrating 

greater interference from an incompatible irrelevant feature, representing a selective 

attention decrement, than younger people, in the context of a visuospatial working memory 

task.  Additionally, it appears that older people had a particular selective attention 

decrement within positive probes, as their accuracy was not different from chance for trials 

in which the attended feature was the same between study display and probe stimuli, but 

the irrelevant feature was different.  This indicates that older people were unable to ignore a 

change in the irrelevant feature between study and probe stimuli.  

These results extend the literature with regard to the effects of normal aging on 

selective attention, as no examination of the effects of normal aging on attention to a 

feature across multifeature stimuli has been conducted to date.  The results of the present 

study indicate that older people have difficulty attending to a feature across multifeature 

stimuli, although it is unclear whether this represents the same underlying construct as 

traditional measures of selective attention, such as those derived from visual search and 

negative priming paradigms.  Indeed, the variability in the literature with regard to selective 

attention and aging suggests that selective attention is not a unitary construct (McDowd, 

1997; Plude et al., 1994), and thus the decrement detected in the present study may not 

generalize to other selective attention measures. 

 The results of the present study might appear to suggest that a selective attention 

decrement is detrimental to older people’s working memory performance only when the 

irrelevant feature is incongruent with the correct response, as in incompatible trials.  

However, the task employed in the present study represents a vehicle to detect a selective 

attention decrement, to the extent that incompatible irrelevant information interferes with a 
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same-different memory judgement.  This decrement likely has a more subtle effect on 

performance for multifeature visuospatial working memory tasks, regardless of the 

compatibility of the irrelevant features. Recall that within Experiment 1 there was evidence 

for a weak, constraining factor on younger people’s performance, as they demonstrated a 

small performance decrement associated with memory for multiple features, compared to 

memory for a single specified feature.  It was posited that this result represented the effect 

of an increased number of feature values drawing upon limited attentional resources. In this 

way, attention likely served as a weak constraint upon performance, with an increase in the 

number of features to be remembered. However, older people did not demonstrate this 

performance constraint, with relatively invariant performance in relation to memory for 

multiple features, compared to memory for a single feature. This curious pattern of results 

could be explained by the age-related selective attention decrement detected in the present 

study.  It could be reasonably concluded that younger people were able to adapt the focus 

of attention to their advantage, using attentional resources more efficiently as tasks became 

less demanding, while older people likely inefficiently distributed attention to all available 

information, across all conditions.  In this way, the selective attention decrement for older 

people documented in the present study likely has a more subtle effect upon memory for 

multifeature stimuli, insofar as it prevents attention from being allocated according to task 

demands.  Thus, within Experiment 1, older people likely attended to all available 

information, whether it was relevant to the task or not, leading to their more stable pattern 

of performance across conditions, compared to younger people.   

 It is clear from the present study that younger people exploit selective attention 

more successfully than older people, within a same-different working memory task.  

However, as the present study did not employ a perceptual control task, this result could 

possibly reflect a more pervasive, perceptual-level selective attention decrement. Recall 
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that Santee and Egeth (1980) reported a greater decrement for incompatible compared to 

compatible trials within a perceptual task compared to a working memory task (with a 

retention interval greater than 500 ms) for younger people. This result suggests that the 

interference from an incompatible irrelevant feature is greater when a same-different 

judgement is performed on stimuli being perceived simultaneously, than when a 

comparison is made between a probe and a representation of a previous stimulus held in 

memory.  It seems logical that incompatible information might be more intrusive on a 

same-different judgement while all stimuli are being perceived, than when they are held in 

memory. 

It is unclear whether older people would show the same pattern of results across 

tasks as demonstrated by younger people in Santee and Egeth’s (1980) study, with a greater 

selective attention decrement for a perception task than a working memory task.  If both 

age groups demonstrated a similar pattern of performance across tasks, then the age-related 

selective attention decrement detected in the present study would appear to stem from a 

more pervasive, perceptual-level decrement.  Alternatively, older people might demonstrate 

a uniform selective attention decrement across working memory and perceptual tasks.  In 

this case, younger people’s poor selective attention within the perceptual task (as reported 

by Santee and Egeth) might narrow the age-related performance decrement for perception 

compared to working memory. Thus, both age groups would demonstrate a similar 

selective attention decrement within a perception task, but older people would demonstrate 

a greater decrement within a working memory task, compared to younger people.  

Experiment 5B set out to determine whether older people’s selective attention decrement 

for a same-different judgement task was specific to working memory, or whether it 

extended to the perceptual level. 
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Chapter 6 

Experiments 5A and 5B: A Selective Attention Decrement Across Perception and Working 

Memory Tasks in Normal Aging 

 

 The results of Experiment 4 indicate that older people are subject to greater 

interference from an irrelevant feature within a visuospatial working memory task than 

younger people, consistent with a selective attention decrement.  Older people 

demonstrated a performance decrement when making a same-different comparison between 

a probe stimulus and stimuli held in working memory, when an irrelevant feature value was 

incompatible with the correct response.  This suggests an age-related decrement in selective 

attention to a specified visuospatial feature across multifeature stimuli.  However, as 

Experiment 4 did not employ a perceptual control task, it is difficult to determine whether 

this age-related decrement is specific to working memory, or if it occurs at the perceptual 

level.   

Experiment 5A 

The aim of the principal experiment reported in this chapter (Experiment 5B) was to 

determine whether the age-related selective attention decrement detected in Experiment 4 

was specific to working memory, or whether it was due to an underlying perceptual-level 

selective attention decrement. Experiment 5B employed a similar method to Experiment 

3A, comparing performance between perception and working memory tasks across age 

groups.  While the memory task required participants to compare study display stimuli to a 

subsequent probe stimulus, the perception task required participants to judge whether any 

two of the four study display stimuli had the same value for the attended feature, or 

whether they were all different in this respect.  This method is incompatible with the use of 

location as a variable feature, as all stimuli in a study display must necessarily occupy 
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different locations, as they are presented simultaneously.  Therefore, it was necessary to 

select a new variable feature to use in Experiment 5B.  As the purpose of Experiment 5B 

was to examine the effect of an irrelevant feature on memory and perception, it was 

necessary to ensure that both older and younger people could perceive the different values 

of each variable feature. Two features that have been used in previous studies of 

multifeature working memory include lines of variable orientations, and squares of variable 

sizes (Luck & Vogel, 1997; Vogel et al. 2001).  Experiment 5A was conducted to 

determine which of these features was more suitable to use in Experiment 5B. To this end, 

both younger people and older people performed a perception task, similar to that 

employed in Experiments 3A and 3B in which stimuli consisted of either squares of 

variable sizes, or lines of variable orientations, in separate blocks of trials.  Participants 

judged whether all four study display stimuli were different, or whether two of them were 

the same.  The feature with the smallest age-related performance decrement was then 

selected for Experiment 5B. 

Method 

Participants.  Participants were as in Experiment 3B.   

Design. This study included two within-individuals factors, each with two levels, 

including feature (orientation and size), and probe type (negative and positive) and one 

between-individuals factor (age group: younger and older).  

Stimuli. Stimuli consisted of study displays only, each with four stimuli. Stimuli in 

the orientation trials consisted of lines which subtended a visual angle of 0.98 degrees in 

length and 0.16 degrees in width, with eight possible orientations including: vertical, 

horizontal, and 22.5, 45, 67.5, 112.5, 135, and 157.5 degrees from vertical.  Stimuli in the 

size trials consisted of squares of eight possible sizes: 0.16, 0.33, 0.49, 0.65, 0.82, 0.98, 
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1.15 and 1.31 degrees visual angle.  Feature values were selected randomly and not 

repeated within each trial except as follows.   

For negative probe trials, all stimuli had different values of the specified variable 

features (four different orientations, or four different sizes).  For positive probe trials, two 

of the four stimuli had the same value for the specified feature, while the remaining two 

stimuli had different values. Participants responded ‘yes’ if two of the stimuli were the 

same for the designated feature, and ‘no’ if they were all different.  Positive and negative 

probe trials occurred with equal frequency, randomly mixed in each trial block.   

All stimuli were the same colour within each trial, but took different colours 

between trials, as in the constant colour condition of Experiment 3B.  Colours included 

black, red, dark blue, light blue, purple, pink, yellow and green.  All stimuli were displayed 

in the same four positions within an invisible three by three grid for each trial, including 

top centre, bottom centre, left centre and right centre. 

Procedure. The procedure was as in the perception condition of Experiments 3A 

and 3B, with study displays only. Participants completed one trial block for orientation and 

one for size, in a counter-balanced order within each age group. Each block consisted of 44 

trials, with the first four designated as practice trials. 

Results 

Accuracy analyses. Overall accuracy for each of the participants fell above 50% 

correct.  A two (feature: size and orientation), by two (probe type: negative and positive), 

by two (age group: younger and older) ANOVA was conducted, with all factors repeated 

within individuals except age group. Younger people achieved greater overall accuracy 

than older people, F(1, 37) = 8.71, p = .005, ηp
2 = .19 (see Table 6.1).  There was no main 

effect of feature, F(1, 37) = 1.39, p = .25, ηp
2 = .04, and no interaction between feature and  
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Table 6.1 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

Overall 

 

74.81   (6.87) 68.62   (6.19) 

Orientation 74.63   (9.50) 66.58   (9.55) 

Size 

 

75.00   (8.77) 70.66   (7.21) 

Negative 79.38 (10.13) 75.13   (7.66) 

Positive 70.25 (11.53) 62.11 (12.34) 

 

 

age group, F(1, 37) = 0.96, p = .33, ηp
2 = .03.  Performance was more accurate for negative 

than positive probes, F(1, 37) = 17.37, p < .001, ηp
2 = .32 (Table 6.1), but there was no 

interaction between probe type and age group, F(1, 37) = 0.54, p = .47, ηp
2 = .01.  

However, there was an interaction between feature, probe type and age group, F(1, 37) = 

11.72, p = .002, ηp
2 = .24, indicating that the accuracy analyses might have been affected 

by a shift in response bias between age groups, so signal detection analyses were 

undertaken and reported below. 

Practice effects within the older group were not analysed, as only two of the older 

participants had not participated in previous experiments. 

 Signal detection analyses.  A two (feature: orientation and size) by two (age group: 

younger and older) ANOVA was conducted on response bias (c).  There was no main effect 

of age group on c values, F(1, 37) = 0.03, p = .86, ηp
2 < .01.  There was a greater bias 

toward ‘no’ responses for orientation than for size, F(1, 37) = 6.96, p = .01, ηp
2 = .16, and  
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Table 6.2 

Mean response bias (c) and discrimination (d’) with standard deviations (in parentheses) 

for younger and older people. 

Condition Younger Older 

Response bias (c) 

Overall 

 

-.19    (.31) -.20    (.28) 

Orientation -.40    (.38) -.18    (.26) 

Size 

 

 .02    (.38) -.23    (.42) 

Discrimination (d’) 

Overall 

 

1.52 (0.52) 

 

1.07 (0.36) 

Orientation 1.59 (0.78) 0.92 (0.59) 

Size 1.46 (0.53) 1.22 (0.50) 

 

 

an interaction between feature and age group, F(1, 37) = 12.07, p = .001, ηp
2 = .25.  

Follow-up analyses (Bonferroni corrected alpha = .0125) revealed an effect of feature for 

younger people, t(19) = 4.14, p = .001, but not for older people, t(18) = 0.63, p = .54, and 

no effect of age group for orientation, t(37) = 2.10, p = .04, or for size, t(37) = 1.99, p = .05.  

Inspection of Table 6.2 indicates that the two age groups had different patterns of response 

bias across features, with younger people demonstrating a negative response bias for 

orientation, and a (weak) positive bias for size, whereas older people demonstrated a non-

significantly greater negative response bias for size than orientation. Therefore, a shift in 

response bias between age groups might have affected the accuracy analyses, so d’ was 

calculated as an index of sensitivity, free from response bias. 
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A two (feature: orientation and size) by two (age group: younger and older) 

ANOVA was conducted on d’ values.  Younger people produced greater d’ values than 

older people, F(1, 37) = 9.99, p = .003, ηp
2 = .21 (Table 6.2).  There was no main effect of 

feature, F(1, 37) = 0.38, p = .54, ηp
2 = .01, and no interaction between feature and age 

group, F(1, 37) = 2.61, p = .12, ηp
2 = .07,  consistent with the accuracy analyses. 

Response latency analyses. A two (feature: size and orientation), by two (probe 

type: negative and positive), by two (age group: younger and older) ANOVA was 

conducted on median correct response latencies, with all factors repeated within individuals 

except age group. Younger people responded faster than older people, F(1, 37) = 10.29, p = 

.003, ηp
2 = .22 (see Table 6.3). Responses were faster for size judgements than for 

orientation judgements, F(1, 37) = 42.36, p < .001, ηp
2 = .53 (Table 6.3), but there was no 

interaction between feature and age group, F(1, 37) = 1.31, p = .26, ηp
2 = .03.  Response 

latencies were faster for positive probes than for negative probes, F(1, 37) = 52.29, p < 

.001, ηp
2 = .59 (Table 6.3), while performance was more accurate for negative probes than  

 

Table 6.3 

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people. 

Condition Younger Older 

Overall 

 

1195 (223) 1464 (297) 

Orientation 1294 (308) 1605 (315) 

Size 

 

1097 (178) 1323 (320) 

Negative 1301 (285) 1588 (341) 

Positive 1090 (182) 1370 (291) 
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positive probes, suggesting a possible speed-accuracy trade-off between probe types. There 

was no interaction between probe type and age group, F(1, 37) = 0.33, p = .57, ηp
2 = .01. 

Correlations between response latencies and accuracy did not suggest any speed-

accuracy trade-off across participants for younger people, r = .30, p = .20, or older people, 

r = -.07, p = .78. 

Discussion 

 In light of the above results, size was deemed the most suitable variable feature to 

use in Experiment 5B, as older people demonstrated a non-significantly smaller 

performance decrement compared to younger people for size trials than orientation trials, as 

indexed by raw accuracy (Table 6.1), discrimination (Table 6.2) and response latency 

(Table 6.3). Based on these results, size was selected as a variable stimulus feature for 

Experiment 5B. 

Experiment 5B 

 Experiment 5B was conducted to determine whether the age-related selective 

attention decrement reported in Experiment 4 was specific to working memory, or if this 

decrement would extend to a perception task as well. Previous studies have demonstrated 

that younger people’s performance on perceptual same-different tasks is adversely affected 

by incompatible irrelevant feature values, as measured by response latency (Besner & 

Coltheart, 1976; Garner, 1988; Hawkins & Shigley, 1972; Santee & Egeth, 1980). Santee 

and Egeth interpreted this response latency decrement for incompatible trials in terms of a 

normalization process, whereby participants created an internal representation of the 

stimuli, and transformed values of the irrelevant feature from incompatible to compatible, 

within this representation, before making a response. However, within a working memory 

task, the magnitude of this decrement decreased with increasing retention intervals, and 

was not detectable for retention intervals greater than 500 ms (Santee & Egeth). It seems 
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logical that incompatible irrelevant feature values could possibly be more intrusive when 

they are being perceived at the same time as a same-different judgement is being executed, 

while it might be easier to normalize stimulus representations, and ignore irrelevant 

incompatible feature values, when they are already held in memory.  An increase in the 

interference from irrelevant incompatible features currently being perceived, compared to 

stimuli held in memory, could explain the increased incompatible response latency 

decrement for a perception task compared to a memory task, reported by Santee and Egeth. 

The results of Experiment 4 indicated that younger people demonstrated a selective 

attention decrement within a working memory task, contrary to Santee and Egeth’s (1980) 

findings, with no decrement in this respect.  However, Santee and Egeth’s general pattern 

of results might still hold in the present study, inasmuch as there may be a greater selective 

attention decrement for a perceptually based task than a working memory based task.  

However, it is uncertain whether older people would demonstrate a similar pattern of 

performance, with a greater selective attention decrement for a perception task, or whether 

their selective attention decrement would be uniform across tasks.  If both age groups 

demonstrate similar performance across tasks, with a selective attention decrement for a 

perception task compared to a working memory task, then the relative selective attention 

decrement for older people identified in Experiment 4 would appear to be underpinned by a 

perceptual-level decrement.  Alternatively, older people might demonstrate a uniform 

selective attention decrement across tasks, while younger people might demonstrate a 

selective attention decrement for a perceptual task compared to a working memory task, as 

in Santee and Egeth.  In this case, both age groups would demonstrate poor performance 

for the perception task, but older people would demonstrate a relative decrement for the 

working memory task compared to younger people.  
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Aims.  The present study was conducted to determine whether older people’s 

selective attention decrement would extend to a perception task, or whether it was specific 

to working memory.  To this end, younger and older people performed same-different 

judgements on square stimuli of variable colours and sizes, each of which was designated 

as the attended feature in two trial blocks, and as the irrelevant feature in the remaining two 

trial blocks. The irrelevant feature could be either compatible with the attended feature 

(both the same, or both different) or incompatible (one feature the same and the other 

different), as illustrated in Table 5.1. 

The present study included a working memory task similar to Experiment 4, as well 

as a perception task, in which participants indicated whether any two of the four study 

display stimuli were the same for the attended feature, representing positive probes, or 

whether they were all different, representing negative probes. 

Hypotheses. An interaction between task, compatibility and age group was 

hypothesized, such that older people would demonstrate a greater decrement for 

incompatible compared to compatible trials, than younger people, and this age-related 

decrement would be greater within the working memory task than the perception task.  

Alternatively, there might an interaction between age group and compatibility, but 

not between age group, compatibility and task.  In this case older people would likely 

demonstrate a greater decrement for incompatible compared to compatible trials than 

younger people, but this age-related decrement would be uniform across tasks. This would 

represent a perceptual-level selective attention decrement for older people compared to 

younger people that affects their performance on both tasks. 

Method 

Participants. Participants included 31 undergraduates, and 32 community dwelling 

older people.  Fifteen of the older adults participated in Experiments 3B and 5A three 
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months previously. The age and gender characteristics of these samples are available in 

Table 6.4. 

Participants were interviewed to ensure they fulfilled health criteria as per 

Experiment 1, and reported normal or corrected to normal vision.  Self-reported health 

ratings (one = very bad, ten = very good) were not different between age groups, t(61) = 

 

Table 6.4 

Demographic characteristics of the younger and older samples. 

Sample characteristic Younger group Older group 

N 

 

31 32 

Gender 

 

24 F, 7 M 23 F, 9 M 

Age   

     Mean 19.5 years 72.9 years  

     Standard deviation   1.4 years   5.2 years 

     Range 

 

17 - 23 years 65 - 85 years 

WAIS-III Vocabulary   

     Mean 12.8 12.2 

     Standard deviation 

 

  2.6   2.2 

Perceived health   

     Mean   8.0   8.2  

     Standard deviation 

 

  1.1   0.9 

MMSE   

     Mean Not administered 28.7 

     Standard deviation    1.6 

     Range  24 - 30 
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0.91, p = .37 (Table 6.4).  All MMSE scores obtained within the older group fell above the 

cut-off score for impairment of 23 out of 30 (Table 6.4).  All participants completed the 

WAIS-III Vocabulary sub-test, excluding four non-native English speakers in the younger 

group.  There was no difference between groups for age-adjusted scaled scores on this 

instrument, t(57) = 1.06, p = .30 (Table 6.4). 

Design. There were four within-individuals factors, each with two levels, including 

task (perception and memory), compatibility (compatible and incompatible), feature 

(colour and size), and probe type (negative and positive), and one between-individuals 

factor (age group: younger and older). 

Stimuli. Stimuli were squares that varied on two features, size and colour, each of 

which was designated as the attended feature in two trial blocks, and as the irrelevant 

feature in the remaining two trial blocks.  There were equal numbers of values for each of 

these features, with eight colours and eight sizes, as described in Experiment 5A. These 

values were selected randomly and not repeated within study displays, except as described 

below for the perception task.  Study display stimuli were presented in the same locations 

in each trial including top centre, bottom centre, left centre and right centre. 

The study and probe stimuli for the memory task were constructed as in Experiment 

4.  Each positive compatible probe stimulus was the same as one of the study display 

stimuli for both features, while each positive incompatible probe stimulus was the same as 

one of the study display stimuli for the attended feature, but had a new value for the 

irrelevant feature. Each negative compatible probe stimulus contained a value not included 

in the study display for both features, while each negative incompatible probe stimuli had a 

new value for the attended feature, but was the same as one of the study display stimuli for 

the irrelevant feature. These probe types occurred with equal frequency, randomly mixed in 

each memory block. 
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Perception trials consisted of a study display containing four stimuli. Positive 

compatible probe trials included two stimuli that were the same for both features, while the 

remaining two stimuli contained different values for both features.  Positive incompatible 

probe trials contained two stimuli the same for the attended feature, while all stimuli had 

different values for the irrelevant feature.  All stimuli contained different values of both 

features for negative compatible probe trials, while for negative incompatible trials all 

stimuli were made up of different value for the attended feature, but two of the stimuli were 

the same for the irrelevant feature. These four trial types occurred with equal frequency and 

were randomly mixed in each perception block. 

Procedure. The procedure was as for Experiment 3A, with study and probe displays 

for the memory task, and study displays only for the perception task. Study displays across 

both tasks lasted 500 ms. In the memory task, study and probe displays were separated by a 

900 ms retention interval. Participants completed four blocks of trials corresponding to the 

intersection of the attended feature and task factors (colour perception, colour memory, size 

perception, size memory) in a counter-balanced order within each age group. Each block 

consisted of 80 trials preceded by eight practice trials. 

Results 

Accuracy analyses. All participants achieved at least 50% accuracy.  A two (task: 

perception and memory) by two (compatibility: compatible and incompatible) by two 

(attended feature: colour and size) by two (probe type: negative and positive) by two (age 

group: younger and older) ANOVA was conducted with all factors repeated within 

individuals except age group.  Younger people responded more accurately than older 

people, F(1, 61) = 11.18, p = .001, ηp
2 = .16 (see Table 6.5). Performance was more 

accurate when attending to colour than when attending to size, F(1, 61) = 158.03, p < .001,  
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Table 6.5 

Mean percent correct responses with standard deviations (in parentheses) for younger and 

older people.  

Condition Younger Older 

Overall 

 

80.51 (5.03) 74.97   (7.78) 

Perception 82.56 (7.15) 79.61   (9.19) 

Memory 

 

78.46 (5.40) 70.33   (9.30) 

Compatible 81.57 (6.13) 77.18   (6.86) 

Incompatible 

 

79.45 (6.86 ) 72.76   (9.20) 

Colour 88.07 (4.70) 79.51 (10.52) 

Size 

 

72.94 (7.43) 70.43   (6.47) 

Negative 82.96 (5.73) 76.61   (9.29) 

Positive 78.05 (6.75) 73.34 (11.88) 

  
 

 

ηp
2 = .72 (Table 6.5), and there was an interaction between attended feature and age group, 

F(1, 61) = 9.88, p = .003, ηp
2 = .14.  Follow-up analyses (Bonferroni corrected alpha = 

.0125) revealed an effect of attended feature for the younger group, t(30) = 10.99, p < .001, 

and for the older group, t(31) = 6.46, p < .001, as well as an effect of age group for colour, 

t(61) = 4.38, p < .001, but not for size, t(61) = 1.43, p = .16. The means in Table 6.5, 

together with these results indicate that older people performed less accurately than 

younger people when attending to colour, but not when attending to size. 
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Returning to the major ANOVA above, performance was more accurate for the 

perception task than the memory task, F(1, 61) = 35.28, p < .001, ηp
2 = .37 (Table 6.5), and 

there was an interaction between task and age group, F(1, 61) = 5.30, p = .03, ηp
2 = .08.  

Follow-up analyses (Bonferroni corrected alpha = .0125) indicated an effect of task for the 

younger group, t(30) = 3.06, p = .005, and for the older group, t(31) = 4.28, p < .001, and 

an effect of age group for the memory task, t(61) = 4.35, p < .001, but not for the 

perception task, t(61) = 1.80, p = .08. These results and Table 6.5 indicate older people 

responded less accurately than younger people for the memory task, but not for the 

perception task. 

Performance was more accurate for compatible trials than incompatible trials, F(1, 

61) = 33.71, p < .001, ηp
2 = .36 (Table 6.5), and there was an interaction between 

compatibility and age group, F(1, 61) = 4.18, p = .045, ηp
2 = .06.  Follow-up analyses 

(Bonferroni corrected alpha = .0125) revealed an effect of compatibility for younger  
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Figure 6.1.  Mean percent correct responses with standard errors of the mean (as error bars) 

for memory and perception tasks, and compatible and incompatible trials, for younger and 

older people.  
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people, t(30) = 2.73, p = .010, and for older people, t(31) = 5.42, p < .001, and an effect of 

age group for compatible trials, t(61) = 2.68, p = .01, and for incompatible trials, t(61) = 

3.61, p < .001.  While all of these comparisons were significant, inspection of Table 6.5 

indicates a greater decrement for incompatible compared to compatible trials for older 

people, than for younger people, supporting the age-related selective attention decrement 

detected in Experiment 4. 

Returning to the ANOVA above, there was no interaction between task and 

compatibility, F(1, 61) = 0.19, p = .67, ηp
2 < .01, or between task, compatibility and age 

group F(1, 61) = 0.57, p = .45, ηp
2 = .01.  This result and Figure 6.1 indicate that older 

people demonstrated a greater decrement for incompatible compared to compatible probes 

than younger people, across both memory and perception tasks. 

There was an interaction between compatibility and probe type, F(1, 61) = 41.39, p 

< .001, ηp
2 = .40, but not between compatibility, probe type and age group, F(1, 61) = 0.47, 

p = .49, ηp
2 = .01. This indicates that the relative decrement for positive incompatible trials 

for older compared to younger people, detected in Experiment 4, did not generalize to the 

present study.  The discrepancy between the results of these two experiments could not be 

attributed to the inclusion of a perception task, or the use of size as a stimulus feature in the 

present study, as there was no interaction between compatibility, probe type, task and age 

group, F(1, 61) = 0.07, p = .79, ηp
2 < .01, or between compatibility, probe type, feature and 

age group, F(1, 61) = 0.92, p = .34, ηp
2 = .02.  Follow-up analyses of the compatibility by 

probe type interaction (Bonferroni corrected alpha = .0125), revealed an effect of 

compatibility for positive probes, t(61) = 6.93, p < .001, but not for negative probes, t(62) = 

0.57, p = .57, and an effect of probe type for incompatible trials, t(61) = 4.64, p < .001, but  
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Figure 6.2.  Mean percent correct responses with standard errors of the mean (as error bars) 

for compatible and incompatible trials, and negative and positive probes, for younger and 

older people. 

 

not for compatible trials, t(61) = 0.30, p = .76. Visual inspection of Figure 6.2 indicates a 

greater performance decrement for incompatible compared to compatible trials, for positive 

probes than negative probes, across both age groups. 

Responses were more accurate for negative than positive probes, F(1, 61) = 7.77, p 

= .007, ηp
2 = .11 (Table 6.5), and there was no interaction between age group and probe 

type, F(1, 61) = 0.31, p = .58, ηp
2 = .01, or between age group, probe type and any other 

factors (smallest p = .16). 

Practice effects. Fifteen of the 32 older participants in this study completed 

Experiments 3B and 5A approximately three months earlier.  A two (task: memory and 

perception) by two (compatibility: compatible and incompatible) by two (feature: colour 

and size) by two (probe type: negative and positive) by two (practice: naïve and 

experienced) ANOVA was conducted on data from the older sample, with all factors 

repeated within individuals except practice. The experienced groups performed non-
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significantly more accurately than the naïve group, F(1, 30) = 3.24, p = .08, ηp
2 = .10 (see 

Table 6.6).  There was no interaction between practice and task, F(1, 30) = 0.22, p = .64, 

ηp
2 < .01, between practice and attended feature, F(1, 30) = 0.16, p = .70, ηp

2 = .01, or 

between practice and compatibility, F(1, 30) = 0.09, p = .76, ηp
2 < .01.  There was also a 

non-significant interaction between practice and probe type, F(1, 30) = 3.37, p = .08, ηp
2 = 

.10.  The means displayed in Table 6.6 indicate that the experienced group performed more 

accurately for negative probes than positive probes than the naïve group, although this 

interaction did not reach significance.  This result is not particularly problematic, as there 

was no interaction between age group and probe type, noted above.   

 

Table 6.6 

Mean percent correct responses with standard deviations (in parentheses) for naïve and 

experienced participants within the older sample.  

Condition Younger Older 

Overall 

 

72.72   (8.17) 77.52   (6.68) 

Perception 76.17 (13.28) 81.71   (6.29) 

Memory 

 

67.69   (9.22) 73.32   (8.74) 

Compatible 74.81   (7.21) 79.86   (5.50) 

Incompatible 

 

70.64   (9.62) 75.18   (8.37) 

Colour 77.00 (10.19) 82.36 (10.50) 

Size 

 

68.45   (6.85) 72.68   (5.39) 

Negative 72.22 (10.51) 81.58   (3.87) 

Positive 73.23   (9.60) 73.45 (14.40) 
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Response latency analyses. One older participant’s data were excluded from 

response latency analyses, as all responses were incorrect for one cell within this design.  A 

two (task: memory and perception), by two (compatibility: compatible and incompatible), 

by two (attended feature: colour and size) by two (probe type: negative and positive) by 

two (age group: younger and older) ANOVA was conducted on median correct response 

latencies, with all factors repeated within individuals except age group.  Younger people 

responded faster than older people, F(1, 60) = 52.86, p < .001, ηp
2 = .47 (see Table 6.7). 

Responses were faster when colour was attended than when size was attended, F(1, 60) = 

20.71, p < .001, ηp
2 = .26 (Table 6.7), but there was no interaction between attended feature 

 

Table 6.7  

Mean response latencies in ms with standard deviations (in parentheses) for younger and 

older people.  

Condition Younger Older 

Overall 

 

792 (165) 1213 (277) 

Perception 807 (133) 1150 (299) 

Memory 

 

776 (243) 1276 (370) 

Compatible 778 (152) 1181 (272) 

Incompatible 

 

806 (180) 1245 (293) 

Colour 715 (224) 1159 (315) 

Size 

 

869 (137) 1266 (301) 

Negative 805 (171) 1281 (316) 

Positive 779 (164) 1145 (249) 
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and age group, F(1, 60) = 0.70, p = .41, ηp
2 = .01. There was no effect of task on response 

latencies, F(1, 60) = 1.48, p = .23, ηp
2 = .02. There was an interaction between task and age 

group, F(1, 60) = 4.05, p = .049, ηp
2 = .06.  Follow-up analyses (Bonferroni corrected alpha 

= .0125) revealed an effect of age group for memory performance, t(60) = 6.29, p < .001, 

and for perception performance, t(60) = 5.96, p < .001, but no effect of task for younger 

people, t(30) = 0.82, p = .42, or for older people, t(30) = 1.84, p = .08.  

Response latencies were faster for compatible than incompatible trials, F(1, 60) = 

18.49, p < .001, ηp
2 = .24 (Table 6.7), but there was no interaction between compatibility 

and age group, F(1, 60) = 2.69, p = .10, ηp
2 = .04. 

There was an interaction between task and compatibility F(1, 60) = 23.86, p < .001, 

ηp
2 = .29, and between task, compatibility and age group, F(1, 60) = 7.04, p = .01, ηp

2 = 

.11.  A two (compatibility: compatible and incompatible) by two (age group: younger and 

older) ANOVA was conducted on the memory task and on the perception task (Bonferroni 

corrected alpha = .025).  Within the perception task, responses were faster for compatible 

than incompatible trials, F(1, 60) = 56.66, p < .001, ηp
2 = .48, and there was an interaction 

between age group and compatibility F(1, 60) = 12.27, p < .001, ηp
2 = .17.  Within the 

memory task there was no main effect of compatibility, F(1, 60) = 0.31, p = .58, ηp
2 = .01, 

and no interaction between compatibility and age group, F(1, 60) = 0.40, p = .84, ηp
2 < .01.  

Further follow-up analyses of the age group by compatibility interaction within the 

perception task (Bonferroni corrected alpha = .0125) revealed an effect of compatibility for 

younger people, t(30) = 4.83, p < .001, and for older people, t(30) = 6.14, p < .001, and an 

effect of age group for compatible trials, t(60) = 5.81, p < .001, and for incompatible trials, 

t(30) = 5.81, p < .001.  Although all of these comparisons were significant, visual 
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Figure 6.3.  Mean response latencies with standard errors of the mean (as error bars) for 

memory and perception tasks, and compatible and incompatible trials, for younger and 

older people.  

 

inspection of Figure 6.3 indicates that within the perception task, older people had a greater 

decrement for incompatible compared to compatible trials than younger people. 

There was an interaction between compatibility and probe type, F(1, 60) = 17.86, p < .001, 

ηp
2 = .23, but no interaction between compatibility, probe type, and age group, F(1, 60) = 

2.81, p = .10, ηp
2 = .05.  Follow-up analyses of the compatibility by probe type interaction 

(Bonferroni corrected alpha = .0125) revealed an effect of probe type for compatible trials, 

t(61) = 3.17, p = .002, but not for incompatible trials, t(61) = 2.42, p = .02, and an effect of 

compatibility for positive probes, t(61) = 2.95, p = .005, but not for negative probes, t(61) = 

0.50, p = .62.  These results and Figure 6.4 indicate a response latency decrement for 

incompatible compared to compatible trials within positive probes but not negative probes, 

similar to the accuracy analyses.  
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Figure 6.4.  Mean response latencies with standard errors of the mean (as error bars) for 

compatible and incompatible trials, and negative and positive probes, for younger and older 

people. 

 

Responses were faster for positive probes than negative probes, F(1, 60) = 41.95, p 

< .001, ηp
2 = .41 (Table 6.7), while negative probes were more accurate than positive 

probes, possibly representing a speed-accuracy trade-off across probe types.  There was an 

interaction between probe type and age group F(1, 60) = 19.46, p < .001, ηp
2 = .25.  

Follow-up analyses (Bonferroni corrected alpha = .0125) revealed an effect of age group 

for negative probes, t (60) = 7.38, p < .001, and for positive probes, t (60) = 6.83, p < .001, 

and an effect of probe type for older people, t (30) = 5.96, p < .001, but only a marginal 

effect of probe type for younger people, t (30) = 2.55, p = .016.  These results and the 

means presented in Table 6.7 indicate that older people responded relatively slower for 

negative than positive probes, compared to younger people. 

No relationship was detected between response latencies and accuracy, collapsed 

across within-individuals factors, for younger people, r = .24, p = .19, or older people, r < 

.01, p = .99. 
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Discussion 

 The aim of the present study was to determine if the age-related selective attention 

decrement observed in Experiment 4 was specific to working memory, or whether it 

resulted from an underlying perceptual decrement. Santee and Egeth (1980) found that 

younger people demonstrated a response latency decrement for selective attention within a 

perception task, but not for a working memory task with a retention interval over 500 ms. 

The present study examined whether older and younger people would demonstrate a similar 

pattern of selective attention decrements across tasks, or whether older people’s relative 

decrement was so pervasive as to be uniform across tasks.    

Effect of normal aging on selective attention. The selective attention decrement for 

older people detected in Experiment 4 generalized to the present study, with older people 

demonstrating a greater decrement for incompatible compared to compatible trials than 

younger people, although both age groups demonstrated a selective attention decrement in 

this respect.  As noted in Chapter 5, the literature with regard to the effect of normal aging 

on selective attention is variable, with some studies reporting an age-related selective 

attention decrement and others reporting age-equivalence within selective attention 

measures (Plude et al., 1994; Rogers & Fisk, 2001).  These variable results have prompted 

some to speculate that selective attention is not a unitary construct (McDowd, 1997; Plude 

et al.; Shilling et al., 2002).  Indeed, as noted in Chapter 5, the present procedure represents 

a qualitatively different measure of selective attention compared to measures used in most 

of the research literature, examining selective attention to a specified feature across 

multifeature stimuli, rather than selective attention to a specified feature value.  As such, 

the results of the present study and Experiment 4 indicate that older people have difficulty 

selectively attending to a feature across multifeature stimuli, when performing a same-
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different judgement, despite the mixed results with regard to selective attention and aging 

in the research literature. 

The results of the present study indicate a greater selective attention decrement for 

positive probes than negative probes, similar to the findings of Santee and Egeth (1980) 

and Besner and Coltheart (1976).  This pattern of results indicates that it was particularly 

difficult for participants to respond correctly when stimuli had the same value for the 

attended feature but different values for an irrelevant feature. However, in Experiment 4 

older people showed a greater decrement in this respect than younger people, while in the 

present study this effect was uniform across age groups.  The reason for this discrepancy in 

results between Experiment 4 and the present study is unclear, and cannot be attributed to 

the inclusion of a perception task or the use of size as a stimulus feature in the present 

study, as the relevant interactions involving these factors were non-significant. 

Selective attention across perception and working memory tasks. With regard to age 

differences across tasks, the accuracy and response latency data produced different patterns 

of results.  Within the accuracy analyses, younger and older people demonstrated a similar 

pattern of performance across tasks, indicating that older people’s relative selective 

attention decrement, compared to younger people, was not specific to working memory, 

and instead, likely occurred at the perceptual level and carries over to working memory. 

However, the response latency data demonstrate a different pattern of results. There 

was a greater response latency decrement for selective attention within a perception task 

compared to a memory task, similar to Santee and Egeth’s (1980) results, although this 

finding did not manifest within the accuracy data.  Additionally, older people demonstrated 

a greater response latency decrement for selective attention within the perception than the 

memory task, relative to younger people.  This indicates that older people had a greater 

selective attention decrement within the perception task than younger people, contrary to 
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the hypothesis that older people would demonstrate a specific working memory selective 

attention decrement, compared to younger people.   

Together, the accuracy and response latency data suggest that younger people 

responded less accurately for incompatible compared to compatible trials across both tasks, 

but that it took them longer to arrive at the correct response for incompatible trials within 

the perception task.  A similar pattern of results was observed within older people’s 

performance, although they demonstrated an additional response latency decrement for 

incompatible trials within the perception task, compared to younger people. Thus, both age 

groups demonstrated a similar accuracy decrement across tasks, but took longer to arrive at 

the correct response for incompatible trials within the perception task, compared to the 

memory task, although older people had a relatively greater decrement in this respect.   

Santee and Egeth (1980) interpreted the increased response latency for incompatible 

compared to compatible trials as evidence for a normalization process, whereby the 

incompatible irrelevant feature values are transformed through an internal representation.  

In this way, the participant must form an internal representation of each stimulus and 

transform the irrelevant feature values from incompatible to compatible, before a correct 

response can be made. This normalization process might be more difficult within a 

perception task than a working memory task, as incompatible feature values would likely 

be more intrusive when they are being perceived at the same time as making a same-

different judgement, than when they are held in memory as an internal representation.  

Therefore, it may take longer to normalize irrelevant feature values while incompatible 

irrelevant features are being perceived, than when they are stored in memory, explaining 

the increased response latency decrement for incompatible trials within the perception task, 

compared to the memory task.  Older people’s relative decrement in this respect indicate 

they took longer to normalize incompatible feature values while simultaneously perceiving 
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them, demonstrating increased interference, although they were ultimately able to respond 

with equivalent accuracy for incompatible compared to compatible trials across both tasks. 

Conclusions. The most important finding within the present study is that older 

people performed less accurately when making same-different judgements for incompatible 

stimuli compared to younger people, across both memory and perception tasks. This 

finding has wide-ranging implications, as it suggests older people devote some of their 

limited attentional resources to irrelevant information when performing same-different 

comparisons on multifeature stimuli. Attending to irrelevant information is likely a 

maladaptive strategy, with implications for older people’s performance on a variety of 

visuospatial tasks. In conclusion, compared to younger people, older people attend to all 

available features, regardless of their relevance, which may in turn lead to performance 

decrements on a variety of tasks requiring perceptually-based and memory-based 

comparisons of multifeature stimuli.   
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Chapter 7 

General Discussion: Effects of Normal Aging on Perception and Working Memory for 

Multifeature Visuospatial Stimuli 

 

 The major aim of the present series of studies was to identify barriers to working 

memory for multifeature visuospatial stimuli in normal aging.  While most studies of aging 

and visuospatial working memory have examined memory for stimuli defined by a single 

feature, the visual stimuli we encounter in our daily lives contain multiple variable features. 

It seems plausible that older people might experience additional difficulty remembering 

multifeature stimuli, above and beyond their ability to remember single feature stimuli, as 

additional cognitive resources might be required to retain and bind multiple features.  

Therefore, the present series of studies was designed to determine if older people have 

particular difficulty perceiving and remembering multifeature visuospatial stimuli over a 

short retention interval. Such a decrement would likely represent a significant barrier to 

effective visuospatial working memory in older people. 

 There are two major differences between single feature and multifeature stimuli that 

would likely impact upon working memory performance.  First, multifeature stimuli 

contain a greater quantity of information, in the form of multiple features.  Second, feature 

values must be integrated or bound together within each stimulus, as erroneous 

recombination of these feature values between stimuli would lead to inaccurate memory 

performance.  Experiment 1 addressed the effects of aging on both of these parameters, as 

well as testing Wheeler and Treisman’s (2002) model of memory binding. 
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Support for Wheeler and Treisman’s (2002) Binding Model 

Multiple Parallel Feature Stores 

The series of studies conducted by Wheeler and Treisman (2002) represents the 

most thorough study of binding in visuospatial working memory to date, and thus 

Experiments 1 and 2 closely followed their methodology, with a few modifications.  

Wheeler and Treisman employed a visual change detection task in which a study display 

containing stimuli defined by two features (colour and location, and colour and shape 

within separate experiments) was presented for 150 ms, followed by a 900 ms blank screen 

interval, and a single probe stimulus, or multiple probe stimuli, in separate experiments.  

Participants indicated whether the probe stimulus was the same as any of the study display 

stimuli.  There were three conditions including the single feature condition, in which 

participants were cued to attend to a single feature, the ‘either’ condition, in which either of 

the two features could change from study to probe, and a binding condition, in which 

negative probe stimuli were constructed from re-paired feature values from different study 

display stimuli, to test memory for the relationships between feature values.   

With regard to the number of features retained in memory, Wheeler and Treisman 

(2002) reported equivalent performance across the single feature condition and the ‘either’ 

condition, with no performance decrement associated with remembering two features 

compared to one.  This finding was inconsistent with a single store for all visuospatial 

features, as poorer performance would be expected for the ‘either’ condition, which 

requires memory for twice as many feature values. Based on this result, Wheeler and 

Treisman proposed a model of multiple, parallel, independent feature memory stores.  

Similarly, Luck and Vogel (1997), and Vogel et al. (2001) found no performance 

decrement for stimuli defined by up to four visuospatial features, although they concluded 

that multifeature stimuli were stored as bound objects within working memory.   
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The results of Experiment 1 were not entirely consistent with Wheeler and 

Treisman’s (2002) findings, as there was a performance decrement for the ‘either’ 

condition compared to the single feature condition, although this had a small effect size. 

This discrepancy in results between Experiment 1 and Wheeler and Treisman (2002) may 

be due to a methodological difference, with participants cued to attend to a specified 

feature at probe in Wheeler and Treisman’s study, but not in Experiment 1.  This suggests 

that the decrement associated with memory for multiple features detected in Experiment 1 

could possibly be attentional in nature, as a cue to selectively attend to a particular feature 

may improve performance. However, the reason the results of Experiment 1 differ from 

Luck and Vogel (1997) and Vogel et al. (2001), who reported intact working memory for 

up to four features, is less clear.  Additionally, the results of Experiment 1 must be 

interpreted with caution, as there was a possible speed-accuracy trade-off across the ‘either’ 

condition and the single feature condition.  

However, the results of Experiment 1 do not suggest a single, limited capacity 

feature memory store. A more dramatic performance decrement would be expected for the 

‘either’ condition compared to the single feature condition in this case, with a large effect 

size, as three times as many feature values must be retained for the ‘either’ condition 

compared to the single feature condition.  Therefore, the results of Experiment 1 are 

consistent with multiple, parallel feature memory stores, although there appears to be some 

weak, constraining factor upon performance as the number of features increases. While 

Baddeley and Logie (1999) divided the visuospatial sketchpad into an inner scribe for 

spatial material and a visual cache for visual material, the results of Experiment 1 and 

Wheeler and Treisman (2002) indicate the visuospatial sketchpad might be best 

conceptualized as a collection of multiple, parallel feature memory stores.  
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The results of Experiment 1 clearly indicate some cost associated with an increase 

in the number of features to be remembered. This suggests some limiting resource, possibly 

attention, constrains performance as the number of features to be remembered increases.  

Attention and working memory are intimately related, but different working memory 

models describe this relationship differently.  Cowan’s (1988, 1995, 1999, 2000) working 

memory model states that attention and working memory are essentially the same 

construct, with the contents of working memory consisting of those stimuli currently within 

the focus of attention. Furthermore, Cowan (1998) takes the view that multifeature 

visuospatial stimuli are stored as bound objects, as described by Luck and Vogel (1997) 

and Vogel et al. (2001), and as such, his model is not consistent with parallel, independent 

feature memory stores. Alternatively, Baddeley and Logie (1999) conceptualized attention 

as a separate but intimately related resource that acts upon and controls information held in 

working memory.  Therefore the present discussion will employ the relationship between 

attention and working memory suggested by Baddeley and Logie.   

While the capacity of working memory for feature values expands with the number 

of activated feature stores, as demonstrated by Wheeler and Treisman (2002) and 

Experiment 1, attentional capacity does not likely expand in a similar fashion, representing 

a limited resource.  Therefore, the feature values held in working memory compete with 

one another for this limited attentional resource, which may in turn place some constraint 

on performance.  Thus, attention might serve as a weak constraint on working memory 

performance as the number of features to be retained increases. 

Memory Binding 

Recall that Wheeler and Treisman (2002) employed a visual change detection task 

to measure memory binding.  This procedure included a study display containing stimuli 

defined by two features, followed by a retention interval, and a single probe stimulus.  In 
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the ‘either’ condition, negative probes contained a new feature value not presented in the 

study display, while in the binding condition, negative probes were made up of re-paired 

feature values from different study display stimuli, measuring memory for the relationships 

between feature values. Performance in the binding condition was equivalent to 

performance for the least accurately remembered feature within the ‘either’ condition, 

although less accurate than performance for the ‘either’ condition overall.  Wheeler and 

Treisman concluded that the binding condition should be compared against the least 

accurately remembered feature within the ‘either’ condition, as binding performance could 

not be expected to exceed that of the most difficult constituent feature.  Based on this 

criterion, it was concluded that younger people did not have a memory binding decrement, 

when tested with a single probe stimulus. Wheeler and Treisman proposed a separate 

mechanism for binding information within working memory, to retain the relationships 

between feature values held in parallel, independent feature stores.  This memory binding 

mechanism may be analogous to Baddeley’s (2000, 2002) episodic buffer. 

Experiment 1 employed a modified version of Wheeler and Treisman’s (2002) 

procedure. However, older people’s performance in the binding condition exceeded that of 

the least accurately remembered feature within the ‘either’ condition, indicating that 

memory binding performance was not constrained by the most difficult constituent feature.  

This discrepancy of results between Experiment 1 and Wheeler and Treisman might not 

reflect a difference in participant performance, but rather a difference in designs.  As 

Experiment 1 employed three variable features, intact memory for two of the three features 

furnishes enough information to detect two thirds of re-paired negative probes.  In this way, 

memory for the least accurately remembered feature only limits performance for one third 

of all negative probes in the binding condition. Thus, performance on the least accurately 

remembered feature within the ‘either’ condition does not appear to be a meaningful 
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standard to compare binding condition performance against, when stimuli vary on more 

than two features.  Therefore it was difficult to determine if the results of Experiment 1 

were consistent with Wheeler and Treisman’s results, with regard to the binding condition.  

However, both Experiment 1 and Wheeler and Treisman reported that performance in the 

binding condition was less accurate than performance in the ‘either’ condition overall, 

suggesting memory for the relationships between feature values may be somewhat more 

vulnerable than memory for the feature values themselves. 

In Experiment 2 participants demonstrated a greater memory binding decrement 

when study display stimuli were presented sequentially than simultaneously, consistent 

with findings from the perceptual binding literature (Lehky, 2000).  One pertinent 

difference between simultaneous and sequential stimulus presentation is that the retention 

interval was necessarily longer for the first three of the four stimuli within the sequential 

condition compared to the simultaneous condition.  One possible explanation for the 

memory binding decrement observed in the sequential presentation condition is that 

binding information might be more vulnerable to decay over increasing retention intervals, 

than memory for feature values.  Thus binding information may be lost during the 

increased retention interval for the first three of the four stimuli within the sequential 

presentation condition.  However, as negative probes in the binding condition were made 

up of re-paired feature values from different stimuli within the study display, it was not 

possible to compare serial position curves between the binding condition and ‘either’ 

condition within Experiment 2. 

Effect of Normal Aging on Working Memory for Multifeature Stimuli 

Memory for Multiple Features 

As noted above, Experiment 1 included an ‘either’ condition, requiring memory for 

three features; colour, location and shape, and a single feature condition, divided into three 
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blocks in which participants were cued to attend to a specified feature.  Older people did 

not demonstrate a performance decrement associated with memory for multiple features 

(indexed by the difference in performance for the either and single-feature conditions), 

compared to younger people.  While previous studies have reported a decrease in 

visuospatial working memory capacity in normal aging (Jenkins et al., 1999, 2000; 

Myerson et al., 1999), these studies employed single feature stimuli, while Experiment 1 

examined working memory for multifeature stimuli.  Therefore, these results indicate that 

memory for multiple visuospatial features is robust to the effect of aging, compared to 

memory for a single feature.  

Within Experiment 1, younger people improved their performance from the ‘either’ 

to the single feature condition, while older people demonstrated equivalent performance 

across these conditions, showing little performance gain with a decrease in the number of 

features to be remembered. This finding appears counter-intuitive, with younger people 

improving their performance with a decrease in the quantity of information to be retained, 

while older people did not.  As younger people’s performance across the ‘either’ and single 

feature conditions suggested some attentional constraint on performance, discussed above, 

this pattern of performance across age groups could possibly reflect an age-related 

attentional decrement. Specifically, younger people may have improved their performance 

in the single feature condition by selectively attending only to the relevant feature, while 

older people likely attended equally to all features across both conditions.  Thus, younger 

people might have exploited this limited attentional resource more effectively than older 

people, by selectively attending to features according to task demands.  It therefore seems 

plausible that older people might be less able to adapt the focus of attention when only a 

sub-set of the available information is relevant to the task at hand. This possible age-related 

selective attention decrement was explored in Experiments 4 and 5B, discussed below.   
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Memory Binding 

Mitchell, Johnson, Raye, Mather et al. (2000) conducted the most comprehensive 

study of the effect of normal aging on memory binding in visuospatial working memory to 

date, and concluded that older people demonstrated a memory binding decrement compared 

to younger people. Experiment 1 aimed to determine if this age-related memory binding 

decrement would generalize to a modification of Wheeler and Treisman’s (2002) 

methodology. 

Within Experiment 1, no interaction was detected between binding and ‘either’ 

conditions and age group, indicating that older people did not demonstrate a memory 

binding decrement. Therefore, the age-related memory binding decrement detected by 

Mitchell, Johnson, Raye, Mather et al. (2000) did not generalize to a variant of the method 

employed by Wheeler and Treisman (2002). The most salient methodological difference 

between these studies was the method of stimulus presentation.  While Experiment 1 and 

Wheeler and Treisman presented study display stimuli simultaneously, Mitchell, Johnson, 

Raye, Mather et al. presented study display stimuli sequentially.  Therefore, the aim of 

Experiment 2 was to determine if the discrepancy in results between Experiment 1 and the 

Mitchell, Johnson, Raye, Mather et al. study was due to this difference in stimulus 

presentation. 

Experiment 2 replicated the binding and ‘either’ conditions of Experiment 1, with 

both simultaneous and sequential stimulus presentation. Results indicated that stimulus 

presentation had the same effect upon memory binding performance across both age 

groups.  It therefore appears that sequential stimulus presentation did not underpin the age-

related memory binding decrement detected by Mitchell, Johnson, Raye, Mather et al. 

(2000), and the reason for these discrepant finding remains unclear. Nonetheless, the results 

of Experiments 1 and 2 demonstrated that memory for the relationships between feature 
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values within stimuli is preserved in normal aging, and does not represent a barrier to 

effective working memory for multifeature visuospatial stimuli. 

Within the signal detection analyses of Experiment 1, there was a marginal 

interaction between age group and the binding and ‘either’ conditions, although this did not 

reach the Bonferroni adjusted alpha level. However, the pattern of results suggested that 

younger people demonstrated a greater decrement for the binding condition compared to 

the ‘either’ condition than older people, with older people’s performance more uniform 

across conditions.  One possible explanation for this counter-intuitive finding is that 

younger people attended to binding information only when it was required to complete the 

task successfully, and at some additional performance cost.  Older people might have 

attended to all available information, including the relationships between feature values, 

within both conditions, leading to more uniform but poorer performance across these 

conditions.  This suggests that older people did not selectively attend to information 

according to task demands, as they did not improve their performance from the binding 

condition to the ‘either’ condition, in the same way as younger people. 

Normal Aging and Memory for Shape 

Within the single feature condition of Experiment 1, there was a non-significant 

interaction such that older people demonstrated a decrement for shape memory compared 

to location memory, relative to younger people. However, normal aging has an effect upon 

both cognitive and sensory processes, and this performance decrement could have resulted 

from the general decrease in visual acuity in normal aging (Fahle & Duam, 1997; Fozard & 

Gordon-Salant, 2001; Sara & Faubert, 2000; Schneider & Pichora-Fuller, 2000). Although 

all participants in Experiment 1 reported normal or corrected to normal vision, the overall 

age-related decline in visual acuity might reasonably affect shape perception more than 

location perception, and this perceptual difference could in turn account for the apparent 
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shape memory decrement detected in Experiment 1. Sara and Faubert (2000) reported no 

age-related decrement for shape memory, when individual differences in shape perception 

were removed by adjusting luminance contrast between stimuli and the background.  

Experiment 3A aimed to determine if older people demonstrated a specific shape 

memory decrement compared to younger people, or if this result was underpinned by an 

underlying perceptual decrement. To this end, Experiment 3A included both a memory task 

and a perception task.Both age groups demonstrated a similar overall pattern of 

performance across memory and perception tasks, suggesting the shape memory decrement 

observed in Experiment 1 was due to poor shape perception, rather than a specific shape 

memory decrement. Therefore, it was concluded that older people had difficulty perceiving 

shapes, which in turn has an effect upon shape memory. This supports the findings of Sara 

and Faubert (2000) who reported equivalent shape memory across age groups, when 

individual differences in shape perception were eliminated by adjusting luminance contrast. 

Within Experiment 3A, older people demonstrated relatively intact performance on 

the perception task when stimulus colour and location were held constant, than when 

stimuli varied on these irrelevant features, compared to younger people. This unusual 

finding likely resulted from a confound between constant and variable stimulus 

presentation and the colours employed in these conditions and older people’s relatively 

spared shape perception under conditions of constant colour and location, compared to 

younger people, might have resulted from the increased luminance contrast between black 

stimuli and the background.  Additionally, the perceptual advantage older people derived 

from these black stimuli was only beneficial when participants were able to refer back to 

and re-perceive stimuli whilst making a same-different judgement, and did not carry over to 

working memory performance. 

 Experiment 3B addressed this confound by modifying the perception task of 
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Experiment 3A to included the same range of colours across both constant colour and 

location, and variable colour and location conditions.  Accuracy analyses revealed the same 

pattern of performance across constant and variable colour and location for both age 

groups, in contrast to Experiment 3A.  This result suggests that older people’s relatively 

intact performance on the perception task with constant colour and location in Experiment 

3A was likely due to the effect of the increased luminance contrast between stimuli and the 

background, correcting for older people’s poorer visual perception.  This is consistent with 

the results of Gilmore et al. (2005) and Sara and Faubert (2000), who found that age-related 

differences in shape perception were attenuate by increased luminance contrast. 

Normal Aging and Selective Attention 

Effect of Normal Aging on Selective Attention in Working Memory 

Younger people performed more accurately within the single feature condition than 

within the ‘either’ condition of Experiment 1, while older people demonstrated equivalent 

performance across these conditions, although this result may have been contaminated by a 

speed-accuracy trade-off across conditions.  One possible explanation for this finding is 

that older people did not benefit when cued to a specified feature within the single feature 

condition, perhaps attending to all available information within both conditions, and at 

some cost. This result suggests that older people might have difficulty selectively attending 

to a specified feature across multifeature stimuli. 

The mixed pattern of results in the literature on selective attention and aging 

suggests that selective attention may not be a unitary construct (McDowd; Plude et al., 

1994; Shilling et al., 2002).  Indeed, traditional measures of selective attention, such as 

visual search and negative priming, measure selective attention to a feature value, while the 

single feature condition of Experiment 1 tapped into selective attention to a feature across 
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multifeature stimuli, indicating that the traditional measures might reflect a different 

construct to that tapped into within the single feature condition of Experiment 2. 

A few studies have measured selective attention to a specified feature in the 

presence of a variable, irrelevant feature within a perceptual same-different task in younger 

people (Besner & Coltheart, 1976; Garner, 1988; Hawkins & Shigley, 1972; Santee & 

Egeth, 1980).  However, there has been no examination of the effect of normal aging on 

incompatible irrelevant feature values within a same-different task, within this literature. 

Older people might be expected to show evidence of interference from an incompatible 

irrelevant feature within the context of a same-different working memory task, as they 

appeared to demonstrate difficulty selectively attending to a particular feature within the 

single feature condition of Experiment 1.  Therefore, Experiment 4 set out to determine if 

older people had difficulty selective attending to a feature in the context of a sometimes-

incompatible irrelevant feature within a working memory task, compared to younger 

people. 

 Experiment 4 employed a visual change detection task with stimuli that varied on 

two features, colour and location.  Within each of two trial blocks, participants were 

instructed to attend to one of these features and ignore the other, irrelevant feature.  As in 

Experiment 1, probe stimuli could be either the same as one of the study display stimuli on 

the attended feature (positive) or different (negative).  The irrelevant feature varied 

orthogonally in relation to the attended feature, and in this way could be either compatible 

or incompatible with the relevant feature.  Both the attended and irrelevant features were 

equally likely to change from study to probe displays, but participants were instructed to 

make a same-different judgement based on the value of the attended feature only.  Within 

the results of Experiment 4, both younger and older people demonstrated a performance 

decrement for incompatible compared to compatible trials, indicating interference from the 
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irrelevant feature, likely due to a selective attention decrement.  This stands in contrast to 

Santee and Egeth (1980), who found no selective attention decrement for younger people in 

a working memory task with a retention interval greater than 500 ms.  However, older 

people demonstrated a greater decrement in this respect than younger people, supporting 

the assertion that older people have difficulty selectively attending to a feature within a 

same-different working memory task.  This finding extends the literature with regard to the 

effect of normal aging on selective attention, and suggests that older people have difficulty 

selectively attending to a feature across multifeature stimuli, although it is uncertain 

whether this represents the same underlying construct as is indexed by more traditional 

measures of selective attention (McDowd, 1997; Plude et al., 1994; Shilling et al., 2002). 

 The performance decrement for incompatible compared to compatible trials in 

Experiment 4 represents the interference resulting from incompatible irrelevant feature 

values.  However, attending to irrelevant features likely has a more subtle impact on 

working memory performance, regardless of the relationship between attended and 

irrelevant feature values.  Specifically, attending to irrelevant features represents inefficient 

allocation of the limited attentional resources associated with working memory. Recall that 

in Experiment 1, younger people demonstrated a performance decrement associated with an 

increased number of features, while older people did not demonstrate this constraint, with 

more uniform performance across the ‘either’ condition and the single feature condition, 

compared to younger people.  The increased interference older people demonstrated on 

incompatible trials compared to younger people, in Experiment 4, indicates that older 

people devoted more of their limited attentional resources to irrelevant features within a 

working memory task. Therefore, it can be reasonably concluded that older people likely 

attended to the irrelevant features within the single feature condition of Experiment 1, 

while younger people attended more selectively to the specified feature within this 
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condition. In this way, the selective attention decrement detected for older people in 

Experiment 4 probably has a negative impact upon memory for a single feature across 

multifeature stimuli, regardless of the relationship between the attended and irrelevant 

feature values, as demonstrated in the single feature condition of Experiment 1. 

 Attention and working memory are closely linked, and a number of studies have 

demonstrated that a larger working memory capacity is associated with superior 

performance upon selective attention tasks (Bleckley, Durso, Crutchfield, Engle, & Khana, 

2003; Engle, 2002; Engle, Kane, & Tuholski, 1999; Kane, Bleckley, Conway, & Engle, 

2001; West, 1999).  Additionally, Hasher and Zacks (1988), Stoltzfus et al. (1996), Zacks 

et al. (2000) and Zacks and Hasher (1994) assert that the working memory decrement in 

normal aging can be accounted for by a decline in inhibition, one of the components of 

selective attention.  According to this theory, working memory decline in normal aging is 

mediated by decreased inhibition, allowing both relevant and irrelevant information to enter 

the limited capacity working memory store. However, as reviewed in Chapter 1, the 

evidence to date is not entirely consistent with this inhibition account of working memory 

decline in normal aging (Grant & Dagenbach, 2000; Jenkins et al., 1999; Salthouse & 

Meinz, 1995). Additionally, the results of the present series of studies illustrate a somewhat 

different phenomenon than that described by Hasher and Zacks, Stoltzfus et al., Zacks et 

al., and Zacks and Hasher.  More specifically, the present results indicate that older people 

inefficiently allocate limited attentional resources to irrelevant feature memory stores, 

while Hasher and Zacks, Stoltzfus et al., Zacks et al., and Zacks and Hasher claim that poor 

attentional gating allows irrelevant material to draw upon the limited capacity of working 

memory.   
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Effect of Normal Aging on Selective Attention Across Perception and Working Memory 

Tasks 

 The major aim of the present series of studies was to identify any age-related 

barriers to working memory for multifeature visuospatial stimuli.  However, as Experiment 

4 did not employ a perceptual control task, it was unclear whether older people’s selective 

attention decrement was specific to working memory, or whether it was also present at the 

perceptual level.  Santee and Egeth (1980) found that younger people demonstrated intact 

selective attention for a working memory task but not for a perception task, as indicated by 

sensitivity to incongruent irrelevant features reflected in response latencies. This suggests 

that selective attention to a specified feature across multifeature stimuli is more difficult 

when comparing stimuli presented simultaneously, than when a probe stimulus is compared 

to stimuli held in memory. It seems plausible that incompatible irrelevant feature values 

could be more intrusive, and create more interference, when a same-different judgement is 

being made on stimuli that are currently being perceived, than when a probe is judged 

against stimuli held in memory. Experiment 5B aimed to determine whether the selective 

attention decrement for older people detected in Experiment 4 would generalize to a 

perception task, or whether this deficit was specific to working memory.   

Experiment 5B included a working memory task similar to Experiment 4, together 

with a perception task, with participants required to indicate whether any two of the four 

stimuli in the study display were the same, or whether they were all different, based on 

values of the attended feature. As in Experiment 4, the relationship between the irrelevant 

and attended features could be either compatible or incompatible across stimuli.  Response 

latency data indicated that both age groups demonstrated a greater selective attention 

decrement within the perception than the memory task, with older people showing a greater 

decrement in this respect compared to younger people.  However, this pattern of results was 

 170 



not reflected in the accuracy analyses, with both age groups demonstrating an equivalent 

selective attention decrement across both tasks.  These results indicate that it took longer to 

arrive at the correct response for incompatible than compatible trials within the perception 

task than the memory task, likely reflecting greater interference from incompatible feature 

values while they were being perceived than when they were held in memory. However, 

participants were ultimately able to respond with equivalent accuracy for incompatible 

compared to compatible trials across both tasks, indicating that they were able to overcome 

this increased interference within the perception task. 

The results of Experiment 5B indicate that the selective attention decrement for 

older people detected in Experiment 4 was not specific to working memory, and was likely 

underpinned by a perceptual selective attention decrement. As noted above, the research 

literature with regard to attention and aging is largely inconclusive (Plude et al., 1994; 

Rogers & Fisk, 2001) and is limited to those tasks measuring selective attention to a feature 

value.  The results of Experiment 4 and 5B expand upon this literature, as these tasks were 

fundamentally different to traditional measures of selective attention, measuring selective 

attention to a feature across multifeature stimuli.  The results of Experiments 4 and 5B 

suggest that older people experienced considerable interference from an incompatible 

irrelevant feature when making a perceptual same-different judgement, and that this 

decrement carries over to working memory tasks.  Therefore it can be concluded with 

reasonable certainty that older people have difficulty directing their attention to a specified 

feature across multifeature visuospatial stimuli.  This explains their relatively preserved 

performance for tasks requiring attention to multiple features, such as the ‘either’ condition 

in Experiment 1.  This may appear to be beneficial, with older people demonstrating no 

discernable decrement when required to attend to increased amounts of information, as 

demonstrated by their stable pattern of performance across the ‘either’ and single feature 
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conditions of Experiment 1.  However, this apparent gain likely belies a more insidious 

loss, with older people inefficiently distributing their attention when only a subset of the 

available information is relevant to a task.  In this way, advanced information regarding the 

requirements of a task (for instance, cueing a specified feature within the single feature 

condition of Experiment 1) cannot be effectively applied to change the focus of attention in 

normal aging.  Thus, older people would not derive as much benefit from advanced 

knowledge of task requirements as younger people, which may represent a significant 

impediment to older people’s performance across a wide variety of visuospatial tasks.    

Limitations  

The major limitation of the present series of studies was the use of a cross-sectional 

design.  Treating age as a between-individuals variable and examining the interactions 

between age groups and repeated measures factors is a convenient experimental design, but 

has several limitations, including population differences, lack of sampling equivalence, and 

cohort effects (Hertzog, 1996; Smith, 1996).  With regard to population differences, the 

effects of mortality and morbidity lead to inherent differences between the older and 

younger populations being sampled (Hertzog; Smith).  Of greater importance are the 

sampling differences between age groups.  While the two age groups in the present series 

of studies were equivalent for age-adjusted WAIS-III Vocabulary sub-test scaled scores, 

the younger group was sampled exclusively from a university population, restricting the 

range and variance of a number of intellectual and socio-economic factors.  Also, younger 

people participated for course credit, while older people volunteered in response to 

advertisement, which may have led to differences in motivation between age groups.  

Alternative experimental designs include longitudinal studies, and individual difference 

methods that statistically account for age-related variance on multiple dependent measures 
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(Hertzog; Smith).  However, these designs place heavy demands on limited resources such 

as time and sample size, making them impractical for the present series of studies.   

There are also several minor limitations with regard to the experimental 

methodology employed in the present series of studies. An articulatory suppression task 

was not employed within the present series of studies, and resultant verbal recoding of 

stimuli might have differed between age groups.  However, Vogel et al. (2001) found no 

effect of a concurrent articulatory suppression task on performance in a visual change 

detection task, suggesting participants did not verbally recode stimuli.  Additionally, the 

limited stimulus exposure interval (500 ms) would have made it impractical to verbally 

recode stimuli, with up to four stimuli in each trials, defined by up to three features.  

Therefore, the inclusion of an articulatory suppression procedure would not have impacted 

results, as participants did not likely verbally recode stimuli within the present series of 

studies. 

Additionally, there was a possible confound between negative probes in the binding 

condition and in the ‘either’ condition, within Experiments 1 and 2.  Negative probes in the 

binding condition might elicit an increased sense of familiarity compared to negative 

probes in the ‘either’ condition, as negative binding probes were made up entirely of 

features from within the study display, while negative probes in the ‘either’ condition 

contain a new feature value.  Mewhort and Johns (2000) proposed a familiarity mechanism 

to account for the performance decrement for negative probes made up of re-paired feature 

values compared to negative probes containing a new feature value, which represents a 

possible alternate explanation for the memory binding decrement demonstrated in 

Experiments 1 and 2. However, this does not represent a particular problem with 

interpretation of the present series of studies, as negative and positive probes in the binding 

condition cannot be distinguished on the basis of familiarity, because they are both made 
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up of features from the study display.  Additionally, older people did not demonstrate a 

particular decrement for binding in the present series of studies, indicating this familiarity 

mechanism did not likely impact differently upon performance across the two age groups. 

Conclusions 

Working Memory for Multifeature Visuospatial Stimuli 

The results of the present series of studies have several implications for the 

visuospatial working memory system.  While Baddeley and Logie (1999) divided the VSSP 

into the inner scribe for spatial information and visual cache for visual information, the 

results of Experiment 1 support Wheeler and Treisman’s (2002) assertion that the 

visuospatial working memory system is made up of multiple, parallel, independent feature 

memory stores.   However, in some contrast to Wheeler and Treisman (2002), the results of 

Experiment 1 demonstrate a subtle performance decrement when multiple feature memory 

stores are activated. While the capacity of working memory for feature values expands with 

activation of additional feature memory stores, attention likely remains limited, and may 

act as a constraining factor upon performance as the number of activated feature memory 

stores increases.  

Additionally, the results of Experiment 1 suggest there is some retention of binding 

information in memory, but that this information is somewhat more vulnerable than 

memory for feature values.  This is consistent with a separate mechanism for storing 

binding information, such as the episodic buffer (Baddeley, 2000, 2002). 

Effect of Normal Aging on Working Memory for Multifeature Visuospatial Stimuli 

The aim of the present series of studies was to identify barriers to effective memory 

for multifeature visuospatial stimuli in normal aging.  Two pertinent differences between 

memory for multifeature and single-feature stimuli are the increased quantity of 

information to be retained, in the form of multiple features, as well as the need to retain the 
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relationships between feature values within stimuli, known as memory binding. Experiment 

1 yielded surprising results, as no age-related multifeature memory decrements were 

observed.  Specifically, older people demonstrated intact memory binding, indicating that 

they were able to retain the relationships between feature values within stimuli.  This result 

stands in some contrast to Mitchell, Johnson, Raye, Mather et al. (2000), who documented 

a memory binding decrement for older people compared to younger people.  The reason for 

the discrepancy in results between Experiment 1 and the Mitchell, Johnson, Raye, Mather 

et al. study remains unclear, and does not appear to be related to the use of sequential 

stimulus presentation.  Nonetheless, older people’s intact memory for binding information 

was demonstrated across two experiments within the present series of studies. 

Additionally, compared to younger people, older people did not demonstrate a 

decrement with an increase in the number of features to be remembered. While previous 

studies have demonstrated a decline in visuospatial working memory capacity in normal 

aging (Jenkins et al., 1999, 2000; Myerson et al., 1999), these studies examined memory 

for single feature stimuli. Overall, working memory for multifeature visuospatial stimuli 

appears relatively robust to the effects of aging, both in terms of remembering multiple 

features, and remembering the relationships between feature values within stimuli.  

Selective Attention Decrement in Normal Aging 

Experiment 1 produced a surprising pattern of results, as younger people 

demonstrated a performance decrement with an increase in the number of features to be 

retained, while older people did not.  These results suggest that older people might be less 

able to attend to task relevant information and ignore irrelevant information than younger 

people, representing a selective attention decrement for older people. Results of 

Experiment 4 demonstrated increased interference from incompatible irrelevant feature 

values for older people compared to younger people, indicating that older people attended 
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to all available information, whether it was relevant to the task or not. Additionally, 

Experiment 5B indicated that this selective attention decrement was not specific to working 

memory, but likely stems from a perceptual-level selective attention decrement.  This could 

represent a considerable impediment to older people’s performance on a variety of 

visuospatial tasks, with them experiencing difficulty selectively attending to a specified 

feature across multifeature stimuli. 

Future Directions 

There are several directions for future research based on the results of the present 

series of studies.  First, the relationship between retention interval and memory binding 

performance remains unclear.  This could be examined by varying retention interval for 

binding and ‘either’ conditions with simultaneous stimulus presentation.  Alternatively, 

serial position could be examined in a memory binding task with sequential stimulus 

presentation, by constructing negative probes from re-paired feature values from either the 

first two or the last two stimuli presented in the study display. 

The selective attention decrement demonstrated for older people in the present 

series of studies also raises further research questions.  Future studies could examine 

whether selective attention to a feature across multiple stimuli, as measured in Experiments 

4 and 5B, represents the same construct as more traditional measures of selective attention.  

Additionally, future studies could determine whether these different measures of selective 

attention share the same pattern of decline in normal aging.  Further to this, the extent to 

which this age-related selective attention decrement accounts for age-related decline on 

various visuospatial tasks, such as Ravens Progressive Matrices or WCST, could be 

examined.  This age-related selective attention decrement also has implications for working 

memory for multifeature stimuli compared to single-feature stimuli, with older people 
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likely demonstrating a memory decrement for multifeature stimuli compared to stimuli 

defined by a single feature, due to the presence of irrelevant features. 

In conclusion, the present series of studies indicates that working memory for 

multifeature stimuli in normal aging is limited not by the number of features that can be 

retained, nor by memory for the relationship between feature values, but rather by the 

inefficient allocation of attentional resources to irrelevant features. 
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