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ABSTRACT 

INDIVIDUAL AND DEVELOPMENTAL DIFFERENCES IN 
SUSCEPTIBILITY TO THE IRRELEVANT SPEECH EFFECT 

Amanda Frances O'Bryan 

711712012 

The Irrelevant Speech Effect (ISE) is a phenomenon in which the presentation of 

auditory materials (typically speech) impairs the serial recall of visually presented 

materials, either digits or letters. Although this effect has been replicated in a large 

number of studies, a wide range of individual differences in susceptibility to the auditory 

distracters has been found. The current study investigates four possible determinants of 

individual differences of the ISE: (1) The sequence length of the short-term memory 

(STM) task, (2) the content of the STM task and auditory distracter, (3) the STM capacity 

of the individual, and (4) developmental differences. 

Results from a series of experiments suggest that (1) increasing sequence length 

can have substantial negative effects on STM task performance, but it does not increase 

the ISE. This indicates that individual differences in the ISE do not depend on individual 

differences related to task difficulty. (2) When sequence length is adjusted to equate 

STM task performance, the ISE is only observed for speech distracters. This result is 

important because it implies a primary role of phonological rehearsal in the ISE. 

Additional testing with a vi suo-spatial STM task that did not require rehearsal showed a 

release from the ISE. (3) Individuals with high memory capacity appear to be less 
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susceptible to the ISE. This result is among the first to demonstrate the roll of STM 

capacity in the ISE, and is consistent with past work that shows relationships between 

working memory capacity (WMC) and susceptibility to distraction. (4) When tested at 

span (the longest sequence length an individual can recall 50% of the time), children and 

adults show similar magnitudes of the ISE. This too is consistent with the view that the 

ISE is related to memory capacity, rather than age. 

Taken together, these outcomes indicate that the ISE is caused by a disruption of 

memory encoding at the phonological rehearsal stage, which in tum is related to memory 

capacity. These results inform theory development of STM and the processes involved in 

auditory attention. In addition, results may be applied to the improvement of acoustical 

conditions in learning environments. 
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CHAPTER I 

BACKGROUND 

In a learning environment, such as a classroom, there is often auditory noise not 

relevant to the learning task. Occasionally, a student may not be able to inhibit this 

incoming auditory distraction and their performance on a visual learning task will suffer. 

The magnitude of a crossmodal interaction of this kind can vary with the type of noise 

and the individual's capability to ignore the noise. Although the effects of chronic noise 

exposure on learning have been documented, such as the consequences of having a 

school next to an airport, less is known about the effects of these kinds of brief 

interruptions of learning. The Irrelevant Speech Effect elSE) is a paradigm frequently 

used to study the effects of irrelevant auditory input on visual learning. The ISE is used 

to examine the effects of specific types of noise (speech versus nonspeech) on a specific 

cognitive process, the retention of materials in short-term memory. 

ISE: Content or Process? 

The origin of the ISE can be traced to observations made by Colle and Welsh 

(1976). Their study was designed to test for the phonological similarity effect, an effect 

in which recall on a visual short-term memory (STM) task is disrupted if the items on the 
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list are phonologically similar to one another (Baddeley, 1972). For example, if the to­

be remembered list contains words that rhyme, an individual will exhibit a greater 

number of errors at recall. Colle and Welsh (1976) tested this effect using an auditory 

noise distracter (speech or white noise) in order to investigate whether the effect was 

multimodal. They discovered that the speech distracters caused a greater number of 

errors than did the white noise. They attributed this to the phonological similarity ofthe 

distracter (continuous speech) and the to-be-remembered items (a list of consonant 

letters). Later Salame and Baddeley (1982) found similar results and termed this 

phenomenon the irrelevant speech effect. These investigators concluded that there may 

be a phonological memory store which encodes auditory speech information in the same 

location as visual verbal information (Baddeley, 1983). 

Based on this and other evidence for phonological coding in memory, Baddeley 

introduced the concepts of the articulatory loop and the phonological store to his now 

well-known model of working memory (Baddeley, 1983). The Working Memory Model 

consists roughly of three systems: the central executive, the visuo-spatial scratch-pad and 

the phonological store (see Figure 1.1 for a schematic of the model). The central 

executive is considered to be a limited capacity attention system which selects and 

controls processes and strategies. It supervises the two "slave systems": the articulatory 

loop and the vi suo-spatial scratch-pad. As its name suggests, the visuo-spatial scratch­

pad is responsible for creating and maintaining visual information. It has been 

hypothesized that the visuo-spatial scratch-pad is made up of two separate mechanisms: a 

temporary store for visual forms and a temporary store for spatial information (Logie & 

Pearson, 1997). The articulatory loop is responsible for translating visual-verbal material, 
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Phonological 
Store 

Central 
Executive Visuo-spatial 

Scratch pad 

Figure 1.1. Schematic of the Working Memory Model adapted from "Working 

Memory," by A. D. Baddeley, 1983, Philosophical transactions of the royal society of 

London. Series B, Biological Sciences, 302 p. 315. 
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using subvocal rehearsal, into a phonological code that is then maintained in the 

phonological store. Items in the phonological store are thought to begin to decay after a 

few seconds unless the materials are "refreshed" by the subvocal rehearsal of the 

articulatory loop. In addition to the translated visual material, the phonological store 

model posits automatic access of any auditory-verbal material, and non-access of any 

nonverbal materials, either auditory or visual. 

According to the Working Memory Model, the ISE is attributed to the 

phonological similarity of the irrelevant items and the to-be-remembered items 

(Salame & Baddeley, 1982). Because auditory-verbal materials gain automatic access 

to the phonological store, it is speculated that these materials interfere with the visual 

stimuli, which must be translated into a phonemic code and are also represented in the 

phonological store. The increase in errors occurs because the auditory phonemes and 

the to-be-remembered visual stimuli are encoded similarly, thus causing confusion. 

Salame and Baddeley demonstrated that as phonological similarity between the 

relevant and irrelevant stimuli increase, the degree of interference also increases. The 

phonological similarity effect, taken together with the word length effect and the 

articulatory suppression effect lent support for the existence of two memory systems, 

one based on phonological coding and accessible through either audition or articulation 

(the articulatory loop), and a second store used for nonverbal visual material (the 

visual- spatial scratch-pad) (Baddeley, 1983). 

Several subsequent experiments (Bridges & Jones, 1996; Jones & Macken, 

1995; LeCompte & Shaibe, 1997) failed to replicate the effects of phonological 

similarity on the ISE found in Salame and Baddeley's (1982) study. Thus, Jones and 
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colleagues hypothesized that the ISE may be attributed instead to a preattentive process 

of segmentation, rather than phonological similarity between the visual target and 

auditory distracter (Jones, Macken, & Murray, 1993). They stated that this preattentive 

process automatically segments the auditory materials into units and organizes them. 

The occurrence of the IS E is the result of a confusion of this automatic ordering 

process ofthe auditory materials and the necessary ordering of the visual materials. 

This hypothesis would predict a greater ISE for auditory distracters that require 

ordering, such as speech than for than for auditory distracters that do not require 

ordering, such as white noise (Jones et aI., 1990). 

In a series of experiments designed to test this hypothesis these investigators 

examined the ISE using a class of non-speech sounds, specifically "glissandi" (frequency 

glides) as auditory distracters. In the first experiment they measured the ISE using 

continuous and interrupted glissandi, and found that the interrupted stimuli created a 

significant ISE, whereas the continuous glissandi resulted in no significant ISE. They 

then tested the effects of embedding the glissandi with a low pass noise that was the 

same bandwidth and frequency range as the glide. This manipulation resulted in no 

significant ISE, presumably because it provided a perceptual continuity in which 

listeners would "fill in" the missing parts of the glide and thus create the illusion of a 

continuous glide. In contrast, glissandi embedded with a high pass noise gave the 

impression of an interrupted glide and resulted in a significant ISE (Jones et aI., 1993). 

This collection of experiments initiated an alternative hypothesis to explain 

the occurrence of the ISE; Jones termed this the changing state hypothesis (Jones, 

Madden & Miles, 1992). Changing state is described as the "registration of mismatch 
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between successive, segmented entities in the auditory stream" (Macken, Mosdell, & 

Jones, 1999, p. 810). When such a mismatch occurs, the serial ordering of those 

entities is automatically encoded. According to this hypothesis, changing state 

auditory input is encoded in memory as sequences of discrete "objects" connected by 

cues to a serial order. The interference with a visual serial recall task caused by 

changing-state irrelevant sound results from the "conflict in memory between the 

order cues represented in the auditory stream and those being rehearsed in the to-be­

remembered stream" (Macken et aI., 1999, p. 810). 

According to the changing state hypothesis, the ISE is driven by the 

unpredictable nature of the auditory distracter, rather than its content. Thus speech and 

non-speech distracters are viewed as functionally equivalent (Jones & Macken, 1993). 

Non-speech sounds can still cause an ISE as long as they meet the requirement for changing 

state. This proposal was in direct contrast to Baddeley's model which assumed a 

separate storage for phonological materials, and a lack of ISE for non-speech materials. 

Jones and colleagues hypothesized that there was instead a unitary storage which was 

accessible by either speech or non-speech materials, as well as either visual or auditory 

materials. 

This claim was supported by a number of studies from Jones's lab showing that 

the phonological component of the distracter can be held constant, but by changing the 

perceptual organization significant disruption still occurs. For example, presenting the 

consonants x, y, and z diotically created disruption, but when they were presented 

stereophonically, such that 'x' is presented to one ear, 'y' to another, and 'z' to both, the 

perception of three separate streams was created. Each of these three separate streams 
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was perceived as steady state repetitions of the three letters, and no longer caused a 

disruption (Jones & Macken, 1995b). Additionally, it was demonstrated that if the 

content of the auditory distracter remains constant, but the timing interval between 

distracters changes, this also will cause an ISE (Jones & Macken, 1995b). Furthermore, 

if the identity ofthe distracter is fixed, but the pitch is changed, there is still a strong ISE 

(Jones, Alford, Bridges, Tremblay, & Macken, 1999). Finally, it was shown that two 

sounds changing in pitch creates an ISE, but speeding up the presentation to create a 

segmentation of these two sounds into two separate streams eliminates the ISE (Macken, 

Tremblay, Houghton, Nicholls, & Jones, 2003). 

This claim of functional equivalence of speech and non-speech distracters was 

called into question by both Baddeley and Larsen (2003) and others (LeCompte, 

Neely, & Wilson, 1997). The ISE has been replicated in numerous studies, with a 

number of different auditory distracters, including: single words (Elliott, Barrilleaux, & 

Cowan, 2006), ongoing speech (Colle & Welsh, 1976), backwards speech, and foreign 

language speech (Jones, Miles, & Page, 1990). However, to date, Jones and colleagues 

are the only group to have shown that the ISE can occur with non-speech sounds such 

as tones (Jones & Macken, 1993), while another study failed to replicate these results 

(LeCompte, Neeley, & Wilson, 1997). Studies by Jones and colleagues generally 

employed a sequence length of seven to nine items. Baddey and Larsen (2007) 

contended that the phonological similarity effect diminishes with long list lengths, 

such as the ones used by Jones et al. In support of this, Baddeley conducted a series of 

experiments replicating his previous findings of the phonological similarity effect 

using a sequence length of six (Larsen & Baddeley, 2003). 
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As yet, the impact of the sequence length of the visual task on the ISE has not 

been systematically investigated. A digit span is defined as the longest list of items 

that a person can repeat back in correct order, immediately following presentation, on 

50% of all trials. Orsini et al. (1987) collected normative data on a large group of 

adults (n = 1355) and found a mean visual digit span of 5.4 (SD = .89). Most studies of 

the ISE use a digit sequence of at least seven, and some as high as nine (Ellermeier & 

Zimmer,1997). Given that for the general population, these sequence lengths would 

be considered quite difficult, it is possible that the task difficulty is masking the ISE 

effects. 

One goal of the current study was to examine the relationship between the 

difficulty (sequence length) of the visual task, and the amount of distraction 

experienced. This was done by testing individuals with a number of different sequence 

lengths (Experiment 1). The nature of the distraction was examined by using both 

speech and non-speech auditory distracters (Experiment 1). If the phonological 

similarity effect is stronger with shorter sequences, a pattern between speech and non­

speech distracters should emerge showing less ISE by speech distracters as the sequence 

lengths increase. 

Baddeley's Working Memory Model predicts that non-speech distracters will not 

have an effect on a verbal serial memory task. This model also predicts the converse, 

that a nonverbal serial memory task will be unaffected by a verbal auditory distracter. In 

order to test this hypothesis Experiment 2 employed a nonverbal vi suo-spatial serial 

memory task. This task is similar to the well-established Corsi Blocks test, a test 

designed by Philip Corsi to measure short-term spatial memory (Corsi, 1972). The Corsi 
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Blocks test uses a platform of nine wooden 3 x 3 cm blocks fastened on a 25 x 30 cm 

baseboard in a standard random order. The experimenter taps a sequence pattern onto 

the blocks which participants must then replicate. The sequence length increases each 

trial until the participant is no longer able to correctly replicate the pattern. However, 

the task used in the current study was carefully designed for the participant to be unable 

to assign arbitrary names to the location of the blocks. Unlike the Corsi-Blocks test the 

blocks will not have a fixed location. Doing so will ensure that no verbal rehearsal will 

take place during the test. 

In Baddeley's Working Memory Model, the visuo-spatial scratch-pad and 

phonological loop are hypothesized to be separate processes. One method used to test 

this is through the use of articulatory suppression (AS). AS is the method of asking 

participants to sayan irrelevant word or phrase aloud while completing a memory task. 

This repetition blocks the articulatory rehearsal process, thereby causing memory traces 

in the phonological loop to decay. AS has been shown to have a large effect on serial 

memory tasks which require verbal rehearsal such as a digit span test, but little or no 

effect on vi suo-spatial tasks such as the Corsi-Blocks test (Farmer, Berman, & Fletcher, 

1986). A condition using AS will be included in Experiment 2 in order to replicate 

these findings, and extend them to a child population, as well as to demonstrate the lack 

of verbal rehearsal needed to complete the visuo-spatial task. According to the 

Working Memory Model, if a task requires no verbal rehearsal, there should be no 

evidence of an ISE. This prediction will be tested further by including speech and non­

speech distracters on a visuo-spatial task as well (Experiment 2). Errors caused by a 

speech distracter on a nonverbal serial memory task would reinforce the hypothesis of a 
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unitary, multimodal storage system that is described by the changing state theory. 

Development and the Importance of Attention 

Recently, a small number of studies have investigated the ISE in children 

(Elliott, 2002; Elliott & Cowan, 2005; Klatte, Meis, Sukowski, & Schick, 2007; Klatte, 

Lachmann, Schlittmeier, & Hellbruck, 2010). A distinction of these studies from the 

previous work is their emphasis on the role of attention. Prior to the investigations of 

the ISE in children, a new theory of working memory had begun to emerge which 

placed far greater importance on the role of attention than did Baddeley's model 

(Cowan, 1995). The researchers interested in the development of the ISE stated that 

because the current theories, (i.e. the changing state theory and Baddeley's Model of 

Working Memory) assume automatic access of auditory materials and no mediation of 

attention, they offer no explanation for a developmental effect (Elliott, 2002; Klatte et 

al.,2010). They contend that the difference in the ISE found between children and 

adults occurs because of a developmental difference in attention. 

Recently, many researchers have begun to posit that the central executive 

component of the Working Memory Model mediates attention (Engle, 2002; Cowan, 

2005). Engle and Cowan both argue that the attention component is limited in 

capacity, and that rehearsal strategies may deplete the capacity for attention. Thus, if 

an individual is particularly challenged by a rehearsal strategy, they may be more 

susceptible to distraction. One could argue that some children may be more challenged 

by particular rehearsal strategies, because they have not yet become automatic. By this 

account, children would be more susceptible to distraction, and therefore show a 
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greater 1SE. 

Since the changing state hypothesis makes no predictions per se about the 

development of the effects of irrelevant speech, one must speculate predictions based on 

this theory. It has been shown that younger children have more difficulty in their ability 

to differentiate between two stimulus streams (Doyle, 1973; Lane & Pearson, 1982). 

Given that the changing state hypothesis places importance on the ability of streaming 

the stimuli (Jones, 1993), children may be more impaired by irrelevant speech than 

adults. 

The two studies that have investigated the 1SE in children found conflicting 

results (Elliott, 2002; Klatte, et aI., 2010). Elliot's study consisted of96 children ages 

8-11, and 32 adults. They were each given a standardized digit span test prior to 

administration of the 1SE task, to determine each participant's digit span. They were 

then tested with a digit span task with the sequence length set at their individual span, 

while hearing either changing state or steady state speech (lists of different words or the 

same word repeated), changing state or steady state tones (tones varying in frequency 

or a single tone repeated), or silence. Elliott found that the very youngest age group (8 

year-oIds) exhibited a greater 1SE for the changing state speech than the older children 

and adults. A recent study by Klatte and colleagues (2010) also investigated the 1SE in 

children but found no such difference using similar age groups to Elliot's study. 

There are a few possible explanations for the differences found between these 

two studies. Klatte et al. used a visual task which required the participants to memorize 

pictures. Elliott's study used a digit span paradigm. There is some evidence that the 

picture naming tasks are easier for younger children than digit naming (Case & 
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Globerson, 1974). Additionally, the presentation rate of the visual materials in the study 

by Klatte et al. was slower in than in Elliott's study. There is evidence showing that 

children can benefit from a slower presentation rate on a task such as this (Dempster, 

1981). Although there were differences between the two studies in children's errors 

during the condition with a speech distracter, the children's scores in quiet (no 

distracters) were similar in both studies. This demonstrates a similar baseline 

perfonnance even though the tasks and presentation were different. Thus, it is difficult 

to make the claim that one task was easier than the other. However, if the inhibition of 

irrelevant speech requires more cognitive resources, the difficulty of the task may limit 

the resources available, causing a greater number of errors when a distracter is present. 

Although these methodological differences may have had some impact on the 

children's perfonnance, there is a greater concern regarding the analyses used in these 

studies. Generally in studies of the ISE, participants are all given 20-30 trials at a 

single sequence length, usually of seven or eight digits. This method is suitable for 

testing adults, but digit span has been shown to be reduced in children thus rendering 

this an inappropriate method for them. The study cited above (Orsini et aI., 1987) that 

gathered nonnative data for digit span in adults also examined digit spans in children. 

Although the mean digit span was 4.5 digits (SD = .9), there was a substantial increase 

in spans across age. The mean span of children aged 4 years was 3.5 digits, whereas the 

average span in 10 year old children was 5.5 digits. Elliott (2002) and Klatte et al. 

(2010) solved this problem by giving each participant a span test prior to the 

experiment, and then testing each person using their predetennined span. For example, 

a child that has a span of four would only be tested for an ISE at a sequence length of 
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four. An adult however may have a span of seven, and would then be tested for an ISE 

using a sequence length of seven. This method created the appearance of a greater ISE 

in children when the data are analyzed. 

Referring back again to the past studies of the ISE, the generally accepted method 

of analysis is to compare the mean number of errors at each serial position. These data 

are then entered into an ANOV A with serial position and auditory condition as the 

factors. This type of analysis would be impossible with a dataset such as that collected 

by Elliott and Klatte et al. because all participants were tested at different sequence 

lengths. Their solution to this problem was to calculate a percent correct for each 

individual. Presumably this percent correct is calculated by dividing the number of 

correct digits by the total number of digits, although this calculation is not described in 

either study. Using this method, if an individual is tested at a span of seven for five trials, 

they would have a maximum of 35 digits correct. If they missed 10 out of these 35 digits 

they would have a score of 71 % correct. However, if a child is tested at a span of four for 

five trials, they would have a maximum of only 20 digits. The same number of errors 

(l0) would render them a score of 50%. The potential problem comes when comparing 

these scores across age. Children will inevitably have fewer total digits because of their 

reduced spans. This will lead to results that show children having a reduced percent 

correct for the same number of errors. The method used in the current study was to count 

trials with errors at any point along the sequence length as an incorrect trial. With this 

method, children and adults had the same number of trials, and the calculation of percent 

of correct trials used the same denominator for both groups. 

Finally, there is a critical assumption made when testing all individuals at a 
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predetennined span: A child working at hislher maximum span is operating at the same 

level of perfonnance as an adult working at hislher maximum span. The mechanisms 

which detennine the developmental increase in STM span are not well understood. There 

is some evidence that developmental capacity differences may be a result ofthe speed of 

item identification. Significant correlations have been shown between speed of word 

identification and STM span (Case, Kurland, & Goldberg, 1982). In addition, longer 

words yield slower reading rates and lowerspan scores (Baddeley, Thomson, & 

Buchannon, 1975). It has also been demonstrated that if adults' item identification speed 

is slowed to a rate more comparable to children's they exhibit similar spans (Dempster, 

1981). These findings have led researchers to theorize that faster item identification may 

allow for greater capacity for rehearsal. It is possible then that a child operating at her 

maximum span could be employing very different strategies than an adult operating at her 

maximum span. These strategy differences may lead to differences in susceptibility to 

the ISE. 

The question of the developmental differences of susceptibility to the ISE is an 

important one. Research has shown that children show greater auditory distraction than 

adults (Gomes, Molholm, Christodoulou, Ritter, & Cowan, 2000). Additional research 

supports the hypothesis that children have reduced selective attention abilities, and that 

these differences may arise from children's inability to inhibit the processing of irrelevant 

stimuli (Lane & Pearson, 1982). Because studies of the ISE allow for a better 

understanding of the mechanisms of crossmodal selective attention, it can be useful to 

study the effects of noise on attention in children. A goal of the current study was to 

examine how the difficulty of the task affects children's ability to inhibit irrelevant 
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sounds. This study also systematically tested whether children experience different 

disruption between speech and non-speech sounds, and did so while testing all 

individuals at the same level of performance, a variable that was not well controlled-for in 

other studies. Finally, differences in susceptibility to irrelevant speech between children 

and adults were investigated using a visuo-spatial task that requires no item identification. 

Use of this task removed the possible confounds of differences in capacity resulting from 

rehearsal strategies. 

Memory Capacity and the ISE 

In addition to possible developmental differences in the susceptibility to the ISE, 

there are large individual differences as well. Ellermeier and Zimmer (1997) used the 

ISE paradigm to investigate the relationship between objective and subjective measures 

of disruption by environmental noise. They reported individual differences in 

susceptibility to the ISE, a result that had not yet been reported in the literature. Their 

study used a typical methodology, testing all individuals (N =72) with a sequence length 

of nine digits, under auditory conditions of quiet, speech and pink noise (a signal in which 

each octave carries an equal amount of noise power). They compared ISEs across 

individuals by calculating difference scores between the numbers of errors found in the 

speech condition and the number of errors in the quiet condition. The differences they 

found were quite large, ranging from a minimum of -18 to a maximum of +65. These 

difference scores roughly correspond to a reduction of errors under the speech condition, 

and a very large increase of errors, respectively (Ellermeier & Zimmer, 1997). The 

difference scores were fairly evenly distributed, and approximately 1/8 of the participants 
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experienced no ISE at all. To date, this is the only study which has reported a distribution 

of individual differences in the ISE. 

The few remaining studies that have investigated individual differences in 

susceptibility to the ISE have done so by attempting to correlate these differences with an 

underlying cognitive construct, working memory capacity (WMC) (Beaman, 2004; Elliott 

& Cowan, 2005). These studies were prompted by another study that showed a strong 

relationship between working memory capacity (WMC) and auditory distraction 

(Conway, Cowan & Bunting, 2001). Specifically, this study demonstrated that 

individuals with a reduced WMC were more likely to hear their own names on a dichotic 

shadowing task. They hypothesized that individuals with reduced WMC are more likely 

to experience interference from auditory distraction during a selective attention task. 

WMC has also been shown to have the same relationship with other selective attention 

tasks such as an antisaccade task (Kane, Bleckley, Conway, & Engle, 2001), as well as 

the Stroop task (Kane & Engle, 2003). 

Studies that have attempted to find a similar relationship between WMC and the 

ISE have reported mixed results. Beaman (2004) correlated mean number of errors on a 

test ofISE and performance on the Operation Span (OSPAN) task (Turner & Engle, 

1989), the main WMC test used in the studies cited above. No correlation was found 

between WMC and the effect of irrelevant speech. However, using the error data 

Beaman did show that individuals with lower WMCs included a greater number of 

intrusions from semantically related speech than those with higher WMCs. Those 

individuals with lower capacities were less able to filter out those auditory distractions 

that were semantically similar to the to-be-remembered items. In contrast, Elliott and 
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Cowan (2005), also using the OSPAN, found a negative correlation between WMC and 

ISE, such that individuals with higher capacities were more affected by the irrelevant 

sounds. 

It is important to note the potential differences between STM and working 

memory. Some researchers have defined the mechanism of STM as encapsulated in the 

process of rehearsal and storage within the two sub-systems of Baddeley's Working 

Memory Model (Cowan, 2008). Working memory on the other hand is considered a 

combination of systems in which information stored in the STM is manipulated and 

updated for further use, and thus requires the central executive (Baddeley, 1983). Put in -

other words, working memory tasks require active selective attention while STM tasks do 

not. 

Researchers that have linked WMC to selective attention tasks claim that capacity 

is a direct measure of an individual's ability to inhibit distracting information (Engle, 

2002). Engle has also shown using structural equation modeling that STM capacity, 

while correlated with WMC, is best modeled as a distinct construct (Engle, Tuholski, 

Laughlin, & Conway, 1999). The current theories of the ISE argue that the auditory 

materials enter into the processing stream automatically, with no role for attention. If 

WMC tasks are actually a measure of attention, as Engle argues, then neither Baddeley's 

model, nor the changing state hypothesis would predict that WMC would be related to 

susceptibility to the ISE. While measures of WMC may not be predictive of the ISE, it is 

also important to rule out measures of STM capacity. 

The study discussed above (Ellermeier & Zimmer, 1997) is also the only study 

which has attempted to correlate STM capacity with susceptibility to irrelevant sounds. 
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Of importance to this proposed research is Ellermeier and Zimmer's statement that the 

individual effect sizes were not correlated with the capacities of the individuals. They 

correlated the effect sizes with the number of digits recalled in a noise condition. This 

analysis is problematic for two reasons. First, Ellermeier and Zimmer tested all subjects 

at a sequence length of nine digits. For some individuals this may be well beyond their 

STM capacity. Using this method, the determination of span based on their error rate at a 

long sequence length is more comparable to a supraspan test, in which individuals are 

tested with long sequence lengths and required to recall as many digits as they can. It has 

been shown that supra-span scores and serial recall scores are not well correlated and may 

reflect different processes (Dempster, 1981). Second, error rate in the noise condition was 

assumed to be indicative of an individual's typical error rate in quiet, since the two 

conditions had roughly the same average number of errors. But as stated by Ellermeier 

and Zimmer, taking an average across participants could be misleading because of the 

amount of variability of the effect across individuals. It is not clear if the variance of 

error rate in the noise condition was similar to the variance in the quiet condition. 

As yet, the evidence is inconclusive whether STM capacity is at all related to 

susceptibility to the ISE. There are good reasons to continue to pursue this question. 

Researchers who have investigated developmental differences of the ISE argue that the 

greater susceptibility found in children results from developmental attentional differences 

(Elliott, 2002; Elliott & Cowan, 2005). If this is the case there should be a correlation 

between attentional measures (WMC) and susceptibility to the ISE, a finding that has yet 

to be supported (Beaman, 2004). Furthermore, the changing state theory, which does not 

posit a role of attention in the ISE, would predict no influence of the role of capacity on 
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the ISE. The current study addressed these issues by testing the relationship between 

STM capacity and the ISE directly, in both children and adults. 

Predictions 

Based on this review of the literature, Baddeley's Model of Working Memory 

appears to provide a better explanation for the ISE. Historically, the model has been 

successful at explaining why memory capacity is related to attention switching or the 

ability to inhibit distraction (Conway et aI., 2001; Kane & Engle, 2001; Kane et aI., 

2001). Because the ISE is also a measure of the ability to inhibit distraction, one would it 

expect that it too could be explained by the Working Memory Model. In contrast, the 

changing state theory assumes automatic access of all incoming visual and auditory 

materials, and thus allows for no role for attention. In addition, the changing state theory 

has been limited primarily to findings that relate to the ISE, but has not yet been applied 

to other tests of attention. 

The changing state theory posits a multimodal processing strategy, such that 

visual and auditory materials, both verbal and nonverbal, are all processed similarly. 

However, there is substantial evidence that visuo-spatial and phonological materials are 

processed separately (Baddeley, 1986; Farmer et aI., 1986; Logie, 1986). In addition, 

there is some evidence that speech distracters in particular cause greater amounts of 

distraction on visual STM tasks (LeCompte, et aI., 1997). Nonetheless, proponents of the 

changing state theory have challenged the hypothesis of a special role for speech 

distracters with regards to the ISE (Tremblay, Nichols, Alford & Jones, 2000). 

The changing state theory has also not addressed the question of the development 
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of the ISE. Because attentional resources are theorized to be the cause of greater 

susceptibility to the ISE in children (Elliott, 2002), the changing state theory's lack of a 

role for attention makes it difficult to be applied to developmental studies. In contrast, 

the Working Memory Model has been applied to studies investigating the inhibition of 

distraction in children, although not specifically the ISE. Hale, Bronik and Fry (1997) 

used The Working Memory Model to investigate developmental change in interference of 

verbal and spatial memory, and found age-dependent, domain-specific changes. To date, 

the changing state theory cannot fully address the developmental differences found in the 

ISE, or any other types of STM disruption. 

Finally, the changing state theory also gives no explanation for the role of 

memory capacity and its relationship to the inhibition of distraction. Proponents of the 

Working Memory Model have posited that capacity differences may be a result of 

inefficiencies in rehearsal strategies. These inefficiencies may lead to a recruitment of 

attentional resources away from the central executive, leaving the individual more 

susceptible to distraction (Engle, 2002). According to the changing state theory, rehearsal 

strategies would play no part in the occurrence of the ISE, thus differences in capacity 

would not influence the amount of susceptibility. 

For these reasons, the central hypothesis of this work is that the ISE may best be 

explained in terms of the phonological loop in Baddeley's Model of Working Memory. 

This model predicts: 

1) Greater ISE for speech than non-speech distracters 

2) Effect of speech distracter will diminish as the sequence length of the STM task 

mcreases 
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3) No ISE for visuo-spatial STM tasks that do not use the phonological loop for 

encoding. 

4) Similar ISE for children and adults, provided STM capacities are similar 

5) Greater ISE for individuals with reduced STM capacity 

The overall goal of this dissertation is to test these five predictions. This was 

accomplished in a series of three experiments (1, 2a, & 2b). Prediction 1 was assessed by 

using both speech and non-speech auditory distracters (Experiments 1 & 2b). Prediction 

2 was evaluated by employing a method that tested individuals with a range of sequence 

lengths and compared performance across this range (Experiment 1). Prediction 3 was 

assessed by using a visuo-spatial STM task (Experiments 2a & 2b). Prediction 4 was 

investigated by testing both children and adults using these methods and comparing age 

group performance (All Experiments). Finally, prediction 5 was addressed by examining 

the performance of individuals tested at span, and analyzing the difference between span 

groups (Experiments 1 & 2b). 
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CHAPTER II 

EXPERIMENT 1 

In order to test the predictions made by the phonological loop theory (Baddeley, 

1983) and the changing state theory (Jones, Macken, & Nicholls, 2004), the sequence 

lengths of the visual STM task were systematically varied. Varying the length of the 

visual task is not the typical method used in other studies. Generally, participants are 

tested at one set sequence length that is predetermined by the experimenter. However, the 

use of a single sequence length to test all individuals does not control for the variability in 

STM capacity. Therefore, testing all individuals at the same sequence length creates a 

potential confound; individuals with low capacity may show greater errors on the trials 

with auditory distraction because of the difficulty of the task. Individuals with lower 

capacities may have fewer attentional resources, which are compromised as the task 

increases in difficulty. In order to ensure an equal level of performance across all 

participants, individuals were tested with a range of sequence lengths which was 

determined with the aim of spanning the entire range of that participant's performance 

This method of testing at various sequence lengths also allowed an examination of 

developmental differences ofthe ISE. A secondary goal of this method was to examine 
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the impact of speech and non- speech distracters in children, while controlling for the 

level of performance of the participant. Conflicting evidence in the literature has 

demonstrated both that children are more affected by speech than adults (Elliott, 2002) 

and that they are not distinct from adults in their susceptibility to different auditory 

stimuli (Klatte, et aI., 2010). Previous studies have used as their dependent variable the 

percentage of correct digits. This percentage is calculated by dividing the number of 

correct digits by the total number of digits. Children have reduced STM capacity. Thus 

this method biases the results by consistently calculating percent correct with a smaller 

denominator for the children. The current study has chosen to use instead the percentage 

of correct trials, with the intent to remove this bias. With this method it is hypothesized 

that children will not show an overall increase in susceptibility to the ISE, nor will they 

show a different effect for speech vs. non-speech distracters. 

A final aim of Experiment 1 was to examine the relationship between 

individual memory capacity and susceptibility to the ISE. This will also be made 

possible with the method of testing at various sequence lengths. A memory span was 

able to be extracted for each individual using the percentage of correct trials data. Span 

was defined as the maximum sequence length which produced performance closest to 

50% correct, with no distracters. A performance level at 50% correct is considered 

comparable to a span as measured on a standardized test of serial STM (Dempster, 

1981). Establishing a span for each participant will allow an examination of the serial 

position errors at different sequence lengths, an analysis that has not been done in any 

previous studies of the ISE. In this way, a valid comparison can be made of serial 

position errors across individuals with different spans. In order for this comparison 
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across serial position to be made, it must be established that all individuals are operating 

at a similar level ofperfonnance. By equating the individuals based on span, this 

comparison can now be made. 

Method 

Participants. Forty-nine participants were recruited using an internet news 

service provided by the University of Louisville (UofL Today 

http://louisviUe.edu/uofltoday). Participants were divided into two age groups. 

Individuals 18 years and over were considered adults and those under 18 years as 

children. Twenty-one children (9 female) participated. Ages ranged from 6.8-15.6 years 

(M = 10.6, SD = 2.5). Twenty-eight adults (20 female) participated. Ages ranged from 

18.5-50.12 years (M = 26.9, SD = 9.9). All participants were required to pass a 20 dB 

HL audiometric screening at octave frequencies 250-8000 Hz. All participants verbally 

reported nonnal or corrected-to-nonnal vision and color vision. No participants reported 

previously diagnosed attention problems. Participants were compensated $10.00 an hour 

for their time. 

Apparatus/materials. Participants were tested one at a time in a double-walled 

sound isolation chamber (Acoustic Systems). Each individual was presented with sounds 

over calibrated Beyerdynamic DT-990-Pro headphones, at a comfortable level 

(approximately 65 dB SPL). 

Visual Stimulus. Software used for the visual portion of the task was written in 

MATLAB. The visual material to be memorized consisted of random pennutations of 

the digits 0-9. For sequence length ranges up to 10, digits were not repeated. For 
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ranges above 10, digits were repeated but presentation was controlled so no two 

repeating digits were presented adjacent to one another. Digits were presented 

sequentially in the center of a monitor. The digits were white, sans serif font, and 

subtended a visual angle of approximately 5° at the viewing location. 

Auditory Stimulus. The tones were generated using a MATLAB script that 

constructs a diatonic scale of 8 notes from 500 Hz to 1000 Hz. The tone distracters 

were then selected randomly from these eight notes and presented in a random order on 

each trial. The sampling rate was 22,050 Hz, and the duration of each tone was 500 ms. 

The time interval between tones was randomized from 0 to I s with a uniform 

distribution. Letters distracters were recordings of a single female talker saying nine 

different consonants. Recordings were made in a semi-anechoic chamber using 

Audition. The consonants were selected in random order, also with random inter­

stimulus intervals between 0 and I s. In a third condition, no sound was presented. 

Procedure. Each trial was initiated with a 500 ms fixation cross at the center of 

the screen after which the visual stimuli began. A stream of digits was presented, each 

digit displayed for 500 ms with a 500 ms inter-stimulus interval. Following aSs 

retention interval, a keypad appeared on the screen containing the digits 0-9. 

Participants then entered their response by sequentially clicking on the digits displayed. 

They were given the opportunity to change their answer. Response time was self-paced. 

Upon completion participants then clicked on a green "done" button which initiated a 

feedback screen. Feedback consisted of presenting the entire list of digits that the 

participant had entered, with either happy faces or stars representing the items they had 
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correctly named, and the digits incorrectly named in red. (See Figure 2.1 for a visual 

example of a single trial) 

Participants were given instructions which stated that they recall the digits in 

the order that they saw them, while ignoring any sounds presented over the 

headphones. They were asked not to rehearse the digits out loud, but only quietly to 

themselves. 

Sequence length manipulation. Each participant was tested with a range of 

sequence lengths determined by their ability. The goal was to test sequence lengths 

for which their entire range of performance could be plotted. For example, if a 

participant was consistently responding at 100% correct for a sequence length of 4, she 

was not presented lengths of 3 or 2. Conversely, if performance levels were near 

chance at a length of7, a higher sequence length was not presented. Span was defined 

as the maximum sequence length which produced performance closest to 50% correct, 

in quiet. In general, standardized tests of digit span define span as the highest list 

length at which an individual can correctly replicate one out oftwo trials (Dempster, 

1981). Thus, the proposed method of determining span in the current study, while not 

typical, is consistent with a well-accepted method. 

A single run consisted of 20-25 trials of varying sequence lengths, with five trials 

at each length. Sequence lengths were randomly presented within runs. Initially all 

participants were tested with a maximum of 10 digits. However, it became apparent that 

a 10 digit maximum was insufficient to describe the performance of certain participants. 

These three participants were re-tested with longer sequence lengths, ranging up to 20 

digits. 
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Digit Presentct ion 

500ms/digit 

Figure 2.1. Schematic of the digit span task. Each trial was initiated with a 500 ms 

fixation cross at the center of the screen. Following the cue, a stream of digits was 

presented. After the retention interval, a response keypad appeared on the screen for 

participants to enter their responses. Participants then clicked on a green "done" button 

which initiated a feedback screen. Feedback consisted of presenting the entire list of 

digits that the participant had entered, with either happy faces or stars representing the 

items they had correctly named, and the digits incorrectly named in red 
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Presentation of auditory materials. Following an initial practice run in quiet, 

the two distracter conditions and the quiet condition were blocked by run. Blocks were 

presented in random order. In order to elicit the greatest ISE possible, distracters were 

heard during presentation of the STM task, as well as during the 5 s retention interval. 

Distracters were not heard during the response phase. Participants completed eight 

runs in each distracter condition. This resulted in 35-40 data points at each sequence 

length for each individual. This is consistent with other studies which generally run 20-

25 trials at a single sequence length (Jones et al. 1993; Jones & Macken, 1993). Runs 

lasted approximately ten minutes each. Participants were given the opportunity for 

breaks between runs. Participants generally were able to complete the study in three 

two-hour sessions. 

Results 

Effects of sequence length on task. Percent correct on the visual STM task was 

determined using methods typical of standardized tests of digit span (Dempster, 1981). If 

one or more digits in a sequence were recorded incorrectly, the entire trial was considered 

incorrect. Percent correct was thus determined by dividing the number of correct trials 

(trials without errors) by the total number of trials for each sequence length and 

multiplying this result by 100. 

Participants were tested over a range of sequence lengths. This range was 

determined by the individual performance of the participant, as described in the methods 

section. Examples of individual plots are shown in Figure 2.2. The purpose of this 

method was to test if the amount of ISE the participant experienced increased as a 
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function of the difficulty of the task (difficulty was defined as an increase in sequence 

length). Span was defined as the maximum sequence length which produced 

performance closest to SO% correct, in quiet. Ranges of sequence lengths varied, with 

some participants tested across as many as eight sequence lengths, and some as few as 

four. To address this issue, the percentages of correct trials were extracted for each 

individual at three sequence lengths: Span, Span - I and Span + 1. Figures 2.3 and 2.4 

show these extracted data points for all participants. Figure 2.3 displays the child data, 

and Figure 2.4 displays the adult data. Mean percent correct for each of the sequence 

levels are shown. Three children and four adults showed nonmonotonic functions. 

Analyses were run excluding the data of these individuals, but the results were not 

affected. Thus, for the final analysis all individuals were included. Figure 2.S displays a 

histogram showing the distribution of spans for all participants. Distributions for Span -

1 and Span + I have a similar shape, but are shifted either to the right (Span + 1) or to the 

left (Span - 1) by one sequence length unit. 

Data were entered into a 3 x 3 (Span Level [Span, Span - 1, Span + 1] x Condition 

[quiet, letters, tones)) repeated measures ANOVA. Figure 2.6 shows the percentage of 

correct trials for each of the three chosen span levels across the three auditory conditions 

for all participants. Overall, performance decreased, as sequence length increased from 

Span - 1 to Span + 1. This effect is similar for each of the three different auditory 

distraction conditions (quiet, spoken letters, noise).The highest percent correct was at 

Span - 1 under the quiet condition, and the lowest percent correct was at Span + 1 under 

the letters condition. This result was upheld by significant main effects of span level, 

F(2, 96) = 37,p < .001, as well as a significant main effect of condition, F(2,96) = 3S.S,p 

29 



< .001. No significant interaction was found between span level and condition, F(4, 192) 

= .806, p = .522. Given that the interaction was non-significant post hoc tests for 

condition were collapsed across span level. Tests using Bonferonni correction (.05/2) 

showed that the significant difference in auditory condition was between letters and quiet, 

t(48) = -7.19, p < .001, the speech condition had a significantly lower percentage correct. 

And the difference between the quiet and tones condition was non-significant, t( 48) = -

2.61,p = .037. This detail is important as other studies have shown that speech and non­

speech distracters would cause an equal amount of ISE (Jones & Macken, 1993). 

Possible explanations for this difference will be considered in the discussion section. 

Finally, a critical finding was the lack of interaction between the difficulty of the 

task, as measured by Span Level, and the auditory condition. A greater ISE was not seen 

under the most difficult condition (Span + 1). Thus, an individual will not necessarily 

experience greater amounts of distraction from a speech distracter under those conditions 

which require more cognitive effort. 

Age Group Differences. A secondary analysis was designed to test the 

hypothesis that children would show a greater level of disruption with speech distracters 

than adults. Because the results of the first analysis showed no increase in ISE as 

sequence length increased, the remaining analyses only used data taken at the 

participant's span. In order to test age differences, the percentage of correct trials on the 

visual STM task was entered into a 2 x 3 (Age [child, adult] x Condition [quiet, letters, 

tones]) repeated measures ANOV A. An alpha level of 0.05 was used. 
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Figure 2.2. Results from the digit span test for two representative participants. Participant code 

and participant age in years is displayed at the top of each panel. The percentage of correctly 

reported digits in a sequence is plotted as a function of sequence length for each of the three 

distraction conditions: quite, tones, letters. Bars indicate 95% confidence intervals, which were 

calculated using the binomial variance. For each participant, the range of sequence lengths was 

chosen from approximately perfect to chance performance. Span was defined as the maximum 

sequence length which produced performance closest to 50% correct, in quiet. The ISE is 

indicated by reduced percentage correct for either the letters or tones condition. 
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Figure 2.3. Span level data for child participants. Data shown are percent correct digit 

span performance in quiet. Three span levels are represented. Data points are ordered by 

age, from youngest to oldest. Group mean performance is displayed on the far right 

(Span - 1, M = 81, Span, M = 59.4, Span + 1, M = 27.9). Three individuals showed 

nonmonotonic functions . These individuals are indicated with arrows. 
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Figure 2.4. Span level data for adult participants. Data shown are percent correct digit 

span performance in quiet. Three span levels are represented. Data points are ordered by 

age, from youngest to oldest. Group mean performance is displayed on the far right 

(Span - 1, M = 78.1, Span, M = 58.4, Span + 1, M = 32.8). Four individuals showed 

nonmonotonic functions. These individuals are indicated by arrows. 
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Figure 2.5. Histogram displaying the distribution of digit span in quiet among children 

(M = 6.2, SD = 1.7) and adults (M = 7.6, SD = 1.5). Normative mean spans (Orsini et aI., 

1987) are indicated by the vertical lines. The gray dotted line is the mean span for 

children (M = 4.5, SD = .95). The black line represents mean span for adults (M = 5.4, 

SD = 1.05). One standard deviation is represented by the brackets above. The sample of 

children and adults in this study had average spans that were higher than norms. 
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Figure 2.6. Results of serial recall task with auditory distraction. Group mean 

percentage of correct trials tested at each of three span levels for all participants (n = 50). 

Data show performance with each of the three auditory conditions. Performance is 

similar across the three span levels. Error bars represent one standard error of the mean. 
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Figure 2.7 illustrates the levels of percent correct in each of the conditions, for the two 

age groups. When span is controlled for it is apparent that the age groups perform 

similarly. The ANOV A showed only a significant main effect of condition 

F(2,94) = 26.27,p < .001. The main effect of age group was non-significant F(1,47) = 

.342,p = .561, as well as the interaction between age and condition, F(2,94) = .462,p = 

.632. The main effect of condition demonstrated that all individuals experienced an ISE, 

however, post hoc comparisons using Bonferroni correction (.05/4) showed that while 

there was a significant difference between the letters and quiet conditions for the adults, t 

(27) = 5.582, p < .001 and for the children, t (20) = 3.19, p = .005, no significant 

difference between the tones and quiet conditions was observed for either the adults, 

t(27) = 2.66,p =.014, or the children, t(20) = .991,p = .333. This again demonstrates 

that non-speech distracters do not result in an ISE, even for children. The result of 

interest in this analysis however, was the lack of interaction between age group and 

condition. This result demonstrated no relationship between age and type of auditory 

materials. Thus, for this sample of participants, it may be concluded that children and 

adults were equally impaired by irrelevant speech. 

Span group differences. The final question posed at the outset of this study 

asked whether individuals with shorter spans would be more affected by distracting 

sounds than individuals with longer spans. In past studies of the ISE in adults, the ISE 

was measured by examining number of errors across serial position of the sequence of 

digits to be remembered. A serial position analysis allows an examination of errors at 

each point along the sequence. For example, an individual may always get the first and 
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Figure 2.7. Results of the serial recall task by age group. Shown are age group 

mean percentages of correct trials on a digit serial recall task at span only. 

Performance in each of the three auditory conditions is represented. Error bars 

represent one standard error of the mean 
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last digits in a sequence correct, but under conditions of auditory distraction, their errors 

on the second-to-last digits could increase. Typically, during previous studies all 

individuals were tested at the same sequence length. This allowed for a serial position 

analysis using group data. However, information about individual differences in 

performance attributed to span is lost. Large amounts of individual variability in the ISE 

have been found in other studies (Ellermeier, & Zimmer, 1997), but no explanation has 

been offered for these differences. A serial position analysis which examines different 

groups at different spans has not been reported in previous studies. This type of analysis 

may help to pinpoint a source for these individual differences. 

In order to compare the present data with past studies which have examined the 

effects at only one sequence length, the effects of auditory condition across serial 

position were analyzed. However, rather than comparing all individuals on only one 

sequence length, participants were divided into groups based on their memory span. 

These groups were determined based on collected norms; however the spans of the 

children and adults of this sample were skewed overall towards higher than normal 

spans. The child groups were formed by referencing the reported norms of mean digit 

span for children. These norms report a mean digit span of 4.5 digits (SD = .95) for 

children (Orsini et ai., 1987). Thus, the children were divided into two span groups: A 

normal span group and a high span group. The normal span group (n = 10) contained 

individuals with a range of spans between 4-6 digits. Individuals whose spans were two 

standard deviations above the mean of reported norms were placed into a high span 

group (n = 11) with a range of spans between 7-11 digits. The adults were also divided 

using reported norms. Orsini et al (1987) found a mean digit span of 5.4 digits (SD = 
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1.05) for adults. Adults were initially divided into two groups based on these reported 

norms as well. Individuals with spans at the mean or within two standard deviations 

were placed into one group (n = 10), and the remaining individuals into a high span 

group. However there were a far greater number of individuals in the high span group. 

Therefore, rather than divide the adults into only two groups, three groups were formed; 

normal span (n = 10) with a span range of 5 - 7, middle span (n = 11) with a span of 8, 

and high span (n = 7) with a span range of9-10. See Figure 2.8 for illustration of 

distribution of span group by age. The sequence lengths to be analyzed for each group 

were chosen based on the group mean spans. This entire procedure facilitated a span 

group analysis of serial position errors. 

The dependent variable analyzed was the percent of errors at each serial position. 

Percent of errors was then compared for each of the three auditory conditions. Five 

separate n x 3 repeated measure ANOV As were used to analyze within group differences 

on the dependent variable of the percent of errors on the visual STM task. The levels of 

the first factor were n serial positions (number of serial positions were determined by 

group). The levels of the second factor were the three auditory conditions: quiet, letters 

and tones. An alpha level 0.05 was used. 

Serial position curves for the two child groups are shown in Figure 2.9, and serial 

position curves for the three adult groups are shown in Figure 2.10. The normal span 

child and normal span adult serial position curves show a shape that is typical of past 

studies of the ISE. There are clear primacy and recency effects (the first and last serial 

positions have the least number of errors), and the effect of the letters distracter is clear 
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Figure 2.8. Box plot shows distributions of age for each of the five span groups by age. 

Cohorts are (a) normal span child group (spans of3-5) (b) high span child group (spans 

of 6 and greater) (c) normal span adult group (spans of 4-7) (d) middle span adult group 

(spans of 8) and (e) high span adult group (spans of9 or more). Means are represented 

by the horizontal bars intersecting the boxes. Whiskers represent the highest and lowest 

values that are not outliers or extreme values. Outliers (values that are between 1.5 and 3 

times the interquartile range) are indicated by stars. 
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Table 2.1. 

Summary a/Separate Span-Group ANOVAs 

Group Sequence Effect of Serial Position Effect of Condition Interaction 
Length 

Analyzed 

d/ F p d/ F p df F P 

Children 

Normal span 5 4,36 9.93 <.001 2, 18 3.94 .038 8,72 1.38 .218 

(n = 10) 
~ 
VJ High Span 7 6,66 10.06 <.001 2,22 1.64 .220 12, 132 2.61 .004 

(n = 11) 

Adults 

Normal span 6 5,45 9.27 <.001 2, 18 5.46 .014 10,90 1.22 .288 

(n = 10) 

Middle Span 8 7,63 11.74 <.001 2,18 3.96 .037 14, 126 1.01 .451 

(n = 11) 

High Span 9 8,48 3.38 .004 2, 12 2.38 .135 16,96 .719 .768 

(n=7) 



across all serial positions. The middle span adult group also shows a similar effect of 

condition, but rather than a primacy and recency effect, there seems to be a "chunking" 

(Miller, 1956) of the first four and last four digits. The high span child and high span 

adult groups show a somewhat atypical shape. The serial position curve seems to be 

flattened, and the effect of recency and primacy is no longer as pronounced. The effect 

of condition is also somewhat less apparent, and appears to depend on serial position. 

Table 2.1 displays the results of the five span group ANOVAs. For the normal span child 

group as well as the normal and middle span adult groups there was a significant effect of 

both serial position and condition and a significant interaction between the two. For the 

high span children and the high span adult group there was only a significant effect of 

serial position, and no effect of condition. These results indicate that those individuals 

with spans above the norm for their age group are less affected by the presence of 

irrelevant noise than those individuals with average spans. 

Discussion 

The three primary goals of this experiment were to (1) investigate the ISE while 

controlling for differences on the level of performance in the serial recall task, (2) to 

examine developmental differences in susceptibility to the ISE, and (3) to investigate the 

relationship between individual memory capacity and susceptibility to the ISE. 

Regarding the first goal, it was found that if individuals are tested at various sequence 

lengths, from undemanding to difficult, the effect of condition does not change in a 

meaningful way. Thus, the individual variability in the susceptibility to an irrelevant 

distracter is not directly related to the sequence length of the visual task. A secondary 
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goal was to investigate whether children and adults are equally affected by a speech 

distracter. A previous study found that young children had greater difficulty ignoring 

speech than tones (Elliot, 2002). Elliot used Cowan's theory of attentional recruitment 

(2008) to explain these findings. She posits that children have fewer attentional resources 

and that speech requires greater resources than tones. Thus, speech would recruit more of 

the resources away from the visual task. Under this explanation it is not clear why adults 

would not show the same difference between speech and tones. 

The spans of this sample were substantially higher than the norms. It is unlikely 

however that this was due to methodological differences between the current study and 

the normative study (Orsini et aI., 1987). Although the methods employed in this 

experiment to determine span were not typical, they were designed to mimic the outcome 

of standardized digit span tests as closely as possible. A standardized digit span test will 

find as the individual's span the longest sequence length which they can recall 50% of the 

time. For the current experiment, span was defined as the longest sequence length in 

which the individual was operating at a performance closest to 50% correct. It seems 

much more likely that sampling considerations may have influenced the range of 

observed spans. Orsini et al. (1987) have also shown that STM span is related to 

education level. There is also evidence that STM span in children is related to parental 

schooling (Hoffert, Smith, McLoyd, & Finkelstein, 2000; Wood, 2002). Participants in 

our experiments, including the children, are generally recruited from a university 

population. There is a possibility that the education level of the sample was higher than 

the sample used by Orsini et al. 
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Data from Experiment 1 show that the differential disruption of speech is not 

dependent on the age of the listener. These results are in-keeping with the concept that 

speech may require greater resources, but it may be more accurate to use STM capacity 

as a measure of these resources rather than age. The serial position analysis shows that 

the greater effect of a speech distracter is more closely related to the individual's STM 

capacity than their age. Individuals with lower capacities are more affected by irrelevant 

competition from speech. In most previous studies of the ISE the analysis used is one of 

a comparison of serial position errors. When the current data were analyzed using a 

similar method a clear pattern did emerge. A comparison of errors at varying sequence 

lengths revealed that the amount of distraction experienced was not because of the 

difficulty of the serial position task. However the ISE does in fact seem to be related to 

an individual's STM capacity. There was a significant effect of auditory condition found 

in the normal span groups, but not in the high span groups, although the pattern of the 

effect across serial position for the high span group appears to be complex. Thus, when 

level of performance is controlled for and group data is analyzed using a meaningful 

sequence length as a reference, the ISE is greater in those individuals with a low to 

average STM capacity. 

According to the Working Memory Model posed by Baddeley, the ISE results 

from the disruption of the phonological loop (Baddeley, 1982). The current findings 

agree with this theory if one conceptualizes STM capacity as a measure of the efficiency 

of the phonological loop. These results could also potentially explain why there has been 

a difficulty in demonstrating a relationship between WMC and the ISE (Beaman, 2004; 

Elliot & Cowan, 2005). Measures of working memory such as the asp AN may better 
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gauge an individual's ability to shift attention. Rather than pointing to a difference in the 

ability to task switch to explain the ISE, the differences may lie with the rehearsal 

strategies of the individual. That is, individuals with a smaller STM capacity may be 

more challenged by subvocal rehearsal, which would recruit attention away from the 

central executive leaving them more easily disrupted by speech distracters. 

There has been an assumption in past studies of the ISE that those participants 

who are working at their individual span are all operating at the same level of 

performance. This may not be the case for individuals with unusually large spans. In a 

review examining sources of individual variability of STM capacity, Dempster (1981) 

reported that non-strategic variables such as susceptibility to interference correlate most 

strongly with capacity, even when age is partialled out (Dempster, 1981) Accordingly, 

the best explanation for the individual variability in susceptibility to the ISE found in the 

present study may be these non-strategic variables. 

47 



-------~~~~~~~~~~~~~---~~~---

CHAPTER III 

EXPERIMENT 2 

Results from Experiment 1 support Baddeley's phonological loop model rather 

than the changing state theory--auditory sounds that do not contain speech will not 

disrupt the serial recall of verbal material. Results from the serial position analysis in 

Experiment 1 indicated two further significant findings with regards to these competing 

theories. (1) Individuals with a greater STM capacity show less susceptibility to 

irrelevant sounds, regardless of content. In addition, those individuals with a smaller 

capacity show a difference between speech and non-speech auditory stimuli, with speech 

distracters causing greater amounts of distraction. (2) These differences did not seem to 

be age-related, i.e. high span children showed the same advantages as high span adults, 

and normal span children showed the same decrement in performance as normal span 

adults. 

In addition to making predictions about the content of the auditory distracter, the 

Working Memory Model also makes predictions regarding the nature of the STM task. 

According to this model, visuo-spatial materials are encoded using the visuo-spatial 

scratch-pad. Since auditory materials do not gain access to the scratch-pad, memory 

performance on visuo-spatial tasks should not be degraded by auditory materials. First, 

Experiment 2a employed an articulatory suppression task to demonstrate that the visuo-
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spatial STM task to be used required no verbal rehearsal. Then, in order to further test 

the predictions of the Working Memory Model, Experiment 2b investigated the ISE 

using this nonverbal visuo-spatial STM task. 

Past research shows that potential sources of individual differences in STM 

capacity may relate to rehearsal strategies. Experiment 2 investigated the role of 

rehearsal strategies by examining the effects of irrelevant sounds on a nonverbal STM 

test. If the source of the ISE is the phonological loop, as Baddeley's Working 

Memory Model predicts, and capacity is determined by the efficiency of verbal 

rehearsal strategies, a STM task which requires no verbal rehearsal would show no 

effect of irrelevant speech for either high span or normal span individuals. 

Developmental differences in the ISE can be tested using the same paradigm 

described above. Children's memory capacities are smaller than adults. It has been 

hypothesized that this difference in capacity is attributable to rehearsal strategies, and not 

necessarily differences in attention (Dempster, 1981). These two factors that may predict 

individual differences in memory capacity, rehearsal strategy or attention, could also play 

different roles in developmental differences of the ISE. If the developmental difference 

in capacity is determined by attentional resources and not by rehearsal strategies, children 

should still demonstrate an ISE even with nonverbal materials. 

Experiment 2a 

A group of participants were tested on both a digit task and a visuo-spatial task 

using a technique known as articulatory suppression (AS). This technique requires the 

participant to utter some irrelevant sound such as "the" during a STM task. It has been 
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shown to disrupt encoding of the visual materials. This disruption occurs because the 

participant is unable to use subvocal rehearsal to commit the to-be-remembered stimuli to 

memory (Baddeley, Lewis, & Valar, 1984). The visuo-spatial task created for this study 

was designed to require no verbal rehearsal. If this design was successful, then a 

concurrent AS task performed during the vi suo-spatial task would not disrupt recall. 

Method 

Participants. Forty-two participants were recruited using either an internet 

news source provided by the University of Louisville, flyers, or through personal 

contacts. There were 24 adults ( 15 female), ages ranged from 18.0 to 41.1 years (M = 

24.1, SD = 6.0), and 18 children (11 female) ages ranged from 7.1 to 12.8 years (M= 

9.9, SD = 2.1). All individuals were screened for normal hearing by passing a 20 dB 

HL audiometric screening at octave frequencies 250-8000 Hz. Participants were also 

screened for normal or corrected-to-normal visual acuity using a Snellen letter chart. 

Participants were asked to report any diagnoses of attention problems. Participants 

were compensated $10 per hour. All testing was approved by the University of 

Louisville Internal Review Board. 

Apparatus/materials. Participants were tested one at a time in a double-walled 

sound isolation chamber (Acoustic Systems). Software for the visual portion ofthe test 

was created using MA TLAB. 

Visual digit stimuli. Parameters ofthe digits portion of the test are identical 

to those reported in Experiment 1. 
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Visuo-spatial Stimuli. Screen resolution was 1680x1050 pixels. A series 

of small white squares were presented in random locations on a black 7x7 inch 

panel located in the center of the screen. Squares were 50x50 pixels, and no 

square had a location less than 120 pixels from the previous square. Participants 

were seated approximately two feet from the computer monitor and this distance 

subtended a visual angle from the participant to the stimuli of approximately 1°. 

Procedure. Digit Span test. Prior to testing, all participants were required to 

complete a digit span test. The methods of this test were based on standardized digit 

span tests. Each participant was required to memorize a sequence of digits. Each 

sequence length was presented twice. Sequences increased in length until the 

participant could no longer repeat the sequences accurately. Digit span was defined as 

the highest list length of digits at which the participant could reproduce at least one 

sequence length correctly. 

Digits test with articulatory suppression. Participants were asked to repeat the 

word "the" at the rate of one repetition per second during the completion of a single run 

in quiet, at their predetermined span. A single run consisted of 20 trials of the digits test. 

They were asked to begin the repetition at the time that the digits appeared and 

throughout the retention interval. In order to ensure compliance with these instructions, the 

experimenter monitored the participant using a microphone placed in the booth. Participants 

were asked to discontinue the repetition when the response screen appeared. 

Visuo-spatial span test. Each individual received a visuo-spatial STM span test. 

Prior to the beginning of each trial, the participant was presented with a cue, which 
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infonned them of how many squares they were about to see. Then, each participant was 

shown a number of squares one at a time at random locations on the screen. They were 

required to remember the location of the squares in the order that they saw them. 

Squares were presented for 500ms with a 500ms pause interval between. Following the 

presentation of the squares was a 5 s rehearsal period, after which all of the squares re­

appeared on the screen. The participants would then click on the squares in the order 

that they saw them. The participants were presented a range of sequence lengths 

beginning with two squares and increasing to ten. Each sequence length was presented 

twice. Vi suo-spatial span was defined as the highest list length of squares at which the 

participant could reproduce at least one sequence length correctly. This method was 

based on a standardized method for detennining visual- spatial STM span (Berch, 

Krikorian, & Huha, 1998). See Figure 3.1 for a schematic of the visuo-spatial serial 

recall task 

Visuo-spatial test with articulatory suppression. The stimuli were identical to 

those listed above. Participants were asked to repeat the word "the" at the rate of one 

repetition per second during the completion of a single run in quiet, at their 

predetennined span. They were asked to begin the repetition at the time that the 

squares appear and throughout the rehearsal period. In order to ensure compliance with 

these instructions, the experimenter monitored the participant using a microphone placed 

in the booth. Particiapants were asked to discontinue the repetition when the response 

screen appears. 
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Results 

In order to demonstrate that the visuo-spatial task required minimal verbal 

rehearsal on the part of the participant, data for an AS task were analyzed for each of the 

two memory tasks, digit span and visuo-spatial span. Within each group, paired sample t 

tests were performed to test whether there was a significant increase in errors under 

conditions of AS. If the visuo-spatial task does not require verbal rehearsal, an individual 

should show no decrement in performance under this condition. Figure 3.2 illustrates the 

difference in performance across the two tasks. A significant difference between percent 

of correct trials on the digits task in quiet and the digits task under AS was found for the 

adults, t(24) = -13.7,p < .001, and children, t(17) = -IOA,p < .001. Performance of both 

the adults and children was significantly poorer in the AS condition. For the visuo­

spatial task, adults showed no significant difference between the task in quiet and the task 

under AS, t(24) = -.5I,p =.618. The children showed a slight but significant 

improvement in accuracy under the AS condition, t(I7) = 2.9I,p =.010, although the 

reason for this is unknown. 

These data show that AS reduces memory retention for the digit span task, but 

shows no significant effect on performance for the vi suo-spatial task for adults, and 

possibly even enhances performance for children. These data support the prediction 

made by the Working Memory Model that a visuo-spatial task requires minimal active 

verbal rehearsal on the part of the participant. 
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Figure 3.1. Schematic of the visuo-spatial serial recall task. Participants were shown a 

number of squares one at a time at random locations on the screen. They were required to 

remember the location of the squares in the order that they saw them. Following the 5 s 

rehearsal period, all of the squares re-appeared on the screen. The participants then 

clicked on the squares in the order that they saw them. Visuo-spatial span was defined as 

the highest list length of squares at which the participant could reproduce at least one 

sequence length correctly. 
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Figure 3.2. Group mean performances on the two memory tasks with either AS or no 

AS. Performance on the digi ts task with AS was significantly poorer than on a vi suo­

spatial task with AS. Children and adults showed similar effects of AS . Error bars 

represent one standard error of the mean. 
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Experiment 2b 

Method 

Participants. Fifty participants were recruited using either an internet news 

source provided by the University of Louisville, flyers, or through personal contacts. 

There were 25 adults (14 female) and 25 children (15 female) recruited. Ages of 

children were restricted to an age range (7.1 - 12.8, M = 9.6 years, SD = 2.0) which 

shows a large amount of developmental change in memory capacity (Orsini et aI., 

1987). The upper cutoff of the age range of the children is based on evidence that 

children begin to show adult-like capacities by the age of 12 (Dempster, 1981). Adult 

age range was 18.0 - 41.1 years (M= 24.1 years, SD = 6.0). All individuals were 

screened for normal hearing by passing a 20 dB HL audiometric screening at octave 

frequencies 250-8000 Hz. Participants were also screened for normal or corrected-to­

normal visual acuity using a Snellen letter chart. Participants were asked to report any 

diagnoses of attention problems. Participants were compensated $10 per hour. All 

testing was approved by the University of Louisville Internal Review Board. 

Apparatus/materials. Participants were tested one at a time in a double-walled 

sound isolation chamber (Acoustic Systems). Each individual was presented with 

sounds over calibrated Beyerdynamic DT-990-Pro headphones, at moderate level 

(approximately 65 dB SPL). Software for the visual portion of the test was created using 

MATLAB. 

Visual digit stimuli. Parameters of the digits portion of the test are identical 

to those reported in Experiment 1. 
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Visuo-spatial Stimuli. Parameters of the vi suo-spatial portion of the test 

are identical to those described in Experiment 2a. 

Auditory Stimuli. Auditory distracters were the same as those used in 

Experiment 1. Durations of stimuli and interstimulus intervals were the same as 

Experiment 1. 

Preliminary results from Experiment 1 also showed that the difficulty of the visual 

task, the sequence length, did not relate to the amount ofISE. For this reason, testing in 

Experiment 2b took place over a restricted number of sequence lengths for each 

individual. These sequence lengths were determined by a span test, the details of which 

are described below. 

Procedure. Digit Span test. Procedures for the digit span test were identical to 

those described in Experiment 2a. 

Digits test with irrelevant sounds. Procedures of the digits test with irrelevant 

sound were the same as Experiment 1. However, participants were only tested for an 

ISE at their predetermined span. Each participant received one run of 20 trials in each 

of three distracter conditions; (a) quiet, (b) tones, and (c) letters. 

Visuo-spatial span test. Procedures for the visuo-spatial span test were identical 

to those described in Experiment 2a. 

Visuo-spatial test with irrelevant sounds. The form of a single trial was as 

follows, a cue appeared at the top of the screen indicating how many squares would be 

presented. Following this cue a number of squares were presented sequentially at 

random locations on the computer screen. Each square was present for 500ms, followed 

by a 500ms pause. After the last square is presented the screen remained blank for a 
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rehearsal period of 5 s. Following the rehearsal period, all of the previously presented 

squares re-appeared. The individual was required to click on the squares in the order 

that they were presented. As each item is chosen they changed color. The participant 

had the option to change their answer. Once they clicked on every square, a "DONE" 

button appeared. They then received feedback, correct choices would tum to stars and 

incorrect choice would tum red. This task used a different set of spatial locations for 

every trial. Unlike other spatial tasks with fixed locations that can be given arbitrary 

names, this method ensured that there will be no verbal rehearsal. (See Figure 3.1 for a 

visual example of one trial) 

Each run consisted of 15 trials, with 5 trials at each of three sequence lengths. 

Sequence lengths were detennined by the visuo-spatial span test described above. 

Sequence lengths were randomly presented throughout the run. Each participant was 

tested at sequence lengths of Span, Span - 1 and Span + 1. 

Distracter conditions were blocked. Participants completed 4 runs with each 

of the three distracter conditions for a total of 20 trials in each auditory condition. 

Blocks were randomly presented. 

Results 

Span data. Figure 3.3 displays a histogram showing the distribution of spans for 

the digit span task. Figure 3.4 displays the distribution of spans for the visuo-spatial span 

task. As found in Experiment 1, the average spans of this sample were also skewed 

towards higher spans relative to the nonns (Orsini, et aI., 1987). Since spans for 

Experiment 2 were detennined using methods identical to those used by Orsini et 

al.,(1987), it is likely that these differences are instead due to sampling, and possibly to 
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the education level of the participants. Relatively normal distributions can be observed 

on each of the two tasks. When plotted separately, the two age groups (adult and child) 

show similar distributions for both digit and visuo-spatial span, but with different means. 

Means and standard deviations for ages and spans are listed in Table 3.1. A significant 

positive correlation was found between age and span, r (48) = .61, p < .01. 

Additionally, span data were analyzed to ensure that digit span and spatial span 

were related. In order to compare performance from one task to another, it is important 

that spans for these tasks show a strong reiationship with one another. Figure 3.5 shows a 

scatter plot relating digit span to vi suo-spatial span for all participants. There is a 

significant positive correlation between digit span and spatial span, r (48) = .59, P < .001. 

This ensures the appropriateness of further analyses which relate data collected at span 

for each task. 

Comparison of ISE on digit task and visuo-spatial task. According to the 

phonological loop model, participants should show an ISE when tested on a verbal serial 

memory task, because of the disruption in rehearsal processes. However, participants 

should not show an ISE on a task which requires no verbal rehearsal. The AS data 

demonstrated that the vi suo-spatial task does not require verbal rehearsal. Thus, it was 

predicted that individuals would not show an ISE on this task. 

The dependent variable used to test the prediction made by the phonological 

loop model was the percent of correct trials on the visuo-spatial STM task and the digit 

test. These data were analyzed using only the data collected at the individual's 

predetermined span. Percent correct was entered into separate repeated measures 
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Figure 3.3. Span data for a digit span task is shown for adults and children. Digit span 

norms (Orsini et aI., 1987) are indicated by the vertical lines, one standard deviation is 

indicated by the brackets (Adults, M = 5.4, SD = 1.05; Children, M = 4.5, SD = .95). 

Spans were determined using a method that is similar to a standardized digit span test. 

Individuals were given two trials at each sequence length. Span was defined as the 

longest sequence length at which the individual could successfully replicate the digit 

sequence at least one out of two trials. Means and standard deviations for each group are 

found in Table 3.1. 
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Figure 3.4. Span data for a visuo-spatial span task is shown for adults and children. 

Visuo-spatial span nonns (Orsini et aI., 1987) are indicated by the vertical lines, one 

standard deviation is indicated by the brackets (Adults, M= 4.6, SD = .75; Children, M = 

3.9, SD = .9). Spans were detennined using a method that is similar to a standardized 

visuo-spatial span test. Individuals were given two tri~als at each sequence length. Span 

was defined as the longest sequence length at which the individual could successfully 

replicate the visuo-spatial sequence at least one out of two trials. Means and standard 

deviations for each group are found in Table 3.1. 
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Table 3.l. 

Summary of Ages and Spans of Groups 

Group 

Adult 
Child 

Mean Age (SD) 

24.3 (6.0) 
9.6 (2.0) 

Digit 
7.4 (1.1) 
5.4 (.9) 
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Mean Span (SD) 
Visuo-spatial 

6.2 (1.1) 
4.7 (.9) 
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Figure 3.5. Relationship between vi suo-spatial span and digit span. Scatter plot 

showing span data from all participants (n = 50). There is a significant positive 

correlation between digit span and visuo-spatial span r(48) = .59, p < .001. Visuo-spatial 

span data points have been jittered to prevent overlap. 
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ANOVAs for each of the two memory tasks: digit and vi suo-spatial. The within subjects 

factor was auditory condition with three levels: (a) quiet, (b) letters and (c) tones. An 

alpha level of 0.05 was used. 

Data for the two memory tasks are shown in Figure 3.6. Results of this analysis 

for the digits task showed a significant main effect of condition, F(2,98) = 43.3, p < 

.001. Results of this analysis for the visuo-spatial task however, showed no significant 

main effects of condition F(2,98) = .23, p = .794. These results support predictions 

made by the phonological loop model. If a memory task requires no verbal rehearsal, 

the participant will not experience an ISE. 

Relationship of age and memory task. There is a significant difference in 

memory capacity across age. As an individual gets older, their memory capacity 

increases. Similar to the within-age differences in capacity, these between age capacity 

differences may also be attributable to either attentional differences or rehearsal 

strategies. The second analysis in this study seeks to quantify the differences in ISE 

experienced between children and adults. Two questions are posed. First, will children 

show an increase in ISE relative to adults on a task which requires verbal rehearsal? If 

so, the results would support the hypothesis that differences in STM capacity are 

because of verbal rehearsal differences. And second, will children show the same 

increase in ISE on a task which requires no verbal rehearsal? If there is no increase, 

this is further evidence that the 
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Figure 3.6. Mean perfonnances for all participants (n = 50) on digit test and vi suo­
spatial test with the three auditory distracters. There was a significant effect of auditory 

distraction on the digits task, but no similar effect was demonstrated for the visuo- spatial 

task. Errors bars represent one standard error of the mean 
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capacity differences are caused by rehearsal strategies and not to attentional differences. 

The dependent variable analyzed was the percent of correct trials on the visuo­

spatial STM task and the digit test. Percent correct was entered into separate mixed 2 x 

3 ANOV As for each of the two memory tasks: digit and visual-spatial. The between 

subjects factor was age group, with two levels: child group and adult group. The within 

subjects factor was auditory condition with three levels: (a) quiet, (b) letters and (c) 

tones. An alpha level of 0.05 was used. 

Figure 3.7 shows the result of the digits task by age group. Results of this 

analysis for the digits task indicated significant main effects of both condition, F(2,98) 

= 45.13, p < .001 and age, F(2,98) = 3.08, p =.003. In addition, a significant interaction 

was found between the two factors F(1,48) = 3.086,p = .050. Additional post hoc 

testing using Bonferroni correction (.05/4) revealed that there was a significant effect of 

condition between the quiet and letters conditions for the adults, t(24) = -4.91, P < .001, 

and children, t(24) = -7.67, P < .001) but no significant effect of condition was found 

between the quiet and tones condition for either age group: adults, t(24) = -2.01, P = 

.046, children, t(24) = -2.29, P = .031. 

The significant interaction between age group and condition suggests that 

children are more adversely affected by irrelevant speech than adults. Neither group 

was significantly distracted by the non-speech materials, suggesting that these 

differential effects of distracter results from the disruption of the phonological loop. 

Figure 3.8 shows the results of the visuo-spatial task by age group. Results of 

this analysis for the visuo-spatial data also support the predictions made by the 
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Figure 3.7. Data shown are the group mean performances for a serial memory digit 

task tested at span, with three auditory conditions. Data are separated by age group 

(Child group n = 25, Adult group n = 25). Each group shows a significant-effect of the 

letters condition. Error bars represent one standard deviation from the mean. 
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Figure 3.B. Data shown are the group mean performance for a serial memory vi suo­

spatial task tested at span with three auditory conditions. Data are separated by age 

group (Child group n = 25 , Adult group n = 25). Neither group shows a significant 

effect of the letters or tones conditions. Error bars represent one standard error from the 

mean. 
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phonological loop model. These data showed no significant main effects of condition 

F(2, 98) = .24, p = .791, or age F(2, 98) = 3.67, p = .061, and no significant interaction 

between the two F(1, 48) = 1.83,p =.169. Thus, when tested on a task which requires 

no verbal rehearsal, children perform similarly to adults. Their STMs are not adversely 

affected by irrelevant noise, because their capacity for the visuo-spatial materials is not 

determined by their rehearsal strategies. The non-speech condition (tones) is not 

significantly different from quiet. The child group also showed a greater disruption 

from speech (letters) than the adults 

Span group comparisons. The previous analysis showed that individuals do not 

show an ISE when tested on a task that requires no overt rehearsal. Experiment 1 

demonstrated that an individual's STM capacity could predict the amount oflSE they 

experienced. Individuals with reduced STM capacities were more affected by irrelevant 

speech than those with larger capacities. An individual's memory capacity may be 

determined by their rehearsal strategies, or their amount of attentional resources. Using the 

results from Experiement 1 alone would not be sufficient to determine where the source of 

the difference lies .. Using a nonverbal memory task helps to test the source ofthese 

differences. If the difference in capacity is determined by the attentional resources of the 

individual, and distraction is occurring because of a recruitment of these resources away 

from the relevant material, individuals with lower capacities should still demonstrate an 

ISE even with nonverbal materials. However, if the source of the difference in capacity 

is differences in rehearsal strategy, no difference between span groups should be 

observed on a task that requires no verbal rehearsal. 
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In order to test this hypothesis, participants' data were split into four groups. 

Child and adult groups were each split into low and high span groups. See Table 3.2 

for descriptions of the groups. These groups were detennined in a similar manner to 

Experiment 1, using nonns of STM. Unlike Experiment 1, however, there were not as 

many individuals with exceptionally high spans to warrant three span groups for the 

adults. Data were entered into a 2 x2 x 3 (Age Group [child, adult] x Span Group [high 

span, nonnal span] x Auditory Condition [quiet, tones, letters]) repeated measures 

ANOV A. Separate ANOVAs were run for each of the two memory tasks: digits and 

visuo-spatial. This analysis also used the percentage of correct trials as the dependent 

variable. Figure 3.9 shows the results of the digit task for each of the four span groups. 

For this task, the analysis revealed a significant main effect of age group F(1,46) = 

11.63,p = .001 and span group, F(1, 46) = 17.87,p < .001. This significant main effect 

of span group was because the high span groups had an overall lower perfonnance. A 

possible explanation for this outcome is that the high span individuals were operating at 

more difficult span lengths, which may not affect their ability to ignore distraction, but 

may produce an overall effect of a greater number of errors in every condition. 

The analysis also revealed a significant main effect of auditory condition 

F(2,92) = 43.5, p < .001, Although no interaction between the variables of condition 

and span group were observed, F(I, 62) = .484,p = .490, post hoc analyses using 

Bonferroni correction (.05/8) examining the effects of condition by span group revealed 

a similar pattern of results to Experiment 1. See Table 3.3 for a summary of these 
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Table 3.2. 

Memory spans and group sizes for the four span groups 

Span Group 

Nonnal Span child 
High Span child 
Nonnal Span Adult 
High Span Adult 

Digit span (n) 
3 - 5 (12) 
6-7(13) 
6 - 7 (15) 
8-10(10) 
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Memory Task 
Visuo-spatial span (n) 

3 - 4 (8) 
5 - 6 (17) 
4-6(18) 
7 - 9 (7) 
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Figure 3.9. Span group means for the effects of auditory condition on a digit span task 

for lists at span only. All groups except high span adults show a significant effect of the 

letters condition. Error bars represent one standard error of the mean. 

72 



Table 3.3. 

Summary of Post Hoc Analyses for Span Group Comparisons on Digit Task 

Span Group Comparison M(SD) t df P 

Nonnal span child Q-T 3.3(14.8) 0.78 11 .452 

Q-L 21.7(15.1) 4.96 11 <.001 

High span child Q-T 8.4(11.2) 2.71 12 .019 

Q-L 25.4(16.0) 5.72 12 <.001 

Nonnal span adult Q-T 6.1(11.8) 1.92 13 .076 

Q-L 13.9(13.4) 3.87 13 .002 

High span adult Q-T 7.3(20.1) 1.19 10 .259 

Q-L 16.4(17.9) 3.03 10 .013 

Note. Q-T = Quiet to Tones comparison, Q-L = Quiet to Letters comparison 
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results. These analyses demonstrate two findings: (1) No group experienced an ISE 

from the non-speech auditory distracter. This is consistent with the results from 

Experiment 1. And (2) the high span adult group showed no significant ISE from either 

speech or non-speech distracter. This result is consistent with the findings from 

Experiment 1. A difference however was observed with the child data. The high span 

child group showed an effect of speech distracter. Possible explanations for this finding 

will be discussed further in the limitations section of the general discussion. 

Figure 3.1 0 shows the results of the visuo-spatial task for each of the four span 

groups. For this task, there was no main effect of auditory condition, F(2, 92) = .044, p 

= .957. There was a significant main effect of span group, F(1, 46) = 10.70,p = .002. 

But the main effect of age group is no longer significant, F(I, 46) = 1.00,p = .322. Post 

hoc tests with Bonferroni correction revealed only a significant difference between the 

high span child group and the normal span adult group t(30) = -4.3 p = .005. There was 

no interaction between span group and condition, F(2, 92) = .524, p = .594. Given the 

lack of interaction on the digits task, these results are inconclusive. However, taken 

with the data from Experiment 1, which did show a relationship between span and ISE 

on a digits task, the results suggests that the difference in capacity is very likely to be 

attributable to rehearsal strategies and not attentional capacity. 

Discussion 

The pattern of results from Experiment 2 clearly shows that the ISE will not occur 

during a visuo-spatial serial memory task that requires no verbal rehearsal. Individuals 
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showed no disruption of recall on the visuo-spatial task under conditions of auditory 

distraction. This finding supports predictions made by Baddeley's Model of Working 

Memory, which predicts that if a memory task requires no verbal rehearsal, there will be 

no disruption of recall by irrelevant speech. This prediction is inconsistent with Jones's 

changing state theory, which claims that there is a multi- modal ordering mechanism that 

organizes all incoming information, regardless of content. Jones's theory states that the 

ISE occurs because of the changing state nature of the distracter. However, the auditory 

distracters used in the current study were designed to have changing state components, 

and still they failed to elicit an ISE. Overall, these findings support the hypothesis that 

the ISE occurs because of a disruption in the phonological loop. 

An additional finding of the current study was the lack of age effect on the visuo­

spatial task. The results showed no main effect of age on the visuo-spatial task, 

demonstrating that the children performed as well as adults on the visuo-spatial task in 

the baseline condition (quiet). This was not the case for the digits task, which clearly 

showed a main effect of age. This lack of an age effect suggests that the process for 

retaining visuo-spatial material in STM is different than the process for retaining 

phonological material. This difference may lead not only to different developmental 

trajectories for digit memory and visuo-spatial memory, but also differences in 

susceptibility to ISE on these materials. Because the ISE reflects a disruption of verbal 

rehearsal strategies, one would expect children to show an ISE on a nonverbal serial 

memory task if capacity differences were determined by attentional factors rather than 

rehearsal factors. This was not the case in the current study. Children did not show 

poorer performance under conditions of auditory distraction with the visuo-spatial task. 
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Thus, these results also support the hypothesis that developmental capacity differences 

are caused by rehearsal strategies, and not attentional strategies. 

Finally, the span group analysis showed that individuals with lower spans did not 

show any evidence of an ISE with the visuo-spatial task. A similar conclusion can be 

made then with respect to individual differences in memory capacity as those made 

regarding developmental differences. Individuals with lower capacities appeared to show 

an increased susceptibility to distracters on a digit task in Experiment 1. However, no 

such result was found on a task with nonverbal materials. Consequently, it would appear 

that the individual differences in STM capacity may also be caused by rehearsal 

strategies rather than attentional differences. 
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CHAPTER IV 

GENERAL DISCUSSION 

Summary of the results 

The aim of the present study was to identify sources of individual and 

developmental differences on a task which is known to exhibit the ISE. These 

differences were investigated by manipulating the difficulty of the task (Experiment 1), 

by examining the nature of the task (Experiment 2), by examining the relationship 

between age and ISE (Experiments 1 & 2), and by examining the relationship between 

memory span and ISE (Experiments 1 & 2). 

The results of Experiment 1 confirmed that an increase in the sequence length of 

the digit span task will not result in a greater ISE caused by a speech distracter. 

However, the results also indicated that the effects of a non-speech distracter are negated 

when controlling for the level of difficulty. Prior research has shown that individuals 

may switch encoding and rehearsal strategies with longer lists, perhaps relying more on a 

visual component of the to-be remembered materials rather than phonological coding 

(Baddeley & Larsen 2007). This dependence on alternative processing strategies could 

potentially explain the results found by Jones and colleagues in which individuals 

experienced disruption by non-speech distracters (Jones & Macken, 1993). 
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Experiments 1 and 2 both demonstrated that if task difficulty is mediated, non­

speech auditory distracters do not cause an ISE. This finding supports the hypothesis that 

the ISE results from a disruption in the portion of memory that retains speech materials. 

Experiment 2 explored this hypothesis further by varying the nature of the STM task. 

Individuals were tested on a nonverbal serial memory task. These results clearly 

demonstrated that irrelevant auditory sounds had no effect on the nonverbal serial 

memory task. This was true for both speech and non-speech sounds. Taken together, 

these findings provide strong support for the hypothesis put forth by the Working 

Memory Model: The ISE results from disruption of phonological coding in the STM 

store. 

In addition to investigating the effects of task difficulty and the nature of the task, 

developmental trends of the ISE were also examined. Results from Experiment 1 showed 

that when task difficulty is equated, children and adults are equally disrupted by speech 

distracters. However, this result was not replicated in Experiment 2. There was a slight, 

but significant interaction between age and auditory condition. This interaction occurred 

because the children experienced a greater interference by speech distracters. Past 

research has also reported mixed results with regards to this finding. Elliot (2002) found 

that children were more distracted by speech sounds than adults, while Klatte, et al. 

(2010) found that children and adults were equally distracted. However, in Elliot's study, 

only the youngest children displayed this effect. In the current study, the effect found in 

Experiment 2 was not restricted to the youngest children, but was dispersed among the 

age group. Therefore, the age restrictions for Experiment 2 are unlikely to be the primary 

source of the differences between the two experiments. 
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There were two differences between Experiment 1 and Experiment 2 which may 

account for the differences in observed susceptibility. The first difference was 

methodological. In Experiment 1, individuals were tested at a range of sequence lengths. 

The data from the sequence length which resulted in performance closest to 50% correct 

was extracted and used for analysis. This procedure ensured that all individuals were 

evaluated at a similar level of difficulty. For Experiment 2, individuals were first given a 

span test, and then only tested at their span. This difference seems unlikely to have 

caused the difference in performance found between the two experiments, however, as 

the mean performance in quiet by the children in Experiment 2 (52.6%) was similar to the 

performance in quiet in Experiment 1 (59.4%). An independent samples t test revealed 

no significant difference between these two group means, t(44) = .239. An additional 

difference between the two Experiments, which may have had a greater impact on the 

results, was the difference in mean spans. Figure 4.1 shows the distribution of spans for 

the children in Experiments 1 and 2. An independent samples t-test revealed a significant 

difference between these two groups t(44) = 2.13,p = .039 .. This difference in spans 

may have contributed to the differences in susceptibility found between the two 

experiments, particularly given the other data obtained from this study suggesting a link 

between ISE and memory span. 

The results of Experiment 1 showed that an individual's memory span is a better 

predictor of individual differences in ISE than age. As demonstrated here, when an 

individual is performing at a high level of difficulty they will not necessarily experience 

greater amounts of ISE however, if an individual has a lower memory capacity, they may 

be more susceptible to distraction. This is a subtle distinction. Imagine two individuals 
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Figure 4.1. Data shown are spans of the children in each of the two experiments. 
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with different spans, Individual A has a short span, and therefore a more limited memory 

capacity. Individual B has a longer than typical span, and therefore a greater memory 

capacity. Individual A, when compared to Individual B will show a larger ISE when 

tested at baseline (span). However, neither individual will show an increase in the 

amount ofISE exhibited as the difficulty of the task increases. These effects are also 

independent of age. Children are not necessarily more susceptible to the ISE simply 

because they are younger, but they are more susceptible if they have lower memory 

capacities. 

Similar span effects were not observed in Experiment 2, but this too may have 

been because of the large difference in mean span between the groups of participants in 

Experiment 1 versus Experiment 2. Experiment 1 had a greater number of high span 

individuals. Upon examination of the span distributions of the two experiments, it is 

clear that the sample in Experiment 1 is skewed towards containing a greater number of 

individuals with longer spans. This is true in both the child group and adult group. 

Experiment 2 contained a more typical distribution of spans, although still higher than 

nonnal. In the case of Experiment 1, significant di fferences were found between the high 

and nonnal span groups and the amounts of ISE experienced. When the data were 

analyzed by group, the high span individuals showed a reduced effect of auditory 

distraction. However, Experiment 2 had far fewer high span individuals. In order to 

examine span group differences most effectively, the population sample must contain 

individuals with very high spans and individuals with very low spans, and ideally a large 

number of each. This is difficult to obtain using a random sample of the population, as 

was demonstrated in these two experiments. Overall, the spans found in both 
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experiments were higher than reported norms. As discussed in the previous sections, this 

was likely due to sampling differences, and educations levels of the samples. Future 

studies investigating these effects will need much larger sample sizes in order to detect 

these differences. 

Interpretations with regard to current theory 

The present results inform theory development regarding the ISE. There has 

been an ongoing debate between two competing theories that seek to explain this 

effect. The experiments in this thesis have directly tested predictions made by these 

two theories. The Working Memory Model predicts that (1) individuals will not 

experience an ISE when presented with nonverbal auditory distractions, and (2) 

individuals will not experience an ISE when tested on a nonverbal serial memory task 

(Salame & Baddeley, 1982). The changing state theory makes the opposite prediction. 

This theory posits that the content of the distracter in unimportant, only that it is 

changing state (Jones & Macken, 1993). Furthermore, the changing state theory 

predicts that an individual will still experience an ISE even on a test of visuo-spatial 

STM (Tremblay, Parmentier, Guerard, Nicholls, & Jones, 2006). 

The results of the current experiments support the first prediction made by the 

working memory model. Results clearly indicate a relationship between the content of 

the distracter and the amount of distraction experienced. The non-speech auditory 

distracters in the current study were designed to conform to the changing state criteria 

by varying both in frequency and tempo. By all accounts, if the changing state theory is 

correct, these non-speech materials should have exhibited an ISE. However, no such 
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results were found. The results also support the second prediction made by the working 

memory model. No effect of distraction was observed on the nonverbal serial memory 

task. 

The working memory model posits that STM capacity is largely determined by 

both coding strategies (for example, verbal rehearsal) and active attention. In addition, 

coding strategies and attention are also linked (Engle et aI., 1999). Coding strategies 

may be more or less attention demanding depending on the individual. If the coding 

strategy is more demanding on attention, attention is recruited away, and intrusions 

from irrelevant materials can occur. The age ofthe individual may affect how 

demanding the coding strategy will be on attention (Engle et aI., 1999). Perhaps these 

strategies are newly learned, and not yet automatic. It follows then that those 

individuals with the most difficulty with coding strategies will show a greater ISE. It is 

possible that phonological coding is more attentionally demanding than the coding 

strategy used for visuo-spatial materials and for this reason the ISE does not occur on a 

task with visuo-spatial materials. 

Implications of research 

Because a great deal of learning takes place in childhood and adolescence, it is 

critical to understand how noise can potentially affect children's ability to learn. The 

effects of moderate intensity noise on learning in children have not yet been thoroughly 

investigated. These types of noise could come from inside the classroom in the form of 

classmates' conversations, announcements, etc. There may also be non-speech 

environmental noises such as furniture moving, computer noise, heating and cooling. 
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One goal of this study was to investigate whether different types of noise have 

differential effects on specific types of cognitive processes involved in children's 

learning. 

Field observations of classroom noise have shown that cognitive tasks can be 

affected. Thus, laboratory tests of the acute effects of specific types of noise on 

cognitive abilities of children should receive further investigation. The current study 

investigated the effects of noise on STM. STM is a necessary component of learning. 

The ability to hold verbal items in STM is a predictor of children's vocabulary 

(Baddeley, Gathercole, & Papagno, 1998), is associated with expressive language 

development (Adams, 1996), storage of sentences in memory (Gathercole, Willis, 

Emslie, & Baddeley, 1992), listening comprehension (Dufva, Niemi, & Voeten, 2001), 

and reading achievement (Baddeley & Gathercole, 1993). STM has been shown in 

adults to be highly sensitive to the negative effects of moderate intensity noise (Jones, 

Hughes, Marsh, & Macken, 2008; Macken, Phelps, & Jones, 2009). However, the effect 

ofmoderate intensity noise on children's STM is not well understood. Therefore, this 

study serves to fill a gap in the literature, and provides motivation for future 

investigations into the effects of noise on children's learning. The current study 

demonstrated that irrelevant speech sounds have a detrimental effect on children's 

performance on STM tasks that involve phonological processing. Therefore, teachers and 

parents should take measures to provide quiet working environments for children when 

they are engaged in these types of tasks, such as language learning, or reading 

comprehension. 

A predictive factor of distractibility, such as memory capacity, would be useful in 
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determining which children would be most affected by noise in the classroom. The 

current research has demonstrated that memory capacity may be an important factor in 

distractibility. It is possible that an individual's encoding efficiency affords them greater 

cognitive resources to devote to inhibition of distraction. 

Future Research 

The ISE has been shown mainly to affect recall for serial STM tasks, such as digit 

span. Therefore, in order to make a stronger argument for the effects of irrelevant speech 

on learning in the classroom, direct tests should be made between learning tasks, such as 

reading comprehension, or word learning, and the effects of irrelevant speech. Klatte et 

aI. (2007) examined the effect of irrelevant speech on the memorization of non-words in 

children and found that performance was significantly degraded under these conditions. 

Similar studies using learning tasks such as those seen in a classroom would help to 

further clarify the effect. 

Several interesting questions arise with respect to the findings of Experiment 2. 

An individual's ability to inhibit incoming information may be related to their STM 

capacity. However, vi suo-spatial STM capacity does not seem to have the same 

relationship when tested with auditory distracters. Ifthe coding strategies for visuo­

spatial materials in STM require less attention, are there still ways to disrupt these 

strategies? Past research suggests that manual tapping may disrupt recall for vi suo-spatial 

materials (Farmer, Berman & Fletcher, 1986). Would visuo-spatial span differences then 

be predictive of the amount of interference by this type of task? As yet, no studies have 
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examined the relationship between visuo-spatial STM capacity and ability to inhibit non­

auditory distraction. 

Conclusions 

Overall, the results of this series of experiments are consistent with Baddeley's 

Model of Working Memory, and do not support the changing state theory proposed by 

Jones. Results indicate that the ISE is caused only by speech distracters, and then only 

during a STM task which requires active verbal rehearsal. These effects of irrelevant 

speech were found in both children and adults, provided that sequence lengths are 

adjusted to equate for performance. Additionally, there appears to be a negative 

relationship between STM capacity and the magnitude of the ISE in both children and 

adults, the smaller the STM capacity, the larger the ISE. 
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