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Abstract 

The present study investigated whether children with Attention Deficit Hyperactivity 

Disorder (ADHD) were less able to ignore distracters while attending to relevant 

information than children without ADHD. In addition, the infiuence of development and 

methylphenidate on selective attention were studied in a sample of children with ADHD. 

Twenty-four children with ADHD (12 younger, 12 older) and 32 Control children (14 

younger, 18 older) were tested using a timed computer task. The task consisted of 

identifjmg target stimuli under seven distracter conditions [no distracter, visual distract ers 

(rneaninghil or unrneaningful), audit ory distract ers (meaningfùl or unmeaningful), or visual 

and auditory distracters (meaninal or umeaningfùl)]. Reaction tirnes and accuracy were 

measured. Children with ADHD were tess efficient on the selective attention task than 

children without ADHD. When children with ADHD were on rnethylphenidate they 

performed more efficiently on the task than they performed without medication. Also, 

when on methylphenidate younger children reached and even surpassed the efficiency of 

the control group. Older children in both groups were more efficient than younger children 

in each group. The implications of these findings are discussed and recommendations for 

future work are proposed. 
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Selective Attention 1 

The Influence of Development and Methylphenidate on Selective Attention 

in Children with Attention Deficit Hyperactivity Disorder 

Attention Deficit Hyperactivity Disorder (ADHD) has becorne a common 

childhood diagnosis in recent yean. Prevalence figures range fi-om 1 to 20 percent of the 

population, with the range of 3 to 5 percent being accepted by most professionals (e-g., 

Kelly & Ramundo, 1996). Children may be identified as having ADHD because of school 

problems, difficulty playing quietly, waiting a tum, completing an activity or listening. 

Nthough every child may display these behaviours at some time, children with ADHD 

exhibit these behaviours significantly more than their sarne age peers. 

There is concern for individuais with ADHD and how the associated difficulties 

with attention are afEecting educational experiences and thus, the learning process. In the 

classroom situation, children with ADHD may have more difficulty ignoring distractions 

than children without ADHD. If children with ADHD are, in fact, having more difficulty 

ignoring irrelevant stimuli it will affect their ability to perform the necessary tasks for 

successful completion of school work. If a child with ADHD is reading fiom a book, how 

may he/she be afTected by the two children taiking next to himher? Or how does a bird 

sitting on the ledge outside the window affect hisher ability to read the material in the 

book? Given a diagnosis of ADHD, there are also concems about treatment, including 

whether the benefits of medication outweigh potential negative side effects. This study 

was designed to create a better understanding of the effects that visual and auditory 



Selective Attention 2 

distracters have on the attentionid abilities of a child with ADHD and how these eflects 

change with age and rnethylphenidate (MPH) treatment. 

Attention Deficit Hyperactivity Disorder 

According to the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition @SM-IV; American Psychiatric Association, 1994), a diagnosis AOHD is based 

on developmentally inappropriate pattern of inattention, hyperactivity, a d o r  impulsivity, 

seen prior to the age of seven. This pattern of symptoms must lead to funher difficulties 

in at least two settings (e-g., home, school) that result in interference in areas of social, 

academic, or occupational development (American Psychiatric Association, 1994). 

The DSM-IV (American Psychiatric Association, 1 994) descnbes the 

characteristics of inattention, hyperactivity, and impulsivity in the following manner. 

Ii~attetttiott in children with ADHD is displayed by a fiequent shifting in activities, 

including leaving activities uncompleted and avoiding activities that require sustained 

attention. They show poor organizational skills, are forgetfùl, and are easily distracted by 

irrelevant stimuli (American Psychiatric Association, 1994). Hjperacirivi~ c m  be exhibited 

in many different ways by children with ADHD, such as the child's being fidgety in his or 

her seat, or being unable to remain seated. High rates of inappropnate running or climbing, 

excessive taking? and difficulty participating in quiet activities are also signs of 

hyperactivity (American Psychiatnc Association, 1994). Impdsiv~ty~ as descnbed in the 

DSM-IV (American Psychiatnc Association, 1994) cm be seen in the child's lack of 

patience, which may be shown by a child's blurting out answers prior to cornpletion of a 
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question and having difficulty waiting a mm. Thus, impulsivity rnight create social and 

academic difficulties for children with ADHD because they intermpt others, initiate 

conversations at inappropriate times and fail to listen to direction (American Psychiatric 

Association, 1994). 

Characteristics of inattention, hyperactivity, and impulsivity usually worsen when 

a child with ADHD is in a group situation and lessen when the child is provided with one- 

on-one attention or in a situation with strict control (American Psychiatric .Association, 

1994). Also, the DSM-IV indicates that symptoms usually worsen when a child with 

ADHD encounters a task that requires sustained attention or mental effort or a task that 

lacks novelty andor intrinsic appeal. The symptoms may lessen when the child is in a 

situation that is novel, interesting andor provides fiequent rewards for appropriate 

behaviours (American Psychiatric Association, 1 994). 

ADHD creates difficulties for the individual with the disorder, as well as for 

caregivers and educators. In addition to the attentional difficulties associated with ADHD, 

children with ADHD are tiequently given comorbid diagnosis of Oppositional Defiant 

Disorder (ODD) or Conduct Disorder. ODD is characterized by the DSM-IV (American 

Psychiatric Association, 1994) as a pattern of behavioun that are negative, defiant, 

disobedient, and hostile toward authority figures. Conduct Disorder is characterized as a 

pattern of behaviours that violate societal noms and the basic rights of others (Amencan 

Psychiatrie Association, 1994). 



Selective Attention 4 

It is believed that ADHD is not caused by a single factor, although the causes have 

not been well established. Wender (1987) indicated that the severity of ADHD can be 

influenced by an environment which lacks stnicture, clear rules and supervision but it is 

not environment or parental treatment of the child that causes the disorder. In other 

words, Wender (1987) suggests that ADHD is an issue of nature not nurture. It has been 

proposed that ADHD is a hereditary disorder (Parker & Gordon, 1992), a chemicai 

imbalance in the brain (Shibagaki, Yarnanaka, & Furuya, 1993) or an impairment to the 

frontal lobe of the brain (Wilkins, Shallace, & McCarthy, 1 987). This chernical imbalance 

or impairment to the frontal lobe of the brain rnight produce underactivity in sections of 

the brain, which may result in attentional difficulties such as a decreased ability to focus 

attention and a lack of control over one's behaviours (Wender, 1987). A study by Lou, 

Hendriksen, and Bmhn (1984) found evidence to support the hypothesis of CNS 

underarousa1 in chiidren with ADHD who exhibited decreased blood flow to the fiontal 

lobes of their brain. In fbrther support, MPH, a cornmonly prescribed medication for 

treatment of ADHD, was s h o w  to increase blood flow to the frontal lobes and provide 

improvement for symptoms of ADHD (Lou et al., 1984). 

From the diagnostic criteria it can be observed that children with ADHD would be 

expected to have difficulty with tasks requiring attention. There are, however, many 

different foims of attention and it is necessary to understand what components of attention 

provide difficulties for children with ADHD. 
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Attention 

Researchen have focused on two major components of attention, sustained 

attention (e.g., Corkum & Siegal, 1993; Halperin, Wolf, Greenblat & Young, 199 1 ; 

Harper & Ottinger, 1992) and selective attention ( e g ,  Carter, Krener, Chade jian, 

Northcutt, Wolfe, 1995a; DeMarie-Dreblow & Miller, 1988; Halperin, 1 99 1 ; Plude, Enns, 

& Brodeur, 1994; Satterfield, Schell, Nicholas, Sattefield, & Freese, 1990). Sustained 

attention is the ability to maintain attention over time whereas selective attention is the 

ability to attend to relevant information while ignonng irrelevant information. 

Aithough the focus of this study is selective attention, a bief discussion of 

sustained attention is warranted to provide the ability to compare these two components 

of attention throughout the current study. 

Sustained attention. 

The Continuous Performance Test (CPT), originally designed by Rosvold, Mirsky, 

Sarason, Bransome and Beck in 1956 (Halperin, 199 l), measures sustained attention and 

has become a widely used test for both research and diagnosis (e-g., Corkurn & Siegal, 

1 993; Halpenn, et al., 1 99 1 ; Harper & Ottinger, 1992; Irwin & Mettelman, 1989; Lassiter, 

D7Amato, Raggio, Whitten, & Bardos 1994). The task most cornrnonly involves a child 

indicating the presence or absence of a target letter (e-g., "X") or a sequence of letters 

(e.g., "AX" ), as single leîters are flashed on a cornputer monitor at regular intervals. The 

visual task may utilize numbers or pictures rather than letters. The CPT cm also be 

presented as an auditory task, requiring children to detect a target letter or number heard 
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through headphones. Inattention and impulsivity are measured by analysis of errors of 

omission (targets missed) and errors of commission (fdse alarms), respectively. 

A considerable arnount attention research associated with ADHD has used the 

CPT to measure sustained attention. This work was reviewed by Corkum and Seigal 

( 1 993). They found the evidence to be fairly conclusive that children with ADHD have 

difficulty maintaining constant arousal and theref~re do not perform zs well on sustained 

attention tasks as children without ADHD (Corkum and Seigal, 1993). Sustained 

attention, however, may be confounded with motivation and boredom and thus tasks such 

as the continuous penormance test may not necessarily represent the way we process 

information regularly. 

Selective attention. 

Selective attention is the process of selecting what is relevant from Our 

environrnent and thus, is important to process fùrther (Hdperin, 199 1 ). For example, 

when children are in school and are attempting to read a book at their desks, they need to 

attend to what they are reading while they ignore movement (visual distracters) or talking 

(auditory distracters) within the classroom. It is a normal response for all children and 

adults to take time to ignore distracters in their environrnent. To what extent and how 

quickfy individuals can ignore these distracters may be the result of a number of factors 

including their age, state of arousal, visual processing abilities and the presence of any 

attentional difficulties. 
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Several methods have been used to study selective attention such as the Stoop 

colour-narning task, speeded classification tasks, and the flanker task. Reaction times, 

accuracy and sornetimes event-related potentials are used to measure attention. The 

Stroop Colour-Naming task involves reading a word (e.g., green) that is printed in an 

incongruent colour of ink (e.g., red) or having the child narne the colour of the word. In 

this task the child must ignore the ink colour or the colour narne to respond accurately. A 

speeded classification task involves sorting mutidimensionai stimuli according to a single 

dimension as quickly and accurately as possible (Tarawoski, Prim, & Nay, 1986). Thus, 

the presentation of task-irrelevant information (Le., multidimensions) allows for the 

assessrnent of interference effects by comparing sorting speed for cards with none, one, or 

multiple distracters. Eriksen and Eriksen ( 1 974), developed a flanker task to investigate 

selective attention. The task involved presenting a target item in the center of a display 

either alone or flanked to the right and left by distracters of various types. Although 

developed to study adults, this paradigm has more recently been applied to study children 

(Enns & Akhtar, 1989). In generd, studies conducted using these rnethodologies report 

decreases in performance in the presence of distracters. Several factors influence the 

extent of this decrease, however, including age and the nature of the distracters present. 

In order to understand the impact of childhood ADHD on selective attention, it is 

necessary to understand how t hese abilities develop in children without ADHD. Researc h 

studying the development of attention will be reviewed, followed by a review of research 

on selective attention abilities of children with ADHD. 



Seleetive Attention 8 

Developmentd Trends in Selective Attention 

Developmentai studies of selective attention have consistently shown that as age 

increases interference effects lessen (e.g., DeMarie-Dreblow & Miller, 1983; Lane & 

Pearson, 1982). These results have been consistent across various research methodologies. 

For example, Well, Lorch, and Anderson (1 980) studied interference effects using speeded 

classification tasks. Their results indicated interference effects declined significantly with 

increased age. As well, selective attention strategies have been found to improve with age. 

DeMarie-Dreblow and Miller (1 988) exarnined the use of strategies that were child- 

controlled and experimenter-controlled. They found an improvement with age in the use of 

both strategy types. This increase in ability to use strategies to filter distracters leads to an 

increase in efficiency on selective attention tasks. 

More recently, Bedi, Haiperin, and Sharma (1994) collected a number of measures 

for 73 children (mean age = 1 14.7 months) to determine if distractibility was modality- 

specific. The following measures were collected: the Revised Corners Parent's 

Questionnaire (CPQ), the C o ~ e r s  Teacher's Questionnaire (CTQ), the Weschler 

Intelligence Scde for Children- Revised (WISC-R), the Wide Range Achievement Test - 

Revised (WRAT-R), the CPT, the Auditory Focused Attention Test (AFAT), and the 

Visual Focused Attention Test (VFAT). The AFAT and VFAT include both a no- 

distracter and a distracter condition. The results suggested that distractibility was 

modality-specific and that the scores that were obtained for distractibility in visual and 

auditory tests were unrelated. Thus, a deficit in one modality did not mean a deficit would 
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also be present in the other modality. Using the scores from the CPQ and the WISC-R 

Bedi et al. (1 994) determined that auditory distractibility was associated with cognitive 

functioning and visual distractibility was associated with teacher behaviour ratings and 

inattention on the CPT. 

Researchers have aiso begun to ernploy selective attention tasks such as the flanker 

task (Eriksen & Eriksen, 1974) to study developrnent (e-g., Enns Br Akhtar, 1989). This 

work will be reviewed in more detail because it employs sirnilar methods to the present 

study. EMS and Akhtar (1989) tested children (aged 4, 5, and 7 years) and adults (20 

years-old) on a task which isolated several sources of interference in selective attention. 

They employed Eriksen and Eriksen's (1974) flanker task to assess the impact of various 

distracter conditions. The seven distracter conditions were made up of two response 

categories and a no response category. Items that could be either targets or distracters 

were in the response category whereas items that could be distracters but were never 

targets were in the no response category. The first response category consisted of 

geometric shapes that contained line intersection and line termination (x and +), and the 

second response category consisted of geometric shapes that contained the feature of 

closure and did not posses the characteristics of the first response category (C and 0). The 

no response category consisted of geometric shapes that were never part of the response 

category but were used as distracters in some conditions (* and A). 

Participants completed one block with no-distracters ( e g ,  +) to determine 

baseline responding. The other six conditions were mixed within blocks: (1) no-distracters 
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(e.g., +), (2) distracters identical to the target (e.g., + + +), (3) distracters that were from 

the same response category as the target (e.g., x + x ), (4) distracters fiom a different 

response category than the target (e-g., 1 + I), (5) distracters that were sirnilar to the 

target but fiom the no response category (e.g., * + +), and (6) distracten that were 

dissirnilar to the target and from the no response category (e.g., A + A). Participants were 

required to make a forced choice recognition response. Reaction time and accuracy were 

measured. 

The study by EMS and Akhtar (1989) used distracters that were meaningfùl and 

unmeaningful. Meaningfid distracters usually cause a strong association to be made 

between the target and the response and therefore, rneaningful distracters required 

inhibiting a response opposite to the target. Unmeaningful distracters are irrelevant to the 

target and should not require the same inhibition for response. Thus, for a distracter to be 

meaningfùl it must have some connection to the target in the present trial. For example, 

the distracters may be the target in other trials and therefore, an association rnay be made 

(Le., the distracter is associated with being a target) that would increase the probability 

that the distracter rnay cause the opposite response than the one required. This may cause 

a decrease in performance because the distracters would require greater inhibition than 

distracters that would never be presented as a target. Younger children have been shown 

to have more difficulty inhibiting responses than older children (Plude et al., 1994). 
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The distracter conditions in the study measured five potentiai sources of 

interference. First, the difference between the block with no-distracters and the no- 

distracter condition in the mixed block indicated the amount of interference (proactive and 

retroactive) caused by the presence of distracters on some triais. Results indicated that the 

expectation of and preparation for distracters created a large source of interference, and 

this interference decreased as children became older. This suggests that preparing to 

inhibit distracters causes an increase in response time even when the item does not contain 

distracten. A second potential source of interference was indicated by the difference 

between the no-distracter condition and the identicai distracters condition. The difference 

was used to determine if increasing the number of items to be encoded caused 

interference. Results indicated interference in performance decreased with age. Encoding 

interference was also measured by looking at the type of diaracters (difference between 

the condition with distracters fiom the same category as the target and the condition with 

distracters identical to the target). Findings suggested that for children the increase in 

items to process and inhibit causes interference but that the interference in performance 

does not increase because of the type of distracters. There were no differences in 

performance found for the children when the difference was compared between the 

condition with distracters kom a different category than the target and the condition with 

distracters from the same category as the target. Differences were not found between 

conditions with simila and dissimilar categories of distracters. 



Selective Attention 12 

Results of the study by EMS and Akhtar (1989), as well as a study by Fox ( 1994), 

indicate that the interference experienced by children and adults follow a similar pattern, 

but as age increases, individuals are faster and more accurate at completing the task. Thus, 

distracters create interference for al1 ages but younger children experïence more 

interference fiom distract ers. 

ADHD and Selective Attention 

The DSM-IV (American Psychiatnc Association, 1994) States that individuals with 

ADHD "are easily distracted by irrelevant stimuli and frequently intempt ongoing tasks to 

attend to trivial noises or events that are usually and easily ignored by others" (p.79). 

Thus, according to the DSM-IV (Amencan Psychiatnc Association, 1994), children with 

ADHD should show deficits in selective attention, as well as sustained attention. Research 

on deficits in selective attention in children with ADHD has not yet been able to provide 

conclusive results. Some studies have found a deficit in selective attention (e.g. ,  Carter et 

ai., 1 995a; Ceci & Tishman, 1 984; Satterfield et al., 1 990) while other studies have not 

(e-g., Landau, Lorch, & Milich, 1992; Tamowski et al., 1986). Some of this work will be 

reviewed below . 

Studies have shown that children with ADHD perform more poorly when task 

demands are high. Hooks, Milich, and Lorch (1994) found that the presence of irrelevant 

stimuli in speeded classification is not demanding enough to demonstrate a selective 

attention deficit in children with ADHD unless sorting time is considered. The results of 

the study by Hooks et al. (1994) indicated an increase in time required for sorting, for 
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both ADHD and control groups, when irrelevant information was added. Boys with 

ADHD improved their sorting time with number of trials and habituated to irrelevant 

stimuli as did the control group. The boys with ADHD, however, were slower at t hese 

tasks than the controls, suggesting that the children with AOKD experienced more 

difficulty with the selective attention task than did the control group. 

A study by Ceci and Tishman (1 984) showed that when task demands were high, 

children with hyperactivity performed significantly worse on selective attention tasks than 

the controls but when demands were low they performed much better than the control 

group, while the control group remained constant across tasks with high and low 

demands. In this çtudy, children without ADHD were relatively unafFected by task 

demands. Thus, children with ADHD appear to show deficits in selective attention only 

when processing demands of the task are high, creating a situation in which the children's 

attention is spread too widely to process the information efficiently. When task demands 

are low, however, there is tirne for the child to process the entire display efficiently. 

Researchers have also examined the role that the nature of distracters may play in 

determining selective attention in children with ADHD. The impact of distracters on the 

short-terni recall of 1 1 children with ADHD and 8 children without ADHD (mean age = 

8.7) was studied by Higginbotham and Bartling (1993). Within the study there were visual 

(person walking through the room), auditory (book dropping outside the door), and a 

combination of visual and auditory distracters (person walking through the room and 

maling papers), as well as a no-distracter condition. The expenmenters read sentences 
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that the children had to repeat. The children with ADHD did not perform as well on the 

task as did children without ADHD. In addition, the children with ADHD did not show a 

difference between different distracters and were more distracted than children without 

ADHD even in the absence of a distracter. Higginbotham and Bartling (1 993) suggested 

that not only are the distracters affecting the performance of a child with ADHD when the 

distracters are present but the distracters may be impairing the child's ability to attend 

following distraction. 

Attentional difficulties, such as impulsiveness and inattention in children with 

ADHD have b e n  linked with impairment of frontal lobe functicning (Barkley, 

Grodzinsky, & Dupaul, 1992; Wilkins, et al., 1987). The Stroop Colour-Naming Task is a 

common selective attention task that is a sensitive measure of frontal lobe functioning 

(Carter et al., 1995a). Carter et al. ( 1  995a) studied 20 children with ADHD and 20 

controls utilizing a cornputerized trial-by-trial version of the Stroop task. Resuits 

indicated that the distraction caused by task-irrelevant infornation is more dismptive for 

children with ADHD. The children with ADHD took longer to narne the colour of coiour- 

incongruent words but they did not make more errors than control children, suggesting an 

information-processing deficit rather than errors from impulsive responding. 

Event-related potentials have also been used to study selective attention in children 

with ADHD (Sattefield et al., 1990). A longitudinal study by Sattertield et al. ( 1990) 

found differences in the event-related potentials of boys with ADHD and controls. Boys 

with ADHD did not perform as well as boys without ADHD on a selective attention task 
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where they were to attend to one of visuai or auditory information while ignoring the 

other. The finding that "abnomally small P3b response amplitudes in the attended channel, 

rather than to abnormally large P3b responses in the ignored channel" (Satterfleld et al., 

1990, p. 896), suggests a deficit in selective attention may be due to insuscient 

processing of the relevant stimuli. In addition, children with ADHD were significantly less 

accurate than children without ADHD. Children with ADHD, however, did not differ 

significantly in reaction time fiom children without ADHD. 

Pearson, Yafee, Loveland, and Norton (1 995) studied covert attention in children 

with and without ADHD. They descrïbed covert attention as a primary component of 

selective attention that required an individual to shift his or her attention fiom one location 

to another. independent of eye movernents. This shifi in location may be one of the causes 

for longer response times during a selective attention task. As more control is gained in 

reducing this shifl in attention the efficiency of selective attention increases. Resuits of the 

study by Pearson et al. (1995) suggested that children with ADHD, as well as control 

children demonstrated orienting responses to location cues. The children with ADHD, 

however, showed inconsistencies in facilitation and inhibition associated with cues. 

Children with AûHD, and children without ADEiD, were faster when the location of the 

cue was valid, relative to neutral and invalid cues. Children with ADHD, however, were 

inconsistent in responding when there was invalid or neutral cues. Contrary to 

expectations reaction times for invalid trials were not consistently found to be longer than 

reaction times for neutraI cues. Thus, children with ADHD found the absence of a cue to 
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be worse than an invalid cue at times. Pearson et al. (1995) interpreted these results to be 

inconsistent with the idea that children with ADHD have attention skills that are 

developmentally immature. They suggest that some components of attention may show 

developmental irnmaturities while other components do not. They only used one age 

group (mean age: 10 years, 7 months) and recommended that future studies should 

compare and contrast older and younger children with and without ADHD. 

Not al1 studies show deficits, however. Landau et al. (1992) studied the attention 

of 19 boys with ADHD as compared to 20 boys without ADHD on a task that required 

them to watch a television prograrn and answer questions conceming the content. They 

completed this task twice, once with toys present and once without any toys present. 

Results indicated that with the presence of distracter toys, children with ADHD attended 

(visually) to the TV program a significantly srnaller amount of the tirne than the children 

without ADHD. The groups did not differ when there were no toys present. Interestingly, 

aithough the children with ADHD attended less (Le., did not look at the television as much 

as controls) to the program when toys were present, their recall of events on the show was 

not significantly different fiom the children without ADHD who were attending. The 

results of the study by Landau et ai. ( 1  992) indicated that the attentional abilities of 

children with ADHD are not necessarily less effective than children without ADHD, but 

that children with AûHD may share their attentional resources more widely. 

Thus, results of previous studies do not provide conclusive evidence for a deficit in 

selective attention in children with ADHD. Some studies have s h o w  deficits (Carter et al, 
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1995a; Ceci & Tishman, 1984) but others have not (Landau et al., 1992). Also, there has 

been little developmental work completed in the area of selective attention with children 

who have ADHD. The majority of selective attention studies on children with ADHD 

combine children of various ages into one group. Hooks, et ai. (1 994) tested children aged 

7 to 12 years old in one group. Shibagaki et al. ( 1993) and Landau, et al. ( 1992) used a 

sarnple of children between 6 and 12 years old as one group. This practice is problematic 

because there is evidence that selective attention changes with development in normative 

populations (for review see Plude et al., 1994) and may therefore change in children with 

ADHD. More work on the development of selective attention in children with ADHD is 

needed. 

The Effects of MPH on Attention 

Amphetamines have been used to treat ADD since 1937 and MPH (Ritaiin) has 

been in use since the early 1960's (Wender, 1987). Psychostimulant medication has 

become the most commonly utilized treatment for children with ADHD (Greenhill, 1992) 

and MPH has become the most commonly prescribed of the stimulant medications. Dupaul 

and Barkley ( 1  990) suggest that one of the greatest benefits of MPH is that it maximizes 

the benefits that occur from treatments such as behaviour modification and academic 

tutoring. Examination of the effects of MPH have also become an important issue for the 

study of attention in children with ADHD. The effects of MPH on selective attention in 

children with ADHD have not yet been well established in the ADHD literature. 
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The use of MPH has been and remains a controversial issue in the treatment of 

ADHD. Consistent with the theos. that an imbalance exists in the child's brain chemistry 

MPH, when given in an appropriate dosage, calms the child with ADHD and increases his 

or her attention span (Shibagaki et al., 1993). MPH is a stimulant medication that works 

by increasing the blood fiow to the frontal lobe (Lou et al., 1984). Literature suggests, 

however, that there is a dflerence between the dosage of MPH that is effective for 

attentional purposes and the dosage that is effective for behavioural control (Carlson & 

Bunner, 1993). A study by Sprague and Sleator ( 1977) found that optimal cognitive 

performance occurred at a lower dose of MPH than did optimal social behaviour. Thus, in 

prescnbing a dosage of MPH to a child there needs to be careful consideration given to 

both cognitive and social factors. 

A study by Dalebout, Nelson, Hletko, and Frentheway (1  99 1 ) examined selective 

attention by utilizing the Selective Auditory Attention Test (SAAT) with children with 

ADHD on (0.3-0.6 mg per kg of body weight) and off (placebo) MPH. They had 12 

subjects in the AûHD group ranging in age fiom 7 to 8 years. The non-ADHD group 

consisted of 6 children between the ages of 6 and 8 years. In using the SAAT six 

coloured pictures are placed on a table in front of the child. The task requires the child to 

respond to 25 requests by pointing to the indicated picture. There are two subtests: (1) 

no-distracter and (2) distracter. In the no-distracter subtest the child ody hem "show 

me___ " whereas in the distracter subtest the child hears "show me " while a short 

story is also being presented. 
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The results of the study by Daiebout et al. (1 99 1) indicated that there was no main 

effect of group (between ADHD and control) and no main effect of dmg (for the ADHD 

group). Thus, the children with ADHD responded sirnilarly to the selective auditory 

attention task whether they were on medication or not. Improved performance, however, 

was found for al1 groups the second time that they perfomed the task. This study may not 

have s h o w  any drug effect because the tasks were very simple and shon (total= 8 

minutes). Other studies have shown that when children are given MPH their attention 

increases, they are less impulsive and they become less easily distracted by irrelevant 

stimuli within a classroom allowing an increase in on-task behaviour and academic 

efficiency (DuPaul & Rapport, 1993; Malone & Swanson, 1993). 

In a double-blind placebo controlled study, DuPaul and Rapport ( 1993) studied the 

effects of methylphenidate (5, 10, 15, and 20 mg dosages) on classroom behaviour and 

academic functioning. Thirty-one children with ADHD between the ages of 6 and 1 1 years 

were compared to a control group on teacher ratings, on-task behaviour, and academic 

performance. Results indicated that attention (on-task behaviour), academic efficiency and 

teacher ratings of classroom conduct al1 significantly improved when children with ADHD 

were on mid (10 or 15 mg) to high (20 mg) dosages of methylphenidate. The addition of 

medication improved the children with ADHD to a level similar to their peers in the 

control group on the studied measures. 

Similady, Malone and Swanson (1 993) measured impulsivity in a double- blind 

placebo controlled study testing 26 children with ADHD between the ages of 6 and 13 
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yean old and 14 children without ADHD between the ages of 6 and 1 1 years-old. Using a 

word matching task they found that the impulsivity of children with ADHD was reduced 

to a level similar to their peers without ADHD when they were taking MPH. 

Although the developmental effects of MPH have not been studied with a selective 

attention task, there have been studies that examine the developmental effects of MPH. 

Barkley, Karlsson, Polland, and Murphy (1985) studied the interaction between the 

mother and chiId in children with ADHD while the children were on two different doses of 

MPH. The children were in one of five age groups: 5,6,  7,8,  or 9 years old. The results 

did not show any age or dose effects in a free play condition but during a task condition 

both age and dose effects were found. During the task condition there was an increase in 

cornpliance and sustained attention with an increase in age and the higher dose of MPH 

was the only one of the two doses that was effective in producing changes. There was not 

an age by MPH interaction in this study. In a study by Whalen et al. (1987), however, 

MPH was shown to have different effects at different ages when measuring social 

behaviours on the playground. Both the 7 to 8 year-old children and the 9 to 1 I year-old 

children showed a decrease in negative social behaviours when they were taking low doses 

of MPH as compared to the control but only the younger group showed more 

improvernent when taking the high doses of MPH. 

In summary, MPH has been shown to be effective at improving leaming for 

children with ADHD (e.g., DuPaul & Rapport, 1993) but it is unclear what the effects of 

MPH are on selective attention (e.g., Dalebout et al., 1990). In some areas of research 
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MPH has been shown to have developmental effects (e.g., Whalen. et al., 1987) but not in 

other areas (Barkiey et ai., 1985). The developmental effects of W H  on selective 

attention have not yet been determined. 

Present Studv 

Previous research on the impact of ADHD on selective attention has yielded 

inconclusive results. To investigate selective attention and its7 developrnent in the present 

shidy two age groups were studied: ages 6 to 8 years and ages 9 to 1 1 years. Previously, 

studies on selective attention in an ADHD population have collapsed different ages in to 

one group (e-g., Hooks et al., 1994; Landau et ai., 1992). This practice is of concem 

because age differences have been found in studies of selective attention with normative 

populations and are most likely present in children with ADHD (Fox, 1994; Lane & 

Pearson, 1982). 

Various studies have suggested that the nature of interference is contingent on the 

nature of the distracters (Bedi et al., 1994; Enns & Akhtar, 1989). Bedi et al. (1 994) 

suggested that distractibility is modality-specific and Enns and Akhtar (1 989) suggested 

that distractibility is dependent on the source of interference and whether the distracters 

are meaningfùl or unmeaningful to the target. To explore the role of various forms of 

Msual and auditory distracters the task in the present study involved the presentation of 

various distracters fi-orn the visual modality, the auditory modality and a combination of 

both the auditory and the visual rnodality. Distracters in each modality condition were 

presented as meaningful and unmeaningful. Meaningful distracters were distracters that 
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were also used as the target item on some trials whereas unmeaningfùl distracters were 

never used as targets. 

Furthemore, the effect of MPH on selective attention tasks and whether or not 

these effects change with age are not known. In the present study, the effects of MPH 

were studied by comparing children with ADHD when they were on-MPH and off-MPH. 

The two age groups in this study allowed for examination of developmental effect which 

have been found in previous research on medication effects (malen et al., 1987). Also, 

the control group provided the ability to determine if MPH increased the performance of 

children with ADHD to the level of their sarne age peers. The development of selective 

attention in ADHD children and the impact of MPH on these effects have not been well 

documented within a single study. 

A visual selective attention task similar to the task used by Enns and Akhtar (1989) 

was used. The task included conditions with either no-distracters, visual distracters 

(meaningfid or unmeaningfùl), auditory distracters (meaningfûl or unmeaningfùl), or a 

combination of visual and auditory distracters (meaningful or unmeaningful). The 

computerized task involved responding to the picture of target stimuli (shirt or tie) located 

at the center of the compter screen. As a visual distracter, pictures of articles of clothins 

were located to the right and lefi of the target article of clothing. The names of non-target 

articles of clothing were presented through headphones as auditory distracters. Children 

with and without a diagnosis of ADHD were tested. The children with ADHD were tested 
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off and on-MPH. Group cornparisons were made on speed and accuracy of completing the 

seIective attention task. 

H p o t  heses 

Based on previous research findings and limitations the following questions were 

proposed and hypotheses made: 

1. Do children with ADHD differ in selective attention ability fiom children without 

ADHD? The literature indicates that children with ADHD are more distractible than 

children without ADHD (Carter et ai., 1995a; Ceci & Tishman, 1 984; Pearson et al., 

1995). Thus children with ADHD should find it more difficult to ignore irrelevant 

information while trying to process and respond to the target information. Also, the task in 

the present study involved the presentation of distracters in a timed task, which was 

suggested by Ceci and Tishman ( 1984) to challenge the processing abilities of children 

with ADHD. Thus, children with ADHD were expected to show longer reaction times and 

decreased accuracy when compared to children without ADHD in the sarne age group. 

2. Does MPH irnprove the performance of a child with ADHD on a selective attention 

task? It has been deterrnined that MPH increases the level of arousal and thus sustained 

attention of children with ADHD but the efects of MPH on selective attention are 

unknown (Dalebout et al., 199 1). MPH has been shown to improve the performance of 

children with ADKû in studies of on-task behaviour (DuPaul & Rapport, 1993). Also, 

MPH has been s h o w  to reduce irnpulsivity in children with ADHD (Malone & Swanson, 
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1993). In the present study improvements in selective attention are expected in the on- 

MPH condition in cornparison to the off-MPH condition. 

3. Do developmental trends in selective attention differ for children with ADHD and 

children without ADHD? Developmental studies of children without ADHD show 

improvements in children's abilities with increasing age (Plude et al., 1994). It is unclear 

what the developmental trends are for children with ADHD. It was expected that the 

developmental trends would follow a similar pattern for children with and without ADHD. 

That is, both groups were expected to improve with age, although perhaps not at an equai 

rate. 

4. Does MPH influence the developmental trend? MPH may improve the child's 

performance on the selective attention task while the children continue to show a similar 

developmental trend. As indicated in a study by Whalen et al. ( 1987), MPH may affect 

children of different ages to different magnitudes. Children with ADHD (on and off-MPH) 

and children without ADKD, however should show a decrease in reaction time and an 

increase in accuracy as age increases. Thus, although MPH is expected to improve the 

performance of children with ADHD this irnprovement may be of different magnitudes for 

different age groups. 

5. Is visual selective attention impaired more by auditory or visual distracters or a 

combination of both? In the present study it was expected that children with ADHD would 

be more impaired by the introduction of Msual distracters than the introduction of auditory 

distracters because visual distractibility is associated with hyperactivity and inattention 
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while auditory distractibility is associated with cognitive fùnctioning (Bedi et al., 1994). 

Both groups, however, may find the visual distracters more distracting than the auditory 

distracters because the targets for this task were visual and thus visual distracters would 

provide modality-specific disruption. Both groups were expected to show more 

interference when both visual and auditory distracters are presented on the same trial than 

when either the visual or auditory distracters are presented aione on a trial. It was 

expected that children with ADHD would show larger effects than children without 

AûHD in ail three distracter conditions. 

6. Do meaningful distracters create more interference than unrneaningful distracters? 

Meaningful distracters were distracters that were aiso used as the target item on some 

triais whereas unmeaningfùl distracters were never used as targets. It was expected that 

meaningful distract ers wouid cause more interference than unrneaningful distract ers 

because the meaningful distracters require an incompatible response whereas the 

unrneaningful distracters are irrelevant to the target (Enns & Akhtar, 1 989). An 

incompatible response requires inhibiting a response to the distracter. Research suggests 

that children with ADHD have difficulty inhibiting ( e g ,  Malone & Swanson, 1993), 

therefore greater deficits are expected for the ADHD group than for the control group 

when an incompatible response is required. 

Met hod 

Partici~ants 

A Msud attention task was completed by a sample of 56 children. Two groups of 
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children participated in the study: an ADHD group and a control group that was matched 

to the ADHD group for age, socio-econornic status, and a male to femde ratio. The 

ADHD group consisted of 24 children recniired from a population of children between 

the ages of 6 and 1 1 years old who were undergoing treatment for a diagnosis of attention 

deficit hyperactivity disorder. The children were divided into two age groups: 12 children 

(1 0 male) in the younger age group (mean age = 7 years-5 months; a = O years- 11 

months) and 12 children (10 male) in the older age group (mean age = 10 years-5 months; 

SD = 1 year-1 month). The children with ADHD were dl receiving methylphenidate - 

@PH) and the diagnosis of ADHD was given following a battery of assessrnent tools. 

The children with ADHD were tested under two conditions: off-MPH and on-WH. The 

off-MPH task condition was completed during regular prescribed breaks from the 

medication and was in no way dependent on the study. When tested on-MPH children had 

received their medication an average of 2 hours prior to testing and when tested off-MPH 

children had received their medication an average of 22 hours prior to testing. Ail children 

with ADHD (younger and older) were receiving 10 mg dosages of MPH either two or 

three times daily. 

The control group consisted of 32 children. Fourteen children (1 1 male) made up 

the younger age group (mean age = 7 years-5 months; = O years-7 months) and 18 

children (1 5 male) made up the older age group (mean age = 10 years-7 months; = 

O years-7 months). Teachers were requested to complete the Conners' Teacher Rating 

Scale-28 (CTRS-28; Conners, 1989) to ensure that children in the control group did not 
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have attentional problems. Children who received T-scores of less than 65 on ail of the 

subscales of the CTRS-28 ( Conduct Problems, Hyperactivity, Inattentive-Passive and 

Hyperactivity Index) were included in the control group. Four children in the younger age 

group, and 3 children in the older age group obtained a score greater than 65 on at least 

one of these subscales and thus, were omitted from the analysis. To create a sirnilar male 

to female ratio in the control group and the ADHD group a number of females in the 

control group (5 in the younger age and 1 O in the older age ) were randornly selected and 

omitted from the analysis. These 15 participants are not included in the 32 children 

described above. 

Stimuli and Ap~aratus 

For this study a cornputer-based selective attention task with visuai and auditory 

distracters was created with Genexp v. 1 software (Hamm, 1996). The rnillisecond timing 

routines were modified h m  Crosbie (1989), and the keyboard was monitored by the 

'KEYPRESSED fünction in Borland Pascal 7.0 as opposed to the 'READKEY" 

fùnction to obtain + 1 ms resolution for the reaction times (Brysbaert, 1990). 

The stimuli included pictures of articles of clothing presented on the computer 

monitor and narnes of articles of clothing presented through headphones (see Figure 1). A 

picture of the target article of clothing (a shin or a tie) was presented under several 

conditions: (1) alone (no-distracter condition), (2) in the middle of two response- 

incompatible distracter pictures (either ties or shirts) (rneaningful visual distracter 

condition), (3) in the middle of two irrelevant distracter pictures (purses)(unrneaningfid 
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visuai distracter condition), (4) with a response-incompatible article of clothing name 

(either tie or shirt) presented simultaneously through headphones (meaninel auditory 

distracter condition), (5) with an irrelevant article of clothing name (purse) presented 

simultaneously through headphones (unmeaningful auditory distracter condition), (6) in 

the middle of two response-incompatible distracter pictures (either ties or shirts) with a 

response-incompatible article of clothing name (either tie or shirt) presented through 

headphones (meaningfùl visual plus auditory distracter condition), and (7) in the middle of 

two irrelevant distracter pictures (purses) with an irrelevant article of clothing name 

(purse) presented through headphones (unrneaningfid visual plus auditoty distracter 

condition). Stimuli durations and sizes are presented in Table 1 and example visual 

displays are presented in Figure 1. 

Table 1 Stimuli Sizes and Presentation Duration. 

VISUAL 
STIMULI DURATION AND S E E  

TIE 3000 ms 1.25cm long 
(target / distracter) .75cm wide 
SHLRT 3000 ms 1. l Ocm long 
(target I distracter) 1.25cm wide 
PURSE 3000 ms 1. t Ocm long 
(distracter) 1 .1  Ocm wide 

AUDITORY 
STIMULI DURATION 

TIE 

SHIRT 

PURSE 

Children sat in a chair that was positioned approximately 40 cm fiom the computer 

monitor. Durhg the testing procedure participants wore TM- 1 O 1 stereo headphones 
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Fimire 1. The seven conditions within the visual selective attention task. 

VISUAL + AUDITORY 
DISrncTER 
CLMMEANINGFW 

(silence) 

(word sound = s h h )  

(word sound = purse) 

( W O ~  Sound = shirt) 

(silence) 

(word souxxi = purte) 

(word sound = tie) 
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comected to the computer for presentation of auditory stimuli. Participants were 

presented with 24 trials (picture displays) per condition, totaling 168 trials. One of target 

articles of clothing (the shirt or the tie) appeared at the center of the monitor for each trial. 

All conditions were mixed within three blocks of 56 trials and presented in a random 

order. 

The children were asked to respond to stimuli by pressing a certain key on a 

computer keyboard if the picture of one target article of clothing (the tie) was presented at 

the center of the computer monitor, and a different key if the other target article of 

clothing (the shirt) appeared in the center of the monitor. The keys used for the shin and 

tie were counterbalanced across participants. The children's responses triggered the offset 

of each presented stimulus. The visual stimulus remained on the computer monitor for a 

maximum of 3OOOms or until the child responded. Between the offset of one trial and the 

onset of the next trial the screen was blank for 1000ms. Accuracy (percent correct) and 

reaction time (speed in responding to the stimulus) were recorded. 

Teachers were requested to complete the CTRS-28 (Conners, 1989) to ensure that 

children in the control group did not have attentional problems. The CTRS-28 is a paper 

and pencil rating instrument. It consists of 28 items that are rated with one of four 

responses (not at d l ,  just a little, pretty much, or very much) by the teacher and then 

scored on a scale of O to 3. Children who received T-scores of less than 65 on al1 the 

subscdes (Conduct Problems, Hyperactivity, Inattentive-Passive and Hyperactivity Index) 

of the CTRS-28 were included in the control group. 
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Procedure 

The control children were recruited through the Kings County School Board, 

Nova Scotia. M e r  receiving permission to conduct the study in the schools, the principal 

of an elementary school was requested to distribute parental permission forms (see 

Appendix A) to classrooms that consisted of children in the appropriate age groups. 

Interested parents completed and returned the forms. The teacher was requested to 

complete a CTRS-28 on each child that had parental permission to participate in the study. 

The children with ADHD were recruited through a mental health chic in Windsor, 

Nova Scotia and the Attention Deficit Association of Nova Scotia. M e r  receiving 

permission to complete the study in the mental heaith clinic, the psychologist on staffwas 

requested to distribute parental permission forrns (see Appendix B) to the parents of 

children who had been diagnosed with ADHD and were under the age of 12. The 

psychologist distributed the forms by mailing information to the parents. The psychologist 

was provided with information packages ready for distribution to the parents. This 

procedure allowed for the confidentiality of the clients. Interested parents completed and 

reiumed the form. Following the retum of the permission forms, parents were contacted 

concerning their child's participation in the study and the child's file was reviewed to 

determine how and when diagnostic criteria were determined and how long the child had 

been taking methylphenidate. Fi@ percent of the permission forms were cornpleted and 

retumed. 

M e r  receiving permission to complete the study at the Attention Deficit 
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Association parental permission forms were mailed to members with the regular mail out 

of a newsletter. This procedure allowed for the confidentiality of the members. It could 

not be detennined pnor to the mailout who would rneet the critena so parental permission 

forms (see Appendix C) were mailed out to al1 members in Halifax, Dartmouth, Bedford, 

and Sackville, Nova Scotia. Interested parents completed and retumed the fom. 

Following the return of the permission forms, parents were contacted conceming their 

child's participation in the study and the child's therapist was contacted to detetmine how 

and when diagnostic criteria were determined and how long the child had been taking 

methylphenidate. Due to the mailout procedure it was not possible to determine the return 

rate of the individuais who met the critena for the study. 

Children were instructed of the procedure that needed to be followed in order to 

complete the visuai selective attention task (see Appendix D) followed by a short practice 

session. The display consisted of the presentation of a fixation point (+) on the center of 

the screen followed by the picture display. The participants received feedback at fixation 

following each trial ( "+" for correct, "-" for incorrect). This feedback then sewed as the 

fixation for the subsequent trial. The task was completed in a quiet room and the mnning 

time was approximately 15 minutes. Children in the ADHD group were tested under a no 

methylphenidate and methylphenidate condition. The order in which these conditions were 

tested was completely counterbalanced to control for ordering effects. 

Following the completion of the task the children were thanked for their 

participation. General information conceming the results of the completed study was 
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provided in written form to the parents following completion of the study. 

Results 

Descriptive Statistics 

Children with ADHD and children without ADHD were tested in two age groups: 

6- to 8-years-old and 9- to I 1-years-old (refer to Table 2). The younger age group 

differed significantly in age from the older age group in both the ADHD group 

k(22)=25.74, p <.O 11 and the control group [r(3O)+ 1.42, p <.01]. The younger ADHD 

group and younger control group did not differ in age Lt(24)= 0.25, n.s.1 nor did the older 

ADHD and older control group D(28)=1.83, n.s.1. 

Table 2: Partici~ant Descriptives 

Control ControI ADHD ADHD 
(younger) (older) (younger) (older) 

# Males I l  15 IO 10 

# Femdes 3 3 - 7 2 

Age (y ears-mont hs) 
Range 6-7 to 8-3 9-5 to 11-2 6-7 to 8-6 9-0 to 11-1 1 
Mean (SD) 7-5 (0-7) 10-7 (0-7) 7-5 (0-1 1) 10-5 (1-1) 

The f h l y  SES was determined for each child, using the 198 1 socioeconomic 

index for occupations in Canada (Blishen, Carroll, & Moore, 1987). The SES scores for 
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To ensure that children in the control group did not have attentional problems, 

teachers were requested to cornplete the CTRS-28 (Corners, 1989). Children who 

received T-scores of less than 65 on ail the subscales of the CTRS-28 were included in the 

control group. Refer to Table 3 for the mean (SD) CTRS-28 scores of children in the 

younger and older control groups. The younger and older control groups did not differ 

significantly on the Conduct Problem subscale [ #30) = 1 -55, n.s.1, the Hyperactivity 

subscaie [ i(30) = 0.14, n.s.1, the Inattentive/Passive subscale [ @O) = 0.34, n.s.1, nor the 

Hyperactivity Index [ ~ ( 3 0 )  = 0.1 6, n.s.1. 

Table 3: CTRS-28 Subscale Scores for Controt Group 

Conduct Hyperactivity Inattentive/ Hyperactivity 
Problem Passive index 

Younger 
Mean 47.79 46.71 
SD 5.87 4.75 

Older 
Mean 45.1 1 46.44 44.94 45.39 
SD 3 -97 6.13 8.33 6.53 

- 

Selective Attention Task 

Data for correct reaction time (RT; in msec), accuracy (percent correct), and 

efficiency (reaction tirne divided by proportion correct) were analyzed separately using 

Mixed Design Analysis Of Variance. FoIIow up analysis were conducted using Tukey's 

HSD procedure. The variables "'age" (younger or older) and "group" (ADHD or 

nonADHD) were between groups measures. The variables 'WH" (on or off), " distracter 
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modality" (visual, auditory, or both), and "distracter meaning" (meaningful or 

unmeaningfùl) were repeated measures. For each dependent measure, separate analyses 

were conducted comparing the control group to the ADKD group on and off-MPH and 

comparing the ADHD group's performance on and off-MPH. 

Unequal sample sizes in repeated measures designs may result in a violation of the 

assumption of sphericity. To account for potential violations, the Geisser-Greenhouse 

corrected probabilities were used to determine significance for al1 repeated measures 

effects. 

Reaction Time 

Control vs. ADHD (off-MPH). 

The control group was compared to the ADHD (off-MPH) group using a 2 

(group) x 2 (age) x 3 (distracter modality) x 2 (distracter meaning) ANOVA. Three main 

effects were significant (refer to Table 4 for means and standard deviations). The main 

effect of group was significant [F (1, 52) = 4.67, p< 0.051, indicating that children with 

ADHD exhibited longer RTs than children without ADHD. Second, the main effect of age 

was significant [F (1,52) = 54.27, p < 0.011. The younger group had significantly longer 

RTs than the older group. Also, the main effect of distracter modality was significant 

[F (2, 104) = 4.48, p < 0.051. Post-hoc cornparisons indicated that visual distracters, as 

well as the combination of visual and auditory distracters produced longer RTs than 

auditory distracters alone (see Appendix E). There was no significant difference 

in RT between the visual distracter condition and the condition which combined visud and 
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Table 4 : Means and Standard Deviations for Simificant Main Effmts of Reaction Time 

Control and ADHD (off-MPH) 

Group Control 
--)ID (off-MPH) 

Age Younger 
Older 

Modality Visual Distract ers 
Auditory Distracten 
Visual + Auditory Distracten 

Control and ADBD (on-MPH) 

Age Younger 
Older 

Modality Visual Distracters 
Auditory Distract ers 
Visual + Auditory Distracters 

Meaning Meaningful 
U nmeaningfùl 

ADHD 

Age Younger 
Older 

W H  O f f  
On 

Modality Visual Distracters 
Auditory Distracters 
Visual + Auditory Distract ers 
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auditory distracters. 

There were three significant two-way interactions. The group by age interaction 

was significant [F (1,52) = 8.98, p < 0.0 I ]  (refer to Figure 2). Group RTs were not 

significantly different for the younger age group. Children with ADHD (off-WH), 

however, were significantly slower than control children in the older age group (see 

Appendk E). Both groups exhibited improvement with age. 

The distracter modaiity by age interaction was also significant [E (2, 104) = 3.62, 

p < 0.051 (refer to Figure 3). This interaction indicates that the two age groups did not 

follow the same trend in reaction times when distracter modality was taken into 

consideration. Post-hoc cornparisons showed younger children were slower to respond to 

targets when they were presented with visual or visual + auditory distracters than when 

they were presented with auditory distracters. The older children, however, show similar 

and shorter M s  across al1 three distracter modalities (see Appendix E). This suggests that 

children in the younger group were more affected by the nature of the distracter than 

children in the older group. 

The third significant interaction was distracter meaning by group (1, 52) = 4.53, 

p < 0.051 (Refer to Figure 4). The children with ADHD (off-WH) did not show a 

significant difference in RT between meaningful and unmeaningfùl distracter conditions 

whereas the children without ADHD were significantly faster with the presentation of 

unmeaningful distracters compared to meaningful distracters (see Appendix E for results 

of Tukey HSD). Al1 other interactions failed to reach significance. 
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-X- Control 
+ .mm (off WH) 

+ ADHD (on MPH) 

Figure 2: Mean RT (msec) as a Function of Group and Age. 
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Figure 3: Mean RT (msec) as a Function of Age and Distracter Modaiity for the Control and the 
ADHD (off Methylphenidate) Groups. 
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Distnctcr Mcaning 

-X- Control 
-il- ADHD (off MPH) 
+ .OHD (on MPH) 

Figre 4: Mean RT (msec) as a Function of Group and Distracter Meaning. 
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Control vs. ADHD (on-MPH). 

The control group was compared to the ADHD (on-MPH) group using the same 

analyses as the ADHD (off-MPH) cornparison. Three main effects were significant (refer 

to Table 4 for means and standard deviations). First, the main effect of age was significant 

[F (1, 52) = 49.54, p < 0.0 11. Second, the main effect of distracter modality was 

significant [F (2, 104) = 8.73, g < 0.011. Post-hoc cornparisons indicated that visual 

distracters, as well as the combination of visual and auditory distracters had longer RTs 

than auditory distracters alone (see Appendix E). There was no significant difference 

between the visual distracter condition and the condition which combined visual and 

auditory distracters. Also, a main effect of distracter meaning was significant [F (1, 52) = 

5.30, p '0 .OS], indicating that meaningful distracters resulted in longer RTs than 

unmeaningfûl distracters. There was no main effect of group. 

Two two-way interactions were significant. First, the significant interaction of 

group by age [F (1,52) = 9.54, p < 0.0 11 indicated that younger children with ADHD (on- 

MPH) showed faster RTs than control children of the same age whereas older children 

with ADHD (on-MPH) showed sirnilar RTs to control children of the same age (refer to 

Figure 2 and Appendix E). The distracter meaning by group interaction was also 

significant (1, 52) = 4.23, g < 0.051 (refer to Figure 4). The control group had slower 

RTs in the meaninal condition than in the unmeaningfûl condition whereas the two 

conditions did not differ for the ADHD (on-MPH) group (see Appendix E). 
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ADHD (off-MPH vs. on-MPH). 

The RTs of children with ADHD (on and off-MPH) were compared using a 

2 (MPH) x 2 (age) x 3 (distracter modality) x 2 (distracter rneaning) mked ANOVA. 

Three main effects were significant (refer to Table 4 for means and standard deviations). 

The first was the main effect of age ( 1,22) = 1 4.73, g < 0.0 I ; younger RT > older RT] . 

Second, there was a main effect of MPH [F (1,22) = 14.52, p < 0.0 I l .  Children with 

ADHD had longer reaction times when they were off-MPH than when they were on- 

MPH. Also, there was a main effect of distracter modality (2, 44) = 5.04, p < 0.051. 

Post-hoc comparisons indicated that visual distracters, as well as the combination of visual 

and auditory distracters had longer RTs than auditory distracters done (see Appendix E). 

There was no signifiant difference in RT between the visual distracter condition and the 

condition which combined visual and auditory distract ers. No interactions were significant . 

Distracter E ffect S. 

To obtain rneasures of overall interference caused by distracters, distracter 

difference scores were calculated by subtracting the RTs for meaningfùl and unmeaninfil 

distracter rnodality conditions from the RTs of the no-distracter condition. One sample t- 

tests were then completed on the distracter difference scores to determine if the difference 

scores were significantly different from zero. Distracter difference scores that are 

significantly greater than zero indicated significant interference caused by a specific 

distracter relative to the no-distracter condition. The distracter difference scores indicated 

that RTs were longer when the target item was presented with visual distracters 
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(meaningfbl and unrneaningfùl), auditory distracters (meaningful and unmeaninfil), and 

visual + auditory distracters (meaningfiil and unmeaningful) than when the target was 

presented without distracten. This was true for the younger and older control groups and 

the younger and older ADHD (on and off-MPH) groups. Thus, distracters created 

interference relative to no-distracter conditions for children in the Control, the ADHD 

(off-MPH), and the ADHD (on-MPH) conditions. 

The distracter difference scores were compared to determine if distracters cause 

more interference for children with ADHD (off-MPH) than for children with ADHD (on- 

MPH) or the children without ADHD. The analyses completed for the UT distracter 

difference scores were identical to the anaiysis of the UT distracter scores. Follow up 

analyses were conducted using Tukey's HSD procedure (see Appendix G). 

Results of the analysis comparing children with ADHD (off-MPH) and children 

without ADHD revealed that children with ADHD (off-MPH) were more distracted by the 

presence of ail distracter conditions (modality and rneaning) than children without ADHD 

[F (l ,5î) = 9.13, ~ 0 . 0  11. The distracter rnodality main effect [F (2,52) = 4.8 1, p <0.05] 

indicated that children were more distracted by visual distracters and a combination of 

visual and auditory distracters than auditory distracters alone. Two interactions were 

significant. First, the distracter rnodality by age interaction [F (2,104) = 3.62, p <O.OS] 

indicated different patterns of responding for the two age groups. The older group showed 

similar difference scores across al1 modalities whereas the younger group was more 

distracted by visuai distracters and a combination of visual and auditor). distracten than 
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auditory distracters aione. The second significant interaction was distracter meaning by 

group (1 , S î )  = 4-53, e c0.051. Children with ADHD (off-MPH) in the younger and 

older age group responded similarly to meaningful and unmeaningful distracters whereas 

children without ADHD were more distracted by meaningfùl distracters than unmeaningful 

distracters. 

Children with ADHD (on-MPH) did not differ significantly from the children 

without ADtlD. The analysis comparing these two groups found a main effect of 

distracter modality CF (2,104) = 9.22, p <0.01]. Visual distracters and a combination of 

visuai and auditory distracters caused more interference in responding than auditory 

distracters alone. The main effect of distracter meaning (1,52) = 5 -4 1, e< 0.051 

indicated that meaningful distracters caused more interference than unmeaningful 

distracters in this analysis. Two significant interactions were significant. First, the meaning 

by group interaction was significant [F (1,52) = 5 . 1 2 , ~  < 0.051. Children with ADHD (on- 

MPH) were simiiarly distracted by both meaningful and unmeaningfid distracters while 

children without ADHD were more distracted by meaningful than unrneaningful 

distracters. The second significant interaction was distracter meaning by age (2,52) = 

5.72, p c O.OS]. This interaction revealed that while older children were distracted 

similarly by both meaningfûl and unrneaningful distracters, younger children were more 

distracted by meaningful t han unrneaningful distract ers. 

The andysis comparing children with ADHD on-MPH and off-MPH indicated that 

children with ADHD were more distracted by dl distracter conditions (modality and 
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meaning) when they were off-MPH than when they were on-MPH (1,22) = 4.80, p 

<0.05]. The main effect of distracter modaiity [F (1,22) = 5.04, <0.0 11 indicated that 

children were more distracted by the presence of visual distracters and the combination of 

visual and auditory distracters than the auditory distracters aione. No interactions were 

significant . 

Thus, RT distracter difference scores indicated that distracter conditions caused 

more interference than the no-distracter condition. In addition, the distracters caused more 

interference for children with ADHD (off-MPH) than children with ADHD (on-MPH) or 

children without ADHD. Other significant main effects and interactions resulted in similar 

findings as the RT data previously discussed. 

Accuracv 

The analyses completed for the accuracy scores were identical to the analyses 

completed for the RT scores. 

Control vs. ADHD (off-MPm. 

One main effect was found to be significant in the accuracy data. The group main 

effect was significant (1, 52) = 24.62, p c 0.0 11 with the Control group (M = 96.15, 

SD = 4.80) responding to the task with greater accuracy than the ADHD group - 

(M= 88.65, = 10.15). One two-way interaction was ~ i ~ f i c a n t .  The significant 

distracter meaning by age interaction [F (1, 52) = 4.80, g < 0.051 (see Figure 5) indicated 

that younger children responded less accurately than older children with the presentation 

of meaningful distracters while both age groups responded with similar accuracy to the 
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Control Grmir, and ADHD (off MPR) Group Combined 

90 
Munilllgill Cmrrrnmofiil 

Distractcr Mcaning 

Coatrol Group ;and ADHD ton MPH) Group Combined 

94 --- - 
~ l r u i ~ l  L-nmcui;aphil 

Distractcr Mcaning 

Figure 5: Mean Accuracy (% correct) as a Function of Distracter Meaning and Age. 
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presentation of unmeaningfùl distracters (see Appendix E). 

One three-way interaction was significant. The distracter modality by group by age 

interaction was significant [F (2, 104) = 3.39, p < .O51 (refer to Figure 6). Observation of 

Figure 6 and results of the Tukey HSD post-hoc cornparison (see Appendix E) indicate 

that accuracy did not Vary with age at any modaiity for the control group. For the ADHD 

(off-MPH) group, however, age differences in accuracy were noted, the largest being in 

the auditory distracter condition. The lack of differences in the control group may be due 

to ceiling effects. The younger ADHD (off-MPH) group, which had the lowest accuracy 

scores of the groups, showed higher accuracy in responding when presented with a 

combination of visual and auditory distracters compared to auditory distracters alone but 

did not show any significant difference in accuracy between visual and auditory distracter 

conditions or visual and a combination of visual and auditory distracter conditions. 

Control vs. ADHD (on-MPH). 

The two-way interaction of Meaning by Age was significant [F ( 1, 52) = 3.85, 

< 0.051. Again this interaction (refer to Figure 5) ,  indicates that younger children 

respond more accurately when presented with unmeaningful distracters than rneaningful 

distracters and that older children respond more accurately when presented with 

meaningful distracters than unmeaningful distracters. This trend was not significant with 

post-hoc cornparisons (see Appendix E). 
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80 - 
Visual Auditory Both 

Distractcr 

Figure 6:  Mean Accuracy (% correct) as a Function of Group, Age, and Distracter Modality for Control 
and ADHD (off Methylphenidate). 
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ADHD (off-MPH vs. on-MPH). 

The main effect of MPH was significant ( 1.22) = 30.63, p < 0.0 1 ] for the 

accuracy data. Children with ADHD had a significantly higher percentage of correct 

responses when they were on-MPH (M = 96.38, a = 5.1 7) than when they were off- 

MPH (M = 88.65, = = 10.15). 

Two two-way interactions were found to be significant. The MPH by age 

interaction was significant (1,22) = 5.88, Q < 0.051 (refer to Figure 7). This interaction 

suggests that although both age groups of children with ADHD show higher accuracy 

when on-MPH than when off-MPH , children in the younger age group show a much 

larger increase in accuracy than children in the older age group. When the children are off- 

MPH, younger children show lower accuracy than older children but when they are on- 

MPH there is no significant difference between the two age groups (see Appendix E). 

The distracter modality by age interaction was significant [E (2,44) = 3.88, p < 

-051 (refer to Figure 8). Aithough not significant with post-hoc testing, younger children 

showed the following pattern of accuracy for presentation of distracter modalities h m  

highest accuracy to lowest : Visuai + Auditory Distracters > Visual Distracters > Auditory 

Distracters whereas for older children the pattern of accuracy for presentation of distracter 

modalities from highest accuracy to lowest was as follows: Auditory Distracters > Visual 

Distracters > Visual + Auditory Distracten. 

Distracter Effects. 

Distracter difference scores were calculated by subtracting the accuracy scores for 
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-Z- Control 

+ ADHD (off hipH) 

+ ADHD (on iMPH)) 
-- - 

Figure 7: Mean Accuracy (% correct) as a Function of Ase and Group 
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Figure 8: Mean Accuracy (% correct) as a Function of  Modality and Age for the 
ADHD Group (on and off MPH combined). 
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the no-distracter condition fiom the accuracy scores of the meaninfil and unmeaningfiil 

distracter rnodaiity conditions. One sample t-tests were then completed on the distracter 

difference scores to determine if the difference scores were significantly different fiom 

zero. If the distracter difference score is significantly greater than zero then the distracter 

condition is causing a decrease in accuracy as cornpared to the no-distracter condition. 

Most of the distracter difference scores indicate that accuracy scores were similar whether 

the target item was presented with distracters [visual (meaningful or unmeaningful), 

auditory (meaningful or unmeanin,&l), or both (meaningful or unrneaningful)] or without 

distracten for children in the Control, ADKD (off-MPH), and ADHD (on-MPH) 

conditions ( see Appendix F). The only significant difference in accuracy between 

distracter and no-distracter conditions was found when the older control group was 

presented with visual, unmeaningful distracters Lt ( 1 7) = 2.50, p <.OS]. 

Efficiencv 

In this study not al1 groups showed similar levels of accurate responding. When 

accuracy scores differ between groups the possibility that different strategies are being 

used needs to be considered. For exarnple, a low accuracy score and high reaction time 

score may suggest that the child is responding impulsively. Efficiency scores are used to 

incorporate RT scores and accuracy scores into one score by dividing RT by proportion 

correct (Townsend & Ashby, 1983). This one score c m  then reflect any trade off a child 

may be making between accuracy and RT. A low efficiency score represents high 

efficiency in responding (Le., low RT, high accuracy) whereas a high efficiency score 
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represents low efficiency in responding (Le., high RT, low accuracy). The analyses 

completed on Efficiency scores were identical to analyses on RT and accuracy scores. 

Control vs. ADHD (off-MPH). 

Two main effects were significant (refer to Table 5 for means and standard 

deviations). The main effect of group was significant [4 (1, 52) = 14.95, p < .O 11. The 

Control group was more efficient in responding to the stimuli than the ADHD-off-MPH. 

Second, the main effect of age was sipificant (1, 52) = 49.68, p < .O 11. Children in the 

older age group responded more efficiently to the task than children in the younger age 

group 

The two-way, distracter meaning by age interaction was significant [F (1, 52) = 

5.38, Q -= .O51 (see Figure 9). Children in the older age group maintained relatively sirnilar 

efficiency scores for meaningful and unmeaningfûl distracters whereas the younger age 

group were more efficient at responding when the distracter was meaninfil than when it 

was unmeaningful (see Appendix E). 

Control vs. ADHD (on-MPH). 

There were three significant main effects (refer to Table 5 for means and standard 

deviations). First, the main effect of age was significant ( 1, 52) = 44.95, p < 0.0 1 1. 

The children in the older age group responded more efficiently than the children in the 

younger age group. The main effect of distracter modality was aiso significant [F (2, 104) 

= 9.57, p < 0.0 11. Post-hoc cornparisons indicated that responses were less efficient when 

targets were presented with visual distracten, or a combination of visual and auditory 
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Table 5 :  Means and Standard Deviations for Significant Main Effects of Efficiencv 

Control and ADED (off-MPE) 

Group 
Control 
ADHD (off-MPH) 

Younger 
Older 

Control and ADHD [on-MPH) 

Age 
Y ounger 
OIder 

Modality 
Visual Distracters 
Auditory Distracters 
Visual + Auditory Distracters 

ADHD 

Age 
Younger 
OIder 

MPH 
OfF 
On 
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Control Groua and ADHD (off MPH) Group Combined 

Distractcr Meaning 

Control Gmup and ADHD (on MPH) Group Combined 

750 - 
Slrm@l Clrmernmgfid 

Distncter Meaning 

Figure 9: Mean Efficiency as a Function of Distracter Meaning and Age. 
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distracters than when targets were presented with auditory distracters done (see Appendix 

E). There was no significant difference in efficiency between the visual distracter condition 

and the condition which combined visual and auditory distracters. 

Three two-way interactions were significant. The group by age interaction was 

significant [F ( 1 , 52) = 1 0.1 3, p < 0.0 1 ] (refer to Figure 1 0). In the younger age goup 

children with ADHD (on-MPH) were more efficient in their responding than the control 

children but in the older age group children in the control group and the ADHD (on- 

MPH) group responded with similar efficiency (see Appendix E). There was also a 

significant distracter meaning by group interaction [F (1, 52) = 4.26, p < 0.051 (refer to 

Figure I l ) .  This interaction showed that the ADHD (on-MPH) group responded similarly 

with the presentation of meaningfùl and unmeaningful distracters but that the control 

group responded more efficiantly to the presentation of unrneaningful than meaninghl 

distracters (see Appendix E). The third significant interaction was distracter meaning by 

age [F (1, 52) = 13 34, p < 0.0 1 ] (refer to Figure 9). This interaction indicates that older 

children maintained a similar level of efficiency across meaningful and unmeaningfùl 

distracters, whereas younger children are more efficient at responding when they are 

presented with unmeaningful distracters than meaningfbl distracters (see Appendix E). 

This interaction suggests a larger age difference in efficiency for meaningful distracters 

than for umeaningful distracters. 

ADHD (off-MPH vs. on-MPH). 

There were two main effects of efficiency in the analysis of children with ADHD 
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Figure 10: Mean Efficiency as a Function of Croup and Age. 



Selective Attention 58 

Meaningfui 

Oistracter Meaning 

Unmeaning 
ful 

+ADHD(off MPH) 
+ADHD(on MPH) 
pp 

Figure 1 1 : Mean Efficiency as a Function of Group and Distracter Meaning. 
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(refer to Table 5 for means and standard deviations). First, there was a main effect of age 

[F (1,22) = 12.35, g < -011 suggesting that older children responded more efficiently than 

younger children. Second, there is a main effect of MPH [F (1.22) = 40.00, p < 0.0 1 ] 

illustrahg that children on-MPH responded more efficiently than children off-MPH. Ail 

other effects failed to reach significance. 

Socio-Economic Status (SES) and Selective Attention 

Analysis of Covariance (ANCOVA) was completed on dl the preceding eficiency 

analysis using SES as a covariate. AIthough there was no significant eRect of SES for the 

andysis there were some changes to significant effects when SES was a covariate. In this 

section al1 effects that have changed are reported. 

No main effects or interactions were lost from the Control and ADHD (off-MPH) 

analyses as a result of using SES as a covariate. The addition of SES as a covariate to the 

analysis with the Control and the ADHD (on-MPH) changed the main effects of distracter 

modality and distracter meaning fiom significant to not significant. No main effects or 

interactions were lost when SES was added to the analysis of the ADHD group when they 

were on and off-MPH. 

Discussion 

The results indicate that children with ADHD are more distractible than children 

without ADHD of the same age. When children with ADHD are on-MPH, however, their 

performance on selective attention tasks improves significantly. Consistent across al1 

conditions was the fact that children with ADHD were more impaired in their performance 
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than children without ADHD and that oider children performed more efficiently than 

younger children in both the ADHD and control groups. 

Selective Attention and ADHD 

Al1 groups exhibited interference effects with measures of RT and efficiency. This 

section will discuss the nature of these interference effects for the different groups in this 

study. 

It was hypothesized that children with ADHD should find it more difficult to 

ignore irrelevant information while tMng to process and respond to target information. In 

the present study, children with ADHD were less efficient than children without ADHD in 

the same age group. Moreover, the performance of the ADHD group was less efficient 

than the control group for al1 distracter types. Furthemore, children with ADHD did not 

perform as efficiently as the children without ADHD even in tt-ials that did not contain any 

distracters. Thus, results are consistent with Ceci and Tishman ( 1  984) and Pearson et al. 

(1 995) who found that children with ADHD did not perform as efficiently as children 

without ADHD on attention tasks. 

Ceci and Tishman ( 1984) claimed that when leaming conditions are made 

demanding (e-g., tirne restricted, numerous distracters), the performance of children with 

ADHD will decrease in efficiency to an extent greater than their same age peers. 

According to Ceci and Tishrnan (1 984) demanding learning conditions require the total 

use of limited capacity attentional resources. Children with ADHD may have a more 

limited capacity, resulting in processing deficits. 
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Studies on Auditory Evoked Response Potential (AERP) waves (e.g. Klorman, 

1991 ; Satterfield et al., 1990) suggest that P3b waves rnay be associated with deficits in 

selective attention. Results of the study by Satterfield et al. (1 990) indicated that the 

deficit in selective attention rnay have been a result of insuscient processing of the 

relevant stimuli. In other words, children with ADHD focused their attention on irrelevant 

information, limiting the available resources for processing of the target. If children with 

ADHD are having more difficulty with processing and encoding stimuli they rnay not be 

able to prepare sufficiently for upcoming stimuli. This rnay result in an attention deficit on 

al1 trial types not just for the items with distracters present. The results of the present 

study are consistent with an argument that processing deficits are present overall rather 

than just in the presence of distracters. 

This is consistent with the findings of Higginbotharn and Bartiing (1993) that 

children with ADHD do not show more or Iess interference depending on the modality of 

the distracters but were more distracted than children without ADHD even in the absence 

of a distracter. Higginbotharn and Bartling ( 1993) suggested that not only do distracters 

affect the performance of a child with AûHD when the distracters are present but the 

distracters rnay also be impairing the child's ability to attend following distraction. 

Processing begins with the presentation of the first item which includes the target stimuli 

and possibly visual and/or auditory distracters. Retroactive interference (second item 

interferes with the first item) and proactive interference (first item interferes with the 

second) rnay occur fiom item to item (Higginbotharn & Bartling, 1993). In the present 
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study, the distracter and no-distracter conditions were combined in the task for each child. 

Thus, the distracters rnay have caused an overall interference effect similar to that reported 

by Higginbotham and Bartling (1993). 

Clearly, more than the presence of distracters reduces the pefiomance of children 

with ADHD. Even on a simple timed computer task, children with ADHD rnay be more 

influenced than controls by a number of factors related to attention (e-g., boredom, visual 

processing deficits). Boredom rnay influence the performance of a child with ADHD 

significantly more than a child without ADHD. A child with ADHD can not sustain 

attention for as long as a child without ADHD (e-g., Corkum & Seigal, 1993) and thus, 

rnay be become distracted from the task more so than controls. In the present study, 

however, the task was purposely designed to be completed in a short period of tirne to 

reduce the impact of boredom. 

Visual processing deficits rnay also influence the ability of a child with ADHD to 

perform a visual computer task. Using a covert onenting computer task, Carter Krener, 

Chadejian, Nonhcutt, and Wolfe (1 995b) measured the ability of children with ADHD to 

process and respond to targets when presented with valid and invalid cues. Results 

indicated that children with ADHD have visual processing deficits that rnay be related to 

" a  dismption of controlled attentional mechanisms in the nght cerebral hemisphere" 

(p.797). Carter et al. (1995b) suggested that such processing deficits rnay influence a 

child7s ability to sustain attention and cause difficulty inhibiting processing. 
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Questions were also raised conceming the influence of the modality of the 

distracters and the meaningfblness of the distracters. It was hypothesized t hat both the 

ADHD group and the control goup would be more distracted from the task when both 

the visual and auditory distracters were presented together. Also, it was expected that 

children with ADHD would be more easily distracted than children without ADHD for al1 

distracters. The smallest gap between the two groups was expected to be with the 

presentation of auditory distracters since auditory distractibility is reportedly associated 

with cognitive functioning (Bedi et al., 1994) and all children tested were functioning at 

their grade appropriate level. Visual distractibility, on the other hand, has been linked with 

hyperactivity and inattention (Bedi et al., 1994) and thus, conditions with visuai distracters 

were expected to be more difficult for children with ADHD than children without ADHD. 

The results of the present study indicated that the control group and the ADHD 

(on-MPH) group expenenced the least interference Frorn auditory distracters. Both visual 

distracters and the combination of visual and auditory distracters caused more interference 

for these two groups. This was expected given the task was visual and visual distracters 

provide modality-specific distraction. The ADHD (off-MPH) group, however, 

experienced similar task interference with visuai distracters, auditory distracten and a 

combination of visual and auditory distracters. Although these results are not consistent 

with the findings of Bedi et ai. (1994), it is possible that the interference caused by visual 

distracters in the present experiment may cany over and cause high overall levels of 

interference for children with ADHD (Higginbotham & Bartling, 1993). This argument is 
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similar to the explmation for poorer performance by children with ADHD on no-distracter 

triais. Auditory and visual distractibility were measured in separate tasks by Bedi et al. 

(1994), thereby eliminating the potential for c q  over interference effects in their study. 

Distracters were fùrther divided into rneaningfil and unmeaningfbl conditions. It 

was hypothesized that meaningfid distracters would create more interference than 

unmeaningfbl distracters because meaningfid distracters require inhibiting a response- 

incompatible to the target, whereas the unmeaningfbl distract ers are irreievant to the 

target. This difference was expected to be larger for younger children and for children 

with ADHD because both have been reported to experience difficulties inhibiting 

responses (e-g., Ems & Akhtar, 1989; Mdone & Swanson, 1993). Children with ADHD 

(off-MPH and on-MPH) did not show a significant diference in reaction tirne between 

rneaningfid and unmeaningful distracters whereas children without ADHD were 

significantly faster wit h the presentation of unrneaningful distracters compared to 

meaninfil distracters. This finding suggests that children with ADHD did not make a 

strong association between the target and response and therefore, were not differentially 

affected by the presence of distracters that required inhibiting a response, and those that 

did not. This association, that is seen in children without ADHD, is not evident even 

when children with ADHD are on-MPH. This finding may also be explained by the 

argument that children with ADHD do not distinguish between the varying distracter types 

within a single task. Rather, the fact that distracters are present at any point during the 

task makes the entire task more difficult for children with ADHD than children without 
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ADHD. It should be noted, however, that this effect was not modified by MPH treatment 

whereas the rnodality effect was. 

Developrnental Trends of Selective Attention 

To understand the impact of childhood ADHD on selective attention this study 

addressed the issue of how selective attention abilities develop in children without ADHD 

and then compared this development to the development of selective attention in children 

with ADHD. It is a normal response for children of al1 ages, as well as adults, to need to 

take tirne to ignore distracters. This study hypothesized that older children would be more 

efficient than younger children at the selective attention task. In agreement with previous 

studies (e-g. EMS & Akhtar, 1989; DeMarie-Dreblow & Miller, 1988) the present study 

found that distracters caused less interference for children in the older age group than for 

children in the younger age group. As previously discussed, EMS and Akhtar (1989) 

suggested two potential reasons for an increase in efficiency in selective attention abilities 

as a child gets older. First, young children may have a limited capacity of attention that 

capacity increases as they get older. Second, young children may have deficits in skills that 

are needed to develop and use strategies for selective attention tasks. It is likely that as 

children get older their capacity for attention increases and they also develop more 

sophisticated strategies. These explanations are consistent with the age irnprovements 

noted in the present study. 

It was also hypothesized that developrnental trends woufd be sirnilar for children 

with ADHD (off-MPH) and for children without ADHD. Data generdly supported the 
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hypothesis that older children would be more efficient than younger children whether the 

child had ADHD or not (see Figure 2). There i s  however, a srnailer difference with age 

for the ADHD (off-MPH) group than for the control group in both the Efficiency and RT 

data. Malone and Swanson (1993) have reported that the problems children with ADHD 

have with inhibitory control and impulsiveness persist into adolescence and adulthood. In 

the present study, children with ADHD never reached the level of performance that 

children in the control group reached, suggesting selective attention deficits persist as 

well. Children with ADHD (off-MPH) in the younger age group exhibited similar levels of 

performance to their sarne age peers without ADHD but the older children with ADHD 

(off-WH) exhibited significantly poorer performance than their sarne age peers, 

suggesting that children with ADHD do not develop at the same rate as children without 

ADHD. 

Accuracy did not Vary fiom the younger to the older group for the control 

children. This is most likely due to the fact that a ceiling efTect was found in both age 

groups. The children in the ADHD (off-MPH) group, however, showed age differences 

for accuracy results. Children with ADHD (off-MPH) in both the younger and older age 

groups were less accurate than control children in either age group. This finding suggests 

that although children with ADHD (off-MPH) increase their accuracy with age they are 

unable to develop skills to the level demonstrateci by children without ADHD even if the 

children without ADHD are younger. This result and the reaction time data are consistent 

with the notion of a developmental lag in children with ADHD. 
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Although children with ADHD were not as efficient at the selective attention task 

as children without ADHD both groups showed an increase in efficiency with age. Pearson 

et al. (1995) suggeaed that children with ADHD may be developmentally immature in 

their ability to orient attention. Furthemore, since orienting may be a component of 

selective attention, children with ADHD would be expected to show some developmental 

imrnatunty in selective attention as well. 

The impact of meaningful and unmeaningful distracters was also mediated by age. 

Children in the older age group demonstrated similar efficiency with rneaningful and 

unmeaningfûl distracters whereas younger children were more efficient when the 

distracters were unmeaningfùl. Younger children were dso less accurate than older 

children when the distracters presented were meaningfùl but were sirnilar when the 

distracters were unmeaningfùl. In addition, younger children responded with higher 

accuracy to unmeaningful distracters than meaninfil whereas older children respond with 

higher accuracy to meaningfùl distracters than unmeaningful distracters for both children 

with and without ADHD. Inhibitory control in younger children is reportedly not as well 

developed as in older children (Enns & Akhtar, 1 989). Younger children therefore, rnay be 

more impulsive, and may be more likely to respond to distracters rather than the target. 

The sarne would be expected of children with ADHD in both age groups, although 

perhaps not when a child is treated with MPH (see below). In the present study, younger 

children were affected more by the nature of the distracters than older children. 
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Interestingly, children with ADHD (off-MPH) seem to be effected sirnilarly by meaningfùl 

and unmeaningfbl distract ers. 

The results of the present study suggested that when studying children with 

ADHD, age groups should not be collapsed. When large age ranges are combined there is 

a potential to diminish or exaggerate deficits associated with the disorder. In order to tmly 

understand ADHD and its implications for individuals, it is necessary to understand how 

the disorder changes with age throughout the lifespan. 

The Effects of Methvlphenidate on Attention 

It was hypothesized that MPH would improve the performance of children with 

ADHD on the selective attention task. This was supported by data showing that children 

with ADHD responded more efficiently to targets when they were on-MPH than when 

they were off-MPH. Children were faster and more accurate when medicated. 

When children with ADHD (on-MPH) were compared to their peers without 

ADHD, data indicated a different developmental trend for the two groups. Both groups 

showed an increase in efficiency as the children got older. When the younger children with 

ADHD were on-MPH, however, they were actually more efficient than their same age 

peers whereas the older children in the ADHD (on-MPH) group and the control group 

responded with simi!ar efficiency. One explanation for this may be that al1 young children 

expenence attention deficits to a certain extent due to immature attentional systems (Plude 

et al., 1994). It appears that the impact of MPH is sufficient to improve the younger 

children with ADHD to a level than surpasses their same age peen. Presumably then, if 



Selective Attention 69 

younger children in the control group were given MPH their performance would improve, 

although it would not be expected to improve to the same extent as children with ADHD 

in the younger group. 

Children with ADHD (on-WH) and children without ADHD exhibited more 

interference when both visual and auditory distracters are presented together or when 

visual distracters are presented alone. Children with ADHD (off-MPH), however, did not 

exhibit levels of interference that Vary with distracter type and showed a greater deficit in 

al1 conditions than the control and the ADHD (on-MPH) groups. As stated earlier, 

children with ADHD (off-MPH) may expenence overall task interference caused by the 

mere presence of distracters. If this explanation holds then the present data provides 

evidence that the administration of MPH reduces the overall impact of distracters making 

the pattern of inte~erence for children with ADHD (on-MPH) more sirnilar to controls. 

Thus, to optimize the leaming environment, children with ADHD (off-MPH) would need 

to reduce any distraction kom their environment which is impossible most of the time. If 

MPH is introduced, the overall impact of distracters is reduced. This should allow them to 

work more efficiently in environments where it is impossible to eliminate distracters. 

Impulsivity has also been found to decrease when MPH is given to a child with 

ADHD (Malone & Swanson, 1993). Malone and Swanson (1 993) examined the effects of 

MPH on impulsive responding in children with ADHD using a visual search word- 

matching task. Malone and Swanson ( 1993) defined impulsivity as the child blurting out 

an incorrect answer prior to giving a final answer. MPH reduced impulsivity in responding 
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as well as the number of incorrect finai responses for children with ADHD. In the present 

study children with ADHD (on-MPH) were more comparable to the control group than 

when they were off-MPH. Children with ADHD (off-WH) had longer reaction times, 

than children with ADHD (on-M'PH) or children without ADHD. This may indicate that 

children with ADHD were not responding irnpulsively when off-MPH, given that you 

would expect shorter reaction times with impulsive responding. Children with ADHD on- 

MPH, however may have been better able to control responding thereby improving their 

overall accuracy in cornparison to when they were off-MPH. 

In addition, when children with ADHD were on-MPH it did not change their 

response to the meaningfulness of the distracters. They continued to respond similarly to 

meaningful and unmeaningful stimuli which indicates that they were not building a strong 

association between the stimulus and response as was found with the children without 

ADHD. Although it is not clear why this might be, it may suggest that children with 

ADHD do not process distracters to the same level as control children. If, for example, the 

shin distracters were not processed to the point of recognition then you would not expect 

more interference when the distracters were purses. 

Overall, results indicated that the performance of children with ADHD improved 

when they were on-MPH as compared to when they were off-MPH. The following section 

will discuss the implications of development and MPH on ADHD. 

Im~lications 

As discussed in the introduction, ADHD has become a common diagnosis and 
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many children with ADHD have difficulties in school. Understanding the nature of 

selective attention deficits can help us stmcture classrooms to minimize distraction. The 

fact that children with ADHD are slower overall in their processing and reaction times 

during the task provides us with knowledge that could be helpfùl in allowing children with 

ADHD a better oppominity to succeed. For example, a child with ADHD is given a test 

with 30 multiple choice and takes an extra 30 seconds per question because of processing 

difficulties. This extra 30 seconds per question (which does not appear to be a lot) adds up 

to an extra 15 minutes on that test. The 15 extra minutes that this child rnay need generaily 

does not exist, which in tum can lead to mistration and test taking anxiety, which in tum 

may be displayed in acting out behaviours. Understanding that this rnay occur allows 

teachers and others working with children with attention problems the knowledge to 

provide the child with extra time to complete tasks. This rnay be a more practical solution 

than providing a testing environment without distraction, given the monetary resources 

required to isolate individuals for education. The example provided shows the practicai 

aspects of selective attention in school, but there are many other areas of a child's life that 

may be affected similarly by problems of attention (e-g., sports, field trips going to the 

mall). 

Other implications of the present study are related to developmental findings that 

suggest children with ADHD do not perform as well as their same age peers on selective 

attention tasks. The fact that developmental effects were found for children with ADHD 

makes the practice of combining large age ranges together in a single group unacceptable. 
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Future studies of selective attention and no doubt other components ofattention need to 

take developmental issues in to consideration when designing their studies. 

The findings of this study indicated that for children with ADHD the nature of the 

distracter was less of an issue than the presence of distracters. Children without ADHD 

showed more diReremes to different types of distracters whereas children with ADHD 

showed a more generalized, overail distractibility to the task. Thus, children with ADHD 

experience the effects of distracters not only when they are present but also through 

retroactive and proactive interference. This finding would suggest that the presence of 

distracters need to be limited as much as possible in the leaming environment of children 

in order to maxirnize their ability to process relevant information. 

Methylphenidate, when used as a treatment for children with ADHD, decreases 

their distractibility relative to when they are not taking methylphenidate. This decrease in 

distractibility allows the child to maintain attention which is an important part of the 

leaming process. Thus, medication during the school day may allow the child to process 

and encode more of the necessary material and Iead to more productivity. Classroom 

performance has been found to improve for children with ADHD when they are taking 

MPH. DuPaul and Rapport (1993) explored the effects of MPH on children with ADHD. 

W H  produced a significant improvement in attention (on task behaviour) and academic 

efficiency, as well as improving teacher ratings of the child's behaviour from the baseline 

levels in children with ADHD. This improvement may in part be due to an improved ability 

to inhibit the impact of distracters. 
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It remains unclear whether the effects that MPH has on acadernic problems for 

children with ADHD are merely short-term gains or translate into long-tenn irnprovements 

in leaming. In a review of the literature, Carlson and Bunner (1 993) indicated that overall, 

studies have shown MPH to have strong positive effects on the short-term academic 

performance of children with ADHD, but long-terni effects on academic achievernent have 

not been documented. Carlson and Bumer (1993) believe that long term effects may not 

have been detected to date, due to methodological problems in the studies that are difficult 

to correct because of practicd and ethical considerations. More research is needed on this 

fiont. 

Future Studies 

In the normative population, adults are more efficient at processing and responding 

to tasks than children. Because at Ieast 30 percent of children with ADHD continue to 

have the disorder as adults (Kelly & Ramundo, 1996) it would be interesting to add an 

adult comparison group to see if the difference between ADHD and control groups 

narrow with age. Ideally, developrnent would be studied using a longitudinal design. This 

would also allow for an assessrnent of the long-tem impact of MPH. 

Also, it would be beneficial to test the normative samples twice since the children 

with ADHD in this study were tested twice. Although this condition was counterbalanced 

with haif the ADHD group being tested on medication first and half being tested off 

medication first the ADHD group scores may be intlated or deflated in comparison to the 
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control group scores. nius, future studies rnay want to look at the influence of practice on 

each group. 

Furthermore, the present study was a cornputer task. Studies have indicated that 

children with ADHD are better at attending to television (e-g., Landau et ai., 1992) and 

cornputers (e.g., Garber, Daniels-Garber, & Freedrnan-Spizman, 1 996) than other tasks. 

Children with ADHD improved their performance on this task when they were taking 

MPH but they rnay not show the same improvements on a non-cornputer based task. 

Research on the implications of cornputer based education, ADHD, and MPH rnay also be 

useful. Furthermore, the present study investigated the impact of distracters on a visual 

task. These results rnay not be relevant to studies of auditory attention. 

Finally, the impact of comorbid diagnosis with ADHD such as learning disabilities 

and oppositional defiant disorder should also be investigated. A more comprehensive look 

at ADHD, associated disorders and treatment effects is necessary to truly understand the 

nature of attention deficits in childhood. 

Conclusion 

Children with ADHD exhibited poorer performance than their sarne age peers 

without ADHD on a selective attention task. When children with ADHD were on-MPH, 

however, the gap in performance between them and their peers was lessened and 

sometimes disappeared. One explanation rnay be that children with ADHD rnay have a 

deficit in the encoding and processing component of the task which does not allow them 

to prepare efficiently for upcoming stimuli (Ceci Br Tishman, 1984; Satterfield et al., 
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1990). This explanation, dong with Higginbotham and Bartiing's (1 993) explanation that 

distracters affect the performance of a child with ADHD not only when the distracters are 

present but also following the removal of the distraction would explain why even on the 

no-distracter condition children with ADHD still do not perform as efficiently as children 

without ADHD and why the nature of distracters has less of an impact on children with 

ADHD. The present study also suggests that developmental effects are present for 

children with ADHD and children without ADHD although to a Iesser extent for children 

with ADHD. Thus, children with ADHD dernonstrate a developmental lag in visual 

selective attention that improves with the administration of MPH. 
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Appendix A 

Parental Consent Form: Control Group 

Dear Pa rent/Gua rdian: 

in a classroom we al1 wonder how children are affêcted by the distractions that may occur. 
For example, when a child is reading fiorn a book how is h&he a-ed by two children talking 
next to him/her? We are wnting to request permission for your child to participate in a study that 
examines how children are distracted by irrelevant information in their environment. The task we 
are using is designed to help us betîer understand the eflècts that visual and auditory distraction 
have on a child's attention. We are particularly interested in examinhg wtiether the presence of 
objects, sounds, or bath is disruptive for children attempting to complete a task. Furthemore, we 
are interested in determinhg if the impact of distraction changes with age. 

Children will be asked to watch various pictures of articles of clothing being presented on 
a cornputer screen and will be asked to respond to these pictures by pressing keys on a keyboard. 
Children may be distracted by surroundhg pictures of articles of clothing on the cornputer screen, 
and/or they may be distracted by the names of the articles of clothing being played over a set of 
headphones. Children will complete the task during school hours at a time that is deemed 
appropriate by the teacher. The task wiIl take approximately 15 minutes to complete, and children 
are fiee to withdraw at any tirne. In addition, we are requesting your permission for your child's 
teacher to complete a Conners' Teacher Rating Scale for your child. This masure assesses 
children's attentiveness in the classrwm. 

We want to emphasize that, for the children, this is a game not a test, with performance not 
being judged as good or bad. The children's responses on the task and scores on the Conners' 
Teacher Rating Scale are confidentia1, and are not part of any school record or grade. We are 
simply interested in the effeds of distracters on children in varying age groups. individual data will 
not be available. 

We would appreciate it if you would sign the attacheci permission slip to permit your 
soddaughter to participate in this study and return it to the school. Our resuits will be shared with 
you in the fom of a letter once the study has been completed. I f  you have any fûrther questions 
about the study, please feel free to contact us at 542-2200? ext. #1116. Please retain the above 
portion as a copy of consent. 

S incerely, 

Darlene Brodeur, Ph.D. Miranda S. Pond, BScH 
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Appendix B 

Parental Consent Fom: Hant's Community Hospital 

Dear PardGuardian: 
in a classroom we al1 wonder how chiIdren are affecteci by the distractions that may occur. 

For example, when a child is reading from a book, how is helshe afféaed by two children t a b g  
next to h d e r ?  We are writing to request permission for your child to participate in a study that 
examines how children with attention problems are distracted by irrelevant information in their 
environment. This task is designed to help us better understand the effects that visual and auditory 
distraction have on a cMd's attention. We are particularly interesteci in examining whether the 
presence of objects, sounds, or both is disruptive for children atternpting to cornp lete a task. 
Furthemore, we are interested in deterrnining if the impact of distraction changes with age. 

Children will be asked to watch various pictures of articles of dothing being presented on 
a wmputer screen and will be asked to respond to these pictures by pressing keys on a keyboard. 
Children may be distracteci by surroundhg pictures of articles of clothing on the computer screen, 
andor they may be distracteci by the names of the articles of clothing being played over a set of 
headphones. We are requestmg children to complete the task while medicated for attention 
problerns and while on a regularly prescribed break from medication. Children d l  complete the 
task in your home, at Hant's Comrnunity Hospital, or at the Visual Attention Lab at Acadia 
Universty at a tirne that is mnvenient. The task will take approximately 15 minutes and each child 
will be asked to complete the task on two separate days. Childm are free to withdraw at any time 
during the task. 

We want to emphasize that, for the children, this is a game not a test, with performance not 
being judged as good or bad. The children's responses are confidential, and are not part of any 
school or hospital record. We are sirnply interested in the effécts of distracters on children in 
varymg age groups and the e f l i  of medication on distraction. The children's responses are 
analyzed as a group. individual data will not be available. 

In addition, we are requesting your permission to ask your therapist the foilowing 
questions: (1) Who gave the child the diagnosis of ADHD? And &en? (2) Who initially prescribed 
medication for the child? And When? 

We would appreciate it if you would sign the attached permission slip to permit your 
soddaughter to participate in this study and return it to us in the provided envelope. Our results 
will be shared with you in the form of a Ietter once the study has been completed. If you have any 
further questions about the study, ptease feel free to contact us at 542-2200, ext. 1 1 16. Please 
retain the above portion as a copy of consent. 

Sincerely, 

Darlene Brodeur, Ph.D. Miranda S. Pond, BScH 
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Appendix C 

Parental Consent Forrn: Attention Deficit Association of Nova Scotia 

Dear PardGuardian: 
in a classrwrn we al1 wonder how children are affected by the distractions that may occur. 

For example, when a child is reading fiom a book, how is he/she afkted by two children talking 
next to hdher?  We are writing to request permission for your child to participate in a study that 
examines how chddren with attention problems are distracted by irrelevant information in their 
environment. This task is designed to help us better undenbnd the e h  that visual and auditory 
distraction have on a child's atîentim. We are particularly interested in examinhg whether the 
presence of objects, sounds, or both is disruptive for children attempting to cornplete a bsk. 
Furthemore, we are interested in determinhg ifthe impact of distraction changes wrth age. 

Children will be asked to watch various pictures of articles of clothing being presentd on 
a cornputer screen and will be asked to respond to these pictures by pressing keys on a keyboard. 
Children may be distracted by surrounding pictures of articles of c1othing on the cornputer screen, 
andlor they rnay be distracteci by the names of the articles of clothing k i n g  played over a set of 
headphones. We are requesting chilken to complete the task while medicated for attention 
probierns and h i l e  on a repularly prescribed break fiom medication (we will not be askmg you to 
take your child off his or her medication for this study). Children will complete the task in your 
home, at the Bedford location of the Attention Deficit Association of Nova Scotia, or at the Visuai 
Attention Lab at Acadia Univers@ at a time that is convenient. The task will take approximately 
15 minutes and each child will be asked to complete the task on two separate days. Children are 
free to withdraw at any tirne during the task. in consideration of your travel and time you will be 
provided wrth $10 -00 following the second testing session. 

We want to emphasize that, for the children, this is a game not a test, with pefiormance not 
being judged as g d  or bad. The children's responses are confidential, and are not part of any 
school or hosp ital record. We are simply interested in the effects of distracters on children in 
varying age groups and the effect of medication on distraction. The chi!dren's responses are 
analyzed as a group. individual data will not be available. 

In addition, we are requesting your permission to ask your therapist the following 
questions: (1) Who gave the chiId the diagnosis of ADHD? And *en? (2) Who initially prescnbed 
medication for the child? And When? 

We would appreciate it if you would sign the attachai permission slip to pennit your 
sddaughter to participate in this study and retum it to us in the provided envelope. Our resutts 
will be shared with you in the form of a letter once the study has b e n  cornpleted. If you have any 
further questions about the study, please k l  free to contact us  at 542-2200, ext. 1 1 16. Please 
retain the above portion as a copy of consent. 

S incerely, 

Darlene Brodeur, Ph. D . Miranda S. Pond, BScH 
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Appendix D 

Directions For Task 

The following explanation of the task will be given to each of the participants of the study: 

1 am going to get you to play a garne on the computer. You are going to see 

pictures of diflerent articles of clothing on the computer monitor and you are going to 

hear the names of different articles of clothing through the headphones. This is where you 

need to be looking when the garne begins (point to the middle of the rnonitor). Sornetimes 

you will see a picture of a tie (the child is shown a picture of a tie on an index card held up 

to the monitor) and when you see the tie press this key (point to key with a picture of a tie 

on it). Sornetimes you will see a shirt (the child is shown a picture of a shirt on an index 

card held up to the monitor) and when you see the shirt press this key (point to key with a 

picture of a tie on it). Sometimes there will be three pictures on the computer monitor. 

When you see three pictures 1 want you the press the key that is like the picture in the 

middle. (One at a time, four index cards are shown to the child: ( 1 )  a shirt with a picture 

of a purse to the right and to the lefl, (2) a tie with a picture of a purse to the right and to 

the le4 (3) a shirt with a picture of a tie to the nght and to the lefi, (4) a tie with a picture 

of a shirt to the right and to the lefi). Following the presentation of each card the child is 

asked the following questions: What picture is in the middle? and Which key would you 

press if you saw these three pictures on the computer? You will also be asked to Wear 

headphones during this game and fiom the headphones you will sornetirnes hear names of 
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articles of clothing. Please ignore these sounds. Simply respond to the pictures as quickly 

and correctly as you can- Do you have any questions before we begin? 

* Instructions may be repeated as necessary. 
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Appendix E 

Summary of Post-hoc Testing Results 

A. Reaction Time 

Control Group and ADHD (off-MPH) Group 

Main Effect of Distracter Modality 
Visual Distracters vs. Auditory Distracters 
Visual Distracters vs. Visud + Auditory Distracters 
Auditory Distracters vs. Visual + Auditory Distracters 

Interaction of Group by Age 
Younger Age Group 

Control vs. ADHD 
Older age Group 

Control vs. ADHD 

Interaction of Distracter Modality by Age 
Younger Age Group 

Visual Distracters vs. Auditory Distracters 
Visual Distract ers vs. Visual + Auditory Distract ers 
Auditory Distracters vs. Visual + Auditory Distracters 

Older age Group 
Visual Distracters vs. Auditory Distracters 
Visual Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visual + Auditory Distracters 

Interaction of Distracter Meaning bbv Group 
ADHD Group 

Meaningful Distracters vs. Unmeaningfbl Distracters 
Control Group 

Meaninel Distracters vs. Unmeaninfil Distracters 

Control Group and ADHD (on-MPH) Group 

Main Effect of Distracter Modality 
Visual Distracters vs. Auditory Distracters Q(3,104)= 4.56 p<.O 1 
Visual Distracters vs. Visual + Auditory Distracters Q(3,l 04)= 0.9 1 n.s. 
Auditory Distracters vs. Visuai + Auditory Distracters Q(3,104)= 5.47 p<.O1 
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Interaction of Group bv Age 
Younger Age Group 

Control vs. ADHD 
Older age Group 

Control vs. ADHD 

Interaction of Dktracter Meaning bv Group 
ADHD Group 

Meaningfil Distracters vs. Unmeaningfùl Distracters Q(2,52)= 0.06 n-S. 
Control Group 

Meanina l  Distracters vs. Unmeaningfil Distracters Q(2,52)= 4 . 4 9 ~ < . 0  1 

ADHD Group (off-MPH and on-MPH) 

Main Effect of Distracter Modality 
Visuai Distracters vs. Auditory Distracters Q(3,44)= 4.1 9 p<.05 
Visual Distracters vs. Visual + Auditory Distracters Q(3,44)= 0.69 n.s. 
Auditory Distracters vs. Visual + Auditory Distracters q(3,44)= 3 -49 ~ c . 0 5  

B. Accuracy 

Control Group and ADHD (off-MPH) Group 

Interaction of Distracter Meaning by Age 
Meaningful Distract ers 

Older Age Group vs. Younger Age Group 
Unmeaningfùl Distract ers 

Older Age Group vs. Younger Age Group 

Interaction of Distracter Modalitv by Group by Aoe 
ADHD Group (younger) 

Visual Distracters vs. Auditory Distracters 
Visual Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visuai + Auditory Distracters 

ADHD Group (older) 
Visual Distract ers vs. Auditory Distract ers 
Visual Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visuai + Auditory Distracters 

Control Group (younger) 
Visual Distracters vs. Auditory Distracters 
Visual Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visual + Auditory Distracters 
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Control Group (older) 
Visual Distracters vs. Auditory Distracters Q(3, I 04)= 0.09 n-S. 
Visual Distracters vs. Visual + Auditory Distracters Q(3,104)= 0.35 ns.  
Auditory Distracters vs. Visud + Auditory Distracters Q(3,I 04)= 0.44 n-S. 

Control Group and ADHD (on-WH) Group 

Interaction of Distracter Meanina bv Age 
Younger Age Group 

Meaningfül Distracters vs. Unmeaningful Distracters Q(2,52)= 2.35 ns. 
Older Age Group 

Meaningfil Distracters vs. Unrneaningfil Distracters Q(2,52)= 2.08 n-S. 

ADHD Group (off-MPH and on-MPH) 

interaction of MPW by Age 
On-MPH 

Younger Age Group vs. Older Age Group 
off-MPH 

Younger Age Group vs. Older Age Group 

Interaction of Distracter Modditv by Aoe 
Younger Age Group 

Visual Distracters vs. Auditory Distracters Q(3,44)= 1.28 n.s. 
Visual Distracters vs. Visual + Auditory Distracters 4(3,44)= 0.89 n.s. 
Auditory Distract ers vs. Visual + Auditory Distract ers Q(3,44)= 2.17 n.s. 

Older Age Group 
Visuai Distracters vs. Auditory Distracters Q(3,44)= 2.70 n-S. 
Visual Distracters vs. Visual + Auditory Distracters Q(3,44)= 0.5 1 n.s. 
Auditory Distracters vs. Visual + Auditory Distracters Q(3,44)= 3.20 n.s. 

C. Efficiency 

Control Group and ADHD (off-MPK) Group 

Interaction of Distracter Meaning b~ Aee 
Younger Age Group 

Meaninal Distracters vs. Unmeaningful Distracters Q(2,52)= 4.06 p<.O 1 
Older Age Group 

Meaningful Distracters vs. Unmeaningful Distracters Q(2,52)= 0.32 ns. 
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Control Group and ADHD (on-MPH) Group 

Main Effect of Distracter Modality 
Visual Distracters vs. Auditory Distracters Q(3,104)= 4.40 pC.0 1 
Visual Distracters vs. Visud + Auditory Distracters Q(3,104)= 1.29 n-S. 
Auditory Distracters vs. Visual + Auditory Distracters Q(3,204)= 5.69 p K . 0  1 

Interaction of gr ou^ by A4e 
Younger Age Group 

Control vs. ADHD 
Older age Group 

Control vs. ADKD 

Interaction of Distracter Meaning by Grou0 
ADHD Group 

Meaningful Distract ers vs. Unmeaningful Distract ers Q(2,52)= 0.78 n.s. 
Control Group 

Meaningful Distract ers vs. Unmeaninghl Distracters Q(2,52)= 4.86 p<-O 1 

Interaction of Distracter Meaning by Age 
Youngc: Age Group 

Meaningfùl Distracters vs. Unmeaningful Distracters Q(2,52)= 6.62 p<.Ol 
Older Age Group 

Meaningful Distracters vs. UnmeaningfLl Distracters Q(2,52)= 0.45 n.s. 
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Appendix F 

Summary of T-tests for Difference Scores 

A. Reaction Time 

Younger Control Group 

Visual, Meaningful Condition t (13)= 5.52, <.O1 
Visual, Unmeaningfùl Condition t (13)= 7.22-2 <.O 1 
Auditory, Meaningful Condition i (13)= 4.87, p <.O1 
Auditory, Unmeaningful Condition t (13)= 4.07, p <.O1 
=sual + Auditory, Meaningful Condition g (1 3)= 3 -65, p <.O 1 
Visual + Auditory, Unmeaningful Condition t ( 1  3)= 6.89, p <. 0 1 

Older Control Group 

Visual, Meaningful Condition t (1 7)= 4.03, p <.O 1 
Visual, Unmeaningful Condition t (1 7)= 4.83, p <.O 1 
Auditory, Meaningful Condition i (17)= 3.36, p <.O1 
Auditory, Unmeaningfùl Condition t (1 7)= 2.84, <.O5 
Visual + Auditory, Meaningful Condition 4 (1 7)= 4.89, p <.O 1 
Visual + Auditory, Unrneaningful Condition (1 7)= 3.74, g <.O 1 

Younger ADHD (off-MPH) Group 

Visual, Meaningfbl Condition t (1 1)= 4.55, p <.O1 
Visual, Unmeaningful Condition ; ( 1  l)= 4.00, c.01 
Auditory, Meaningful Condition t (1 1)= 3.84, p <.O 1 
Auditory, Unmeaningfùl Condition t (1 1)= 2.97, p <.O5 
Visual + Auditory, Meaningful Condition 1 (1 1)= 7.29, p <.O1 
Visual + Auditory, Unmeaningfûl Condition t ( 1  1)= 7.56, p <.O 1 

Older ADKD (off-WH) Group 

Visual, Meaningfui Condition t (1 1)= 3 . 6 6 , ~  <.O1 
Visual, Unmeaningfbf Condition j ( 1  l)= 5.13, pC.01 
Auditory, Meaningful Condition t(11)= 4.71, p <.O1 
Auditory, Unmeaningfbl Condition !(Il)= 5.1 1, e<.Ol 
Visual + Auditory, Meaningful Condition 1 ( 1 1 )= 4.54, p 1.0 1 
Visual + Auditory, Unmeaningfùl Condition 1 ( 1 1)= 4.9 1, g <.O 1 
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Younger ADHD (on-MPH) Group 

Visual, Meaningfbl Condition 1 (1 1)= 5.72, p <.O1 
Visual, Unrneaningful Condition t (1 1)=4.14, p<.Oi 
Auditory, Meaningful Condition ; (1 i)= 2.72, p <.O5 
Auditory, Unmeaningfùl Condition i (1 1)= 3.91, e <.O1 
Visual + Auditory, Meaningfùl Condition 1 (1 1)= 8.07, p <.O 1 
Visuai + Auditory, Unrneaningful Condition 1 (1 1)= 4.30, p <.O1 

Older ADHD (on-MPH) Group 

Visual, Meaningfbl Condition !(Il)= 4.68, p <.O 1 
Visual, Unmeaningfùl Condition !(Il)= 5.35, p <.O1 
Auditory, Meaningful Condition 1 (1 1)= 3.23, p <.O1 
Auditory, Unmeaningful Condition !(Il)= 2.84, p <.O5 
Visuai + Auditory, Meaningful Condition 1 (1 1)= 2.91, p <.O5 
Visual + Auditory, Unmeaningful Condition 1 (1 1)= 3.06, p <.O5 

B. Accuracy 

Younger Control Group 

Visual, Meaningfûl Condition t (13)= 0.18, n-S. 
Visuai, Umeaningfbl Condition t ( 1 3)= -0.42, n. S. 

Auditory, Meaningful Condition t (1 3)= 0.80, n.s. 
Auditory, Unmeaningful Condition 1 (13)= -0.33, n.s. 
Visual + Auditory, Meaningful Condition 1 ( 13)= 1 -37, n.s. 
Visuai + Auditory, Unmeaningfùl Condition 1 (1  3)= 0.2 1, n.s. 

Older Control Group 

Visuai, Meaningfùl Condition t (17)= -0.01, n.s. 
Visuai, Unrneaningfùl Condition 1 (1 7)= 2-50, p <.O5 
Auditory, Meaningful Condition 1 (17)= 0.52, n-S. 
Auditory, Unmeaningfbl Condition 1(17)= 1.50, n.s. 
Visual + Auditory, Meaningful Condition t (17)= 0.32, n.s. 
Visuai + Auditory, Unmeaningful Condition i (17)= 1.60, n.s. 



Selective Attention 94 

Younger ADHD (off-MPH) Group 

Visual, Meaningful Condition (1 1)= 0.15, n.s. 
Visual, Unmeaninghl Condition 1 (1 1)= -0.42, n-S. 
Auditory, Meaningful Condition 5 (1 1)= 0.65, n.s. 
Auditory, Unmeaningful Condition t ( l l ) =  0.62, n.s. 
Visual + Auditory, Meaningfui Condition f (1 1)= 0.00, n.s. 
Visual + Auditory, Unmeaningful Condition 5 (1  1)= -2.05, n.s. 

Older ADHD (off-MPH) Group 

Visual, Meaninal Condition 1 (1 1 )= 0.46, n.s. 
Visuai, Unmeaningful Condition 1 (1 l)= 0.00, n-S. 
Audit ory, Meaningful Condition t (1 1)= -0.48, n.s. 
Auditory, Unmeaningfid Condition t (1 1)= -0.61, n.s. 
Visual+Auditory,MeaningfulCondition t ( l l )=-0.00,n.s .  
Visual + Auditory, Unmeaningful Condition f ( 1 1 )= 1.49, n. S. 

Younger ADHD (on-MPH) Group 

Visual, Meaningful Condition t ( I I )=  -1 -40, n-S. 
Visual, Unmeaninfil Condition t ( 1 1)= -0.85, n.s. 
Auditory, Meaningfùl Condition !(Il)= -1.55, n-S. 
Auditory, Unrneaningfùl Condition t ( 1  1)= -1 -78, n.s. 
Visual + Auditory, Meaningfbl Condition t (1 l )= -0.56, n-S. 
Visual + Auditory, Unrneaningfùl Condition !( 1 1 )= -2.02, n. S. 

Older ADHD (on-MPH) Group 

Visual, Meaningful Condition t_ (1 1)= -0.57, n.s. 
Visual, Unmeaningful Condition 1(11)= -0.01, n.s. 
Auditory, Meaningful Condition t_ (1 1)= -2.15, n.s. 
Auditory, Unrneaningfùl Condition t (1 1)= -2.04, n.s. 
Visual + Auditory, Meaningful Condition (1 1 )= 0.2 1, n.s. 
Visual + Auditory, Unmeaningful Condition 1 (1 1 )= -0.53, n.s. 
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Appendix G 

Summary of Post-hoc Testing Results for Distracter Difference Analysis 

Reaction Time 

Control Group and ADHD (off-MPH) Group 

Main Effect of Distracter Modality 
Visual Distracters vs. Auditory Distracters 
Visual Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visual + Auditory Distracters 

Interaction of Distracter Modality bv Age 
Younger Age Group 

Visuai Distracters vs. Auditory Distracters 
Visuai Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visual + Auditory Distracters 

Older Age Group 
Visual Distracters vs. Auditory Distracters 
Visual Distracters vs. Visual + Auditory Distracters 
Auditory Distracters vs. Visual + Auditory Distracters 

Interaction of Distracter Meaning bv Group 
ADHD Group 

Meaningfil Distracten vs. Unmeaninfil Distracten 
Control Group 

Meaningful Distract ers vs. Unmeaningful Distract ers 

Control Group and ADHD (on-MPH) Group 

Main Effect of Distracter Modality 
Visual Distracten vs. Auditory Distracters Q(3,104)= 4.57 g<.Ol 
Visual Distracters vs. Visual + Auditory Distracters Q(3,104)= 0.9 1 n.s. 
Auditory Distracters vs. Visual + Auditory Distracten Q(3,104)= 5.48 p<.Ol 

Interaction of Distracter Meaning bv Group 
ADHD Group 

Meaningfùl Distracters vs. Unrneaningful Distracters Q(2,52)= 0.06 n.s. 
Control Group 

Meaningful Distracters vs. UnmeaningfÙl Distracters Q(2,52)= 4.79 pC.0 1 
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Interaction of Distracter Meanine bv Age 
Younger Age Group 

Meaningful Distracters vs. Unmeaningful Distracters Q(2,52)= 4.92 p <.O1 
Older Age Group 

Meaningful Distracters vs. Unmeaningfui Distracters Q(2,52)= 0.63 n.s. 

ADHD Group (off-MPH and on-MPH) 

Main Effect of Distracter Modality 
Visual Distracters vs. Auditory Distracters 4(3,44)= 4.1 9p<. O 5 
Visual Distracters vs. Visual + Auditory Distracters Q(3,44)= 0.69 n.s. 
Auditory Distracters vs. Visual + Auditory Distracters Q(3,44)= 3.49 pc.05 
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