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Attention Deficit Hyperactivity Disorder (ADHD) is a common condition that can make 

tasks difficult for the children affected, particularly in a school environment.  Continuous 

performance tasks are one means of evaluating sustained attention in children with and without 

ADHD.  Traditional continuous performance tasks performed without background noise have 

failed to separate children with ADHD from children without ADHD.  It has been theorized that 

children with ADHD are more susceptible to the negative effects of reduced perceptual saliency, 

and require more motivation (feedback) than children without ADHD. 

The following study aimed to test the effects of varying motivation and perceptual saliency 

on continuous performance tasks in children with and without ADHD and in adults without 

ADHD.  Four sustained attention tasks were created: an auditory task with varied feedback, an 

auditory task with varied perceptual saliency, a visual task with varied feedback, and a visual task 

with varied perceptual saliency.  Each task required the participants to respond to a target word or 

picture while ignoring non-target words and pictures.  Errors types (inattention, impulsivity, total 

errors, and reaction time) were recorded for each task, as well as changes in error rates across the 

testing session. 



 

 

Results were analyzed using a repeated measures analysis of variance (ANOVA).  Overall 

results indicated many differences between children and adults.  In tasks with varied feedback, 

differences were found between the two groups of children in only the conditions with no feedback 

and when there was a longer delay between the response and feedback.  In tasks with varied 

perceptual saliency, significant differences were found between the groups of children in the 

auditory task with a -5 signal to noise ratio.  Differences in performance across tasks (vigilance 

decrements) were found in all three groups. 

Overall, findings from this study were consistent with predictions that children with ADHD 

may need increased feedback to perform as well as peers without ADHD, and that they may have 

greater difficulty performing tasks with lowered perceptual saliency.  This is an important 

consideration for ADHD management, diagnosis, and research.  In addition, further research into 

the role of vigilance decrement in children with ADHD is warranted. 
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Chapter 1: Introduction and Literature review 

The current study will address sustained auditory and visual attention in children with 

ADHD and children without ADHD using tasks that offer varying levels of motivation and 

cognitive loads.  As auditory processing and visual processing are developmental in nature, 

sustained attention will also be explored in young adults without ADHD, as that group is 

expected to demonstrate optimal performance.  In order to consider auditory and visual attention, 

one must review the phenomenon of attention itself.  The following discussion first addresses 

definitions, terms, theories, and measures of attention.  Following that, Attention Deficit 

Hyperactivity Disorder (ADHD) will be discussed, including definitions, terms, and 

manifestations.  Finally, a theoretical model and rationale for the current study will be presented. 

ATTENTION 

Definitions and Characteristics of Attention 

Attention is a complicated process that has been defined in many ways.  According to 

Neisser (2009), attention can be defined as the way in which an individual chooses from all 

incoming information. Attention has also been defined as “the internal mechanisms that 

determine the significance of stimuli and thereby make it impossible to predict behavior by 

stimulus considerations alone” (Kahneman, 1973, pg. 2).  In daily life an individual is constantly 

exposed to a wide variety of information.  Attention is the process by which one chooses what 

incoming information to direct ones’ focus toward.  In order for learning to occur, an individual 

must process the incoming information to which they are attending.  Attention is therefore 

necessary for perceptual processing. 

Kahneman (1973) described four main attributes of attention.  First, attention is limited.  

An individual has a restricted amount of attentional resources, so not all inputs can be attended.  



2 

 

This limit, however, can change at different times.  In other words, one’s attentional capacity can 

be different from one moment or day to the next.  Second, the amount of attention required 

depends on the demands of the tasks.  Different amounts of attention are required for difficult 

tasks vs. simple tasks.  Not all activities require an individual’s full attentional capacity.  Third, 

attention can be divided. An individual can attend to more than one input or source of 

information at the same time.  Lastly, attention is selective and controllable.  In other words, one 

can choose what to focus one’s attention on. 

Attention is a supra-modal factor that transcends sensory modalities (ASHA, 2005) and 

impacts performance on visual, auditory, and motor tasks.  Attention can be shifted between 

these various modalities (Green, Doesburg, Ward, & McDonald, 2011).  For example, an 

individual may focus his or her attention on an auditory stimulus, such as speech, and then 

subsequently look out a window, shifting his or her attention to a visual stimulus.  Attention can 

be involuntary, and related to the amount of arousal.  For example, hearing one’s own name 

during a task typically results in a switching of attention to the source of the spoken name.   

There are four main categories of attention discussed by psychologists: selective 

attention, divided attention, attention switching and sustained attention.  Each will be defined and 

described herein. 

An individual can either focus or divide his/her attention.  According to Groome (2013, 

pg. 66) selective attention refers to the “conscious awareness of, and concentration upon, a 

particular source of stimulation or information”.   Selective attention is the ability of an 

individual to direct his or her attention to one designated stimulus such as a single target word or 

to a designated stimulus category such as digits when presented a sequence of digits and letters.  

According to Kahneman (1973, pg. 12), selective attention can be defined as “a constant 
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emphasis on a class of perceived events in preference to others”.   Kahneman further states that 

“selective attention consists of the allocation of a limited capacity to the processing of chosen 

stimuli and to the preparation of chosen responses” and it also demonstrates an individual's 

“ability to resist distraction.” Selective attention requires an individual to focus on a single 

sensory input, a signal internal analyzer, or a single target while ignoring competing inputs, 

dimensions, or targets.   

 The spatial location or position of the target appears to be very important in selective 

attention. According to Logan (2004), the spatial position of a stimulus is the strongest cue 

allowing for stimulus detection and identification.  This can be tested by varying the location of 

stimuli that an individual is required to attend.  An individual will have better performance on a 

task if he or she is attending to a stimulus that is far away from a distractor, as opposed to a task 

where the distractor is near the stimulus.  This could be important when considering the needs of 

children with ADHD in a classroom setting.  If the proximity of the stimulus to the distractors is 

important in maintaining attention, these children may need to be far away from sources of 

distraction.   

Researchers, such as Beck (1967), suggest two possible stages to selective attention: a 

pre-attentive mechanism that organizes the perceptual field prior to a focal attention stage.  For 

example, in a school classroom students use the pre-attentive mechanism when they first tune out 

the background noise (e.g., chairs and desks moving, a lawnmower outside the window) and then 

use focal attention to listen to the words of the teacher.  The speed of search of the focal target, 

e.g., the teacher’s voice, depends on the ease with which the target can be discriminated from its 

background (Logan, 2004).  In a research study, measures of reaction time (i.e., time from target 

onset to subject response) may be used to index that effect. 
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Divided attention is different from selective attention in that the required tasks are not 

associated solely with one source of information.  Groome (2013) defines divided attention as an 

individual splitting his or her mental resources between multiple tasks at the same time.  In other 

words, the tasks require that attention be split between multiple sources or categories of 

information at the same time. Researchers study how divided attention is used to focus on two 

simultaneous inputs, two simultaneous analyzers, or two simultaneous targets. Divided attention 

is an important skill, as many real-world situations require divided attention.  In a school setting, 

for example, a child may need to attend to the teacher’s voice while also attending to written 

work.  In research studies, divided attention is often examined through the use of dual 

simultaneous tasks, which are typically are more difficult than selective attention tasks. 

Howard, Munro, & Plack (2010) noted that in most research on dual tasks studies assess 

performance on one single task as compared to performance on that same single task completed 

at the same time as another different task.  When an individual is required to divide his or her 

attention between multiple tasks, his or her performance on both tasks can be reduced.  Howard, 

Munro, & Plack (2010) found that in children (ages 9-12) accuracy on easy dual tasks in noise 

(i.e., repeating back words and remembering numbers to recall) was comparable to performance 

on each individual task.  However, when the children were asked to recall numbers at a later 

time, their performance was decreased, especially with more challenging signal-to-noise ratios.  

In other words, the children had more difficulty recalling the digits when they also had another 

task to perform.  Thus, the impact of dual task processing may not be immediate, as found in this 

study.  

Hahn et al. (2008) studied divided attention (i.e., dual task performance) and selective 

attention in 25 adults ages 18-44.  They found that when participants were required to divide 
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their attention on a task involving a circle with three varied colors (deciding whether the stimuli 

were the same or different), they displayed increased reaction times when compared to reaction 

times on the related selective attention tasks.  On these selective and divided attention tasks, 

however, there were not significantly different accuracy scores (i.e., percent correct scores).  

Therefore, although reaction times increased on the dual task condition, accuracy was still 

maintained.  This suggests that in dual tasks, adults can maintain the accuracy of their 

performance if they are given sufficient time to complete the tasks. 

Attention switching involves changing selective focus from one source of information to 

another.  This differs from divided attention in that the two tasks/targets are not simultaneous.  In 

attention switching, one task/target is attended to, and then another different task/target is 

attended.    For example, a child could focus his or her attention on playing a game and then 

switch his or her attention to a parent talking.  On a research task, a subject might be pre-cued to 

respond to one stimulus target, type or category on selected stimulus trials and pre-cued to 

respond to another target, type, or category on other stimulus trials (e.g., trials 1, 2, 6, 9 be pre-

cued with “report right ear” and on trials 3, 4, 5, 7, 8, 10 be pre-cued with “report left ear”).  On 

these divided attention tasks in which adults were instructed to repeat back numbers presented to 

the right and left ear, using pre-cueing , the more complex the attention task, the more difficulty 

they had, as evidenced by a decrease in accuracy (Strouse, Wilson, & Brush, 2000).  The task 

was made more difficult by increasing the length of the digit sequence that listeners were 

required to identify (.i.e., one digit, two digits, or three digits).   

Sustained attention is the ability to continue to attend to a stimulus over an extended 

period of time.  Sustained attention tasks are generally around 15 minutes, but can be as long as 

20 minutes (Greenberg & Waldman, 1993; Seidel & Joschko, 1990).  Sustained attention is also 
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part of the vigilance network (Groome, 2013; Nigg, 2006), with alerting being the other part 

(Posner & Peterson, 1990).  Vigilance is the ability to sustain attention throughout the duration 

of a task, while alerting is the initial cue that important information is coming.  Vigilance is 

important in the real world.  Children in school must maintain their attention to the teacher 

throughout the day.  This can be a difficult task, as often attention must be maintained for 

extended periods of time, with minimal breaks.  Children must maintain their attention, often 

with little or no external reinforcement to stay on task.  The alerting function of the vigilance 

system can be impaired in children with ADHD (Nigg, 2006). 

During a sustained attention task, subjects are not prompted or re-focused once the task 

has begun. The issue of re-orientation is very important when studying sustained attention.  If a 

subject is given cues to stay on task, the task is no longer a sustained attention task.  For a task to 

be a true evaluation of sustained attention, the individual must maintain his or her attention 

without any outside influences.  When children with hyperactivity issues diagnosed by a 

physician complete a task with the tester physically present in the test room, their performance 

tends to be comparable to the performance of typical children with a tester in the room (Draeger, 

Prior, & Sanson, 1986).  This suggests that the children with hyperactivity issues struggle with 

controlling their behavior internally, instead relying on external control to maintain appropriate 

behavior.  The presence of the tester can be seen as external control to behavior.  It is possible 

that when the children feel that they are being watched, or when an adult is present, they are 

better able to control their behavior.  While the child’s internal level of control was not impacted, 

the presence of the tester exerted an external control.  It is possible that the children thought that 

they should please the tester, and therefore their performance improved. Given this interesting 

finding, experimental designs should allow for testing children without the tester immediately 
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present in the test room (e.g., on the other side of the audiometric sound booth but not within the 

sound booth). 

Betts, McKay, Maruff, & Anderson (2006) evaluated sustained attention in children ages 

5-12 without ADHD and examined performance in the following age groups: 5-6 years, 8-9 

years and 11-12 years.  They manipulated the cognitive task load during a computer based task, 

and studied the effects of age group and task load on attention.  A low load task involved simply 

looking at two playing cards with children asked to indicate whether or not the cards were the 

same color (i.e., red or black suit).  The high load task involved a six card display with children 

asked to indicate if there was a pair of cards among the six that matched in number, suit, and 

color.   The researchers found that high load tasks resulted in poorer performance accuracy than 

low load tasks.  They hypothesized that this was because high load tasks placed a greater 

cognitive demand on sustained attention, making them more difficult for the children.  They also 

found that sustained attention improves with age.  The youngest children had poorer performance 

than the older children; however, at around ages 8-9 years performance leveled off.  In other 

words, at around ages 8-9, children had similar sustained attentional abilities as their older peers.  

Thus; grouping data across this age range (5-12 years) is not appropriate as there are significant 

differences between younger and older children. 

Learning effects can be observed on sustained attention tasks.  For example, if a subject 

is responding to a stimulus on a visual task and asked to ignore background speech babble, the 

subject’s performance can improve over time.  Eriksen (1958) found that performance over time 

can improve with practice.  In Eriksen’s study, participants were asked to discriminate among 

stimuli based on visual qualities, such as size of the stimuli.  Half of the participants were told if 

their responses were correct each time, whereas the other half were not offered feedback.  The 
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participants returned for testing over five one-hour sessions.  Both groups had improved results 

over time, indicating that simply performing the task over time improved their performance.  

This practice effect was less apparent for more challenging discrimination tasks, but 

improvements still occurred from the beginning of the study to the end.  When comparing the 

amount of improvement between the group with feedback and the group without feedback, the 

group with feedback had only a slightly greater improvement.  This suggests that regardless of 

whether or not a participant is offered feedback, a practice effect can occur. 

Reorientation is the ability to regain attention after distraction.  Reorientation of attention 

after a period of selective listening on a given target is difficult and leads to errors for a few 

seconds after the reorientation cue, or reminder for an individual to regain their attention.  

Gumenyuk, Korzyukov, Alho, Escera, & Näätänen (2004) examined the effects of distraction on 

a sustained visual attention task in children in three age groups: 8-9, 10-11, and 12-13 years.   

The children completed a visual task, during which auditory stimuli were used to distract them.  

The auditory distractors included environmental sounds such as rain and car horns, played 

randomly during a constant presentation of a pure tone.  A pure tone was constantly present 

during the task, whereas the auditory distractors occurred randomly.  The younger children 

required a longer amount of time to reorient their attention to the visual task after the distraction 

(the novel environmental sound) as evidenced by increased reaction time and decreased 

accuracy.  This suggests that there are age-related effects to the ability to reorient attention after 

distraction.  When the children were distracted by a new auditory stimulus that differed from the 

constant pure tone, the younger children displayed greater difficulty in returning their attention to 

the visual task. 
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In the current study, sustained attention on auditory and visual tasks will be examined in 

children with and without ADHD.  In addition to ADHD status, two other critical factors will be 

varied, the perceptual saliency of the target (using different noise conditions and different image 

contrast conditions) and the feedback offered (i.e., none, long delay, short delay, immediate).  

Having offered key definitions related to attention, the following section offers theories of 

attention in order to develop the theoretical basis for the current study. 

 

Theories of Attention 

Numerous researchers have described attention and formulated theories of attention. 

These theories attempt to describe the processes and/or stages from perception of stimuli to 

attentional processing and response.  The current discussion will address the main theories in 

chronologic order. 

The Broadbent (1953) Filter Theory of Selective Attention views attention as a filtering 

mechanism.  According to this theory, when a large amount of information is presented to an 

individual, it must be filtered so that it can be processed.  The most important pieces of 

information can pass through, and only those pieces of information are perceived.  This filtering 

process has also been called the Early Selection Model, or Bottleneck Model, as irrelevant 

stimuli are thrown out.  The “bottleneck” is the point at which only selected sets of features can 

be processed.  In a stimulus set, the filter identifies the relevant stimuli (Kahneman, 1973). 

According to the Filter Theory of attention, all incoming information passes through a 

filter which removes the irrelevant information.  Only the inputs or stimulus features that are 

deemed relevant are processed.  The information is channeled through a specific sequence of 

processors: the S-system (short-term store), a selective filter, and lastly the P-system (limited 
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capacity channel).  All stimuli enter the S-system, and then the information is filtered, and 

processed in the P-system.  The information is processed serially and no parallel processing 

occurs.  Processing focuses on selected features and away from irrelevant features due to a 

limited capacity.  This theory spurred a great deal of thought and research, but it does not 

account for divided attention and is not supported by other research findings.  While filter theory 

suggests that the unattended messages/stimuli are not attended to, research findings have 

demonstrated that there is some processing of the unattended information (Seitz & Watanabe, 

2005). 

Treisman (1969, pg. 283) examined the Early Selection/Filter Theory, and modified it to 

develop the Attenuation Model.  She defined attention as “the selective aspect of perception and 

response.”  She observed that the Filter Theory alone could not account for all findings from 

research on attention.  Her Attenuation Theory includes an early filter, similar to the Early 

Selection Theory; however, this early filter simply attenuates the unattended information.  The 

irrelevant information is not completely eliminated, as proposed in the Early Selection Theory, 

but rather it is attenuated.   This theory allows for the parallel processing of multiple stimuli, 

unlike the Early Selection Theory.  Additionally, according to the Attenuation Model, a single 

input can be easily processed whereas multiple inputs are more difficult because all inputs 

receive some level of processing.  Analysis of stimulus features is accomplished by a number of 

different perceptual analyzers with both early and late analysis taking place.  This model 

proposes that there are three different processes in attention selection.  The implementation of 

these processes is dependent on the attention task.  According to Treisman (1969), the three main 

types of selective attention processing are the following: 
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1. Selection of inputs: The individual selects which sensory data needs to be focused 

upon based on general stimulus characteristics (i.e., auditory or visual, the source, 

location, or direction), and then a decision stage follows with selection based on 

specific stimulus characteristics.  The early selection based on general physical 

characteristics (including location) is similar to the figural emphasis stage in the 

model of attention offered by Kahnemann (1973).  A task requiring selection of 

inputs would be one, such as the presentation of stimuli to both ears with the listener 

asked to identify only the stimuli in the right ear. The individual must limit his or her 

attention to the stimuli in the right ear. 

2. Selection of analyzers: The individual selects one or more dimensions of the input 

stimuli to analyze and ignores other dimensions.  The Stroop Test is an example of 

this, in which the names of colors are printed in different colored inks.  The 

individual must name the color of the ink, not the printed words.  This can also be 

called selection of attributes, as attributes are specified. 

3. Selection of tests and targets: The individual selects a narrowly defined and specific 

target. The target is specified and rare/occasional during the task. An example of this 

type of task would be requiring an individual to identify one specific word in a list of 

words, such as during the Auditory Continuous Performance Test (Keith, 1994). 

A fourth type of attention, selection of outputs, is discussed by Treisman but she emphasizes that 

this type is not very important compared to the other types because the task is uncommon.  An 

example of selection of outputs would be a task in which the stimuli must be categorized in order 

to be selected and the stimuli themselves do not differ in a physical attribute.  An example of this 
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type of task from Kahmemann (1973) is reading a list of digits.  The listener can discriminate the 

digits from other stimuli.   

A contrasting model of attention is the Late Selection Model (Deutch & Deutsch, 1963).  

According to this model, the selection of relevant information occurs late in the process, after all 

information is perceived. There is no limit to the amount of information that can be perceived, as 

it is automatic and does not necessarily require attention.  After the perceptual stage, the 

information can be sorted so that the relevant and important information remains.  A process of 

“importance weighting” occurs, in which attention is focused on the most important information 

and input.  Essentially, all incoming information is perceived by the individual, regardless of 

importance.  Selection of important and relevant information does not occur until after all 

information is perceived.  This differs greatly from the Early Selection Model, as the Early 

Selection Model suggests early filtering of information.  In the Late Selection Model, no such 

filtering occurs, and the most important information is ultimately focused on.  This model does 

allow for divided attention, unlike the Early Selection Model.   Because all incoming information 

is processed, and the individual can select what information to attend to, it is possible to attend to 

multiple inputs. This theory, however, does have some limitations.  It does not account for how 

an individual might attend to multiple inputs on the same channel (e.g., two visual tasks), as all 

information is processed.  Additionally, this theory does not explain why stimulus features are 

not always the most important aspect of selection.  Sometimes the individual can attend to an 

input based on other factors besides the features of the incoming stimulus.  Individuals use other 

factors besides stimulus features to decide where to direct their attention.  This can include 

knowledge of the task, motivation, or relevance.  It also oversimplifies perception, and does not 

fully explain focused attention.  This theory has been criticized by Driver (2001) who observed 
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that studies in neuroscience have offered evidence against all stimuli being filtered using a late 

selection model.  If all incoming stimuli are perceived, then why is an individual capable of 

focusing his or her attention on only one source of information?  This model suggests that all 

inputs are attended.  

Norman (1968) discusses two types of inputs that relate to the Late Selection Model: 

sensory inputs and pertinence inputs.  Sensory inputs are the actual physical characteristics of the 

stimuli that the individual hears or sees.  Pertinence inputs, however, are not physical in nature.  

Pertinence inputs relate to the relevance or importance of the information to the individual.  

More important information, with higher pertinence, is attended.  This expands on the ideas 

presented by the Late Selection Model.  All sensory inputs are perceived by the individual, 

regardless of importance.  Pertinence inputs, however, direct late selection.  After all the 

information is perceived on a basic level, the pertinence, or relevance, of each piece of 

information can then be assessed.  Information with a higher pertinence level is ultimately used 

to direct attention.  This attentional focus is the one most important or relevant to the individual. 

Kahneman (1973) presented his own model of attention that has been called the Capacity 

Model.  This model suggests that there is a limit to a person’s mental capacity.  Changes in 

arousal level are related to changes in difficulty of a task.  When there is not a clear physical 

difference between the relevant and irrelevant information, selection is difficult or impossible.  

More difficult tasks result in increased arousal.  The Capacity Model relates task difficulty to an 

individual's mental capacity and the effort required for performing a task.  Any distractions 

present during the task also are viewed as competing for the limited mental resources of the 

individual.  If there are multiple tasks, then as the difficulty of one task increases, the accuracy of 

performance on the other task will decrease.  Capacity interference occurs when attentional 
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demands of other activities interfere with the chosen task, while structural interference occurs 

when multiple activities/tasks use the same mechanism of perception. Performing more than one 

task successfully depends on the effort associated with each individual activity.  An individual 

can be unsuccessful at an activity either because he/she does not have the mental resources for 

the activity, or because he/she has given too much of his/her limited mental resources to other 

activities at the same time.  According to Kahneman (1973), the stages of perceptual analysis 

include the following: sensory registration/temporary storage in sensory memory, unit formation 

(dividing the stimulus into groups), figural emphasis (the stage where attention begins), and 

activation of recognition units, perceptual interpretation/readiness, response selection, and 

response readiness.  Attention is allocated at the stages of figural emphasis and response 

selection, which is similar to Broadbent’s (1970, 1971) stimulus set (physical features drive the 

attention tasks) and response set (categories of stimuli drive the attention task).  Figural selection 

allocates attention to objects rather than features.  Kahneman’s full model for perception and 

selective attention includes the following: 

1. Stimuli are perceived with sensory registration and storage. 

2. Stimuli are segmented into groups or units. 

3. Figural emphasis/attention is directed toward units or groups to be analyzed (such as 

a letter, word, or shape).  This requires attention and effort, and preferential attention 

is given to some units or groups. 

4. Activation of Recognition Units occurs with a determination as to whether stimuli 

have critical target features with the greatest activation for stimuli meeting the 

greatest number of critical features. 
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5. Selection of Interpretations involves the decision as to whether the unit matches the 

target criteria.  This stage is affected by perceptual readiness. 

6. Response selection involves taking the required task action.  This is affected by 

response readiness, and requires effort and attention to the response (Kahneman, 

1973, page 67).  

This model has been criticized, however.  Some researchers believe that it is difficult to 

determine how stimuli are grouped, and that this model does not fully explain stimuli groupings, 

and that this model is too simple to thoroughly explain the complexities of attention.   

Allport (1980) proposed the Module Model of attention as an alternative.  This theory 

suggests that attention is controlled not by just one processing system, but by various “modules.”  

Each module controls attention to different types of tasks.  Therefore, if an individual is 

completing multiple tasks that require attention from the same module, multitasking will be 

difficult.  If he or she is completing tasks requiring attention from different modules, however, 

performance will not be impacted. 

Johnson and Dark (1982) describe two theories of attention: intraperceptual theory and 

extraperceptual theory.  They define intraperceptual theories as, “those that view attention as 

operating within the domain of perceptual processing” and extraperceptual theories as, “those 

that view attention as operating outside of this domain.”  Extraperceptual processing is defined 

by them as, “…those forms of information processing that most theorists assign to a central 

processor of some sort” and can take many forms.  In other words, intraperceptual theories 

propose that attention is part of the perceptual processing of incoming stimuli whereas 

extraperceptual theories propose that attention is not a part of perceptual processing but is a 
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consequence of a theorized central processor within the brain that focuses attention.  Those 

supporting intraperceptual processing believe that attention is linked to the processing that occurs 

with all incoming stimuli.  In contrast, those supporting extraperceptual processing argue that the 

mechanisms responsible for attention are not the same as those responsible for processing 

incoming information.  In essence, attention and perception are viewed as two separate 

processes. Johnson and Dark (1982) argue for the intraperceptual theory due to a substantial 

amount of data supporting this theory.  They found that when one is attempting to focus attention 

on a particular input and avoid focusing on a distractor, perceptual processing was improved, as 

reflected by accuracy of responses.  They favor the intraperceptual theory because they believe 

that one must select and focus perception in order to attend to a specific stimulus rather than to a 

distractor.   The brain is able to control its level of attention for the stimulus and for the 

distractor.  Because the brain responds more to the stimulus than to the distractor, it follows that 

attention is directed internally, with greater internal resources given to the stimulus.  If the 

extraperceptual theory were true, the brain would respond equally to both the stimulus and the 

distractor.  This is because attention would be unrelated to the perception of the stimulus, making 

all inputs equal. 

Johnson and Dark (1982) further discuss the importance of focusing attention away from 

irrelevant stimuli, or distractors, and instead focusing on targets.  Attention must be directed 

towards the relevant inputs, even when the individual is also exposed to irrelevant distractors.  

Jones and Morris (1992) also discuss the impact of irrelevant stimuli on attention.  They discuss 

how irrelevant background speech influences visual attention, as well.  When there is irrelevant 

input present, the irrelevant input takes up mental space that could be occupied with something 

else.  If there is a limit on an individual’s mental capacity, irrelevant inputs can take up some of 
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that capacity and limit attention to the relevant inputs.  Distractors can decrease an individual’s 

ability to attend to important incoming inputs. In everyday life, distractors are plentiful and 

because of that attentional tasks with distractors might better reflect everyday attention. 

Lavie, Hirst, Fockert, & Viding (2004) developed the load theory of attention.  The load 

theory relates attention to the “perceptual load,” i.e. the amount of information that must be 

perceived.  When assessing selective attention, they propose that there are actually two separate 

strategies used.  The first is the “perceptual selection mechanism,” which is needed in situations 

in which an individual is confronted with a large amount of information to perceive.  Because the 

amount of information exceeds the individual’s perceptual load, he or she must focus his or her 

attention on the most crucial sources of information, and focus attention away from irrelevant 

stimuli, or distractors.    Some stimuli are ignored, or not fully processed, because of the high 

perceptual load of the task at hand.  The second strategy is the “cognitive control mechanism.”  

The cognitive control mechanism is used to maintain one’s attention away from distractors.  One 

must have the cognitive abilities to actively choose the information processed. This mechanism 

is used when one is in a situation with fairly low levels of incoming information, such as an 

environment with limited background noise.  Lavie et al. relate their theoretical model to the 

Yerkes-Dodson Law (Yerkes & Dodson, 1908), which relates to arousal level.  They state that if 

a task is easy, performance will improve with background noise, but if it is difficult, performance 

will decrease with background noise.  In the load theory of attention, early and late selection can 

both occur.  The attention mechanism depends on the perceptual load of the task.  If there is a 

large perceptual load (a lot of incoming information), early selection will take place.  If there is a 

small perceptual load (not a lot of incoming information), however, late selection will take place.  

According to Lavie et al., this explains why some research supports early selection, and some 
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research supports late selection.  If there is a smaller load, the irrelevant, or non-target, 

information can also be processed.  The load involved in processing the relevant information 

determines the extent to which irrelevant information is processed.  Distractors only interfere 

with processing if there is a low perceptual load.  This applies to both selective attention and 

divided attention tasks.  An individual’s processing mechanism (early or late selection) is 

determined based on external events (load size), and not internal events.  Even if the stimuli and 

distractors are the same, if an individual is given instructions that specify the relevant 

information, this can be used to increase the load for relevant information and decrease it for 

irrelevant information, manipulating the load.  For example, if an individual is given directions 

to attend to input from the right ear only while information is presented to both ears, this 

increases the load for the right ear and decreases the load for the left ear.  The individual is able 

to choose to focus their attention on the relevant stimulus, even if they are also exposed to 

another irrelevant stimulus.  The individual weighs the importance load for the two incoming 

signals, and places greater importance on the relevant input than on the irrelevant input. 

When reviewing theories of attention, it appears that different attentional mechanisms or 

processes occur depending on the nature of the attentional task.  Theories that are based on the 

nature of the attentional task better explain the varied research findings. Attention has been 

studied in the auditory and visual modalities, and the literature related to visual attention and 

auditory attention follows. 

 

Visual Attention 

Steinman & Steinman (1998) provide multiple definitions of visual attention.  They first 

define visual attention as, “an enhancement of visual processing in a location that is attended.”  
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They also define it as, “a filter that limits the amount of information that the visual pathways 

ultimately process.  It determines which of the information that reaches our retinas will be 

available to the higher cortical areas that assemble our final perception of the visual world.”  

They lastly provide another definition of visual attention, as, “a mechanism that prioritizes our 

visual sensory input so that important or life-threatening information is enhanced, or processed 

more easily, and all other (relatively irrelevant) information is inhibited or ignored” (Steinman & 

Steinman, 1998). 

Steinman & Steinman go on to discuss four important aspects of visual attention.  They 

are: 1) engaging attention, 2) directing attention to a particular stimulus, 3) locking attention by 

focusing attention on the stimulus, and 4) suppressing irrelevant information. They go on to 

discuss how visual attentional abilities can be studied by researchers.  Visual attention can be 

assessed through participants focusing their attention on a particular visual input, and then 

changing the visual input to be attended.   In other words, the participants focus their attention on 

one visual stimulus or object, and then the incoming stimulus is changed to another stimulus to 

be attended.   A target is presented and then a new target is presented.  The individual must direct 

and then shift the focus of their attention to the new stimulus. 

Visual attention can be thought of as a “spotlight” (Enns & Girgus, 1985).  This means 

that within the visual field we can focus our attention on one particular target, much like a 

spotlight focuses light onto an actor on a stage.  The size of this visual spotlight can be adjusted 

to fit the input.  Our visual attention can narrow in on one very specific visual stimulus, or it can 

be expanded to include a larger visual field. Enns & Girgus (1985) studied visual attention in 

children and adults.  In their first experiment, 15 children ages 6-8, 15 children ages 9-10, and 15 

adults completed a task involving judgments related to four stimuli.  These stimuli were 
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parenthesis in four different configurations: ((. )(, (), and )).The observer’s task was to judge 

whether one side of the parenthesis curved either left or right, while ignoring the other 

parenthesis.  The distance between the two parentheses was varied throughout the task.  This 

variation of distance caused a difference in performance with poorer performance occurring 

when the non-target parenthesis was near to the target parenthesis.  The researchers found that 

younger children are less able to change their “spotlight” of attention, or area that they are 

attending to, than adults.  In other words, younger children had slower reaction times than adults 

and made more mistakes due to the irrelevant stimuli. 

In their second experiment, Enns & Girgus (1985) tested 14 children ages 4-5, 14 

children ages 6-8, and 14 adults to examine the extent to which children use the configuration 

properties of a stimulus to classify it.  In this task, participants classified the direction of a target 

arrow when two arrows were presented at the same time. They were told to judge which way the 

designated target arrow was pointing.  The distance between the two arrows was varied.  They 

found that the children were more likely to process the configurations of stimuli, or overall 

shape, but only did so if they could see them in their first glance, when they didn’t have to search 

for the stimuli.  This provided support to the Separability Hypothesis (Shepp, 1978, 1983; Shepp, 

Burns, & McDonough, 1980), which states that children process the global features of a 

stimulus, rather than the smaller details that the experimenter changes (Enns & Girgus, 1985). 

Enns & Cameron (1987) studied visual attention in three groups: 14 children ages 4-5 

years, 14 children ages 6-7 years, and 14 adults.  They suggested that visual attention requires 

three tasks: search, filtering, and priming.  They defined search, also called orienting, as, 

“movements of attention in visual space.”  Filtering was defined as, “the ability to ignore 
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irrelevant stimuli or attributes in the visual field while a task-relevant stimulus or attribute is 

processed.”  Priming was defined as, “maintaining or changing cognitive strategies over time” 

and   as, “set expectancy” or “attention switching.”  The participants were asked to indicate 

which way an arrow was pointing while ignoring a second distractor arrow.  The position and 

spacing between the arrows was varied throughout the experimental task. The change in arrow 

positioning on the display was used to evaluate search abilities whereas the change in distance 

between arrows was used to evaluate filtering abilities.  They found that reaction time improved 

with age, as well as search and filtering accuracy.  Search abilities improved in children between 

4 and 7 years, but then did not improve much between age 7 years and adulthood.   

 Itti & Koch (2001) offered a model of visual attention based on their review of the 

existing literature.  They proposed that, “the most important function of selective visual attention 

is to direct our gaze rapidly towards objects of interest in our visual environment.”  In other 

words, visual attention is used to quickly focus on visual stimuli.  They discussed five important 

issues related to visual attention : 1) the perceptual saliency of an object which is dependent on 

the environment surrounding it, 2) the saliency of the stimulus is separate in the brain from the 

actual visual features of the object,  3) An individual’s attention is directed towards the most 

salient stimulus, so the individual will continue to direct his or her attention to the most salient 

stimulus until it is “disabled,” or its saliency is decreased, and is no longer the most salient, 4)  

Attention is related to eye movements, so an individual must control his or her eye movements to 

control attention and 5) an individual’s recognition of objects and the scene  control the focus of 

visual attention.  When individuals recognize their visual scenes and familiar objects, they focus 

their attention on them.  The issue of the perceptual saliency of the visual target is critical in their 

model of visual attention. They state that future research is needed for modeling the interaction 
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between the difficulty of a task and various theories and models of attention.  It is difficult to 

model visual attention when attention and task difficulty are so inter-related.   

 Posner and Petersen (1990) proposed a different theory of visual attention.  They state 

three main points about visual attention: 

1. Attention is processed separately from information in the brain.  The systems processing 

attention and information are separate in the brain. 

2. Attention is processed in multiple areas of the brain. 

3. The areas of the brain that process attention can be divided into three different functions: 

orientation to physical events in the environment, identifying the source of information, 

and staying alert to new stimuli. 

Theories of visual attention have been considered by researchers investigating auditory attention, 

and the discussion of the latter follows. 

Auditory Attention 

Auditory attention can be defined as the way in which an individual chooses where to 

focus his/her awareness based on pitch, loudness, timbre, and the physical location of the sound 

source. (Andrews & Dowling, 1991).  It has also been defined as the “ability to focus on relevant 

acoustic signals, particularly speech or linguistic stimuli, and sustain that attention for an age-

appropriate amount of time” (Florida Department of Education, 2001).  In other words, auditory 

attention is an individual’s ability to focus on stimuli presented in the auditory modality.  This 

can include speech and environmental sounds.  Auditory attention is important for children in the 

classroom, as the teacher’s voice is an auditory signal that must be attended. 
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Auditory attention in children was studied by Passow et. al (2013).  These researchers 

aimed to study the differences in auditory attention between younger and older children.  

Twenty-four children ages 7-8 and 24 children ages 11-12 participated.  These children 

performed a series of listening tasks in which single syllables were presented to either their right 

ear, their left ear, or both ears.  The perceptual saliency of these stimuli was varied, and children 

were instructed to listen to just one ear for some of the testing, and both ears for other portions of 

the testing.  These researchers found that the older children did better than the younger children 

at these tasks.  This improved performance in the older children is related to improvements in 

perceptual saliency, as well as improvements in attention. 

Auditory attention can be measured clinically. The Auditory Continuous Performance 

Test (ACPT; Keith, 1994) is a continuous performance test that is used clinically.  This test was 

developed as a “measure that provides information to help [the clinician] determine if an 

attention problem is one of the underlying factors contributing to a child’s learning problems” 

(Keith, 1994, pg. 1).  The Auditory Continuous Performance Test (ACPT) offers one means of 

assessing selective and sustained auditory attention in children.  This test involves listening to a 

word list for an extended period of time in quiet and responding to the target word dog.  Children 

must maintain their attention for the duration of the task without any prompting or reminding 

from the tester.  This test aims to separate children with ADHD from children without ADHD.  

Unfortunately, however, there is limited data on use of the ACPT in identifying children with 

ADHD.  Riccio, Cohen, Hynd, & Keith (1996) administered the ACPT to a sample of 30 

children ages 9-12, some with co-occurring ADHD and Central Auditory Processing Disorder 

(CAPD) and others with only CAPD.   The ACPT results did not consistently differentiate 

children with CAPD only from children with CAPD and ADHD.  It was found that if the ACPT 
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total error score was used to indicate ADHD in these children, only 56.67% of the children 

would have been appropriately diagnosed as having ADHD. Investigating use of the ACPT in 

children with only ADHD would be useful in establishing the diagnostic utility of this test.   

McGee, Clark, & Symons (2000) examined performance on the ACPT and the Conners’ 

Continuous Performance Test (CCPT) (Conners, 1995) in 100 children ages 6-11 with and 

without ADHD, as well as children with reading disorders.  They found that scores on the ACPT 

and the CCPT were similar (a strong correlation between scores on the two tests) in 65% of 

participants.  Children with reading disorders displayed the poorest scores on the CCPT, 

however, which could suggest that some children with reading disorders could be misdiagnosed 

with ADHD, as the ACPT and CCPT are meant to be measures of attention, and to be used with 

children that are suspected of having ADHD. 

A modified presentation of the ACPT in background noise was used in a study examining 

the possible benefits of low-gain directional hearing aid use in normal hearing school-age 

children with ADHD (Kuk, Jackson, Keenan, & Lau, 2008).   In this study, the children were fit 

with directional hearing aids, which were worn while performing the ACPT listening task in 

speech spectrum noise in the soundfield.  No hearing aid benefit was found but their data 

indicated that the ACPT in noise is a more challenging listening task than the traditional ACPT 

(i.e., based on observed differences in error rates when comparing the data from Kuk et al. to 

normative data published by Keith, 1994).  The inclusion of background noise may better 

represent real world listening. The listening in noise task reduces the perceptual saliency of the 

target word, which might better differentiate performance for normal and ADHD children 

(Russell et al., in submission) in contrast to tasks with high perceptual saliency that may not. 
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Russell, Culbertson, Faucette, O’Brien, & Givens (in review) studied the ACPT in 

background noise.   These researchers presented the ACPT with speech spectrum noise to 

children with and without ADHD.  The children were tested once with the use of an FM system 

which improved the signal-to-noise ratio (i.e., level of stimulus words to level of noise), and 

once without an FM system.  Total errors were counted, and the groups were compared.  When 

the FM system was not used, the ADHD group had significantly more errors than the non-

ADHD group.  With use of the FM system, however, the groups were not significantly different.  

The ADHD group also showed a significant reduction in total errors with FM system use, while 

children without ADHD showed no significant improvement.  These findings suggest that 

continuous performance tasks with reduced perceptual saliency may better differentiate between 

children with and without ADHD. 

Sustained attention tasks, such as the ACPT and CCPT, are examples of continuous 

performance tasks commonly used to evaluate attention.  The nature of continuous performance 

tasks will be discussed in the following section. 

CONTINUOUS PERFORMANCE TASKS (CPTs) 

One method for evaluating attention is the use of continuous performance tasks (CPTs).     

CPTs require the performance of a designated task over an extended period of time. Originally 

from the field of psychology, these tests are used to evaluate both children and adults, and are 

designed to assess both selective and sustained attention.  First developed in 1956, the CPT task 

was originally used to evaluate children with brain damage (Beck, Bransome, Mirsky, Rosvold, 

Sarason, 1956).   On the Conners Continuous Performance Test (Conners, 1995) and the 

Auditory Continuous Performance Test (Keith, 1994), respondents are asked to respond to a 

single target across a timespan of approximately 15 minutes.   
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On CPTs, two types of errors are recorded: inattention errors and impulsivity errors, 

which are also known as errors of omission and errors of commission.  Inattention errors involve 

the child failing to respond to the target stimulus when it is present.  Impulsivity errors occur 

when the child responds when the target stimulus is not present.  Theoretically, one would expect 

children with ADHD to perform more poorly than same-age peers without ADHD on CPTs.  

ADHD diagnosis is not made solely on the basis of one test, such as the CPT, however, and. 

other information important in ADHD diagnosis includes parent report, teacher report, and the 

child’s school records (Root & Resnick, 2003). 

Various versions of the CPT have been reported in the literature, and CPT test 

characteristics impact performance.   While performance on CPTs reflects selective and 

sustained attention, performance is also influenced by the perceptual saliency of the target, 

cognitive load, motivation and inter-stimulus interval. Each of these factors will be defined and 

its impact on CPT performance will be further described.   

The perceptual saliency of a target stimulus can impact performance on CPTs.  

Perceptual saliency refers to the clarity of the stimulus and the term saliency is defined as, 

“standing out conspicuously” (Merriam-Webster, 2013).  Saliency can be reduced by distorting 

the stimulus itself or by adding distortion in the background.  For example, it is easier to identify 

words if there is no background noise, while the addition of background noise makes 

identification more difficult.  In a study by Russell, Culbertson, Faucette, O’Brien, & Givens (in 

submission), children with ADHD (ages 8-12) exhibited poorer performance on the Auditory 

Continuous Performance Test (ACPT) when perceptual saliency was reduced using background 

noise.  These children performed the task with the use of frequency modulating (FM) systems 

and also without FM systems.  The FM systems delivered the stimulus words directly to the 
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child’s ear, improving the signal-to-noise ratio and increasing the perceptual saliency of the 

target word.  The children’s error scores significantly improved when the FM system was used as 

compared with the non-FM condition.   

One way to increase the cognitive load on a CPT is to use a working memory task.  

Working memory has been defined as, “a set of linked and interacting information processing 

components that maintain information in a short-term store (or retrieve information into that 

store) for the purpose of the active manipulation of the stored items” (Becker & Morris, 1999, 

pg. 1).  It has also been defined as, “a brain system that provides temporary storage and 

manipulation of the information necessary for such complex cognitive tasks as language 

comprehension, learning, and reasoning” (Baddeley, 1992, pg. 1).  A task with no working 

memory load might require a child to respond only when she sees the letter “B,” while a working 

memory load task would require the child to respond to the letter “B” only if it follows after the 

letter “H.”  The child must remember the previous letter to correctly respond to the target letter.  

On a CPT, the working memory load refers to the amount of memory required for target 

identification.  Brown, Turner, Mano, Bolden, & Thomas (2013) found that as the working 

memory demands of a continuous recognition task are increased, performance worsened.  These 

researchers studied nonsense words.  They had participants repeat back the nonsense words, and 

increased the number of syllables in these words.  They found that the addition of each syllable 

negatively impacted participants’ working memory. 

Another major factor that can impact performance on CPTs is motivation.  Motivation 

relates to the level of engagement in the activity.  Motivation can be defined as “to be moved to 

do something” (Ryan & Deci, 2001, pg. 1).  Motivation can be either internal or external.  

Internal motivation, also called intrinsic motivation, is defined by Coon & Mitterer (2010, pg. 
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378) as, “when we act without any obvious external rewards. We simply enjoy an activity or see 

it as an opportunity to explore, learn, and actualize our potentials.”  Tasks that are intrinsically 

motivating include activities that an individual considers fun, and enjoyable.  For example, a 

child may be intrinsically motivated to participate in a baseball game because he or she enjoys 

playing baseball.  The child does not expect any sort of external reward, and is simply 

participating because the actual activity of playing baseball is motivating to him or her. 

Motivation can also be external.  External motivation, also called extrinsic motivation, is defined 

by Cherry (2013) as, “behavior that is driven by external rewards such as money, fame, grades, 

and praise.”  The task itself is not motivating, but obtaining a reward that the child expects in 

exchange for task completion is motivating.  If the child knows that he or she will receive no 

reward or the same reward regardless of the number of correct responses during a task, there is 

low motivation to perform well.  If the child is told, however, that he or she will receive an extra 

reward for every correct response, there can be a much higher level of motivation.  Response 

bias has been defined as, “the tendency to favor one response over another, irrespective of the 

stimulus features” (Jones, Moore, Amitay, & Shub, 2013, pg. 971).  If a child is highly motivated 

to respond to the stimulus, in order to receive rewards, they will have a bias towards responding, 

regardless of whether the response is correct.  If rewards are used on experimental tasks, then 

penalties may also be needed to limit or prevent false positive responding. 

Motivation can impact performance on tests of sustained attention.  CPT tasks are 

deliberately long, and often require the child to attend to low interest stimuli (i.e., often resulting 

in comments of “boring”) without feedback or reinforcement. Aase, Meyer, & Sagvolden (2006) 

studied the effect of task reinforcement on children with and without ADHD.  Testing was 

conducted with both infrequent and frequent rewards for correct responses.   When the children 
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were offered frequent rewards (i.e., a cartoon appearing on the screen), there was no difference 

in performance between the ADHD group and the normal controls.  The frequency of the 

reinforcement in both conditions was determined using a multiple variable interval, in which 

reinforcers were varied around the mean time.  When the reinforcement schedule was less 

frequent, however, the children with ADHD had greater decrements in sustained attention, as 

well as more performance variability in their responses.  In other words, during a task with 

increased motivation (frequent rewards), the children with ADHD performed as well as their 

normal peers, while during a task with less motivation (infrequent rewards), their performance 

was worse than their peers.  This suggests that motivation is an important factor related to 

sustained attention in children with ADHD. 

Another factor that can impact CPT performance is the inter-stimulus interval. The inter-

stimulus interval is the amount of time between the end of one stimulus and the onset of the next 

stimulus.  Silverstein, Weinstein, & Turnbull (2004) found increased errors with a shorter inter-

stimulus interval and with more frequently occurring target stimuli on continuous performance 

tasks in a study of 107 adults.  In this study, participants responded to the letter “K” appearing on 

a computer screen.  The inter-stimulus interval was varied (long, medium, and short inter-

stimulus intervals).  When the inter-stimulus interval was shorter, the participants had more 

errors. 

Prior to discussing the use of continuous performance tests in evaluating sustained 

attention in children, it should be briefly noted that brain imaging studies have also been used to 

evaluate attention in children with and without ADHD. Recently, several brain imaging studies 

on sustained attention in children with ADHD have been performed.  Research involving 

functional magnetic resonance imaging (fMRI) has suggested that when compared to children 
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without ADHD children with ADHD may have neural differences related to sustained attention 

(Wang, Yang, Xing, Chen, Liu, & Luo, 2013).  Brain abnormalities related to sustained attention 

have also been found in boys with ADHD ages 11-17 by Christakou et al. (2013).  They found 

that the boys with ADHD had decreased activation in some brain areas, such as the dorsolateral 

prefrontal cortex, and increased activation in other areas, such as the precuneus, when compared 

to normal controls.  Further discussion of imaging studies will not be offered, as they are not 

included in the current study.  The subsequent discussion will address use of continuous 

performance tests in children.  

Use of Continuous Performance Tasks in Children 

  Generally, CPT tests involve the child watching for or listening for a specific target, 

such as one particular letter or word, and responding only to that target for an extended period of 

time.  These tasks measure selective attention, as the child must selectively attend for the target 

and ignore and not respond to non-target stimuli.   In addition, continuous performance tasks 

allow the clinician to assess sustained attention, or vigilance, because the entire task is usually 

ten minutes or longer without attempts to re-focus or re-instruct the respondent.  Some children 

may have very few response errors at the beginning of testing.  As the test progresses, however, 

and the child’s attention may falter, and he or she may have more errors.  The clinician can 

compare the child’s performance at the beginning of testing with his or her performance at the 

end and determine whether there is a vigilance decrement, or “decline in signal detection over 

time” (Grier et al., 2003, pg. 349). As children with ADHD can struggle with sustained attention 

as well as selective attention, it follows that children with ADHD may have a greater number of 

errors towards the end of testing than at the beginning. In contrast, another pattern may emerge 
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as some children with ADHD might have sporadic periods of inattention and/or impulsivity 

throughout the task rather than a vigilance decrement over time.   

Continuous performance tasks offer a great deal of information. One can examine the 

number of inattention (omission) errors, impulsivity (commission) errors, target 

reaction/response times, and distribution of errors across the timespan of the task.   This can 

provide important diagnostic information for clinicians, as different error patterns may suggest 

different ADHD subtypes.   

Clinical research by Tucha et al. (2009) found no significant difference between children 

with and without ADHD on a sustained attention task.  Their 15-minute task involved pushing a 

button in response to a visual target stimulus (i.e., with an average ISI of 1000 ms).  The 

participants in the ADHD group had more inattention and impulsivity errors than the normal 

participants.  However, performance in both the ADHD group and the control group decreased 

over time, and both groups had comparable vigilance decrements. This suggests no sustained 

attention deficit in the ADHD participants.  However, the target stimulus, a change in the pattern 

on a square presented by a computer screen, was not distorted or masked and had high perceptual 

saliency, a factor that may be related to the lack of differentiation between subject groups on 

vigilance decrement.  As suggested in Nigg (2006), however, it is also possible that the cause of 

these difficulties is actually dysfunction in the alerting function of the vigilance system in 

children with ADHD.  These children may have difficulty preparing for stimuli to occur, and 

difficulty preparing to respond to these stimuli 

Continuous performance tasks have been used as measures of improvement over the 

course of treatment for ADHD in children (Wang et al. 2011).  In the Wang et al. study, a 

computerized continuous performance test was completed by the children before attention 
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treatment (i.e., drug treatment and whatever treatment their psychiatrist prescribed), after three 

months of treatment, and after six months of treatment.  Along with parent reports, this test was 

able to detect improvements in the children’s attentional abilities over time. 

Klein, Wendling, Huettner, Ruder, & Peper (2006) found increased intra-subject (within-

subject) variability in 62 children ages 7-14 with ADHD on continuous performance tasks when 

compared to normal participants.  They examined intra-subject variability in the reaction times of 

individuals responding over the course of a task on which participants responded to letters on a 

screen.   This suggests that attention in children with ADHD is more sporadic during the task as 

compared to people without ADHD.   

Epstein et al.  (2003) found increased error rates for both inattention and impulsivity 

errors for children with ADHD than for normal controls on the Conners’ Continuous 

Performance Task.  These authors also found greater intra-subject variability in reaction times 

among those with ADHD.  They state that the variation in reaction times was the measure that 

had the best relationship with ADHD symptoms.  Mairena et al. (2012) found similar results, 

with variability in reaction times for children 8-12 years of age being related to parent-reported 

symptoms of ADHD.  In other words, children with the most variable reaction times had the 

greatest prevalence of ADHD symptoms, as reported by parents. 

Conners’ Continuous Performance Task 

One common continuous performance test is the Conners' Continuous Performance Test 

(CCPT) (Conners, 1995).  This computer-based test requires the individual to respond to any 

letter that appears on a computer screen except the letter X.  Both error types, inattention and 

impulsivity, are recorded during this test.  Additionally, the individual’s reaction time to targets 

is recorded on the CCPT.  Reaction time measures allow the clinician even more information 
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about the individual’s attention to further aid in analysis, as reaction times are related to ADHD 

symptoms, as stated earlier.  Although not used in scoring, reaction time can still be examined by 

the clinician, as variability in RTs appears to be related to ADHD symptoms.  

Different reaction times have been observed within groups of children with ADHD ages 

7-13 years (Sjowall, Roth, Lindqvist, & Thorell, 2013).  Some children with ADHD react 

quickly to stimuli, while others react slowly.  These authors also found differences in executive 

functioning in children with ADHD compared to normal participants.  Executive functioning was 

measured through tasks testing the children’s memory, inhibition, and shifting.  Working 

memory was tested through use of three memory games, one verbal, one in which children 

repeated digits, and one on the computer.  Inhibition was measured through use of two tasks: one 

Go-No Go task, and one in which children labeled shapes.  Finally, shifting was measured 

through a task in which children looked at shapes and labeled them using local or global features.  

Children with ADHD also had different levels on measures of emotional functioning, as 

measured by parent report, when compared to their non-ADHD peers.  Emotional functioning 

related to the child’s ability to handle emotion and his or her emotional responses.  ADHD 

children had differences compared to non-ADHD children in three emotional functioning 

measures, “anger regulation, anger recognition, and regulation of happiness/exuberance.”   

As the CCPT is a measure of attention, one might expect children with ADHD to show 

significantly poorer performance on this measure and other continuous performance tasks.  

However, some research has found that children with ADHD and children without ADHD 

perform similarly on the CCPT.   McGee, Clark, & Symons (2000) tested children with ADHD, 

children with reading disorders, children with both ADHD and reading disorders, and normal 

controls using the CCPT.  They found that the children with ADHD did not have significantly 
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different scores on the CCPT than their normal peers.  Interestingly, children with reading 

disorders did have significantly poorer scores than the normal controls.  This suggests that the 

CCPT may not be a valid assessment of attentional difficulties in children with ADHD.  As 

observed previously, easy CPTs such as the traditional CCPT may not challenge ADHD children 

whereas more difficult CPTs (e.g., those with reduced perceptual saliency) may challenge 

ADHD children and differentiate their performance from those of children without ADHD 

(Russell et al., in submission).  . 

 Soreni, Crosbie, Ickowicz, & Schachar (2009) used the Conners’ Continuous 

Performance Task to examine the performance of 12 children with ADHD in three separate 

sessions, each separated by a week.  Scores on the CCPT did not significantly vary across the 

three week time span. Thus, this study supported the short-term test-retest reliability of scores on 

the CCPT. 

Variability in performance over longer periods of time in normal children on the CCPT-

II, however, has been reported.  Zabel, von Thomsen, Cole, Martin, & Mahone (2009) found that 

when normal children (ages 6-18) were tested with the CCPT-II and then tested again several 

months later, there was often a significant degree of variability between the two scores based on 

the 90% confidence intervals provided by the test manual.  This finding suggests that this test 

may have limited long-term reliability.  These researchers also suggest that if there is variation in 

the scores of children without ADHD, there may be even more concerns when testing children 

who do have ADHD using this test.  

Soreni, Crosbie, Ickowicz, and Schachar (2009) found, however, that the CCPT can 

accurately and reliably measure inhibition control as indexed through use of 

impulsivity/commission errors over time.  They examined CCPT performance in 12 children 
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ages 9-15 with ADHD.  These children were tested three times, with seven days separating each 

session.  While impulsivity errors were reliable over time, inattention/omission errors were not.  

That is unfortunate as omission errors are considered important in the diagnosis of ADHD, as 

they are reflective of inattention symptoms.  

Before a discussion on ADHD is possible, it is important to understand what exactly 

ADHD is, as well as common symptoms and diagnosis methods. 

 

ATTENTION DEFICIT/HYPERACTIVITY DISORDER (ADHD) 

Definition and Prevalence 

A precursor to the study of auditory attention in children with Attention 

Deficit/Hyperactivity Disorder (ADHD) is defining the disorder itself. An important source for 

defining disorders, the Diagnostic and Statistical Manual of Mental Disorders, or DSM, is the 

tool most frequently used by most mental health professionals (APA, 2011).  This guide, written 

by the American Psychiatric Association, contains information that can be used by physicians 

and psychologists to diagnose mental disorders in children and adults.  The DSM defines 

Attention Deficit Hyperactivity Disorder (ADHD) as a condition that makes focusing on 

everyday tasks difficult (APA, 2011).  

  More recently, Warikoo & Faraone (2013, pg. 1885) defined ADHD as “an early onset, 

clinically heterogeneous, complex neurobiological disorder, defined by persistent symptoms of 

inattention and hyperactivity/impulsivity that cause impairment in two or more settings 

according to DSM-IV-TR.” The Mayo Clinic has defined ADHD as, “a chronic condition that 

affects millions of children and often persists into adulthood. ADHD includes a combination of 

problems, such as difficulty sustaining attention, hyperactivity and impulsive behavior” (Mayo 
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Clinic, 2013, pg. 1885).  Inattention is defined by Jones, Moore, Amitay, & Shub (2013, pg. 971) 

as “the complement of sustained attention.  It expresses the fact that in a proportion of trials 

listeners appear to respond independently of the sensory information, possibly reflecting a lapse 

in concentration”.  On a research task, inattention occurs on the trials during which a subject 

appears to respond independently of the sensory information, possibly reflecting a lapse in 

concentration.  Impulsivity can be defined as, “an inability to inhibit responding” (Prior & 

Sanson, 1986, pg. 310).  Hyperactivity is defined as “the state or condition of being excessively 

or pathologically active” (Merriam-Webster, 2013).  Ross & Ross (1976, pg. 11-12) add that 

hyperactivity is a behavior that puts an individual, “into conflict with their environment.” ADHD 

is diagnosed based on the presence of inattention symptoms and/or hyperactive-impulsive 

symptoms with an onset before seven years of age and duration of at least six months (APA, 

2011).  While ADHD can occur in children and adults, the current review addresses only ADHD 

in children.   

ADHD is a condition that impacts many children and their families.  The estimated 

worldwide prevalence of ADHD in children is 5.29% (Polanczyk & Rohde, 2007).  For the 

United States, the overall prevalence is estimated at 9.5% in children ages 4-17, which is 5.4 

million children (Centers for Disease Control and Prevention, 2010).  In children, ADHD can 

have a negative impact on many everyday activities requiring attention, including focusing on 

learning activities at school.  The diagnosis of ADHD includes a designation of ADHD subtype 

or presentation. 

Theories of ADHD 

A number of theories of ADHD have been presented.  These theories attempt to explain 

the causes of ADHD.  They also attempt to explain ADHD symptoms in children, and provide 
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insight on their ADHD-related behaviors.  Johnson, Wiersema, & Kuntsi (2009) reviewed 

various ADHD theories and discussed their strengths and limitations.  Many theories of ADHD 

can explain certain aspects of the disorder, but do not address all issues. 

The first theory discussed by Johnson, Wiersma and Kuntsi (2009) is the Executive 

Dysfunction Theory (Barkley, 1997).  This theory proposes a neural cause for ADHD.  

Essentially, it proposes that differences in the brains of children with ADHD cause a decreased 

level of executive control.    Executive functions are, “neurocognitive processes that maintain an 

appropriate problem-solving set to attain a later goal” (Willcutt, Doyle, Nigg, Faraone, & 

Pennington, 2005, pg. 1336).    These functions can include planning, working memory, and 

response inhibition.  A deficit in executive control results in the behaviors characteristic of 

children with ADHD such as impulsivity.  Willcutt, Doyle, Nigg, Faraone, & Pennington (2005) 

list four criteria that would need to be met if ADHD were caused by executive dysfunction alone: 

1. Measures of executive functioning deficits would need to be the same across studies 

of ADHD.  Other factors, such as cognitive abilities and age, would need to be 

controlled for.  

2. Problems with executive functioning would have to be one of the causes for variation 

in the severity of ADHD symptoms in different individuals. 

3. Most people with ADHD would need to display executive functioning difficulties. 

4. Executive functioning problems must have the same cause as ADHD symptoms.  The 

authors suggest that, because ADHD can be passed through families, executive 

functioning problems must also pass through families (pg. 1336). 
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These authors believe that executive functioning problems are one of the causes of 

ADHD symptoms, and cite research showing executive functioning weaknesses in individuals 

with ADHD.  They do not believe, however, that executive dysfunction is the only reason for 

ADHD symptoms.  They believe that executive dysfunction is just one of many factors causing 

ADHD symptoms. According to Johnson, Wiersma and Kuntsi (2009) this theory does not 

explain the hyperactivity symptoms of ADHD.  They state that executive dysfunction can be the 

cause for response inhibition, explaining impulsivity symptoms.  Response inhibition is defined 

by Richardson (2008, pg. 1) as, “a range of mechanisms that allow the suppression of previously 

activated cognitions and inappropriate actions and resistance to interference from irrelevant 

stimuli [Bjorklund & Harnishfegar, 1995]. Essentially, inhibitory control is the ability to 

suppress the processing or expression of information that would disrupt the efficient completion 

of the goal at hand [Dempster, 1992].”  Response inhibition, however, is not characteristic of 

every child with ADHD.  Additionally, this theory does not address motivation or state effects 

observed in children with ADHD. 

The second theory reviewed by Johnson, Wiersma, and Kuntsi (2009) is the State 

Regulation Model (van der Meere & Sergeant, 1988).    This theory proposes that ADHD 

symptoms are caused by the state of the child.  Barkley (1997) argues that the state of the child 

can be directly related to whether a child responds, and to what the response is.  He argues that 

once a child is in a certain state, such as boredom, s/he can try to modify his/her state into one 

that is more positive, impacting behavior. According to this theory, children with ADHD have a 

decreased energy and activation level than their peers.  They have decreased effort, even if this is 

not intentional, explaining their difficulty with tasks.  In other words, children with ADHD have 

an overall decrease in their effort, which results in them maintaining a less activated state than 
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non-ADHD children.  According to these theorists, the event rate, or the frequency with which 

new events occur, can impact children with ADHD.  Children with ADHD may need a higher 

event rate to maintain their arousal and effort.  If effort is not maintained, the children have a 

decrease in their motivation, which leads to poor performance.  Children will put more effort into 

tasks that they are motivated to do.  If the child is not motivated to complete a task, such as 

schoolwork, s/he will have poorer performance than if motivation were higher.  Therefore, 

variation in symptoms can be explained by examining the actual tasks.  When children with 

ADHD are presented tasks that maintain their effort, such as those with a fast presentation rate, 

they will perform better than in tasks that are not as novel.  Novelty-seeking is associated with 

impulsive behaviors (Wood, Rijsdijk, Asherson, & Kuntsi, 2011). 

The third theory discussed by Johnson, Wiersma, and Kuntsi (2009) is the Delay 

Aversion and Dual Pathway Theories discussed by (Sonuga-Barke, Taylor, Sembi, & Smith; 

1992).  The Delay Aversion Theory relates to the motivation of the child with ADHD.  Delay 

aversion can be defined as the, “motivation to escape or avoid delay” (Antrop et al., 2006, pg. 

1152).  If the child is impatient and does not want to wait for a reward, s/he will act in a way to 

decrease the time to wait for a reward (Johnson, Wiersema, & Kuntsi, 2009).  Thus, it is 

proposed that children will pass up a larger reward given to them in the future in favor of a 

smaller reward given to them sooner.  However, children with ADHD are more likely to wait for 

the larger reward and not choose the immediate small reward if they have additional stimulation 

beyond the requirements of the task.   Antrop et al. (2006) conducted a study in which children 

with ADHD and children without ADHD completed a computer task.  During this task, they 

could choose to immediately earn one point, or wait for a delay and earn two points.  They found 

that the children with ADHD chose the immediate, but lesser, reward more often than children 
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without ADHD.  During some trials the computer screen was blank, but during other trials the 

screen displayed cartoons.  The purpose of the cartoon was to provide the children with some 

stimulation while they waited for the next target.  While the task was the same with and without 

the cartoon, the children had something to do to “pass the time” while they waited for the target.  

When the children with ADHD had additional stimulation (cartoons) they were more likely to 

wait for the larger reward.   

The Dual Pathway Theory (Sonuga-Barke, 2002) is similar, proposing that in addition to 

delay aversion, these children also experience deficits in their inhibition, paralleling those 

described in the Executive Dysfunction theory proposed by Barkley.  When given tasks requiring 

participants to stop an event that is already occurring, such as a visual signal, individuals with 

ADHD are less likely to stop the event, and also take longer to inhibit the event.  In other words, 

individuals with ADHD have greater difficulty with stopping something that has already started.  

If a visual target is presented, for example, and the task is to inhibit that target, individuals with 

ADHD will not perform as well as individuals without ADHD. The key to the dual pathway 

theory is that Sonuga-Barke and colleagues posit that these are separate pathways to ADHD, and 

children may present with similar symptoms but have arrived there via different etiological 

pathways. In fact, Sonuga-Barke recently proposed yet another etiological pathway that 

implicates deficits in temporal processing (Sonuga-Barke, Bitsakou, & Thompson, 2010). 

The final theory discussed by Johnson, Wiersma, and Kuntsi (2009) is the Dynamic 

Developmental Theory (Sagvolden, Johansen, Aase, & Russell, 2005).  These researchers argue 

that there are two main components to ADHD symptoms: changes in reinforcement for behavior, 

and difficulty with changing behavior that has been reinforced in the past.  This could be caused 

by insufficient dopamine in the brain.  All children can understand that their actions have 
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consequences.  For children with ADHD, however, the window of time during which behavior 

and its consequence can be perceived by the child as related may be shorter than the time 

window for normal children.  These children may have difficulty understanding, therefore, what 

the consequence of their behavior will be.  These children have greater difficulty understanding 

the cause and effect relationship between a behavior and its consequence.  This theory also 

explains impulsivity.  Children with ADHD may act impulsively because their time window is 

smaller than that of normal children, giving rise to shorter, impulsive behavior.  This may relate 

to deficits in sustained attention as well, as sustained attention tasks by their very nature typically 

require longer time between rewards.   

Many theories of ADHD have been presented.  Although many researchers agree on what 

symptoms are present in individuals with ADHD, the cause of these symptoms is still debated.  It 

is possible that multiple factors contribute to the behaviors characteristic of children with 

ADHD. 

ADHD Subtypes/Presentation Specifiers 

ADHD presentation is varied with different symptom clusters experienced by different 

children. Based on symptom presentation using the DSM-IV-TR, children were classified as 

having Predominately Inattentive Type, Predominantly Hyperactive Type, or Combined Type.  

The subtypes refer to the main symptoms experienced by the child and, at the time, were 

considered relatively stable presentations.    Within subtypes, the severity of the symptoms can 

also vary between children.  It should be noted that the DSM-5, released in 2013, altered the 

conception of subtypes (APA, 2013).  Instead of using the term “subtype,” this version uses the 

term “presentation specifier.”    The subtypes have been replaced with ADHD Predominately 

Inattentive Presentation, ADHD Predominately Hyperactive/Impulsive Presentation, and ADHD 
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Combined Presentation. This is the result of a growing body of evidence that ADHD subtypes 

are not, in fact, stable over time, but are better conceptualized as clinical descriptions of a child’s 

current presentation of symptoms (Lahey et al., 2005).  The way in which a child’s ADHD 

manifests itself can even change within individual children over time, resulting in a change in 

presentation specifier at different ages. 

Children with predominately inattentive presentation, experience symptoms such as 

daydreaming during the school day and they may often seem distractible (National Institute of 

Mental Health, 2012).  They have difficulty focusing on schoolwork, and may not be able to 

concentrate in school.  They experience difficulty with completing schoolwork on time, and can 

sometimes lose things such as homework, toys, and other objects.  They become easily bored and 

distracted, and do not understand information as quickly as other children (NIMH, 2012).     

Children with hyperactive/impulsive presentation experience an above-average level of 

hyperactivity in their daily lives.  These children have difficulty sitting still, and may move 

around throughout the day.  They may wiggle and move around even when they are not engaged 

in a physically active activity.  This may occur at a time when movement is discouraged, such as 

during school.  This subtype is also characterized by frequent talking and movement, and these 

children may not filter what they say.  They may struggle with and avoid tasks that take a long 

time, and may interrupt others (NIMH, 2012). 

Lastly, children with the combined presentation experience symptoms of both inattention 

and hyperactivity/impulsivity.  This subtype of ADHD is the most common (Rohde et al., 1999).  

These children exhibit hyperactivity and difficulties attending during school and at home.  The 

diagnosis of ADHD combined presentation requires observation of symptoms from both the 

inattention category and the hyperactivity/impulsivity category.   
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ADHD Diagnosis 

 ADHD can be evaluated in a number of ways.  Evaluation and diagnosis is overseen by a 

physician, clinical psychologist, or clinical social worker.  The American Academy of Pediatrics 

(2011) released diagnostic and treatment guidelines for ADHD.  According to those guidelines, 

clinicians first should evaluate any child between the ages of 4-18 years who has issues with 

behavior problems and/or trouble at school that occurs along with inattention, hyperactivity, or 

both (American Academy of Pediatrics, 2011).  Secondly, clinicians are advised to take into 

account observational information from the child’s parents and teachers, and relate that 

observational data back to the DSM diagnostic criteria for ADHD.  Thirdly, clinicians must 

determine that the child’s symptoms are not caused by another disorder.  Some disorders may 

present similarly to ADHD. Therefore, the clinician must rule out other conditions related to the 

child’s symptoms, such as bipolar disorder, depression, clinical anxiety, and autism.  In addition, 

many disorders can co-exist with ADHD, and special care is advised in order to make sure that 

all conditions are diagnosed. Fourthly, clinicians must recognize that ADHD is a chronic 

condition.  The guidelines also offer recommendations for treatment of ADHD, which will be 

discussed in a later section (American Academy of Pediatrics, 2011). 

ADHD Testing 

There is no single assessment tool used in ADHD diagnosis.  An assessment battery 

approach combining traditional testing with parent and teacher reports is the most commonly 

used method of ADHD diagnosis (Demaray, Schaefer, & Delong, 2003).  This test battery 

provides the clinician with a comprehensive view of the child’s symptoms, allowing the clinician 

to differentiate ADHD from other possible disorders.  Important components of the overall 
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assessment include parent report, teacher report, and the child’s school records (Root & Resnick, 

2003).  Often, parents are asked to use a rating scale to indicate the extent to which observed 

behaviors occur, as well as the severity of such behaviors. The key to proper diagnosis is not 

only documenting the presence of symptoms, but also documenting early onset (before age 14), 

severity and chronicity, and negative impact on daily functioning (i.e., functional impairment) 

(American Psychiatric Association, 2013). 

ADHD Rating Scales 

Rating scales are often used in the evaluation of ADHD.  The Foundation for Medical 

Practice Education (2008) has developed a scale called the ADHD Rating Scale.  This scale is 

filled out by the child’s parent and/or teacher.  The scale contains items on inattention as well as 

on hyperactivity and impulsivity.  The parent or teacher is asked to rate the child’s behavior over 

the past six months, and rates symptoms from the DSM criteria, such as “Fails to give close 

attention to details or makes careless mistakes in schoolwork/homework.”  The parents or 

teacher can respond “always or very often,” “often,” “somewhat,” or “rarely or never.”  

Similarly, the Vanderbilt ADHD Diagnostic Teacher Rating Scale and Vanderbilt ADHD 

Diagnostic Parent Rating Scale rely on a teacher or parent report of the child’s symptoms 

(Wolraich, 1998; Wolraich et al., 1998).   In these assessments, teachers and parents rate the 

child’s behaviors using the symptoms listed in the DSM, such as “Has difficulty sustaining 

attention to tasks or activities.”  They can rate specific behaviors as occurring “never,” 

“occasionally,” “often,” or “very often.” The Attention Deficit Disorders Evaluation Scale-3rd 

Ed. (ADDES-3) has two versions, the home version and the school version (McCarney & 

Arthaud, 2004).  The ADDES-3 contains a behavior checklist containing items such as “Rushes 

through assignments with little or no regard for accuracy or quality of work,” and also allows 
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parents and teachers to document specific concerns.  The SNAP-IV Teacher and Parent Rating 

Scale (Swanson, 1992) is another tool in ADHD diagnosis. It contains statements about the 

child’s behavior, with the teacher or parents rating each item (Swanson, 1992).  Teachers or 

parents read statements related to ADHD behaviors , such as “Often fails to give close attention 

to details or makes careless mistakes in schoolwork, work, or other activities ,” and then can 

respond with “not at all,” “just a little,” “quite a bit,” or “very much” (Swanson, 1992).  

Generally, as has been discussed, the reports on the child’s behaviors come from the child’s 

teacher or parents and not from the child himself/herself.  

ADHD Management 

Although there is no cure currently available for ADHD, symptoms can be managed in a 

number of different ways (Mayo Foundation for Medical Education and Research, 2013).  

Behavioral and medical treatments can be used to aid in attention in children with ADHD.  These 

can include treatments such as counseling, medication, and behavioral strategies. Oftentimes, 

treatment types are combined, with children taking medication while also participating in 

therapy. 

Counseling for ADHD can include behavior therapy, psychotherapy, and social skills 

training for children, as well as family therapy and parenting skills training for parents (Mayo 

Foundation for Medical Education and Research, 2013).  Behavior therapy, the most common 

ADHD therapy, focuses on modifying the child’s behavior.  This type of therapy has been found 

to be effective in improving the child’s behavior (Klein & Abikoff, 1997).  Counseling focuses 

on teaching the child more appropriate behavior, and can combine rewards for positive behavior 

and punishments for negative behavior.  This treatment is often used in children with mild 
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ADHD symptoms, as opposed to medication use (AACAP, 2007), but has little empirical support 

regarding its effectiveness in reducing ADHD symptoms. 

Medications are also used to treat ADHD (AACAP, 2007).  Stimulant medications, 

including Methylphenidate and Amphetamine preparations have been found to be very effective 

in treating children with ADHD.  LeFever, Hannon, Dawson, Morrow & Morrow (1997) studied 

the prevalence of medication use to treat ADHD in children in grades 2-5.  They found that 

ADHD medication use during the school day was 17% for Caucasian boys, 9% for African 

American boys, 7% for Caucasian girls, and 3% for African American girls.   

Although ADHD medications often have side effects, these side effects can often be 

treated and medication use can be continued (Cortese et al., 2013).   Side effects for ADHD 

medications can include loss of appetite, difficulty sleeping, mood problems such as irritability, 

weight loss, anxiety, headaches, nausea, and gastrointestinal problems (Collingwood, 2010).  

Loss of appetite can lead to long term growth problems, as well, such as decreased height (e.g., 

Swanson et al., 2007), although other researchers have not found medication use to negatively 

impact growth (e.g., Biederman et al., 2010). 

Medications can be taken in a number of ways.  Immediate-release medications are taken 

two or three times per day, as their effects can wear off over a few hours.  Extended release 

medications, however, are generally administered once a day, as their effects are more lasting.  

Hodgkins, Shaw, Coghill, & Hechtman (2012) analyzed a number of studies comparing the 

efficacy of treatment of ADHD with amphetamines and Methylphenidate.  They found that while 

some studies found one medication type to be more effective than the other, neither type has 

been shown, overall, to be the most effective for the treatment of ADHD.  They emphasize that 

different patients can have different reactions to the different stimulant types. 
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Van der Oord, Prins, Oosterlaan, & Emmelkamp (2008) discuss the effectiveness of drug 

treatment for ADHD in their review article.  They found that both use of methylphenidate and 

behavioral treatment approaches reduced ADHD symptoms overall.  When methylphenidate was 

used, however, counseling did not further reduce ADHD symptoms such as behavior and 

performance in school and in social situations. 

Atomoxetine has also been found to be effective in the treatment of children with ADHD.  

This drug is a norepinephrine (noradrenaline) reuptake inhibitor, as opposed to previously 

discussed drugs, which are stimulants.  In children ages 6-16 with ADHD, Atomoxetine was 

found to reduce ADHD symptoms better than a placebo (Michelson et al., 2002).  The children 

who took Atomoxetine showed improvements on a number of ADHD measures.  On the ADHD 

Rating Scale-IV, their scores for both symptoms of inattention and hyperactivity/impulsivity 

were improved.  On the Conners’ Teacher Rating Scale and the Conners’ Parent Rating Scale, 

results for children who took Atomoxetine showed significantly greater improvement over those 

taking a placebo.   

RATIONALE FOR THE STUDY 

Processing Efficiency 

Processing efficiency may be a critical determinant of performance on perceptual tasks, 

such as CPTs.  According to Hartley, Hill and Moore (2003), processing efficiency is defined as 

“all factors, aside from temporal resolution, that may affect detection on a task, such as attention, 

cognition, and motivational factors” (p. 140).    In order to process information, one must attend 

to the information being presented.  One must also have the cognitive resources required for 

processing the information.  Additionally, one must be motivated to process the information; if 

an individual is not interested in a stimulus and does not believe that the stimulus is necessary, 
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they may not process it.  Currently, however, there is not enough research to indicate the extent 

to which one or all three of these factors actually contributes to processing efficiency (Hill, 

Hartley, Glasberg, Moore, and Moore; 2004).   

When backwards masking is compared in children of different ages, results differ for 

younger compared to older children. Hartley, Wright, Hogan, & Moore (2000) studied 

simultaneous and backwards masking in children ages 6-10, as well as in adults.  During 

frequency resolution tasks involving responding to a tone presented in simultaneous noise, 

children and adults performed similarly.  During backwards masking tasks, however, even the 

ten-year-old children performed worse than adults, with the 6-year-old children having 

thresholds that were 34 dB higher than adults.  Hartley et al. found that as children mature and 

increase in age, their backwards masking thresholds improve.  This also suggests that the true 

cause of lowered thresholds is processing efficiency, not decreased temporal resolution, as 

temporal resolution thresholds, or the ability to detect a tone in background noise in the 

simultaneous condition, is the same for children and adults. 

Data from studies of backward masking have been used to support the theory that 

children have poorer processing efficiency.  Hill & Moore (2002) studied the effects of 

backwards masking in children ages 9-10 and adults on tonal thresholds.  The silent interval 

between the stimulus tone and the subsequent time-delayed masker was varied.  The tonal 

threshold for children on this backward masking listening task was consistently higher than that 

of adults.  Using this masking technique, the temporal window can be analyzed by examining the 

impact of changes in the length of delay between the stimulus tone and the masker.  That 

temporal window can be defined as the time period during which different stimuli are perceived 
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as the same (Powers, Hillock, & Wallace, 2009).  The temporal window can be mathematically 

modeled; and when these researchers modeled the temporal window both the results from the 

children and the results from adults fit similar temporal windows.  Because of this, it is unlikely 

that temporal resolution led to poorer performance in the children.  Lowered processing 

efficiency was proposed as the more likely explanation.  

Stuart (2008) proposed that processing efficiency explained the results in his study of 

speech reception thresholds in 80 children ages 6-15 and adults. The sentences were presented in 

quiet and in two different types of background noise.  During the background noise conditions, 

the noise was presented continuously on some tasks, and in an interrupted condition in other 

trials.  He then compared thresholds in the interrupted and continuous noise conditions to find 

the “release from masking”.  He found that children needed a better signal to noise ratio than 

adults for speech recognition thresholds.  Temporal resolution did not explain his findings for 

thresholds in interrupted noise compared to continuous noise, however.  The children 

experienced the same amount of release from masking as the adult group.  This suggests that 

processing efficiency, rather than temporal resolution, was the reason for the elevated SNRs 

needed for threshold in children.   

The issue of noise is important when considering processing efficiency on auditory tasks.  

There are two main sources of noise that can interfere with processing: external noise and 

internal noise.  External noise is simply the noise that occurs in the environment, separate from 

the individual.  In the aforementioned studies, the noises used were external noises.   In a 

classroom, external noise could include people talking, papers rustling, and chairs moving. 

Internal noise can be defined as noise that is perceived by the individual, coming from an 
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internal source (Jones, Moore, Amitay, & Shub, 2013).  It has also been defined by Buss, Hall, & 

Grose (2006, pg. 2) as, “variability in the neural representation of intensity.”  There can also be 

variability in the neural representation of a signal.  This noise is internal to the individual, and 

therefore differs between individuals.  Internal noise can include various sources including the 

heartbeat and the spontaneous firing of neurons.  It is also possible that internal noise can include 

factors such as attention. 

Hurlbert (2000) discussed internal and external noise and how they might impact 

perceptual learning.  She argued that if external noise is increased, it should be more difficult to 

elicit a response.  This is because even when there is no external stimulus present, neurons will 

spontaneously fire (internal noise).  But when external noise is present the neurons must increase 

their activation above that internal noise.  They must increase their activity to simply override the 

background of external noise.  According to Hurlbert (2000), internal noise levels cannot be 

reduced despite improvements in neurons.  Perceptual learning does not decrease the noise 

internal to the person, but does allow them to perform better.  She argued that perceptual learning 

is more related to signal detection than to internal noise.  She discussed a study by Gold, Bennett, 

& Sekuler (1999) in which study participants looked at pictures of faces that varied in their 

perceptual saliency.  Some of the faces were difficult to distinguish because they were presented 

in a high noise condition, i.e., they were blurred.  Initially, participants struggled with 

distinguishing the faces.  As the participants practiced the task, however, their ability to identify 

the faces improved.  This suggests that the individuals improved in their ability to detect the 

stimulus, in this case a face, despite the external noise (i.e., blurring).  The conclusion offered 

was that internal noise did not change but that participants learned how to identify the stimulus 

within the external noise. 
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It is possible that the amount of internal noise is different for children and adults.  Buss, 

Hall, & Grose (2006) studied the concept of internal noise in eight children ages 5-10.  A masker 

was used during a tone detection task.  Once again, performance on these tasks can be related to 

internal and external noise.  If external noise is the main reason for struggling on the task, when 

the frequency of the masker is fluctuated around the center frequency of the tone, performance 

should improve.  If internal noise is the more important factor in performance, however, no 

change in performance would be expected with the changing masker.  When the noise masker 

was fluctuated in frequency, the children’s performance did not change, while the adults’ 

performance did.  This offers evidence to the theory that children have greater internal noise than 

adults.  Buss, Hall, & Grose (2006) also performed a similar experiment involving 15 children 

ages 5-10 and adults.  During this experiment they found similar results, suggesting increased 

internal noise in children. 

In summary, several studies have supported the theory that children perform more poorly 

on challenging auditory tasks due to more limited processing efficiency.  It has been proposed 

that the processing efficiency of children is impacted by the attention, motivation, and/or 

cognitive resources they bring to the designated task.  The extent to which these factors impacts 

task performance requires further study. 

The theory of processing efficiency suggests that one might predict task performance 

based on three factors: attention, motivation, and cognition.  In the current proposed study, there 

will be two groups of children, those with diagnosed ADHD and those with no suspected or 

known ADHD and one group of young adults with no suspected or known ADHD.  The factors 

of task motivation (using varied feedback conditions) and cognitive demand (using varied 
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perceptual saliency conditions) will be studied using analogous auditory and visual sustained 

attention tasks.  The schematic (Figure 1.1) below illustrates the four sustained attention tasks, 

and the four different blocked conditions within each task.   

Varied Perceptual Saliency Auditory Task 

Game Number Signal-To-Noise Ratio 

1 No noise 

2 +5 

3 0 

4 -5 

 

Varied Perceptual Saliency Visual Task 

Game Number Contrast 

1 No contrast reduction 

2 Level 1 (slight contrast reduction) 

3 Level 2 (moderate contrast reduction) 

4 Level 3 (most contrast reduction) 

 

Varied Feedback Auditory Task 

Signal-to-noise ratio: -5 for all games 

Game Number Feedback 

1 None (no points) 

2 Immediate-points after every word 

3 Short delay- points at the end of this game 

4 Long delay- points at the end of all games 

 

Varied Feedback Visual Task 

Contrast Reduction: Level 3 (most contrast reduction) 

Game Number Feedback 

1 None (no points) 

2 Immediate- points after every picture 

3 Short delay- points at the end of this game 

4 Long delay- points at the end of all games 

 

Figure 1.1: Schematic of each task 
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As Russell, Culbertson, Faucette, O’Brien, & Givens (in submission) have proposed, it 

may be that these challenging tasks produce findings that differentiate the performance of 

children with and without ADHD. The hope is that the development of these tasks might lead to 

a clinical measure of attention that consistently distinguishes children with ADHD from children 

without ADHD. 

RESEARCH QUESTIONS 

In the current study, the following research questions will be addressed: 

1. Within each of the 3 subject groups, is performance on challenging auditory and visual 

sustained attention tasks different when feedback is varied (i.e., none, long delay, short 

delay, and immediate)? 

2. Within each of the 3 subject groups, is performance on auditory and visual sustained 

attention tasks different when the perceptual saliency of the stimuli is varied (i.e., no 

noise/contrast reduction, limited noise/contrast reduction, moderate noise/contrast 

reduction, high noise/contrast reduction)? 

3. Are there performance differences across the 3 groups on auditory and visual sustained 

attention tasks when feedback is varied? 

4. Are there performance differences across the 3 groups on auditory and visual sustained 

attention tasks when the perceptual saliency of the stimuli is varied?’ 

5. Are there performance differences across modalities on the analogous tasks (i.e., auditory 

and visual tasks with varied feedback conditions; auditory and visual tasks with varied 

perceptual saliency conditions)? 
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6. Are there changes in performance over time (vigilance) on auditory and visual tasks 

within each of the four conditions within the task; from the beginning to the end of the 

entire task? 

The specific performance measures on the tasks include: 1) inattention errors, 2) impulsivity 

errors, 3) total errors, 4) reaction times to targets, and 5) vigilance decrement (block 1 total error 

rate – block 4 total error rate). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 2: Research Methods 

PARTICIPANTS 

The number of required participants in each of the groups (children with ADHD; children 

without ADHD, and young adults without ADHD) was determined using a power analysis.  This 

power analysis was based on previous research results from a study of continuous performance 

tasks in children with and without ADHD (Russell, Culbertson, Faucette, O’Brien, and Givens; 

in review).   The data collected from that study was used to determine the number of participants 

that would be required to achieve significance at the .05 level.  The number was determined to be 

8-13 participants in each of the two groups of children, i.e., 8-13 children with ADHD and 8-13 

children without ADHD.  Based on the power analysis, the researcher chose a targeted study 

enrollment of 13 participants per group.  

Twenty-six children ages 8 to 13 participated in this study.  There were a total of 13 

children with a diagnosis of ADHD as confirmed by parent report of diagnosis by a physician, 

psychologist, or counselor, and 13 children with no diagnosed or suspected ADHD.  In addition, 

there was a group of 13 young normal adults, ages 18-30 years, with no suspected or diagnosed 

ADHD.   

Participants were recruited through a variety of methods, including university email, 

fliers posted around the community and in the offices of psychologists, psychiatrists, and 

pediatricians, and through recruitment visits to community centers and physicians’ offices.  

When scheduling, parents were advised that children with ADHD taking medications should not 

take their prescribed medication on the day of testing.  Research sessions were conducted in a 

sound-treated room in the East Carolina Speech-Language and Hearing Clinic in the 

Communication Sciences and Disorders department. 
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This study was approved by the Institutional Review Board (IRB) at East Carolina 

University. For young adult participants, written IRB consent was completed prior to study 

participation.  All parents of minor children provided written consent prior to their children 

participating in this study.  All children provided written assent prior to participating, as well.  

The investigator emphasized to participants and parents that participation was optional.  All 

participants were compensated for study completion with a $20 Target gift card.   

Several inclusionary criteria were determined based on case history questions. This case 

history information was recorded on a case history form for all participants, which can be seen in 

Appendix A.ADHD diagnosis or attention problems were ruled out for an adult participant by 

asking if s/he had ever received a diagnosis of ADHD from a physician, social worker or 

psychologist or experienced attention problems.  A child was classified as ADHD if his/her 

parent/guardian stated that his/her child had a diagnosis of ADHD from a physician, social 

worker, or psychologist.  A child was classified as non-ADHD if the parent/guardian confirmed 

that his/her child had no ADHD diagnosis and no suspected attention problems.  All participants 

had no history of cognitive or speech delays or disorders, or auditory processing disorder as 

confirmed through parent/guardian report or self-report by adult participants.  No participants 

had reportedly repeated a grade in school.  The participants also had English as their first 

language by parent or self-report.  There was verbal confirmation from the parents/guardians that 

children with ADHD receiving medication had not taken their medication on the day of the 

research session.  Children with ADHD that had taken their medication, however, were still 

permitted to participate, but it was documented that they had taken their medication that day.    

Nine of the ADHD children had prescribed ADHD medications and of those five refrained from 
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taking these medications on the day of the study session as directed and four had taken their 

medications on the day of the study session. 

After completing the case history questions, all participants completed hearing evaluation 

inclusionary measures including otoscopy, tympanometry, and air conduction thresholds. 

Otoscopy was performed using a hand-held Welch-Allen otoscope with a disposable speculum.  

This was used to rule out ear drainage, impacted cerumen, or structural abnormalities of the ear 

canals and tympanic membranes in both ears, as specified in the ASHA Guidelines for 

Audiologic Screening (1997).  Tympanometry was also performed on all participants using a 

diagnostic tympanometer (GSI Tympstar).  In order to qualify for the study,  the children were 

required to have normal tympanograms as specified by Hanks and Rose (1993) with static 

acoustic admittance values within 0.3-1.5 mmho, ear canal volumes within 0.6-1.5 cm3, and 

tympanometric width less than or equal to 200 daPa.  Young adults were required to have normal 

tympanograms as specified by Margolis & Heller (1987), with static acoustic admittance values 

within 0.27-1.38 mmho, ear canal volumes within 0.63-1.46 cm3, and tympanometric widths 

between 51-114 daPa. 

All participants completed a visual screening using the criteria from the American 

Association for Pediatric Ophthalmology and Strabismus (AAPOS, 2014).  The vision screening 

was performed using corrected vision for participants who wore glasses. The participants were 

asked to stand 10 feet away from a Snellen Visual Acuity chart situated at eye level. They were 

asked to read the row of letters from the chart corresponding to 20/30 vision.  All participants 

had visual acuity of at least 20/32 in both eyes. All participants with corrected vision wore their 

glasses on the day of testing; they wore their glasses during both the vision screening and during 

the actual testing. 
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Hearing loss was also ruled out.  Air conduction thresholds were measured at octave 

frequencies from 250 – 8000 Hz in a sound treated booth using Etymotic ER-3A insert 

earphones connected to a diagnostic audiometer (GSI-61). All participants met the criteria for 

thresholds of 20 dB HL or better in both ears at all frequencies tested.   

The Auditory Figure Ground SCAN test was performed on all participants (i.e., SCAN 

3C for children and SCAN 3A for adults).  This test involves listening to a list of recorded 

words.  Background noise in the form of multi-talker babble was present during the words at a 

signal to noise ratio of +8.  Participants were instructed to repeat back the recorded words and 

ignore the background noise.  They were also encouraged to guess at any words that they had 

trouble understanding.  The number of words correctly repeated was recorded for each ear 

separately, as well as a total number of correct words repeated.  None of the participants’ scores 

met the criteria for an Auditory Figure Ground deficit. 

EXPERIMENTAL STIMULI 

Sustained attention was assessed in both the visual and auditory modalities through the 

use of analogous tasks developed specifically for this study.  In each modality, there were two 

tasks, one in which the noise/distortion level was varied (to examine the impact of perceptual 

saliency) and one in which the feedback was varied (to examine the impact of motivation). All 

tasks were developed using Super Lab 5 (Cedrus, 2013). 

Each of the four experimental tasks involved the presentation of 576 stimuli that included 

a randomized presentation of the target word/picture dog and 20 non-target words from the 

Peabody Picture Vocabulary Test, Fourth Edition (Dunn & Dunn, 2007) or the Preschool 

Language Scale, Fourth Edition (Zimmerman, Steiner, & Pond, 2002).   The 20 non-target words 

were selected because they were within the expected vocabulary of a 4-7 year old child, were all 
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monosyllabic words, did not rhyme with dog, and could be easily depicted in pictures for the 

visual tasks.  The target word was always dog, and the following 20 non-target foil words were 

used:  fish, car, cat, shoe, bird, tree, grapes, mail, key, plant, game, barn, ring, nest, pear, coin, 

ship, map, house, and hat. 

VISUAL IMAGES 

All of the visual images used were obtained from the image database www.morguefile.com, 

which offers free images that are not copyrighted. The images were selected because they were 

clear representations of the 21 associated words.  The images were all equal in size.   

Each picture was downloaded from the website and saved as its own individual jpg file 

onto a Dell laptop computer.  Each jpg file was then opened in Microsoft Office 2010.  This 

program was used for all edits to the images.  For each of the 21 pictures, the image was saved in 

black and white to create an initial set of non-distorted images.  This was accomplished through 

use of the Color settings bar in Microsoft Office 2010.  The saturation setting was changed to -

100 for all the images.  This resulted in a black and white image without distortion of any kind.  

These images were then designated as the full contrast images.   

Three sets of images with decreased contrast were then developed, creating three 

different levels of reduced contrast.  Level 1 images were created by setting the contrast and 

brightness to -25, level 2 images were created by setting the contrast and brightness to -40, and 

level 3 images were created by setting the contrast and brightness to -50.  These adjustments in 

brightness and contrast resulted in images with different contrast levels intended to make 

identification more difficult.  The level 1 images had slightly reduced contrast, level 2 images 
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had moderately reduced contrast, and level 3 images had significantly reduced contrast. These 

three levels of reduced contrast were subjectively labeled by two members of the research team. 

The pictures used in the familiarization block (described below) were also created using 

the 21 full contrast black and white pictures.  Black Calibri 200 point font was used on Microsoft 

Paint to type the names of the pictures on the images.  That way, the participants could see the 

images and read the names of the images that would be used during testing. 

All images were presented through the SuperLab software.  This software stretched the 

images so that they fit the entire screen.  As all images were the same size, the level of stretching 

was also the same for all images.  These images were presented to the participant during the 

visual portion of testing. 

AUDITORY STIMULI 

For the auditory tasks, the words listed above were recorded by a female native English 

speaker, judged as having clear and articulate speech by the primary investigator.  All recordings 

were completed in an audiometric sound booth with noise levels in the booth at or below the 

noise levels recommended by ANSI for audiological evaluation of hearing (as measured with a 

sound level meter) (ANSI S3.1--1999).    A Behringer C-2 small-diaphragm matched pair 

cardioid (directional) condenser microphone was connected to the same Dell laptop computer 

used for all testing.  The computer contained the Pratt software, and all recordings were 

conducted using this software.  This recording set up was used for recordings, and all recordings 

were completed in the same recording session.  The female speaker was seated in the center of 

the test booth with the microphone secured on a microphone stand at the level of her mouth and 
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at a distance 40 cm away from her mouth, and aimed directly toward her mouth.  This distance 

was confirmed with a centimeter ruler.   

 The speaker was instructed to read each of the 21 words on the list with a natural style 

and with equal volume.  The recording was conducted using the Pratt software program with a 

16-bit resolution and a 44.1-kHz sampling rate.  This program offered the speaker visual 

feedback on productions in order to prevent peak clipping and assist with the production of 

words approximately equal in volume. The average intensity levels for the words were 

approximately 70 dB SPL throughout the recording session, as indicated by the Pratt software 

display. The entire word list was read five times to establish a set of recorded words from which 

a best exemplar (i.e., well-articulated and appropriate volume) for each word could be selected. 

The best recording of each word was selected for use in the study.  The root square mean 

amplitude was calculated for the chosen word recordings in Matlab.  Within Matlab, each of 

these recordings was then rescaled by equalizing the squared RMS value so that all words had 

the same intensity level. Those word files were used for the quiet (i.e., no noise) test condition. 

In order to develop the word files with the words and noise at different signal-to-noise 

ratios, noise was added using Matlab.    First, the average long-term spectrum level of the words 

was calculated.  This was used as the reference level for determining the appropriate background 

noise levels to achieve the desired signal-to-noise ratios.  A speech-shaped noise was added to 

the recorded words at various SNRs.  The noise was added before the word onset, during the 

word, and after the word termination so that the entire recording totaled one second. The 

recorded words ranged in duration from X to & ms.  The noise segments before and after the 

word segment corresponded to 1000 ms minus the word duration divided by two.  For example, 

if a word was 460 ms then each of the noise segments was 540/2 or 270 ms.  The noise segments 
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(before and after the word) were equal in duration.  A cosine ramp was applied to the onset and 

offset of the noise to prevent audible clicks.  The level of the word was adjusted based on the 

desired SNR relative to the part of the noise that overlapped with the word. Finally, the recorded 

words in noise were then normalized to the peak amplitude across all words.  The following 

signal-to-noise ratios were established: no speech spectrum noise, SNR +5, SNR 0 and SNR -5. 

Each of the 21 words was saved in all four of these conditions.    

The Pratt software was used to generate a calibration pure tone for the word presentations 

during testing. The averaged peak amplitude of the words was established in Pratt and found to 

be 0.4994 Pa (87.95 dB SPL).  A calibration tone was generated using the averaged peak 

amplitude level of the words according to ANSIS3.6-2004 (revision of ANSI S3.6-1996).  A 

1000 Hz pure tone was generated at this amplitude using the Pratt software and was recorded in a 

.wav file, to be used as a calibration tone.  The 1000 Hz calibration tone was 30 seconds in 

duration.  This tone was used to set the words at a calibrated level during test sessions. 

EXPERIMENTAL STIMULUS FAMILIARIZATION AND TASK PRACTICE 

Prior to beginning the experimental tasks, the participants completed a stimulus 

familiarization block and a practice block.  During familiarization and practice, participants were 

seated in a sound-isolated test booth directly facing a computer monitor at eye level.  Task 

instructions were offered, as indicated below, and then insert earphones were inserted into both 

ears.  During the familiarization and practice sessions, the researcher stood inside the booth with 

the participant.   

The familiarization block was the first block that participants completed.  During this 

block, each of the 21 stimulus word recordings in quiet was presented simultaneously with the 

full contrast visual image of that word along with the typed word on the picture (e.g., the word 
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“cat” with the picture and written label of “cat”). These familiarization stimuli were each 

presented for one second, with a 250 ms pause in between each stimulus presentation.  

Participants were asked to attend to the stimuli but were not asked to respond to the stimuli 

during this section, as the purpose of this section was to simply familiarize them with the 

pictures and words.  The 21 stimuli were presented once in alphabetical order.  A schematic of 

the familiarization sequence is presented below in Figure 2.1. 

 

Figure 2.1: Familiarization Stimuli Sequence 

A practice session was used to familiarize the participants with the task they would be 

performing during testing, thus preventing a task learning effect.  During this block, the 

participants were shown the familiarization stimuli once again in random order. The non-target 

words were presented one time, while dog was presented six times, in a ratio equivalent to the 

target/non-target ratio used during testing.  During the practice block, however, the participants 

were instructed to press the space bar for dog and to do nothing when they saw/heard the other 

stimuli.  All other keys on the keyboard were de-activated during the practice and test blocks. 

During the practice block, the participant would see/hear the stimulus for one second during 

which s/he might respond (i.e., space bar press or no press).  Following that presentation, a 

Familiarization Sequence 

Stimulus: Recorded Word 

(no noise), Picture (no 

contrast reduction), and 

printed word 
Pause 

250 ms 
 1000 ms 

Next Stimulus: Recorded 

Word (no noise), Picture 

(no contrast reduction), 

and printed word 

  1000 ms 
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feedback notification was displayed for 250 ms, i.e., a green +1 was shown for a correct response 

and a red -1 was shown for an incorrect response.  After the participant finished the practice 

block, a screen was displayed with black letters and the question, “Ready?”  If the participant felt 

that he/she needed more practice before beginning the actual experimental tasks, he/she was able 

to repeat the practice session.  Four participants asked to repeat the practice sequence.  The 

practice sequence is illustrated in the schematic below (Figure 2.2). 

 

Figure 2.2: Practice Stimuli Sequence 

 

EXPERIMENTAL ATTENTION TASKS 

The schematic in Figure C below presents the format of the two auditory tasks and the 

two visual tasks with the conditions in a randomly ordered sequence as they might occur during a 

research session.  Randomization of both tasks and conditions was done through use of a random 

number generator.  Each task was assigned a number (1, 2, 3, and 4) and these numbers were 

placed in random order by a computerized random order generator.  Following randomization of 

tasks, each condition within each task was also assigned a number (1, 2, 3, 4).  These numbers 

were also randomized by a random order generator.  In total, each participant’s test session 

Practice Sequence 

Stimulus: Recorded Word 

(no noise), Picture (no 

contrast reduction), and 

printed word 

1000 ms 

Feedback 

250 ms 
 1000 ms 

Next Stimulus: Recorded 

Word (no noise), Picture 

(no contrast reduction), and 

printed word 
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involved five randomizations: one randomization for the order of tasks, and one randomization 

for the order of conditions within each of the four tasks.  Individual stimuli (i.e. words or 

pictures) were randomized by the SuperLab Pro software.   

In the auditory modality there were two tasks, one varying in signal-to-noise ratio across 

blocks and one varying in feedback across blocks.  In the visual modality there were two similar 

tasks, one varying in image contrast and one varying in feedback across blocks. 
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Auditory Varied Perceptual Saliency Task 

Condition/Game Blocks Signal-To-Noise Ratio 

1 No noise 

2 -5 

3 0 

4 +5 

 

Visual Varied Perceptual Saliency Task 

Condition/Game Blocks Distortion Level 

1 Full contrast 

2 Level 2 (moderately reduced contrast) 

3 Level 1 (slightly reduced contrast) 

4 Level 3 (significantly reduced contrast) 

 

Auditory Varied Feedback Task 

Signal-to-noise ratio: -5 for all games 

Condition/Game Blocks Feedback 

1 None (no points) 

2 Short delay- points at the end of this game  

3 Immediate-points after every word 

4 Long delay- points at the end of all games 

 

Visual Varied Feedback Task 

Distortion: Level 3 (Significantly reduced contrast) 

Condition/Game Blocks Feedback 

1 None (no points) 

2 Short delay- points at the end of this game 

3 Immediate-points after every word 

4 Long delay- points at the end of all games 

Figure 2.3: Task Formats 

Each participant completed a series of four sustained attention tasks during which he or 

she heard a recorded word (auditory attention) or saw a picture of the word (visual attention). 

Two of the experimental tasks required a response to an auditory target, the spoken word dog.  
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On one auditory attention task, there were four randomly ordered blocks with different speech 

spectrum noise conditions in each block (i.e., no noise, +5 SNR, 0 SNR and -5 SNR).  These 

different conditions were used to vary the perceptual saliency of the auditory stimuli. On the 

other auditory attention task, a single challenging SNR (-5 SNR) was used with four different 

feedback conditions in four randomly ordered blocks (no feedback, immediate trial-by-trial 

feedback, feedback at end of a block of 144 trials [576 total trials per task, divided by four 

blocks], and task end feedback).  These different feedback conditions were intended to produce 

different levels of participant motivation. 

There were also two tasks that required responding to a visual target, a picture of a dog.  

On one of the visual tasks, there were four levels of contrast reduction (i.e., none, level 1, level 2, 

and level 3) each within one of four randomly ordered test blocks.  These different contrast 

conditions were intended to vary the perceptual saliency of the visual images.  On the other 

visual task, there was one level of challenging contrast reduction (i.e., level 3) and four levels of 

feedback (no feedback, immediate trial-by-trial feedback, feedback at end of a block of 576 

trials, and task end feedback,) in four randomly ordered test blocks.  Once again, the various 

feedback conditions were intended to produce different levels of participant motivation. 

As stated above, each of the four sustained attention tasks (auditory feedback varied, 

visual feedback varied, auditory noise condition varied, visual contrast condition varied) 

included four test block conditions (i.e., levels of noise/contrast and levels of feedback). Each of 

the attention tasks contained 120 targets and 456 non-targets, with each block condition 

containing 30 targets and 114 non-targets.  The total number of errors, inattention errors, 

impulsivity errors, and reaction time (time between stimulus presentation and the participant’s 

space bar press) was recorded for all test blocks.   
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Prior to beginning the experimental tasks, the instructions were reviewed with each 

participant.  (These instructions are offered in Appendix D). Participants were offered breaks in 

between the four sustained attention tasks, but not during an individual task.  The tester did not 

provide the participants with any social reinforcement (i.e., no smiling, nodding, or talking 

during the testing). 

STIMULUS PRESENTATIONS 

A grey screen was displayed throughout the auditory tasks.  Following presentation of 

each word, either a grey screen or a grey screen with feedback indicators (depending on the 

condition) was displayed for 250 ms, to provide a pause between each stimulus presentation.  In 

the immediate feedback condition, a feedback screen was displayed after each word was 

presented.  This screen was grey with either a green +1 if the participant’s response was correct, 

or a red -1 if the participant’s response was incorrect.  This screen took the place of the all grey 

screen used for the other feedback conditions.  Reaction time to the button press was recorded 

from the stimulus onset to the end of the 1000 ms stimulus presentation segment.  The stimulus 

presentation format for the auditory stimuli (i.e., assuming a 500 ms word duration) is displayed 

in the schematic below (Figure 2.4). 
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Figure 2.4: Auditory Stimuli 

In the immediate feedback and short delay conditions, after all stimulus presentations 

were completed, a points screen was displayed for two seconds.  This screen displayed the 

number of correct responses the participant had in that section.  For example, if the participant 

made 130 correct responses, the number 130 would be displayed in black letters for two seconds 

before continuing to the next condition.  Participants were instructed at the beginning of the 

session that they would be exchanging their points for a gift card at the end of all testing, and the 

more points they earned the more the gift card would be worth.  This was used to vary 

participant motivation. 

During all visual tasks, a gray screen was initially presented for 250 milliseconds prior to 

the visual image display.  This was meant to mimic the onset of the background noise prior to the 

word in the auditory task.  In other words, this screen was to alert the participant that a picture 

would soon be displayed.  The picture was then displayed for 500 ms.  Reaction time was 

measured from the onset of this picture to the end of the 1000 ms stimulus presentation segment.  

A gray screen was then displayed for 250 milliseconds after the picture.  Following that, either a 

Auditory stimuli 

Stimulus: Word in 

Quiet or Noise 

Pause or 

Feedback 

250 ms 

Quiet or 

Noise  

250 ms 500 ms 

Quiet or 

Noise 

250 ms 
 

Quiet or 

Noise 

250 ms 

Reaction time measured 
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gray screen or a feedback screen was displayed, just as in the auditory task.  The pause/feedback 

screen was displayed for 250 milliseconds.  This stimulus presentation is illustrated in the 

schematic below (Figure 2.5). 

Figure 2.5: Visual Stimuli 

At the end of each of the experimental tasks a screen was displayed saying, “Take a 

break.”  During this time, participants took a break lasting as long as they wanted.  After all four 

tasks were completed, a screen saying, “You have finished all games” appeared. 

DATA FROM EXPERIMENTAL TASKS 

For both the auditory and the visual tasks, Super Lab Pro recorded the 

commission/impulsivity errors (response to non-target stimuli) and omission/inattention errors 

(failure to respond to target stimuli) as well as the reaction time, or time between the target 

stimulus and the response.  
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Chapter 3: Results 

The following sections will present demographics of the three participant groups 

(children with ADHD; children without ADHD; normal young adults) and will then present 

statistical results related to the research questions.  For simplicity sake, the two groups with 

children will be labeled “ADHD Group” and “Non-ADHD Group” and the group with normal 

young adults will be labeled as the “Adult Group”.  

All statistical analyses were performed using SPSS 20. All data sets for the Non-ADHD 

and adult groups include data from all 13 participants (i.e., no missing data).  The results from 

the ADHD Group, however, only include data from the 9 participants that did not take their 

medication on the day of testing (i.e., with the exception of the analyses related to Research 

Question 3).   

The means and standard deviations for performance measures were calculated and are 

presented in tables.  A repeated measures Analysis of Variance (ANOVA) was performed on all 

data sets, and significance was determined using the p = 0.05 level.  Statistical testing used 

Greenhouse-Geisser test results for all p and F values.  Post hoc testing was conducted using the 

Fisher’s Least Significant Difference (LSD).   

DEMOGRAPHICS 

Each group (ADHD, Non-ADHD, and Adult) included 13 participants. Within the 

ADHD Group, 4 participants were designated as having a presentation of primarily inattentive, 2 

as primarily hyperactive, and 7 as mixed.  With respect to medication use in the ADHD Group, 9 

were not on ADHD medications on the research session date (i.e., 4 not prescribed medications 

and 5 off of medications) while 4 were on medications.  The data from the 9 participants off of 

medications on the day of testing were used in statistical analysis. 
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The demographic information on age, gender, race, and socioeconomic status of 

participants is presented in the tables below. 

Ages 

Group Age Range in Years Average Age 

ADHD 8-13 9.8 

Non-ADHD 8-13 9.9 

Adults 19-30 25.4 

Table 3.1: Participant age distribution by group 

Gender 

Group Gender 

ADHD 5 male 

4 female 

Non-ADHD 4 male 

9 female 

Adults 3 male 

10 female 

Table 3.2: Participant gender distribution 

Race 

Group Race 

ADHD 1 Black/African-American 

8 White 

Non-ADHD 1 Black/African-American 

12 White 

Adults 13 White 

Table 3.3: Participant racial distribution 

Participant demographics related to race and socio-economic status (SES) are similar for 

all three groups.  A Pearson chi-square analysis was used to compare gender (p = 0.27) and race 

(p = 0.50) between the groups and age was compared using a one-way analysis of variance 

(ANOVA).  Age distributions of the two groups of children are essentially the same, as 

confirmed by a chi square with one degree of freedom (1.35 chi square value).  Overall, the 

majority of participants had parents with a college or graduate level education (education levels 
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ranged from some high school to graduate degree), and came from similar socio-economic 

backgrounds. 

It should be noted, however, that gender may be a factor in analysis.  Although the 

gender distributions of the three groups are not statistically different, there were more male 

participants than female participants in the ADHD Group; whereas there were more females than 

males in the Non-ADHD Group and the Adult Group. The reason this is of concern is that if this 

gender distribution had been observed in a larger sample it would have been significant. 

 

DATA RELATED TO QUESTIONS 1 and 3 

Research questions 1 and 3 addressed whether performance on challenging auditory (-5 

SNR) and visual (Level 3 reduced contrast) sustained attention tasks differed when feedback was 

varied (i.e., none, long delay, short delay, and immediate) within and between the participant 

groups. The data related to these questions is presented for impulsivity errors, inattention errors, 

total errors and reaction times to target. 

Impulsivity Errors 

The group means for impulsivity errors for the most difficult auditory condition (-5 SNR) 

across feedback conditions are displayed in Table 3.4 below, along with standard deviations. 

These means and standard deviations are also displayed in Figure 3.1 below. 
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Table 3.4: Impulsivity errors on the challenging auditory task with varied feedback 

 

 
Figure (3.1): Impulsivity errors on the challenging auditory task with varied feedback  
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A repeated measures ANOVA was performed and no significant differences were found 

for impulsivity errors between the four feedback conditions within groups (ADHD Group F = 

0.77, p = 0.52, Non-ADHD Group F = 1.31, p = 0.28, Adult Group F = 0.48, p = 0.62) for the 

most challenging auditory condition (-5 SNR). 

Significant differences were found between the three participant groups for impulsivity 

errors on the challenging auditory task when comparing the different feedback conditions (F = 

16.90, p < 0.01). The LSD test was used to analyze specific differences.  In the immediate 

feedback condition, significant differences were found between the ADHD Group and the Adult 

Group (p = 0.01) but not between the ADHD Group and Non-ADHD Group (p = 0.09) nor 

between the Non-ADHD Group and the Adult Group (p = 0.36).   In the short delay condition 

there were also significant differences between the ADHD Group and the Adult Group (p = 0.01) 

but not the ADHD and Non-ADHD Groups (p = 0.09) nor between the Non-ADHD Group and 

the Adult Group (p = 0.11).  In the long delay condition, no significant differences between 

groups were observed for the ADHD and Non-ADHD Groups (p = 0.07) and Non-ADHD and 

Adult Group (p = 0.89).  Significant differences were found between the ADHD Group and the 

Adult Group (p = 0.05).  In the no feedback condition, the ADHD Group and Adult Group had 

significantly different numbers of impulsivity errors (p < 0.01) as did the ADHD and Non-

ADHD Groups (p = 0.04). The Non-ADHD Group and Adult Group (p = 0.38) did not have 

significant differences for the no feedback condition.   

Impulsivity errors on the visual low contrast task (Level 3) with varied feedback were 

also determined and are displayed in Table 3.5 and Figure 3.2 below. 
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Table 3.5: Impulsivity errors on the challenging visual task with varied feedback 

 

 

 
 

 Figure 3.2: Impulsivity errors on the challenging visual task with varied feedback 
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A repeated measures ANOVA was used to analyze impulsivity errors across the varied 

feedback conditions for the lowest contrast visual task (Level 3 reduced contrast).  Within 

groups, the type of feedback did not produce significant differences in the number of impulsivity 

errors (ADHD F = 1.00, p = 0.34; Non-ADHD F = 1.09, p = 0.32; Adult Group F = 0.81, p = 

0.44).   

Between groups, there were significant differences in the lowest contrast visual task for 

the ADHD children and adults (p = 0.05) across the varied feedback conditions.  Post-hoc LSD 

analysis revealed that the significant differences were in the visual long delay condition (p = 

0.05).  Although not statistically significant, when comparing the ADHD Group and the Non-

ADHD Group, a p-value of 0.053 was found.   

Inattention Errors 

Means and standard deviations for inattention errors for the most challenging auditory 

attention task (-5 SNR) under different feedback conditions can be seen in the table and figure 

below. 
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Table 3.6: Inattention errors on the challenging auditory task with varied feedback 

 
 

Figure 3.3: Inattention errors on the challenging auditory task with varied feedback 
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No significant differences in inattention errors were found within groups when 

comparing the performance on the challenging auditory task under the various feedback 

conditions (ADHD Group F = 0.08, p = 0.97; Non-ADHD Group F = 0.08, p = 0.94; Adult 

Group F = 1.16, p = 0.33).   

Between groups, significant differences in inattention errors for different feedback 

conditions were found (F = 10.55, p < 0.01).  Differences between the children (ADHD Group 

and Non-ADHD Group) and adults were found, with p values of 0.01 or less in all feedback 

conditions.  No significant differences between the ADHD Group and the Non-ADHD Group 

were found, however (i.e., immediate feedback p = 0.33, short delay p = 0.50, long delay p = 

0.45, no feedback p = 0.35). 

Inattention errors on the challenging visual task under various feedback conditions and 

results can be seen in the table and figure below. 

 

Table 3.7: Inattention errors on the challenging visual task with varied feedback 
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Figure 3.4: Inattention errors on the challenging visual task with varied feedback  

Significant differences were not found within groups for inattention errors on the 

challenging visual task across feedback conditions (ADHD F = 1.84, p = 0.17; Non-ADHD F = 

0.21, p = 0.83; Adult Group F = 1.93, p = 0.18).  

Significant differences were found between groups when comparing the children (ADHD 

Group and Non-ADHD Group) and the Adult Group (F= 21.24, p < 0.01).  P-values from the 

LSD comparing the ADHD Group and Non-ADHD Group to the adults were all 0.01 or less for 

all feedback conditions.  Between the ADHD Group and Non-ADHD Group, significant 

differences were found only for the no feedback condition (p = 0.02), but not for the immediate 

(p = 0.11), short delay (p = 0.10), and long delay (p = 0.69) conditions. 

Total Errors 

Total errors represent the number of inattention errors combined with the number of 

impulsivity errors, and these were determined for the most challenging auditory sustained 
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attention task (-5 SNR) and the most challenging visual sustained attention task (Level 3 reduced 

contrast) across varied conditions of feedback. 

Total error rates were determined for the challenging auditory task with varied feedback 

conditions, and can be seen in the table and figure below. 

 

Table 3.8: Total errors on the challenging auditory task with varied feedback 
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Figure 3.5: Total errors on the challenging auditory task with varied feedback 

 

 

Within groups there was no significant change for total errors on the challenging auditory 

task for different feedback conditions (ADHD Group F = 1.80, p = 0.25; Non-ADHD Group F = 

0.53, p = 0.61; Adult Group F = 0.81, p = 0.50).   

There were significant differences between groups when comparing total errors across 

feedback conditions (F = 61.26, p < 0.01).  Thus, LSD follow-up testing was performed. When 

the ADHD Group was compared with the Non-ADHD Group, there were no significant 

differences for the immediate feedback (p = 0.14), short delay (p = 0.16), and long delay (p = 

0.06) conditions while there were significant differences for the no feedback condition (p = 

0.03).  When the ADHD Group and Non-ADHD Group were compared with the adults, 

significant differences were found (ADHD Group and adults: p < 0.01 for all conditions; Non-

ADHD Group and adults: immediate feedback p < 0.01, short delay p = 0.01, no feedback p = 

0.02).  No significant differences were found between the Non-ADHD Group and adults for the 

long delay condition (p = 0.13).  
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Total error rates were also determined for the challenging visual task with varied 

feedback and the means and standard deviations can be seen in the table and figure below. 

 

Table 3.9: Total errors on the challenging visual task with varied feedback 

 
 

Figure 3.6: Total errors on the challenging visual task with varied feedback 
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Within participant groups, no significant change in performance was found on the visual 

task across feedback conditions (ADHD Group F = 1.24, p = 0.38; Non-ADHD Group F = 1.10, 

p = 0.33; Adult Group F = 2.00, p = 0.17) for the challenging visual sustained attention task. 

Between groups, significant differences were found (F = 11.83, p < 0.01) across the 

feedback conditions.  Follow-up LSD testing indicated no significant differences were found for 

any condition between the ADHD Group and the Non-ADHD Group (immediate feedback 0 = 

0.22, short delay p = 0.91, long delay p = 0.10, no feedback p = 0.12).  Significant differences 

were found between the ADHD Group and the Adult Group (immediate feedback p < 0.01, short 

delay p = 0.03, long delay p < 0.01, no feedback p < 0.01) and the Non-ADHD Group and the 

Adult Group (immediate feedback p < 0.01, short delay p = 0.02, long delay p = 0.02, no 

feedback p = 0.01). 

Reaction Times 

Reaction times on the challenging auditory and visual sustained attention tasks in varied 

feedback conditions were also compared using a repeated measures ANOVA.  Reaction times 

were measured for all correct responses to the target stimulus.  Reaction times for the auditory 

task can be seen in the table and figure below. 
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Table 3.10: Reaction times on the challenging auditory task with varied feedback 

 
Figure 3.7: Reaction times on the challenging auditory task with varied feedback 
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Results indicated no differences in reaction times within groups on the challenging 

auditory task across feedback conditions (ADHD F = 0.78, p = 0.54; Non-ADHD F = 1.00, p = 

0.34; Adult Group F = 0.23, p = 0.84).  

Significant differences between groups were found across various feedback conditions on 

the most challenging auditory task.  Significant differences were found between the ADHD 

Group and the Adult Group for the immediate feedback condition (p = 0.04), short delay 

condition (p = 0.03), and long delay condition (p = 0.01).  Significant differences were found 

between the Non-ADHD Group and Adult Group for the immediate feedback condition (p < 

0.01), short delay condition (p = 0.03) and long delay condition (p = 0.02).   

Reaction times for the challenging visual task with varied feedback conditions were also 

summarized and can be seen in the table and figure below. 

 

 

Table 3.11: Reaction times on the challenging visual task with varied feedback 
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Figure 3.8: Reaction times on the challenging visual task with varied feedback 

 

 

Within groups, reaction times were not significantly different on the challenging visual 

task across varied feedback conditions for the ADHD Group (F = 2.77, p = 0.08), Non-ADHD 

Group (F = 0.33, p = 0.74), and the Adult Group (F = 2.04, p = 0.16).   

There were significant differences between groups in reactions times on the challenging 

visual task across feedback conditions (F = 17.02, p < 0.01).  There were no significant 

differences in reaction times between the two groups of children for the immediate feedback (p = 

0.31), short delay (p = 0.23), and long delay (p = 0.84) conditions whereas significant differences 

were found for the no feedback condition (p = 0.01).  Significant differences were found on all 

feedback conditions between the ADHD Group and the Adult Group (p < 0.01 for all conditions) 

and for the Non-ADHD Group and Adult Group (p < 0.01 for all conditions). 
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DATA RELATED TO QUESTIONS 2 and 4 

Research questions 2 and 4 addressed whether performance changed on the auditory and 

visual sustained attention tasks within or between each of the 3 groups when perceptual saliency 

of the stimuli was varied.  It should be noted that no feedback was offered during these tasks. 

Findings will be organized according to error type. 

Impulsivity Errors 

Impulsivity errors on the auditory attention task under varied conditions of perceptual 

saliency (no noise, +5 SNR, 0 SNR, and -5 SNR) were determined.  Means and standard 

deviations for impulsivity errors can be seen in the table and figure below. 

 

Table 3.12: Impulsivity errors on the auditory task with varied perceptual saliency  
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Figure 3.9: Impulsivity errors on the auditory task with varied perceptual saliency 

 

When statistical testing was completed, results revealed no significant differences in 

impulsivity errors within groups (ADHD F = 1.08, p = 0.33; Non-ADHD F = 0.37, p = 0.77; 

Adult Group F = 0.13, p = 0.95) for auditory conditions across the four levels of perceptual 

saliency.  

There were no overall significant differences in total impulsivity errors between groups 

across the four levels of perceptual saliency (F = 2.66, p = 0.09).  Post-hoc LSD testing was 

performed to analyze each individual condition as well.  Between groups, no differences in 

impulsivity errors were found between the ADHD and Non-ADHD Groups for the no noise (p = 

0.11), SNR 5 (p = 0.73), and SNR 0 (p = 0.45) conditions, whereas significant differences were 

found for the SNR -5 condition (p = 0.03).  No differences were found between the Non-ADHD 

Group and the Adult Group (no noise p = 0.91, SNR 5 p = 0.16, SNR 0 p = 0.15, SNR -5 p = 

0.36).  For the ADHD Group and the Adult Group, differences were found in the most difficult 
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(0 SNR and -5 SNR) listening conditions (p = 0.05, p < 0.01), but not for the other conditions (no 

noise p = 0.91, SNR 5 p = 0.16). 

Impulsivity error rates for varied visual perceptual saliency (i.e., full contrast image, level 

1 reduced contrast, level 2 reduced contrast, and level 3 reduced contrast) conditions were 

compared.  Means and standard deviations can be seen in the table and figure below. 

 

Table 3.13: Impulsivity errors on the visual task with varied perceptual saliency  
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Figure 3.10: Impulsivity errors on the visual task with varied perceptual saliency  

 

Within groups, no differences in impulsivity errors were observed when perceptual 

saliency was varied on the visual attention task (ADHD F = 1.32, p = 0.30; Non-ADHD F = 

0.37, p = 0.69; Adult Group F = 0.13, p = 0.93).  

There was a significant difference between groups across the four levels of perceptual 

saliency (F = 4.29, p = 0.02).  Between groups, differences were found only between the ADHD 

and Non-ADHD Groups for the no contrast reduction (p = 0.02) condition, but not for the level 1 

(p = 0.84), level 2 (p = 0.93), and level 3 (p = 0.40) conditions.  For the Non-ADHD Group and 

the Adult Group, significant differences were found for only the level 2 condition (p = 0.05) but 

not for any of the other conditions (no contrast reduction p = 0.89, level 1 p = 0.12, level 3 p = 

0.31).  Between the ADHD Group and the Adult Group, significant differences were found for 

the no contrast reduction condition (p = 0.01), but not for the level 1 condition (p = 0.11), level 2 

(p = 0.07) and level 3 condition (p = 0.07) 
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Inattention Errors 

Inattention errors based on varied auditory perceptual saliency conditions can be seen in 

the table and figure below. 

 

Table 3.14: Inattention errors on the auditory task with varied perceptual saliency 
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Figure 3.11: Inattention errors on the auditory task with varied perceptual saliency 

 

When perceptual saliency conditions on the auditory task were compared within groups, 

significant differences in inattention errors were found for the ADHD Group (F = 8.60, p = 0.01) 

and the Non-ADHD Group (F = 7.60, p < 0.01).  No within group differences were found in the 

Adult Group (F = 2.81, p = 0.08) across the different acoustic saliency conditions.  Follow up 

testing indicated significant differences for the ADHD group between the following conditions: 

SNR -5 and no noise (p > 0.01), SNR 0 and no noise (p > 0.01), and SNR 5 and no noise (p = 

0.01).  Significant differences were found for the following conditions within the Non-ADHD 

group: SNR -5 and no noise (p > 0.01), SNR 0 and no noise (p > 0.01), and SNR 5 and no noise 

(p = 0.01). 

There were significant differences in inattention errors between groups (F = 9.39, p < 

0.01).  No between group differences were found between the ADHD Group and Non-ADHD 

Group (no noise p = 0.63, SNR 5 p = 0.89, SNR 0 p = 0.84, SNR -5 p = 0.14).  Significant 

differences were found for the ADHD Group and Adult Group (no noise p = 0.08, SNR 5 p < 
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0.01, SNR 0 < 0.01, SNR -5 p < 0.01) and the Non-ADHD Group and Adult Group (no noise p = 

0.02, SNR 5 p < 0.01, SNR 0 p < 0.01, SNR 0 p < 0.01, SNR -5 p = 0.01) for all conditions 

tested. 

The number of inattention errors made when the perceptual saliency of the stimuli in the 

visual condition was varied can be seen in the table and figure below. 

 

Table 3.15: Inattention errors on the visual task with varied perceptual saliency 
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Figure 3.12: Inattention Errors on the Visual tasks with Varied Perceptual Saliency 

 

 

Within groups, no differences were found between the visual perceptual saliency 

conditions on the visual task (ADHD F = 0.64, p = 0.62; Non-ADHD F = 1.58, p = 0.22, Adult 

Group F = 1.19, p = 0.32).  

There were significant differences between groups (F = 22.29, p < 0.01).  Between 

groups no differences were found between the two groups of children for the no contrast 

reduction (p = 0.19), level 2 (p = 0.53), and level 3 (p = 0.70) conditions.  Differences were 

found between these two groups only for the level 1 condition (p = 0.04).  Differences were 

found between both groups of children and the Adult Group (p < 0.01 for all conditions). 
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Total Errors 

Total errors were also compared for each group in the varied perceptual saliency 

conditions.  The results of statistical analysis on the auditory varied perceptual saliency data can 

be seen in the table and figure below. 

 

Table 3.16: Total errors on the auditory task with varied perceptual saliency 
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Figure 3.13: Total errors on the auditory task with varied perceptual saliency 

 

 

Analysis within groups revealed no change in total errors across auditory perceptual 

saliency conditions (ADHD F = 2.72, p = 0.14; Non-ADHD F = 2.93, p = 0.09; Adult Group F = 

1.79, p = 0.18).   

There were significant differences between groups (F = 5.06, p = 0.01) for total errors on 

different perceptual saliency conditions on the auditory task.  Post hoc testing revealed no 

difference between the ADHD Group and Non-ADHD Group for the no noise (p = 0.13), SNR 5 

(p = 0.86), and SNR 0 (p = 0.52) conditions whereas significant differences were found for the 

SNR – 5 condition (p = 0.04).  Between the ADHD Group and the Adult Group, significant 

differences were found for the most challenging conditions (SNR 5 p = 0.02, SNR 0 p < 0.01, 

SNR -5 p < 0.01), but not for the no noise condition (p = 0.06).  Significant differences were also 

found between the Non-ADHD Group and the Adult Group for the SNR 5 (p < 0.01), SNR 0 (p 

= 0.01), and SNR -5 (p = 0.02) conditions, but not for the no noise condition (p = 0.65). 
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Total errors in the visual varied perceptual saliency condition were also determined and 

analyzed using a repeated measures ANOVA design.  These results can be seen in the table and 

figure below. 

 

 

Table 3.17: Total errors on the visual task with varied perceptual saliency 
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Figure 3.14: Total errors on the visual task with varied perceptual saliency  

 

 

Analysis revealed no differences across perceptual saliency conditions on the visual task 

within groups (ADHD F = 1.39, p = 0.33; Non-ADHD F = 2.00, p = 0.14; Adult Group F = 1.90, 

p = 0.18).  

There were significant differences between groups (F = 18.47, p < 0.01) on the visual 

task on different perceptual saliency conditions.  Differences were found between the two groups 

of children for the no contrast reduction (p = 0.03) and level 1 (p = 0.03) conditions, but not for 

the level 2 (p = 0.43), and level 3 (p = 0.40) conditions.  Differences were found between the two 

groups of children and the Adult Group, however (p < 0.01 for all conditions). 

Reaction Times 

Reaction times to targets in the varied auditory perceptual saliency condition were also 

calculated and compared using a repeated measures ANOVA.  Results for this testing can be 

seen in the table and figure below. 
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Table 3.18: Reaction times to targets on the auditory task with varied perceptual saliency 

 
Figure 3.15: Reaction times on the auditory task with varied perceptual saliency 

 

 

Reaction times within groups showed significant differences across perceptual saliency 

conditions on auditory tasks for the Adult Group (F = 65.75, p < 0.01) but not for the children 

(ADHD F = 0.44, p = 0.61; Non-ADHD F = 0.44, p = 0.66).  Follow up testing indicated that 
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significant differences within the adult group were found in the following conditions: SNR -5 

and SNR 0 (p > 0.01), SNR -5 and SNR 5 (p > 0.01), and SNR 0 and SNR 5 (p > 0.01). 

There were significant differences in reaction times between groups (F = 4.53, p = 0.02) 

for different auditory perceptual saliency conditions.  Significant differences in reaction times 

were found between the groups of children for the no noise (p = 0.05) and SNR -5 (p = 0.04) 

conditions.  When the ADHD Group was compared with the Adult Group, significant differences 

were found for all conditions (no noise p = 0.01, SNR 5 p = 0.04, SNR 0 p = 0.01, SNR -5 p < 

0.01).  When the Non-ADHD Group was compared with the Adult Group, no difference in 

reaction time was found on the no noise condition (p = 0.25) but differences were found on the 

other conditions (SNR 5 p < 0.01, SNR 0 p = 0.01, SNR -5 p = 0.03). 

Reaction times for varying visual perceptual saliency conditions were also determined 

and compared.  These results can be seen in the table and figure below. 

 

Table 3.19: Reaction times on the visual task with varied perceptual saliency 
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Figure 3.16: Reaction times on the visual task with varied perceptual saliency 

 

 

Within groups analysis revealed no significant difference in reaction time across 

conditions with varied visual perceptual saliency (ADHD F = 0.50, p = 0.63; Non-ADHD F = 

1.64, p = 0.21; Adult Group (F = 0.15, p = 0.91).   

Significant differences were found between groups (F = 16.00, p < 0.01) for different 

conditions of visual perceptual saliency.  Differences were not found between the two groups of 

children (no contrast reduction p = 0.38, level 1 p = 0.15, level 2 p = 0.97, level 3 p = 0.88).  

Significant differences were found between the Adult Group and both groups of children on all 

conditions, however (p < 0.01). 

DATA RELATED TO RESEARCH QUESTION 5 

 Research Question 5 addressed whether there were performance differences across 

modalities on auditory and visual tasks with analogous feedback and perceptual saliency 

conditions.  Data from all 39 participants (including the children in the ADHD group who had 
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taken their medication on the day of testing) were combined for each of the 16 test conditions 

and then analogous conditions were compared (e.g., auditory immediate feedback and visual 

immediate feedback). 

Impulsivity Errors 

The data related to impulsivity errors for analogous challenging auditory (-5 SNR) and 

visual (level 3 contrast reduction) tasks for the various feedback conditions were examined.  

Table (NUMBER) offers the mean data per condition and standard deviations for the analogous 

auditory and visual tasks under the various feedback conditions. 

 

Condition Immediate 

feedback 

Short delay Long delay No feedback 

Auditory Mean 

(S.D.) 
1.03 (2.10) 1.46 (2.37) 2.31 (5.80) 2.56 (5.55) 

Visual Mean (S.D) 0.79 (2.10) 2.28 (10.87) 1.40 (5.80) 2.51 (9.08) 

Table 3.20: Mean and standard deviation of impulsivity errors for analogous challenging 

auditory and visual tasks  

 

When impulsivity errors were compared for the different feedback conditions, no 

differences were found between modalities (i.e. visual immediate vs. auditory immediate [F = 

0.26, p = 0.62], visual short delay vs. auditory short delay [F = 0.23, p = 0.63], visual long delay 

vs. auditory long delay [F = 3.71, p = 0.06] and visual no feedback vs. auditory no feedback [F < 

0.01, p = 0.98]). 

For analogous auditory and visual tasks under varied perceptual saliency conditions, 

means and standard deviations for impulsivity errors can be seen below. 
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Condition No distortion Level 1 Level 2 Level 3 
Auditory Mean 

(S.D.) 

4.68 (20.73) 2.41 (1.21) 1.82 (1.42) 1.92 (0.89) 

Visual Mean (S.D.) 0.76 (1.87) 0.68 (1.21) 0.76 (1.42) 0.61 (0.89) 

Table 3.21: Means and standard deviations for impulsivity errors on analogous auditory 

and visual tasks with varied perceptual saliency conditions 

 

Significant differences were found between some impulsivity error rates on analogous 

auditory and visual tasks.  No significant differences were found between the no noise and no 

reduced contrast conditions (F = 1.38, p = 0.25), the SNR 5 and level 1 conditions (F = 3.47, p = 

0.07), and the SNR 0 and level 2 conditions (F = 3.54, p = 0.07).  Significant differences were 

found, however, between the most challenging conditions, SNR -5 and level 3 (F = 4.98, p = 

0.03), with a higher rate observed for the auditory task. 

 

Inattention Errors 

Inattention errors for complementary visual and auditory tasks were compared (i.e. 

auditory immediate feedback vs. visual immediate feedback, auditory short delay vs. visual short 

delay, auditory long delay vs. visual long delay, auditory no feedback vs. visual no feedback, 

auditory no noise vs. visual no contrast reduction, auditory SNR 5 vs. visual level 1, auditory 

SNR 0 vs. visual level 2, and auditory SNR -5 vs. visual level 3).  Means and standard deviations 

can be seen in the following table. 

 

Condition Immediate 

feedback 

Short delay Long delay No feedback 

Auditory Mean 

(S.D.) 

4.77 (5.64) 5.28 (5.03) 4.97 (5.08) 5.49 (4.93) 

Visual Mean (S.D.) 6.97 (5.93) 8.23 (7.31) 7.49 (6.41) 7.82 (6.78) 

Figure 3.22: Inattention errors on the analogous auditory and visual tasks with varied 

feedback 
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Significant differences in inattention errors were found between all analogous varied 

feedback conditions (immediate feedback F = 9.95, p < 0.01; short delay F = 14.95, p < 0.01; 

long delay F= 10.76, p < 0.01; no feedback F = 8.61, p < 0.01).  

When perceptual saliency conditions in the auditory and visual modalities were compared 

(i.e. auditory no noise vs. visual no contrast reduction [F = 27.63, p = 0.46], auditory SNR 5 vs. 

visual level 1 [F = 3.82, p = 0.06], auditory SNR 0 vs. visual level 2 [F = 6.97, p = 0.01], and 

auditory SNR -5 vs. visual level 3 [F = 3.52, p = 0.07]), significant differences were found 

between modalities for only the auditory SNR 0 vs. visual level 2 conditions. 

Total Errors 

Total errors across modalities for the various feedback conditions were compared using 

the same analysis used for impulsivity and inattention errors.  These error rates can be seen in the 

table below. 

Condition Immediate 

feedback 

Short delay Long delay No feedback 

Auditory Mean 

(S.D.) 

5.79 (6.67) 6.46 (6.25) 7.28 (11.11) 8.05 (8.44) 

Visual Mean (S.D.) 7.62 (6.82) 10.31 (13.80) 8.82 (9.52) 10.56 (12.38) 

Table 3.23: Total errors on the analogous auditory and visual tasks with varied feedback 

 

Significant differences were found between the auditory and visual immediate feedback 

conditions (F = 5.00, p = 0.03) and auditory and visual short delay conditions (F = 4.65, p = 

0.04).  Significant differences between modalities were not found for the auditory and visual 

long delay conditions (F = 2.94, p = 0.09), the auditory and visual no feedback conditions (F = 

2.46, p = 0.13), the no contrast reduction and no noise conditions (F = 0.04, p = 0.84), the visual 

level 1 and auditory SNR 5 conditions (F = 0.03, p = 0.86), the visual level 2 and auditory SNR 0 

conditions (F = 1.02, p = 0.32), and visual level 3 and auditory SNR -5 conditions (F < 0.01, p = 

1.00). 
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Reaction Times 

Reaction times were compared across modalities for varied feedback conditions, which 

can be seen in the table below.   

Condition Immediate 

feedback 

Short delay Long delay No feedback 

Auditory Mean 

(S.D.) 

91.10 (24.49) 90.15 (23.15) 89.61 (22.79) 255.75 (1023.02) 

Visual Mean (S.D.) 41.00 (13.25) 37.80 (16.78) 40.10 (14.68) 38.41 (17.10) 

Table 3.24: Reaction times on analogous auditory and visual tasks with varied feedback 

 

Significant differences were found between reaction times on the visual and auditory 

immediate feedback conditions (F = 239.17, p < 0.01), visual and auditory short delay (F = 

285.80, p < 0.01), and visual and auditory long delay (F = 257.68, p < 0.01).  Reaction times 

were longer for the auditory tasks.  Significant differences were not found between the visual and 

auditory no feedback conditions (F = 1.72, p = 0.20). However, the standard deviation for the 

auditory task with no feedback condition is noteworthy, and may be a contributing factor in the 

lack of significant differences between the modalities. 

Differences were also found between perceptual saliency conditions, which can be seen 

in the table below. 

Condition No distortion Level 1 Level 2 Level 3 
Auditory Mean 

(S.D.) 

79.76 (14.91) 84.92 (25.32) 87.51 (23.47) 86.64 (27.98) 

Visual Mean (S.D.) 41.86 (13.50) 40.83 (14.27) 39.30 (14.82) 38.38 (15.18) 

Table 3.25: Reaction times on analogous auditory and visual tasks with varied perceptual 

saliency conditions 

 

  Significant differences were found for reaction times between the visual no contrast 

reduction and auditory no noise (F = 77.29, p < 0.01), visual level 1 and auditory SNR 5 (F = 

125.81, p < 0.01), visual level 2 and auditory SNR 0 (F = 197.28, p < 0.01), and visual level 3 
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and auditory SNR -5 (F = 138.84, p < 0.01) conditions.  Significant differences were not found 

between reaction times for the visual and auditory no feedback conditions. 

DATA RELATED TO QUESTION 6 

Research question 6 addressed whether error rates changed over the course of testing 

within and across groups, both from the beginning to the end of the entire session (task 1 

compared to task 4), and from the beginning to the end of each task (condition 1 performance on 

each task compared to condition 4 performance on each task) .  Vigilance (the ability to maintain 

performance over an extended period of time) was measured in two different ways.  In the 

current study, one measure of vigilance was used to examine performance at the beginning and 

end of the research session, and this vigilance measure will be called “long term vigilance”. 

A second vigilance measure was used to examine performance at the beginning and end of a task 

and will be called “traditional vigilance” because it is most commonly reported in the literature 

and reflects performance changes across approximately 12 minutes.  

In the current study, participants completed four tasks and each of the four tasks had four 

conditions within it.  The long term  vigilance measure involved the comparison of task 1 and 

task 4 performance, which results in a measure of early and late performance within the 

approximately 1.5 hour research session.  The second vigilance measure compared early and late 

performance within each 12-minute task.  Error numbers on the first condition within each of the 

four tasks (i.e., first 3 minutes of each task) were calculated and then averaged across conditions 

(i.e., task 1 condition 1 errors + task 2 condition 1 errors + task 3 condition 1 errors + task 4 

condition 1 errors/4).   The error numbers on the last condition of each of the four tasks (i.e., last 

3 minutes of each task) were also averaged across the tasks (i.e., task 1 condition 4 errors + task 

2 condition 4 errors + task 3 condition 4 errors + task 4 condition 4 errors/4).  This compared 
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vigilance over a shorter period of time, approximately 12 minutes.  This time frame is similar to 

the time frame used in most continuous performance tasks reported in the literature. 

Differences in error rates for the two vigilance measures below were examined within 

and between groups. Impulsivity errors, inattention errors, and total errors will be discussed. 

Impulsivity Errors 

Means and standard deviations for impulsivity errors from the first to the last condition 

(within tasks) and from the first to the last task (across the entire test session) can be seen in the 

table below. 

 

Table 3.26: Impulsivity errors from first task to last task  

Figure 3.17 below presents the mean impulsivity errors for Task 1 and Task 4. 
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Figure 3.17: Vigilance from first task to last task in session 

 

No differences in total impulsivity errors from task 1 to task 4 were found within any of 

the groups (ADHD F = 0.53, p = 0.48; Non-ADHD F = 0.53, p = 0.48; Adult Group F = 0.51, p 

= 0.49). Thus, no significant differences in impulsivity were found for long term vigilance. 

Figure (NUMBER) below presents the mean averaged impulsivity errors for condition 1 

(across tasks 1-4) and the mean averaged impulsivity errors for condition 4 (across tasks 1-4). 
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Figure 3.18: Vigilance within tasks 

No significant differences in impulsivity errors were found between the first conditions 

and last conditions for any group (ADHD F = 1.54, p = 0.24; Non-ADHD F = 1.18, p = 0.30; 

adult Group F = 1.35, p = 0.27).  Thus, no significant differences were found for traditional 

vigilance as reflected by impulsivity errors. 

Inattention Errors 

The inattention errors were determined using the same analysis as impulsivity errors.  

These errors are shown in the following table and figure. 
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Table 3.27: Mean inattention errors on the first and last tasks. 
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Figure 3.19: Vigilance from first task to last task in session 

When comparing all inattention errors from the first task to all errors on the last task, the 

ADHD Group (F = 6.27, p = 0.04) and Adult Group (p = 0.04) made more errors at the end of 

the session, while the Non-ADHD Group (F = 2.30, p = 0.16) did not have a significant change. 

Thus, there was evidence for long term vigilance differences. 

The figure below presents the averaged inattention errors across condition 1 for all tasks 

and the averaged inattention errors across condition 4 for all tasks. 
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Figure 3.20: Vigilance statistics within each task 

Within subjects repeated measures ANOVA revealed that participants in all three groups 

made significantly more inattention errors at the end of each task than at the beginning (ADHD F 

= 11.84, p < 0.01; Non-ADHD F = 9.35, p = 0.01; Adult Group F = 10.94, p < 0.01).  There were 

no differences in the amount of vigilance decrement that the three groups made (i.e., error rate at 

task end – error rate at task beginning), however.  

Total Errors 

Total errors for first task and last task and for averaged first and last conditions are 

offered in the table and figures below.  
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Table 3.28: Vigilance statistics total errors  

Figure 3.21 below presents the total errors for task 1 and task 4. 
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Figure 3.21: Vigilance statistics from the first and last task 
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Figure 3.22 below presents the averaged inattention errors across condition 1 for all tasks 

and the averaged inattention errors across condition 4 for all tasks.

 

Figure 3.22: Averaged number of errors within the first and last conditions 

A repeated measures ANOVA revealed significant changes in total error numbers from 

the beginning of the entire session (task 1)  to the end of the entire session (task 4)  for the 

ADHD Group (F = 11.37, p = 0.01) and the Adult Group (F = 4.83, p = 0.05).  There was not a 

significant difference from the 1st task to the 4th task for the Non-ADHD Group (F = 1.82, p = 

0.20).  There were no significant differences in the amount of vigilance decrement for the Adult 

vs. the ADHD Group (p = 0.24). 
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The participants in all groups made significantly more errors in the last condition of each 

task than in the first condition of each task (ADHD F = 39.41, p < 0.01; Non-ADHD F = 4.68, p 

< 0.01; adults F = 15.03, p < 0.01). 

 

 

 

 

 

 



 

 

Chapter 4: Discussion 

The following sections will offer discussion related to the findings of the present study.  

First, a discussion of participant behaviors during testing will be offered followed by discussion 

related to each of the research questions and summary of findings.  Limitations of the study will 

be presented, and potential further research directions will be suggested. 

According to the processing efficiency theory (Hartley, Hill and Moore, 2003), 

performance is determined by attention, cognitive demands of the task, and motivation.  In the 

present study, attention varied between groups (ADHD children, Non-ADHD children, Non-

ADHD adults).  The use of different perceptual saliency conditions (created by adding 

background noise in auditory tasks and reduced visual contrast in visual tasks) was used to vary 

the cognitive demands of the task. Different feedback conditions were used to establish different 

levels of participant motivation.  It was believed that attention status, perceptual saliency, and 

feedback would produce differences in performance. With respect to perceptual saliency, 

research has shown that adults perform significantly better on tasks with background noise than 

children (Hartley, Wright, Hogan, and Moore, 2000; Stuart, 2008). This finding was expected in 

the current study. 

BEHAVIOR DURING TESTING 

During the testing session, the participants could see the tester through the window in the 

audiometric test booth. The participants were told that the tester could see and hear them 

throughout the session.  This may have impacted participant behavior.  Although this was a 

controlled testing environment, simply being aware that they could be watched may have 

influenced the participants’ behavior.  Overall, the adults were calm and focused during testing.  

They did not attempt to gain the tester’s attention, and quietly performed the task without
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complaining.  Unlike the adults, many of the children (both those with and without 

ADHD) frequently looked at the researcher and attempted to gain her attention at times.  Thus, 

many of the child participants demonstrated awareness that they were being observed throughout 

testing.  This could be a factor in the current study in that while the researcher was not in the test 

side of the audiometric booth her presence was acknowledged by most of the children.  Draeger, 

Prior and Sanson (1986) found that presence of the examiner had a much greater effect on the 

performance of hyperactive children on an auditory and visual attention task than on children in 

a normal control group.  When the examiner was present, both groups had similar performance 

whereas when the examiner was absent the performance of the hyperactive group deteriorated 

significantly more than that of the control group.  Thus, the awareness of being observed could 

potentially have enhanced the performance of the ADHD children in the current study. 

Overall, children were more physically active than the adults during the experimental 

measures.  Many children in the non-ADHD group remained in their seats and focused on the 

tasks like the adults, but some children in the non-ADHD group exhibited off-task behaviors. 

Some of the children in the non-ADHD group sang or danced during the test session, and one 

child put his head on the table during the session and did not continue to attend to the stimuli.   

Many children in the non-ADHD group complained about the tasks being too difficult or too 

boring.  In the ADHD group, many children also displayed off-task behaviors.  Several of them 

sang and danced during the tasks, and some got out of their chair to walk around near the 

computer.  Many of the children in the ADHD group attempted to talk to the tester, and asked 

how long the session would be.  Overall, the ADHD children displayed more off-task behaviors 

than the non-ADHD children.  While off-track behaviors were not formally tracked, they may 

have impacted error rates, as will be discussed below. 
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RESEARCH QUESTIONS 1 AND 3 

Research questions 1 and 3 addressed whether performance on challenging auditory (-5 

SNR) and visual (Level 3) sustained attention tasks differed within and between participant 

groups when feedback was varied (i.e., none, long delay, short delay, and immediate). First, the 

discussion will address different error types (i.e., impulsivity, inattention and total) and then will 

address reaction times.  

According to Barkley’s Model of ADHD (1997), poorer performance in children with 

ADHD is expected when there is either no feedback or a long delay between the stimulus and the 

feedback.   Similarly, based on the Delay Aversion Theory (Sonuga-Barke, Taylor, Sembi, & 

Smith, 1992), children with ADHD were expected to respond best to stimuli with an immediate 

reward.  

For the experimental tasks studied, it was expected that the most challenging conditions 

(-5 SNR and Level 3 reduced contrast) would produce high error rates in children that might be 

differentially affected by different feedback conditions and ADHD status.  It was posited that 

more errors would occur in the no feedback conditions as participant motivation would be the 

lowest in those conditions and that performance would be better with shorter delays between 

stimulus presentations and feedback.   

Error Types and Rates 

Within all three participant groups (ADHD, non-ADHD, and adults), there were no 

significant differences in performance across varied feedback conditions for the most 

challenging auditory (-5 SNR) and visual (reduced contrast level 3) tasks.  This was true for all 

error types (impulsivity errors, inattention errors, and total errors). Given this finding, it is 
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possible that either the feedback system was not effective in altering performance within 

experimental conditions (i.e., the presence of feedback instead may have sustained long-term 

performance and may have impacted or eliminated potential vigilance decrements) or that the 

expected error rates or related task difficulty did not necessitate “extra effort” or vigilance.  Each 

of these possibilities will be further discussed.   

Initially, there was some concern that the token system and gift cards might be too strong 

of a motivator and would not be realistic when compared with a real world situation. In a 

classroom setting, for example, children do not receive money as a reward for good behavior or 

for their performance.  It may be, however, that the nature of the feedback system in the current 

study led to a lack of performance differences within experimental conditions. The reinforcement 

or reward system used in the current study is an example of a token system.  In a token reward 

system, the participants do not earn a reward for each correct response.  They instead earn 

“tokens,” in this case points, that later can be exchanged for a reward.  Other reward systems 

have been found to impact motivation in ADHD children.  In a study by Aase, Meyer, & 

Sagvolden (2006), children were offered an immediate reward for correct responses, i.e., they 

were shown a cartoon segment.  Children with ADHD had significantly better performance when 

they were shown the cartoon than when they were not offered any rewards.  

Again, in the current study the actual reward (i.e., gift card) was not immediate in any 

condition.  The points earned during some of the conditions were simply tokens to be exchanged 

for the larger reward at a later time. The real reward for the participants was the gift card, or 

rather the purchase that the participant could use the gift card to buy.    It is worth noting, 

however, that the immediate feedback condition could be considered, to some extent, a reward 

system in and of itself.  The immediate feedback (+1 for a correct response and -1 for an 
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incorrect response) could be seen as a motivator, and simply seeing a +1 on the screen can be 

considered a reward.  While the children were enthusiastic about the point system, even the 

immediate feedback condition did not significantly improve performance. 

While the availability of points did not produce performance changes in tasks with 

different feedback conditions, the points may have helped motivate children to complete the 

entire set of tasks. The children often became frustrated with the sustained attention tasks, and 

frequently expressed boredom with the tasks. As stated, the child participants (from both the 

ADHD group and the non-ADHD group) enjoyed the points.  Many of them would yell out their 

number of points, yell excitedly when they saw “+1,” and complain when they saw “-1” on the 

screen.  Many of them asked after each block if they earned the same number of points as the 

other participants, and were concerned about their number of points. Again, although many of 

the child participants stated interest in the points and money to be earned on the gift card, the 

differing feedback conditions did not produce differences in performance. While the children 

may not have enjoyed the no feedback condition, the lack of feedback or points in that condition 

did not significantly change their performance.  The adults did not generally state interest in the 

points and the money, although one adult participant commented that, “seeing my points right 

away kept me on track, and reminded me of how quickly I had to respond.”  The feedback screen 

may have served as a prompt/reminder to respond before the next stimulus; however, even then 

the presence of the immediate feedback did not improve performance. Once again, the feedback 

system used in the current study did not improve performance; however, it may have reduced the 

possible vigilance decrements observed.  In traditional CPT measures, no feedback is offered and 

a significant vigilance decrement can be observed in some children with ADHD.  In the current 
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study, while there were some significant changes in vigilance, in no circumstance were the 

ADHD children found to have a significantly greater vigilance decrement. 

Another possible reason that varied feedback did not produce performance changes may 

be due to the overall low error rates on the tasks.  Prior to the study it was expected that the most 

challenging stimulus conditions (-5 SNR for auditory task; Level 3 contrast reduction) would 

result in a high error rate for the non-ADHD child participants, and an even higher rate for those 

with ADHD.  In contrast, it was expected that the adult participants would have a lower error 

rate and that the feedback motivator would not have a significant impact.  As can be seen in the 

tables within the Results sections, error rates for even the most challenging auditory and visual 

tasks under varied feedback conditions were fairly low for all participant groups (i.e., on a 576 

trial task typically no more than 15 average errors in any of the groups).  If these tasks were easy 

to begin with then differences based on feedback might not be expected. These low error rates 

indicate that the conditions were not that challenging and did not require “extra effort” or extra 

vigilance that the feedback was intended to motivate. 

One important finding was that there were significant differences in impulsivity errors 

(auditory task), inattention errors (visual task) and total errors (auditory) between the groups of 

children with and without ADHD for the no feedback condition.  This is worthy of further study, 

as the error types were mixed across tasks.  While auditory tasks seem to produce many 

differences, this is worthy of future study. 

Some have argued that children with ADHD have a reinforcement deficit.  Due to a lack 

in internal reinforcement, they are more sensitive to external feedback, such as the feedback 

offered in many of the tasks in the current study. Traditional continuous performance tasks 

(CPTs) may include a response inhibition paradigm and do not provide feedback, both of which 
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can increase error rates.  This could explain why CPTs may identify performance differences in 

children with and without ADHD better than the experimental paradigm used in the current 

study.   However, the lower error rates in the current study also indicate that the primary 

difficulty of children with ADHD may not be sustained attention but may be response inhibition. 

In considering the findings of the current study and prior research, it appears that the difficulty or 

challenge of the task and the specific presence and nature of the feedback system all relate to 

whether the feedback system improves performance. 

Feedback is also an important consideration in ADHD management.   Effective feedback 

systems would be helpful in the classroom and at home.  Perhaps a different type of feedback 

could be more effective, such as verbal praise or social reinforcement. 

Reaction Times 

To the researcher’s knowledge there is no research relating feedback conditions to 

participant reaction times. In the current study, there was a penalty for incorrect responding and a 

point reward for correct responding.  The inclusion of penalties and rewards would be expected 

to encourage participants to fully consider responses before making them.  There is a known 

trade-off between speed and accuracy (Wood & Jennings, 1976) and it was expected that the 

adult participants would be aware of this trade-off while child participants might not be.   It is 

also possible that the instruction set may have biased participants in regards to reaction time.  

Participants were instructed to react quickly, but maintain their accuracy. 

There were no significant differences in reaction times within groups for the most 

challenging auditory and visual tasks across feedback conditions.  While it was hypothesized that 

the varied feedback might affect reaction times, it seems that task difficulty had a greater effect 

on reaction time, at least for the adult group in the auditory task.  Substantial differences in 
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reaction times were observed for the adults between the no noise condition and the tasks with 

background noise for the adults. 

The main finding was that of significant differences between groups for the reaction 

times on the most challenging auditory and visual tasks across feedback conditions.  On the 

auditory tasks, differences were found between both groups of children and the adult group but 

reaction times for the two groups of children did not differ, with the exception of in the visual 

condition with no feedback.  It is possible that the children’s reaction times did not vary because, 

overall, reaction time seems to be more influenced by age than ADHD status.  Adults seem to 

understand the relationship between reaction time and performance, and sacrificed reaction time 

in order to respond correctly.  On the visual tasks, the ADHD Group and Non-ADHD child 

groups had similar reaction times that were shorter than those of the adult group.  Similarly, 

Epstein et al. (2003) reviewed three studies examining reaction times for ADHD and normal 

children on CPTs and no significant differences in mean RTs were found between the groups of 

children in any of those studies.  Overall, it was proposed that reaction time does not have any 

relationship with ADHD status. 

Overall, adults had longer reaction times than the children. There could be a variety of 

reasons for this.  One possibility is that the adults took longer to respond because they spent time 

more carefully identifying the stimuli before responding.  While the children responded quickly, 

they may have made more errors because of this, as they may have carelessly responded to non-

target stimuli.  This pattern of responding would also predict more impulsivity errors for the 

children, which was found.  The adults, because they took extra time to respond, ensured better 

accuracy of their responses.  There is a tradeoff between reaction time and accuracy (Wood & 

Jennings, 1976) with longer reaction times being associated with better accuracy.  It is possible 
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that the adults understood the tradeoff between reaction time and accuracy, and sacrificed a 

faster reaction time to increase their accuracy.  

The one exception to the finding of similar reaction times for the two child groups, 

however, was in the visual task when no feedback was provided.  The children with ADHD had 

significantly shorter reaction times on these tasks than the children without ADHD.  

RESEARCH QUESTIONS 2 AND 4 

Research question 2 addressed whether performance on auditory and visual sustained 

attention tasks differed within or between participant groups when the perceptual saliency of the 

stimuli was varied (i.e., no noise/contrast reduction, limited noise/contrast reduction, moderate 

noise/contrast reduction, high noise/contrast education). First, the discussion will address 

different error types (i.e., impulsivity, inattention and total) and then will address reaction times.  

Error Types and Rates 

Findings from prior studies (e.g., Russell, Culbertson, Faucette, O’Brien, & Givens, in 

review) have suggested that it is more difficult to maintain attention to stimuli with decreased 

perceptual saliency.  Thus, performance differences across perceptual saliency conditions were 

expected.  This was expected for both adults and children.  It was theorized that adults would 

also struggle with conditions in which perceptual saliency was reduced, and, like children, have 

decreased performance. 

The most difficult auditory condition (-5 signal-to-noise ratio) separated the two groups 

of children with respect to performance as indicated by differences in impulsivity errors and total 

errors.  A poor SNR (i.e., -7 SNR) previously was found to differentiate the performance of 

ADHD and Non-ADHD children on auditory CPTs (Russell et al., in review), consistent with 

results from the current study. This differentiation was not found when comparing performance 
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of the two child groups on the visual task, and this may be related to the fact that the error rate 

was lower not allowing for differentiation of performance. The auditory task produced greater 

error rates, better allowing for differentiation of performance.  As the auditory task differentiated 

the groups of children but the visual task did not, it is also possible that the visual task was not 

equally difficult to the auditory task.    The tasks overall were judged to be difficult in the design 

phase of the study, while in reality the auditory task was more difficult than the visual task as 

evidenced by the error rates.   

It is difficult to determine differences in performance with lower error rates.  In tasks 

with lower error rates, a “ceiling effect” can be observed, in which the task is too simple for there 

to be any differentiation in groups.  When performance differences are minimal, it is difficult to 

distinguish between groups. 

It is possible that slightly more challenging signal-to-noise ratios (SNRs poorer than -5 

SNR) or reduced contrast conditions (less contrast than level 3) might yield more errors, but 

there is a point at which if the perceptual saliency were further reduced, the words and pictures 

would be completely indistinguishable and the participants would simply not be able to identify 

the stimuli.  At this point, the task would not be an attentional task at all, and testing would not 

yield valid results.  Again, it may be that the low error rates for these different perceptual 

saliency conditions rendered some of the tasks fairly easy, not allowing for differential 

performance. 

Real world tasks may present even more difficult challenges and distractions than those 

used in this study.  In a classroom, children are required to do more than just detect a stimulus, 

they are required to process it and learn.  There are also more distractions in the real world than 

there were in this study.  Other children are moving and there is general classroom noise.    It is 
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important to note that the current study utilized a target identification task.  In other words, 

children were required to simply identify a target stimulus and respond.  The majority of 

continuous performance tasks are simple target identification tasks, similar to the tasks used in 

the present study.  Future studies might examine whether more challenging tasks show even 

greater differentiation between the performance of children with and without ADHD.    

Reaction Times 

To the researchers’ knowledge, there is no data in the literature relating the perceptual 

saliency of stimuli on sustained attention tasks with reaction times.  However, it was expected 

that reaction times would be longest for the more challenging conditions (e.g., SNR 0, SNR -5, 

Level 2 contrast reduction, Level 3 contrast reduction). One would expect longer reaction times 

because of participant uncertainty in the more challenging conditions. 

Within groups, there was no variation in reaction times for the auditory and visual 

perceptual saliency conditions, i.e., except for the Adult Group which appeared to have shorter 

reaction times in the no noise condition than in any of the noise conditions.  Perhaps those 

shorter reaction times reflected the easier test condition and response certainty related to the 

easiest condition.   

The reaction times for the two groups of children both differed significantly from the 

reaction times of the Adult group.  The Adult group had longer reaction times, as they did in the 

varied feedback conditions.  Perhaps adults realized the tradeoff between speed and accuracy and 

slowed their responses accordingly.  There were differences in reaction times for the two groups 

of children in the auditory task for the no noise and the -5 signal to noise ratio tasks, with no 

consistent pattern of differences.   
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RESEARCH QUESTION 5 

Research Question 5 addressed whether there were performance differences across 

modalities on the analogous tasks (i.e., auditory and visual tasks with varied feedback conditions; 

auditory and visual tasks with varied perceptual saliency conditions). Comparable tasks were 

compared across modalities combining the data from all 3 groups.  The tasks compared were the 

following: auditory vs. visual immediate feedback, auditory vs. visual short delay, auditory vs. 

visual long delay, auditory vs. visual no feedback, auditory no noise vs. visual no contrast 

reduction, auditory SNR 5 vs. visual level 1, auditory SNR 0 vs. visual level 2, and auditory SNR 

5 vs. visual level 3. First, error types and rates will be discussed, followed by a discussion of 

reaction time data. 

Error Types and Rates 

 There is limited data comparing performance on analogous auditory and visual sustained 

attention tasks. A study by Corbett and Constantine (2006) found better performance on visual 

tasks than auditory tasks for children with and without ADHD.  It was expected, however, in the 

current study that error rates would be similar for the comparable auditory and visual tasks, as 

the tasks were judged to be of similar difficulty levels. 

Impulsivity errors differed only for visual and auditory tasks only at the most difficult level, 

(i.e., visual level 3 and auditory -5 SNR).  Inattention errors varied for the immediate feedback, 

short delay, long delay, no feedback and level 2 reduced perceptual saliency (i.e., level 2 reduced 

contrast and SNR 0) conditions. Total errors varied between modalities for only the immediate 

feedback and short delay conditions. In all circumstances, performance was poorer on the visual 

tasks.   
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The pattern of differences above when all groups were combined also indicates that the 

visual tasks with distortion were more difficult than the auditory tasks with distortion.  This is 

similar to the results found by other researchers.  Overall, visual tasks produce greater error rates 

than auditory tasks when all groups were combined.  There are several possible reasons for this.  

Firstly, visual tasks could just be more challenging than the auditory tasks overall, regardless of 

the task type.  A second possibility is that the auditory and visual stimuli with distortion were 

judged to be the same level of difficulty, while that was not actually the case.  It is possible that 

the amount of distortion was greater with the visual stimuli. 

In the current study, participants differed in their opinions as to whether the auditory or 

visual tasks were more difficult.  Both children and adults provided the tester with feedback as to 

which tasks they found to be most difficult.  Some participants stated that the auditory tasks were 

less challenging than the visual tasks.  They stated that during the auditory tasks they did not 

have to expend as much effort to respond accurately.  They could look around the room, or allow 

their minds to wander during the auditory tasks.  During the visual tasks, they felt that they had 

to concentrate more on the monitor to maintain accuracy. 

Some other participants found the visual tasks to be less challenging than the auditory tasks.  

These participants felt that they benefited in having to watch the monitor.  They stated that 

during the visual tasks, they had to focus their attention on the screen.  This helped them to limit 

distractions by focusing their attention on the screen.  During all of the testing, they were in the 

same environment, free of auditory distractors, so during the visual tasks there were not any kind 

of auditory distractions.  

While the participants had varying opinion as to whether the auditory or visual tasks were 

different in their difficulty levels, it is unknown whether participant report had any relationship 
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to actual error rates.  For example, one participant may report increased difficulty with auditory 

tasks, but in fact have greater error rates on visual tasks.  Perhaps some individuals are simply 

auditory or visual learners, and find that they are able to perform tasks best in one modality.  One 

could design a study in which participants were asked to estimate their performance, or error 

rates, on tasks in different modalities and then performance in those modalities could be 

compared to estimates based on actual error rates. 

Reaction Times 

It should be noted that reaction time was significantly different across modalities for all 

conditions except one, the no feedback condition.  The reasoning for this is unknown and 

warrants further study. 

RESEARCH QUESTION 6 

Research question six addressed whether there were changes in performance over time 

(vigilance) on auditory and visual tasks within each of the four conditions within the task; and 

from the beginning to the end of the entire test session.  Vigilance, the ability to maintain 

performance over an extended period of time, was measured in two different ways.   

First, performance was compared within each 12-minute task and this was the traditional 

vigilance measure.  Error numbers on the first condition within each of the four tasks (i.e., first 3 

minutes of each task) were calculated.  These error rates were then averaged across conditions.   

The error numbers on the last condition of each of the four tasks (i.e., last 3 minutes of each task) 

were also averaged across the tasks.  This gave an average number of errors within the first few 

minutes of each of the four tasks as well as an averaged number of errors within the last few 

minutes of each task.  This compared vigilance over a shorter period of time, approximately 12 
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minutes.  This time frame is similar to the time frame used in most continuous performance 

tasks.   

In addition, vigilance across the entire test session was compared and this was the long-term 

vigilance measure.  Performance on all conditions of the first of the four tasks was compared to 

performance on all four conditions of the final task.  This gave a long term comparison of 

performance, over the course of approximately an hour.  This longer duration comparison is not 

used in continuous performance tasks. 

It was expected that within all groups there would be a significant vigilance decrement, but 

with a larger decrement for the ADHD children on both measures of vigilance.  This was 

expected because a greater than expected vigilance decrement is a sign of difficulties with 

sustained attention which is considered to be a hallmark of ADHD. 

All three groups made significantly more inattention and total errors at the end of each task 

than at the beginning (i.e., and not for impulsivity errors). That 12-minute timeframe is 

comparable to the length of most CPTs reported in the literature.  This finding is important in 

ADHD diagnostic testing.  Previous studies mentioned (e.g., Nigg, 2006) have suggested that a 

significant vigilance decrement is common in children with ADHD.  The findings from the 

present study suggest, however, that all participants have a significant vigilance decrement 

across the 12-minute timeframe.   

A short term vigilance decrement was found for all three groups.  Perhaps short term 

vigilance decrement cannot be used to reliability differentiate children with ADHD from children 

without ADHD.  In fact, this finding calls to question whether children with ADHD have 

difficulties with sustained attention.   Barkley (1997) proposed the Executive Dysfunction 

Theory which states that children with ADHD have an overall decrease in executive control and 
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not a sustained attention deficit.  This is a controversial finding, as the tasks used in the current 

study are similar to those used in traditional continuous performance tasks.  This finding is also 

controversial, as vigilance decrement is considered to be a hallmark sign of ADHD.  This study, 

however, did not find a greater amount of vigilance decrement. An alternative explanation is that 

the use of a feedback system reduced the vigilance decrement measured in the current study. 

Long-term vigilance will now be discussed.  Long term vigilance decrement was measured 

from the beginning to the end of the entire 1.5 hour session (i.e., comparing task 1 and task 4 

performance).   In regards to beginning and end of session (long term) vigilance decrement, the 

adults and the non-ADHD children also performed significantly better at the beginning of each 

task than at the end, and not just the ADHD children.  There was no difference, however, in the 

amount of vigilance decrement within groups.  In other words, all three groups performed better 

at the beginning than at the end, but the change in performance was not significantly different 

between the groups. 

Again, there were no significant differences in impulsivity errors from the beginning of the 

entire session to the end.  Inattention errors changed significantly only for the ADHD group over 

the entire session, a very important finding, as this may be a possible way to separate the ADHD 

group from the Non-ADHD and Adult groups.  For total errors, there was a significant increase 

in errors from beginning to end for the ADHD group and the Adult group, but not for the non-

ADHD children.  The overall pattern observed is a long-term vigilance decrement, exhibited by 

increased inattention errors for the ADHD group only.  Thus, further investigation of long-term 

vigilance decrements may be warranted.  When applying this finding to diagnostic testing, this 

study suggests a possible need for longer continuous performance tests.  Sustained attention tasks 

of greater than 12-15 minutes may be needed to separate children with ADHD from those that do 



134 

 

not have ADHD.  This would allow testers to separate the differences in vigilance decrement, as 

all groups experienced a short term vigilance decrement. 

There were no significant differences in the amount of vigilance decrement when comparing 

the ADHD group and the adult group, however.  In other words, when comparing the amount of 

change in performance between the two groups, a difference was not found.  Inattention 

differences warrant further study, however, as those could differentiate the groups. 

GENERAL FINDINGS 

Children and Adults 

Overall, the main finding of this study is that these sustained attention tasks can separate 

the performance of children from that of adults based on error numbers, but not differentiate 

consistently between children with and without ADHD.  Overall, adults generally had lower 

error rates, including inattention errors, impulsivity errors, and total errors.  Adults seem to 

represent a “best performance” group, in that in all tasks, adults performed better than both 

groups of children.  The adults had overall fewer errors on all experimental tasks. 

Sustained attention tasks can also separate children with and without ADHD in 

conditions in which feedback is limited or not present as evidenced by long term vigilance 

measures.  These findings warrant future study, as they have ramifications on both ADHD 

diagnostic testing and management.  In addition, changing perceptual saliency in these tasks can 

change error rates in children.   This suggests that there is value in adding distortion to tasks, as 

tasks with distortion appear to be better able to differentiate children with ADHD from those 

without ADHD than tasks without distortion.  This finding is important for future ADHD 

diagnostic testing. 
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One interesting finding was that overall, adults had longer reaction times than both 

groups of children. There could be a variety of reasons for this.  One possibility is that the adults 

took longer to respond because they spent time more carefully identifying the stimuli before 

responding.  While the children quickly responded, they may have made more errors because of 

this, as they may have carelessly responded to non-target stimuli.  The adults, because they took 

extra time to respond, ensured better accuracy of their responses (Wood & Jennings, 1976).  

Perhaps, the adults realized the trade-off between quick responding and accuracy and that is why 

they had longer RTs and better accuracy.   

One important finding was that there were significant differences between the adults and 

the two groups of children for almost all conditions and error types.  This suggests that there 

were differences related to maturity. There is evidence that performance is age-related on other 

continuous performance tests reported in the literature (Conners, Epstein, Angold, & Klaric, 

2003; Hagelthorn, Hiemenz, Pillion, & Mahone, 2003). The finding of age difference in 

performance is also consistent with processing efficiency theory. 

Continuous Performance Tasks (CPTs) 

Evidence presented from some earlier studies had suggested that continuous performance 

tasks do not consistently separate children with ADHD from children without ADHD (e.g., 

Tucha et al., 2009).  The present study found similar results, especially when using shorter 

(approximately 10-12 minute) sustained attention tasks with limited feedback.  Although there 

was a trend for children with ADHD to make more errors than children without ADHD, there 

was not a clear pattern of different error types across the different task types exhibited. The 

ADHD group had significantly higher error rates when feedback was not utilized, as well as in 

conditions in which a degraded auditory stimulus was used.  No consistent pattern in errors 
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across visual tasks with degraded stimuli were found, however.  This is an important finding 

also, as visual tasks are commonly used in ADHD diagnosis. 

The main distinguishing factor between participants without ADHD (children and young 

adults) and the ADHD children on vigilance measures was the significant increase in inattention 

errors for the ADHD children on the long-term vigilance measure.  The ADHD children had 

significantly more inattention errors at the end of the 1.5 hour research session when compared 

to initial performance. Perhaps, long-term vigilance decrement is a more important factor in 

ADHD children than the short-term vigilance measures included in most CPTs.    This is an 

interesting finding, as this vigilance decrement was found in both ADHD children and adults.  It 

warrants further study to determine if it can reliably separate all three groups. 

 It is also important to remember that CPT and sustained attention tasks differ in many 

ways from real-world attention tasks.  In a real-world classroom setting, there are many different 

external factors (i.e., not associated with the stimulus) that can reduce perceptual saliency of the 

signal.  In the real world, visual and auditory signals can be obscured in different ways (i.e., not 

simply by reduced contrast or steady noise as in the current study) such as by multiple and 

unpredictable external distractors, for example those caused by other children moving and 

talking. It is possible that in real-world settings perceptual saliency is even poorer than in the 

current research conditions and that there would be increased attention difficulties. Real-world 

attending also differs with respect to the potential foci of attention. First, unlike listening or 

watching for a single known target (i.e., picture of dog; spoken word “dog”), real-world attention 

involves listening and watching for known and unknown targets (i.e., visuals, words, phrases, 

and environmental noises).  Because of all of the differences noted between CPT tasks and real-
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world challenges, observation of children in real-world settings remains important in ADHD 

diagnosis. 

Limitations of the Study 

This study had several limitations.  Limitations of the study will be discussed in the 

following section, along with ways in which these limitations might be addressed. 

The impact of gender on performance may have been a factor in the present study.  There 

were no statistically significant differences in gender distributions between the groups; however, 

there were more males than females in the ADHD group, and more females than males in the 

two other groups.  It is possible that gender may have impacted the participants’ performance, 

and gender as a factor cannot be discounted.  In future research, gender ratios should be noted, 

and attempts to gender balance the participant groups should be made.   

A second limitation of the study is that despite parental advisement to not offer 

medications on the test date, some children participating in the study had taken their medication 

on the test date and their data had to be removed from most of the analyses. With the exception 

of comparing modalities, this study did not include children with ADHD who took their 

medication on the day of testing.   

A third limitation of this study was that all case information was supplied by the parents 

for child participants, and by the individual for adult participants.  No ADHD testing was 

conducted at the session; children with ADHD simply had a parent report of diagnosis.  Future 

studies may want to include a confirmation of ADHD through a designated assessment battery.   

Another weakness in the study is that the tasks were not demanding enough to result in 

high error rates.  Thus, error rates for even the most challenging perceptual saliency conditions 

were low, making it difficult to differentiate the effects of feedback.  
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There was also a broad age range for the children participating in the present study (ages 

8-13).  More recent studies have shown children ages 8-9 differ in their performance from 

children ages 10 and older.  It is possible that performance on these tasks is developmental in 

nature, and may have less to do with ADHD status than age.  Findings may have been different if 

age groups had been separated, as younger children tend to perform more poorly than older 

children.  The present study included poorer performers and better performers within all groups. 

The presence of feedback in selected conditions throughout the experimental session may 

have limited the vigilance decrements observed.  Most sustained attention and CPT studies have 

not used feedback (such as the Connors Continuous Performance Task). 

A final limitation of the study is the number of F tests used.  It is possible that because so 

many F tests were required, some of the variation found may have simply been random.  As the 

number of F tests used increases, the possibly of simple random error also increases. 

Further Research Directions 

Further research could potentially look at ways of improving ADHD diagnostic testing.  

This study questions the use of some continuous performance task measures in identifying 

children with ADHD due to a lack of differences between the ADHD group and the Non-ADHD 

group.  Further research could use a different task type, (e.g., with more real-world targets and 

distractors) and compare results from children with ADHD to results from children without 

ADHD. Further research could look at the role of distractors, and determine if children with 

ADHD perform differently from those without ADHD when there are distractors present.   

Additionally, further research could investigate whether the participants perform 

differently when the tester is not visible (Corkum & Siegel, 1993).  In the present study the tester 

could be seen through a window at all times, and participants were told that the tester could see 
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and hear them.  If the tester were not present, it is possible that performance could have changed.  

The children may be more likely to display off-task behaviors when they knew that there was not 

an adult watching them.  A possible future study could repeat the current study tasks, but with 

the tester out of the participant’s view. 

Further research could also examine the impact of ADHD medication use on 

performance.  Some ADHD participants in the present study took their medication the day of 

testing, some did not take their medication the day of testing, and some were not prescribed 

medication for ADHD.  The children that took their medication were not included in analysis, 

with the exception of comparing modalities, however.  Further research could analyze the error 

rates of children in each of these groups to see if medication use impacts performance on these 

tasks. 

Reaction time variability is another factor that might be further studied.  Epstein et al. 

(2003) found that increased variability in reaction times was related to ADHD symptoms.  They 

stated that this may be due to an inconsistent response pattern in children with ADHD.  

Different types of feedback could also be examined.  In the present study, participants 

were earning points in addition to earning a financial reward (greater value gift card).  Further 

research could vary the reward and examine differences in performance. 

Children could also be trained to maintain performance with increasing delays in 

feedback delivery.  In the real world, feedback is often delayed or nonexistent.  As children 

could be trained to accept limited or nonexistent feedback, performance could be examined. 

Lastly, the relationship between continuous performance or sustained attention task 

performance and real world performance could be studied.  Parent and teacher report could be 

compared to continuous performance task performance.  Classroom behavior could also be 
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compared to continuous performance task performance.  It is possible that there is a relationship 

between real world behavior and performance on these tasks. 
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behavior problems and the human condition.  Our goal is to try to find ways to improve the lives of you and others.  

To do this, we need the help of volunteers who are willing to take part in research. 

 

Why is this research being done? 
The purpose of this research is to understand the effects of varying feedback and cognitive load in continuous 

performance tasks for children with and without ADHD, and young adults without ADHD. The decision to take part 

in this research is yours to make.  By doing this research, we hope to learn about factors that affect attention in those 

with and without ADHD.   

 

Why am I being invited to take part in this research? 
Your child is being invited to take part in this research because he/she is between the ages of 8 and 13 and has a 

history or ADHD or no history of ADHD.  If your child volunteers to take part in this research, he/she will be one of 

about 39 people to do so. 

 

Are there reasons my child should not take part in this research?  
Your child should not participate if he/she has a history of cognitive impairments, speech delays, auditory processing 

disorder, or hearing loss. 

 

What other choices does my child have if he/she does not take part in this research? 
Your child can choose not to participate. 

 

Where is the research going to take place and how long will it last? 
The research procedures will be conducted at the Allied Health Sciences Building.    Participants will be asked to 

come once and the total amount of time your child will be asked to volunteer for this study is an hour and a half.   

 

What will my child be asked to do? 
Your child is being asked to do the following:   

 have us look in his/her ears 

 take a simple eardrum movement test (tympanometry) 

 have a pure tone hearing test 
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 have a vision screening 

 participate in one auditory processing screening assessment 

 respond to a target word that is repeated in various levels of background noise with 

varied feedback/points 

 respond to a target picture that is shown at varied levels of blurring with varied 

feedback/points 

 

 

What possible harms or discomforts might my child experience if he/she takes part in the research? 
It has been determined that the risks associated with this research are no more than what your child would experience 

in everyday life.   

 

What are the possible benefits my child may experience from taking part in this research? 
This research might help us learn more about the impact of varying task modality (auditory or visual), cognitive load 

(different levels of noise or blurring), and motivation (different points on different tasks) on attention. There may be 

no personal benefit from your child’s participation but the information gained by doing this research may help others 

in the future. 

 

Will my child be paid for taking part in this research? 
If your child qualifies for this research and participates in the study, he/she will receive up to a $20 gift card from 

Target.  Participants completing the study will receive at least $10 and can earn up to a $20 gift card depending on 

points earned during the tasks/games.  Those points will be explained before the tasks/games. 

 

What will it cost me to take part in this research?  
It will not cost you any money to be part of the research.   

 

Who will know that my child took part in this research and learn personal information about me or 

my child? 
To do this research, ECU and the people and organizations listed below may know that you took part in this research 

and may see information about you that is normally kept private.  With your permission, these people may use your 

private information to do this research: 

 Any agency of the federal, state, or local government that regulates human research.  

This includes the Department of Health and Human Services (DHHS), the North 

Carolina Department of Health, and the Office for Human Research  

 The University & Medical Center Institutional Review Board (UMCIRB) and its staff, 

who have responsibility for overseeing your welfare during this research, and other 

ECU staff who oversee this research. 

 

How will you keep the information you collect about me or my child secure?  How long will you keep 

it? 

The data will be kept in a locked cabinet in the research mentor’s office.  She will be the only one with 

access to this cabinet.  The data will be kept for six years. 

 

What if I decide I do not want my child to continue in this research? 
If you decide you no longer want your child to be in this research after it has already started, you may stop at any 

time.  You and your child will not be criticized for stopping.  However, it is necessary that your child completes the 

study session in order to receive a gift card. 
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Who should I contact if I have questions? 
The people conducting this study will be available to answer any questions concerning this research, now or in the 

future.  You may contact the Principal Investigator at 252-744-6130 (days, between 8:00 am and 4:00 pm).    

 

If you have questions about your rights as someone taking part in research, you may call the Office for Human 

Research Integrity (OHRI) at phone number 252-744-2914 (days, 8:00 am-5:00 pm).  If you would like to report a 

complaint or concern about this research study, you may call the Director of the OHRI, at 252-744-1971. 

 

I have decided I want my child to take part in this research.  What should I do now? 
The person obtaining informed consent will ask you to read the following and if you agree, you should sign this form:   

 

 I have read (or had read to me) all of the above information.   

 I have had an opportunity to ask questions about things in this research I did not understand and have received 

satisfactory answers.   

 I know that I/my child can stop taking part in this study at any time.   

 By signing this informed consent form, I am not giving up any of my rights.   

 I have been given a copy of this consent document, and it is mine to keep.  

 

 
          _____________ 

Participant's Name (PRINT)                                 Signature                            Date   

 

 

Person Obtaining Informed Consent:  I have conducted the initial informed consent process.  I have orally reviewed 

the contents of the consent document with the person who has signed above, and answered all of the person’s 

questions about the research. 

 

             
Person Obtaining Consent (PRINT)                      Signature                                    Date   
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East Carolina University 

 

 

 

Informed Consent to Participate in Research 
Information to consider before taking part in research that has no more than 

minimal risk. 

 

 
Title of Research Study: Auditory and Visual Sustained Attention in Young Adults without ADHD and in Children 

With and Without ADHD 

Principal Investigator: Emily Russell 

Institution/Department or Division: Communication Sciences and Disorders 

Address: Health Sciences Building, Greenville, NC, 27834 

Telephone #: 252-744-6100 

 
Researchers at East Carolina University (ECU) study problems in society, health problems, environmental problems, 

behavior problems and the human condition.  Our goal is to try to find ways to improve the lives of you and others.  

To do this, we need the help of volunteers who are willing to take part in research. 

 

Why is this research being done? 
The purpose of this research is to understand the effects of varying feedback and cognitive load in continuous 

performance tasks for children with and without ADHD, and young adults without ADHD. The decision to take part 

in this research is yours to make.  By doing this research, we hope to learn about factors that affect attention in those 

with and without ADHD.   

 

Why am I being invited to take part in this research? 
You are being invited to take part in this research because you are between the ages of 18 and 30 and have no history 

of ADHD.  If you volunteer to take part in this research, you will be one of about 39 people to do so. 

 

Are there reasons I should not take part in this research?  
You should not participate if you have a history of cognitive impairments, speech delays, auditory processing 

disorder, or hearing loss. 

 

What other choices do I have if I do not take part in this research? 
You can choose not to participate. 

 

Where is the research going to take place and how long will it last? 
The research procedures will be conducted at the Allied Health Sciences Building.    Participants will be asked to 

come once and the total amount of time you will be asked to volunteer for this study is an hour and a half..   

 

What will I be asked to do? 
You are being asked to do the following:   

 have us look in your ears 

 take a simple eardrum movement test (tympanometry) 

 have a pure tone hearing test 

 have a vision screening 
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 participate in one auditory processing screening assessment 

 respond to a target word that is repeated in various levels of background noise with varied feedback/points 

 respond to a target picture that is shown at varied levels of blurring with varied feedback/points 

 

 

What possible harms or discomforts might I experience if I child take part in the research? 
It has been determined that the risks associated with this research are no more than what you would experience in 

everyday life.   

 

What are the possible benefits I child may experience from taking part in this research? 
This research might help us learn more about the impact of varying task modality (auditory or visual), cognitive load 

(different levels of noise or blurring), and motivation (different points on different tasks) on attention. There may be 

no personal benefit from your participation but the information gained by doing this research may help others in the 

future. 

 

Will I be paid for taking part in this research? 
If you qualify for this research and participate in the study, you will receive up to a $20 gift card from Target.  

Participants completing the study will receive at least $10 and can earn up to a $20 gift card depending on points 

earned during the tasks/games.  Those points will be explained before the tasks/games. 

 

What will it cost me to take part in this research?  
It will not cost you any money to be part of the research.   

 

Who will know that I took part in this research and learn personal information about me? 
To do this research, ECU and the people and organizations listed below may know that you took part in this research 

and may see information about you that is normally kept private.  With your permission, these people may use your 

private information to do this research: 

 Any agency of the federal, state, or local government that regulates human research.  This includes the 

Department of Health and Human Services (DHHS), the North Carolina Department of Health, and the Office for 

Human Research  

 The University & Medical Center Institutional Review Board (UMCIRB) and its staff, who have responsibility 

for overseeing your welfare during this research, and other ECU staff who oversee this research. 

 

How will you keep the information you collect about secure?  How long will you keep it? 

The data will be kept in a locked cabinet in the research mentor’s office.  She will be the only one with 

access to this cabinet.  The data will be kept for six years. 

 

What if I decide I do not want to continue in this research? 
If you decide you no longer want to be in this research after it has already started, you may stop at any time.  You will 

not be criticized for stopping.  However, it is necessary that you complete the study session in order to receive a gift 

card. 

 

Who should I contact if I have questions? 
The people conducting this study will be available to answer any questions concerning this research, now or in the 

future.  You may contact the Principal Investigator at 252-744-6130 (days, between 8:00 am and 4:00 pm).    

 

If you have questions about your rights as someone taking part in research, you may call the Office for Human 

Research Integrity (OHRI) at phone number 252-744-2914 (days, 8:00 am-5:00 pm).  If you would like to report a 

complaint or concern about this research study, you may call the Director of the OHRI, at 252-744-1971. 
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I have decided I want to take part in this research.  What should I do now? 
The person obtaining informed consent will ask you to read the following and if you agree, you should sign this form:   

 

 I have read (or had read to me) all of the above information.   

 I have had an opportunity to ask questions about things in this research I did not understand and have received 

satisfactory answers.   

 I know that I can stop taking part in this study at any time.   

 By signing this informed consent form, I am not giving up any of my rights.   

 I have been given a copy of this consent document, and it is mine to keep.  

 

 
          _____________ 

Participant's Name (PRINT)                                 Signature                            Date   

 

 

Person Obtaining Informed Consent:  I have conducted the initial informed consent process.  I have orally reviewed 

the contents of the consent document with the person who has signed above, and answered all of the person’s 

questions about the research. 

 

             
Person Obtaining Consent (PRINT)                      Signature                                    Date   
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East Carolina University Assent Form   
Things You Should Know Before You Agree To Take Part in this Research 

 

    

________________________________________________________________________ 

 
IRB Study #_____________________ (The IRB office will fill this in, if this is a new submission) 

 

Title of Study:  Auditory and Visual Sustained Attention in Young Adults without ADHD and Children With and 

Without ADHD 

Person in charge of study:  Emily Russell 

Where they work:  ECU Department of Communication Sciences and Disorders 

Other people who work on the study:  Dr. Deborah Culbertson   

Study contact phone number:  252-744-6130 

Study contact E-mail Address:  russelle10@students.ecu.edu 

 

 
People at ECU study ways to make people’s lives better.  These studies are called research.  This research is trying to 

find out if making words or pictures harder to hear or see, or if changing the amount of points you earnimpacts how 

well you do on an attention task. 

 

Your parent(s) need(s) to give permission for you to be in this research.  You do not have to be in this research if you 

don’t want to, even if your parent(s) has/have already given permission. 

 

You may stop being in the study at any time.  If you decide to stop, no one will be angry or upset with you. 

 

Why are you doing this research study? 
The reason for doing this research is to see what happens when you listen to words and see pictures. 
 

Why am I being asked to be in this research study? 
We are asking you to take part in this research because you are the right age. 
 

How many people will take part in this study? 
If you decide to be in this research, you will be one of about 39 people taking part in it. 
 

What will happen during this study? 
I will look in your ears, and then I will put a soft eartip in your ear and you will feel a small movement of your eardrum.  I will 

check your hearing and sight and you will play some games on a computer. 

 

This study will take place at ECU and will last about an hour and a half. 

 

Who will be told the things we learn about you in this study? 

 

Emily Russell and Dr. Culbertson will know about what we did during the study.  A scientific journal will 

also know about what we learn from everyone, but you will not be named and no one will know who signed 

up for this study. 
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What are the good things that might happen? 
Sometimes good things happen to people who take part in research.  These are called “benefits.”  The benefits to 

you of being in this study may be you will learn more about attention games, and how changing the game 

can make them harder or easier.  You will also receive a gift card to Target. 

 

What are the bad things that might happen? 

Sometimes things we may not like happen to people in research studies.  These things may even make them 

feel bad.  These are called “risks.”  There are no risks in this study.  Things may also happen that the 

researchers do not know about right now.  You should report any problems to your parents and to the 

researcher 

 

Will you get any money or gifts for being in this research study? 

You will receive a gift card from Target if you complete the study.  If you finish all of the games you will 

receive at least a $10 gift card and depending on the points you earn in the games you can earn up to $20 on 

the gift card.  The points will be explained before each of the games. 

 

Who should you ask if you have any questions? 

If you have questions about the research, you should ask the people listed on the first page of this form.  If 

you have other questions about your rights while you are in this research study you may call the Institutional 

Review Board at 252-744-2914. 

 

------------------------------------------------------------------------------------------------------------------ 

 

If you decide to take part in this research, you should sign your name below.  It means that you agree to take 

part in this research study. 

 

 

_________________________________________ _______________ 

Sign your name here if you want to be in the study Date 

 

 

_________________________________________ 

Print your name here if you want to be in the study 

 

 

_________________________________________ ________________ 

Signature of Person Obtaining Assent Date 

 

 

_________________________________________ 

Printed Name of Person Obtaining Assent 
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Unique Identifier: ___________ 

 

Results for Participants 

 

Age:           __________ 

 

Gender: 

 

Female  Male 

 

How do you designate your/your child’s race and/or origin? 

 

Black/African-American  Asian    Native Hawaiian/Other Pacific Islander  

 

White/Caucasian   Hispanic/Latino    American Indian/Alaska Native   

 

Two or more races  Other 

 

Children: Has your child repeated a grade?  Adults: Have you repeated a grade? 

 

Yes  No 

 

Parents’ highest level of education: 

 

Mother 

 

Some high school   High school graduate  Some college  

 

Associate’s Degree  Bachelor’s Degree  Some graduate school 

 

Graduate Degree 

 

Father 

 

Some high school   High school graduate  Some college 

 

Associate’s Degree  Bachelor’s Degree  Some graduate school 

 

Graduate Degree 
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ADHD diagnosis from a physician or psychologist:    yes  no 

 

 If yes, what presentation? 

 

Predominantly hyperactive-impulsive 

Predominantly inattentive 

Combined hyperactive-impulsive and inattentive 

Don’t know 

 

 If yes, are they currently taking medication for ADHD? Yes No 

 

  Medication type and dosage: 

 

 Did they take the medication today: Yes No 

 

Inclusion Criteria: 

 

English is first language? Yes No 

 

Cognitive deficits/delays? Yes No 

 

Speech-language deficits/delays? Yes No 

 

Auditory processing deficits? Yes No 

 

Vision (at least 20/32 in either eye) 

 

Yes  No 

 

Otoscopy (normal or note conditions from protocol such as ear drainage, ear canal abnormalities such as obstructions, 

impacted cerumen or foreign objects, blood or other secretions, stenosis or atresia, otitis external, and perforations or other 

abnormalities of the tympanic membrane: 

 

Left ear: 

 

Right ear: 

 

Tympanometry (normal child from Hanks and Rose: SAA: 0.3-1.5, ECV: 0.6-1.5; TW: ≤200; normal adult from Margolis & Heller, 

1987: SAA: 0.27-1.38, ECV: 0.63-1.46, TW: 51-114) 

 

Left ear: 

SAA ECV TW 
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Right ear: 

SAA ECV TW 

 
 

  

 

 

Hearing Thresholds- 20 dB or better 

 

Left ear: 

0.25 0.5 kHz 1 kHz 2 kHz 3 kHz 4 kHz 8 kHz 

       

 

Right ear: 

 

0.25 0.5 kHz 1 kHz 2 kHz 3 kHz 4 kHz 8 kHz 

       

 

 

Scan-3 For Children or SCAN-3 for Adults AFG 

 

Auditory Figure-Ground at +8 dB SNR (Tracks 5-9) 

RE Score  

LE Score  

AFG +8 Total Score  

 

 

 

 

 

 

 

 

age normal borderline disordered 

8 35 and 

up 

30-34 29 and 

under 

9 35 and 

up 

32-34 30 and 

under 

10-

12 

36 and 

up 

33-35 32 and 

under 

 

age mean 2 SD 

15-18 37.3 24.5-40.1 

19-30 37.0 32.4-41.6 
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Study of Attention In Children With and 

Without ADHD 

 

We are looking for children ages 8-13 with no difficulties in 

hearing or speaking to participate in a study on visual and 

auditory attention. 

 

Does your child either have a diagnosis of ADHD or have no 

diagnosis of ADHD? 

 

Then your child may qualify for a study in the Department of 

Communication Sciences and Disorders! 

 

If you are interested, please contact us via email at 

fmbenefit@ecu.edu or phone at 252-744-5027. 

 

 

Your child will receive compensation for participation in the 

form of a Target gift card

mailto:fmbenefit@ecu.edu


 

 

 

 

 

 

 

 

 

 

 

 


