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ABSTRACT 

Continuous Performance Test (CPT) is a term used to describe a family of cognitive tasks that 

require an individual to view a sequence of stimuli on a screen while responding under certain 

conditions and withholding responses under other conditions. Despite the widespread use of the 

CPT in research, there is no consensus regarding whether different versions of this task are 

measuring the same or distinct underlying constructs. The purpose of this study is to examine 

whether two variations of the CPT that differ in target-frequencies and response requirements 

measure a unitary construct or distinct constructs. Participants included 150 4-and 5-year-olds 

who were oversampled for elevated levels of inattentive and hyperactive/impulsive behaviors. 

Participants completed three X-CPTs, three NotX-CPTs, and three direct measures of inhibitory 

control. For each participant, a teacher completed a behavior ratings scale. Confirmatory Factor 

Analyses were conducted to examine whether the indices of performance on the CPT (i.e., 

omission errors, commission errors) measured unitary or distinct constructs across versions of 

the CPT. Findings suggested that the degree to which X-CPTs and NotX-CPTs measured the 

same underlying constructs depended on whether scores that include errors made due to 

disengagement in the task were included in analyses. When the scores of children who 

disengaged were excluded, omission errors were found to assess the same underlying construct 

across CPT paradigms whereas commission errors were found to assess distinct constructs. The 

factors representing CPT performance indices demonstrated poor convergent and discriminant 

relations to teacher-ratings of behavior and direct measures of inhibitory control.
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CHAPTER 1 

INTRODUCTION 

 

Continuous performance test (CPT) is a term that describes a set of cognitive tasks used 

to study a variety of cognitive abilities (e.g., attention, inhibitory control [IC], executive 

functions, vigilance, working memory [WM]) and disorders (e.g. Attention Deficit/Hyperactivity 

Disorder [ADHD], brain damage, schizophrenia). The hallmark feature of this task is that a 

series of stimuli is presented and individuals are required to respond under certain conditions and 

withhold responses under other conditions. The complexity and difficulty of the task can be 

altered by variations in the stimuli, the stimuli presentation, and the rules regarding when to 

respond and when to withhold a response. The ubiquitous use of the term CPT to describe a wide 

variety of tasks is somewhat misleading because variations have the potential to alter the 

constructs being assessed by the task. However, there have been few systematic evaluations 

comparing different versions of the CPT. The purpose of this study was to investigate, in a 

sample of preschool children, whether two variations of the CPT that differed in target-

frequencies and response requirements measured a unitary construct or distinct constructs. 

Over the last decade, there has been an increased interest in the concept of self-

regulation, including attention and executive functioning, and its relation to children’s 

development of academic skills. Research has established linkages between children’s 

inattention and levels of academic skills across development (e.g., Johnson, McGue, & Iacono, 

2006; Lonigan et al., 1999; McClelland, Acock, & Morrison, 2006). In fact, there is strong 

overlap between attention problems, such as those associated with ADHD, and learning 

disabilities (e.g., Mayes, Calhoun, & Crowell, 2000; Willcutt & Pennington, 2000). Research on 
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this topic also has begun to focus on children just beginning school, with a particular focus on 

children in the preschool period. Early academic-related skills are predictive of later academic 

skills (i.e., Hogan, Catts, & Little, 2005; Lonigan, Schatscheider, & Westberg, 2008; Muter, 

Hulme, Snowling, & Stevenson, 2004; Pennington & Lefly, 2006) and children who have 

difficulties with early academic-related skills are typically the same children that exhibit 

difficulties with conventional academic skills (e.g., Shaywitz et al., 1995; Wagner, Torgesen, & 

Rashotte, 1994). This finding makes struggling preschoolers a targeted group for early 

intervention. Furthermore, preschool may be a time when self-regulatory processes are 

particularly malleable and amenable to intervention (Carlson, Zelazo, & Faja, 2013). Improved 

precision in the measurement of these processes during the preschool years may facilitate the 

ability to identify early developmental manifestations of disorders in self-regulation (e.g., 

ADHD, ODD) and allow for interventions that prevent the development of long-term academic 

and behavioral difficulties. 

Given the importance of research on self-regulatory processes, there is a strong need for 

measures that assess these constructs effectively and accurately. One factor that complicates this 

area of research is the large variety of tasks that researchers can use to measure self-regulatory 

processes such as attention and executive functions. Much of the research linking inattention to 

academic skills is based on studies in which teacher and parent ratings are used to assess 

inattention (e.g., Galéra, Melchior, Chastang, Bouvard, Fombonne, 2009; Lonigan et al. 1999; 

Merrell & Tymms, 2001; Raghubar et al., 2009). This link also has been found in studies using 

direct measures of inattention, such as the CPT (Lam & Beale, 1991; Sims & Lonigan, 2013). 

The CPT is an attractive direct measure for research on this topic because it may assess several 

different aspects of self-regulation (attention, executive functions) simultaneously (Egeland & 
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Kovalik-Gran, 2010). However, there are multiple versions of the CPT that are used in research 

and there have been no studies that establish that these different versions measure the same 

underlying capacities. Although current research clearly shows that children’s capacities related 

to self-regulation have a significant influence on how quickly and how well children acquire 

skills in core academic areas such as reading and mathematics (e.g., Alloway & Alloway, 2010; 

Walcott, Scheemaker, & Bielski, 2010; Welsh, Nix, Blair, Bierman, & Nelson, 2010), the 

inability to identify the specific processes involved in these developmental relations limits the 

understanding of which specific capacity is responsible. Clarifying the specific components that 

relate to early academic development will aid in early identification and may lead to effective 

preventative interventions. Determining whether different variations of the CPT measure distinct 

or similar constructs is a necessary first step in this endeavor.  

General Constructs Measured by the CPT 

The CPT was created in the 1950s to assess deficits associated with severe neurological 

damage (Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956). The term CPT refers to a family 

of tasks that share a common general structure. During this task, an individual is presented with a 

series of stimuli and must respond to certain stimuli and withhold responses to certain stimuli. 

Despite this simple premise, the CPT is a complex, multi-faceted task that is used for a variety of 

purposes in both applied and basic research. There is strong evidence that the CPT measures 

constructs that are distinct from general cognitive abilities such as intelligence and academic 

aptitude. Most often, this task is cited as a measure of self-regulatory processes such as attention, 

vigilance, and IC, WM, or both (e.g., Rosvold & Delgado, 1956). These distinct but related 

regulatory processes have all been shown to be related to ADHD (see Barkley, 1997). 
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The CPT was originally designed as a measure of attention and associated constructs 

(vigilance, alertness, sustained attention; Rosvold et al., 1956). The use of the term attention to 

characterize CPT performance is based on the need for children to monitor a series of stimuli 

over a specific, sometimes lengthy, period of time. This task is often cited as a measure of both 

attention and vigilance (e.g., Gualtieri & Johnson, 2006) and sometimes, due to its length, is 

cited specifically as a measure of sustained attention. Although these terms for different aspects 

of attention are sometimes used interchangeably to characterize performance on the CPT, 

research demonstrating the multi-dimensionality of the CPT has highlighted the differences 

between these terms (Egeland & Kovalic-Gran, 2010). For example, vigilance refers specifically 

to attention when stimulation is low and sustained attention refers specifically to attention over 

time (Van der Meere, 2002). As such, these terms may refer to more specific forms of attention 

that are measured by specific types of CPT tasks or specific aspects of performance on the CPT. 

The CPT is also used as a measure of certain components of executive functioning. 

Executive functions are the higher-order cognitive processes involved in complex goal-directed 

and self-regulatory behaviors (Welsh & Pennington, 1988). IC is the component of executive 

function most commonly cited as being measured by the CPT. IC is described as the ability to 

suppress a response to an irrelevant stimulus, typically in the context of pursuing a particular 

goal (Rothbart & Posner, 1985). The use of the term IC to describe CPT performance is based on 

the need for children to refrain from responding to the non-target stimulus or stimuli.  Related 

terms that may be used to describe this element of CPT performance are inhibition and 

impulsivity. Another executive function skill that the CPT has been used to measure, albeit much 

less frequently than IC, is WM (Berenbaum, Kerns, Vernon, & Gomez, 2008; Pukrop et al., 

2003). WM is the ability hold information in memory while performing a mental operation 
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(Baddeley, Gathercole & Papagno, 1998). The use of the term WM to characterize CPT 

performance is based on the need for children to remember response rules and is typically 

reserved for versions of the CPT that have complicated rules that require constant updating of 

information to make response decisions. 

Uses of the CPT 

Over the past half-century, the CPT has been used frequently in psychological research to 

provide a measure of attention, vigilance, IC, or WM. This tool is particularly valuable when a 

measure of more than one of these constructs is desired, because different indices of performance 

on the CPT can be used to represent distinct constructs without the need to administer multiple 

tests. The CPT is commonly used in research examining the etiology, symptomology, diagnosis, 

and treatment-progress monitoring of mental disorders that are believed to be associated with 

deficits in the aforementioned processes. Examples of these disorders include traumatic brain 

injury, schizophrenia, dementia, Autism, and ADHD. To a lesser extent, the CPT is also used in 

applied clinical settings. Given the subjective biases of informant ratings (e.g., Abikoff et al., 

1993), the direct assessment nature of the CPT makes it a useful addition to the clinical process. 

It can be used as a part of the initial diagnostic stage, the monitoring of client symptoms and 

progress, and the evaluation of outcomes. 

Variations of the CPT 

Researchers and clinicians have used the term CPT to refer, interchangeably, to multiple 

variations of the task. However, the widespread use of this term is somewhat misleading because 

variations in stimuli, stimuli presentation, and rules regarding performance may alter the specific 

attributes and abilities being assessed by the task. Researchers have begun to notice 

inconsistencies in findings across studies using different versions of the CPT and have begun to 
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acknowledge that these differences may be attributed to variations in the task. However, very 

few empirical comparisons of different versions of the CPT have been conducted. No studies 

have systematically evaluated the shared and unique variation among variables derived from 

different versions of the CPT. 

In the original investigation of the CPT, Rosvold et al. (1956) compared two versions of 

the task. In the simplest version of the task, a series of different letters was presented and 

individuals were required to press a key whenever an X was displayed (X-CPT). In a slightly 

more complex version of the task, individuals were required to press a key whenever an X was 

shown following the presentation of an A (AX-CPT). Another variation of the CPT paradigm is 

the Repeated Letter version of the CPT (XX-CPT), in which participants are required to respond 

to any stimulus that is identical to the stimulus presented before it. The AX-CPT and XX-CPT 

are designed to place higher attention demands on individuals than does the X-CPT. Further, the 

XX-CPT is believed to have a larger WM component than does the AX-CPT. Whereas the AX-

CPT requires information updating specific to the two target letters (i.e., A and X), the XX-CPT 

requires continuous updating of all stimuli because any stimulus could be the target letter, 

depending on the letter that was shown previously (Denney, Rapport, & Chung, 2005). Given the 

increased complexity of the AX-CPT and XX-CPT, most versions of the traditional CPT that are 

administered to young children follow the structure of the X-CPT. 

The CPT paradigm designed by Conners (1985) is a commercialized version of the CPT 

that shares several characteristics of the original CPT but varies in an important way. The 

directions for this task differ from those of the traditional CPT in that individuals are required to 

press a button when any stimulus is displayed except the target stimulus. Thus, this paradigm is 

referred to as the NotX-CPT. The variation in task directions also results in a difference 
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regarding how often individuals are required to respond during the X-CPT and NotX-CPT. 

During the X-CPT, individuals only respond to the target stimulus. Although the ratio of target-

to-nontarget stimuli can vary in traditional CPTs, the target stimulus is typically displayed less 

often than are the non-target stimuli. Thus, individuals are required to respond less often than 

they are required to withhold a response across trials. In contrast, during the NotX-CPT, 

individuals typically respond more than they withhold responses across trials because they are 

responding to all stimuli except a single stimulus. The Conner’s Kiddie CPT (Conners, 2001) is 

an adaption of the NotX-CPT that was designed to be developmentally appropriate for use with 

preschool-age children. This version uses images of common objects instead of letters as stimuli 

and has a slowed stimulus presentation rate compared to versions of the task used with older 

children and adults. 

Across versions of the CPT, other modifications can be used to create multiple variations 

of the task. The task can be presented visually or aurally. The length of time that each stimulus is 

displayed and the length of time between the presentations of stimuli (i.e., the inter-stimulus 

interval [ISI]) can be made shorter or longer. Images of common objects can be used as stimuli 

rather than numbers, letters, or other symbols, to avoid the potentially confounding effect of 

facility with written language. The ratio of targets-to-nontargets can be increased or decreased. 

Stimuli can also be degraded (e.g., blurry visual images, auditory stimuli accompanied with 

white noise) to increase processing demands by making discrimination more difficult. The total 

length of the task can be lengthened or shortened. Although many modifications to the CPT may 

alter only the difficulty of the task, other modifications may alter the attributes and abilities being 

measured by the task. 
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Indices of CPT Performance 

The ambiguity regarding the specific constructs measured by the CPT is further 

complicated by the variety of ways that performance on the task can be operationalized. 

Although CPT performance is sometimes summarized as an overall score, the multifaceted 

nature of the task makes it difficult, and perhaps inappropriate, to characterize CPT performance 

in this manner (Egeland & Kovalik-Gran, 2010). More often, multiple indices of performance 

based on accuracy and reaction time (RT) are derived from CPT performance data. There are two 

primary types of errors: omission errors and commission errors. Omission errors occur when a 

child fails to respond to a target stimulus. Commission errors occur when a child responds 

erroneously to a stimulus for which the inhibition of response is required. Total hit rate scores 

that comprise both error types can also be computed. There are also signal detection indices that 

can be computed, such as signal discrimination (d’) and response bias. Other indices of 

performance can be computed based on RT. Mean RT, typically based on correct responses, can 

be used as an index of performance. Variability in RT, computed as standard deviation of 

RT/mean RT, can be used as an index of intra-individual variability over the course of the task. 

For both accuracy- and RT-based indices, performance can be computed based on overall 

performance (i.e., total number of errors on the task) or based on performance changes over the 

course of the task (i.e., the slope of change in errors over the course of the task). Indices of 

change are typically computed by segmenting the task into blocks and computing the slope of a 

given index of performance across the blocks.  

Only performance indices based on accuracy were examined in the present study. 

Although research has shown RT and RT variability to be promising indices of performance on 

the CPT (Bellgrove, Hawi, Kirley, Gill, & Robertson, 2005; Castellanos et al., 2005), there is no 
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consensus regarding what behavioral or cognitive constructs these aspects of performance are 

measuring (Bellgrove, Hester, & Garavan, 2004). Further, the use of RT-based indices may be 

inappropriate with young children due to the wide variability in the RT of this age group 

(Diamond & Kirkham, 2005). To avoid these complications, the focus in the proposed study was 

on the overall number omission errors, the overall number of commission errors, and the extent 

to which accuracy deteriorated over the course of the task. 

What are Different Aspects of the CPT used to Measure? 

Generally, many of the same indices of accuracy can be computed from performance on 

all variations of the CPT. However, it is not clear whether variations in the CPT design alter the 

underlying constructs that are measured by each of these indices. Omission errors are typically 

presumed to measure inattention across versions of the CPT including the Conners’ CPT 

(Bodnar et al., 2007; Chan et al., 2011), low target frequency AX-CPTs (Brocki & Bohlin, 2006) 

and CPTs with equal proportions of target and non-target trials (Wehmeier et al., 2011). 

Commission errors are typically presumed to reflect levels of hyperactivity (Barkley, 1991), 

impulsivity (Rodriguez-Jimenez et al., 2006), or IC (Berry, 2012; Brooks et al., 2006). However, 

commission errors may be less reflective of these constructs in low-frequency X-CPTs. During 

these tasks, pressing the button may not necessarily be considered a pre-potent response that 

must be restrained to avoid commission errors (Egeland & Kovalik-Gran, 2008). Therefore, it is 

unclear whether commission errors are a measure of IC both in traditional X-CPT and the NotX-

CPT.  

Decrements in accuracy over the course of the task are another aspect of performance on 

the CPT that is of interest. Decrements in performance have been reported to be more 

pronounced in young children (Brocki, Tillman, Bohlin, 2010) and in children with ADHD 
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(Corkum et al. 1996), suggesting that decrements in performance are indicative of 

underdeveloped attentional and executive processes. Decrements in performance across the 

course of the task, as opposed to stable poor performance, may be required to reflect deficits in 

sustained attention specifically (van der Meere & Sergeant, 1988). It has been argued that 

although decrements in performance in traditional low target frequency CPTs (such as the X-

CPT and AX-CPT) may reflect deficits in sustained attention, decrements in performance on 

NotX-CPTs (such as the Conners’ CPT) may reflect fatigue that results from constant 

performance (Egeland & Kovalik-Gran, 2010). Research with adults has shown that although 

performance on the AX-CPT is prone to decrements over the course of the task, performance on 

the NotX-CPT may be more likely to show improvements over the course of the task (Ballard, 

2001). Therefore, it is unclear whether changes in performance accuracy over the course of the 

task reflect the same underlying construct across versions of the CPT. 

Comparisons of CPT Versions 

Although the complexity of the CPT has been recognized in the literature, relatively little 

research has addressed how variations in the design of the CPT may influence the specific 

constructs being measured by performance on the task. Direct comparisons of different versions 

of the CPT are limited; however, there is some evidence that these tasks are not measuring 

identical constructs. Perhaps the earliest comparison of different versions of the CPT was the 

original investigation of the CPT examining the difference between the X-CPT and AX-CPT in 

adults and children with and without brain damage (Rosvold et al., 1956). Findings by Rosvold 

et al. supported the use of the CPT for discriminating between individuals with and without 

severe neurological damage. They also reported that the AX-CPT was significantly more 

difficult than was the X-CPT for their adult sample but not for their child sample. Other early 
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studies compared performance on the CPT to performance on other neuropsychological 

measures (Mirsky & Kornetsky, 1964) or compared performance on CPT versions with varying 

levels of visual (Bowen et al., 1994) and auditory degradation (Mirsky, Yardley, Jones, Walsh, & 

Kendler, 1995). The primary focus of comparison studies, particularly the early comparison 

studies, was typically either to determine whether one version of the task was better at 

differentiating between clinical and non-clinical groups or between subpopulations of clinical 

groups or to determine if one version was more difficult than another version. 

More recently, comparisons between CPTs have been conducted to examine whether 

different versions of the task are assessing similar or distinct behavioral and cognitive constructs. 

Borgaro et al. (2003) examined the correlations between three different versions of the CPT, 

including the X-CPT, AX-CPT, and XX-CPT, in an adolescent sample. Results showed that the 

XX-version was more difficult than the AX-version, and the AX-version was more difficult than 

the X-version. Denney et al. (2005) compared performance on the AX-CPT and XX-CPT, both 

with different target densities (8.3% and 33.3%), in a sample of school-age children. They found 

that whereas both omission errors and commission errors increased at higher target density in the 

AX-CPT, omission errors decreased and commission errors increased only minimally at high 

target density in the XX-CPT. These findings were attributed to differences in the working 

memory demands of the tasks that moderate the impact of target density on error rates.  

To date, only one direct comparison of the traditional AX-CPT and the NotX-CPT has 

been conducted. Ballard (2001) compared two variations of the AX-CPT (one with short ISIs, 

the AX-fast, and one with long ISIs, the AX-slow) and a version of the Conners’ CPT in an adult 

sample. Ballard examined differences in performance on the three tasks as well as how 

performance was affected by environmental noise and participants’ trait anxiety. Results 
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indicated that, in general, omission errors were more common on the AX-fast than they were on 

the other two tasks. Commission errors were more common on the Conners’ CPT than they were 

on either of the AX-CPTs. The Conners’ and AX-CPTs also showed a different pattern of errors 

across performance on the task. Whereas a decrement in accuracy occurred from block 1 to block 

2 on the AX-fast, a substantial improvement in performance occurred from block 1 to block 2 on 

the Conners’ CPT. These findings suggest that the two types of tasks are not comparable. Ballard 

proposed that the traditional CPT measures aspects of sustained attention or vigilance related to 

the “alerting” (Posner & Peterson, 1990; Posner & Raichle, 1994) or “sustain” (Mirsky, 

Anthony, Duncan, Ahearn, & Kellam, 1991) components of attention, depending on the model of 

attention being referred to. The Conners’ CPT was proposed to measure inhibitory processes 

associated with the “executive control” (Posner & Peterson, 1990; Posner & Raichle, 1994) or 

“focus-execute” (Mirsky, et al. 1991) components of attention. 

The results of comparison studies highlight the lack of interchangeability between CPTs. 

However, these studies do not necessarily clarify whether observed differences are attributable to 

differences in the behaviors and cognitive abilities being measured by each task. Differences in 

performance on two CPTs may differ not because they measure two different underlying traits 

but because one is more difficult than the other. A common technique used to determine 

convergent and discriminant validity is to observe and compare correlations between measures 

that should and should not be measuring the same constructs. However, factor analysis is a more 

precise technique for determining convergent and discriminant relations between tasks. This 

technique is superior to other techniques used to examine relations between variables (e.g., 

ordinary least squares approaches) because it allows for an examination of the communal, rather 

than overall, variation that is shared by a set of measures and provides estimates that are adjusted 
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for measurement error in the model (Brown, 2006). Thus, a factor analytic study would provide a 

clearer picture of the dimensionality across versions of the CPT. 

Factor Analyses Using a Single CPT 

There are a large number of factor analytic studies involving the CPT; however, these 

studies are generally designed to answer broad questions about the structure of regulatory 

processes or to test the construct validity of newly developed measures. Typically, only one CPT 

is included in these studies. Often, the indices of performance on the task cluster together on a 

single factor (Barney et al., 2011; Hill et al, 2008; Keefe et al., 2006; Park, Allen, Barney, 

Ringdahl, & Mayfield, 2009; Reynolds, Penfold, & Patak, 2008). Given that the indices of 

performance on the CPT are derived from the same task, it would be expected that they share a 

degree of variance that is distinct from the other assessment measures in the study. In other 

studies using factor analysis and related data reduction techniques such as Principal Components 

Analyses (PCA), different indices of performance on the same CPT have clustered on distinct 

factors. This finding has emerged both in studies using the traditional AX-CPT (Brocki & 

Bohlin, 2004) and in studies using the Conners’ CPT (Barkley, Edwards, Laneri, Fletcher, & 

Metevia, 2001; Levine et al., 2008). Thus, there is some evidence demonstrating the potential 

multi-dimensionality of the CPT.  

Despite the large number of factor analytic studies in which the CPT has been included, 

very few of these studies have been designed specifically to examine the factor structure of the 

CPT. One exception is a study by Egeland and Kovalik-Gran (2010) in which the factor structure 

of the Conners’ CPT was examined in a mixed clinical sample of adolescents and adults. Results 

showed a five-factor structure comprising Focus, H/I, Sustain, Vigilance, and Change in Control. 

Omission errors and RT variability indices loaded together on the factor labeled Focus. 
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Commission Errors loaded on the H/I factor along with Mean RT and response style. The Sustain 

factor comprised variables associated with changes in performance over time (i.e., changes in 

omission errors, RT and RT standard error) with the exception of change in commission errors, 

which loaded on a factor labeled Change in Control. 

Factor Analyses Using Multiple CPTs 

A few factor analytic studies also have been conducted that include more than one CPT, 

thus, allowing for an examination of whether performance indices from the different tasks cluster 

on the same factor or on separate factors. In perhaps the earliest factor analysis of 

neuropsychological tests including the CPT, Butler and Conrad (1964) found that the X-CPT and 

the AX-CPT clustered on different factors. They proposed that the AX-CPT loaded on a factor 

capturing skills related to the complex integration of visual input that is not captured by tasks, 

such as the X-CPT, that require very simple reactions to stimuli. In a more recent study, Kurtz, 

Ragland, Biker, Gur, and Gur (2001) examined the performance of a sample of adults with and 

without schizophrenia on two different versions of low target-frequency CPTs, one AX-CPT 

using numbers as stimuli and another CPT version in which images of connected line segments 

were presented and response was required only when these line segments formed a digit. An 

efficiency score was computed for each of the tasks, reflecting an accuracy-speed trade-off. 

Using exploratory factor analysis, they found that performance on both CPTs loaded on a factor 

labeled as Attention that was separate from the factors formed by measures of general 

intellectual functioning and executive functioning. Using Principal Components Analysis (PCA), 

Perera et al. (2012) examined neurocognitive functioning in a sample of children and adolescents 

with ADHD. They reported that RT on an XX-CPT and on an auditory X-CPT clustered together 

on a factor determined to reflect processing skills related to task difficulty. Measures of omission 
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errors and commission errors on each of the tasks, along with commission errors on a Go/No-Go 

task and incongruent error scores on a Stroop-like task, clustered together on a factor labeled as 

Error Monitoring. 

These studies provide preliminary evidence that different variations of the CPT may, in 

some cases, be assessing different underlying constructs. However, a systematic evaluation of 

the dimensionality of the X-CPT and the NotX-CPT is lacking. To date, no study has used 

confirmatory factor analysis (CFA) to examine specifically whether these two versions of the 

CPT are assessing distinct constructs or a unitary construct. The limited understanding of how 

different versions of the CPT vary in terms of the abilities and attributes they measure represents 

a critical gap in the literature. This ambiguity has implications both for research and for clinical 

practice. From a research perspective, the variety of CPTs sometimes makes it difficult to draw 

general conclusions from studies. That is, a study conducted using one version of the CPT may 

have yielded different results if it had been conducted using a different version of the CPT. 

When the CPT is used to study the deficits that underlie mental disorders (e.g., ADHD, 

schizophrenia, brain damage), conclusions may differ depending on the version of the CPT that 

was used. Until a better understanding of the constructs measured by the CPT is achieved, the 

results of theoretical studies that use the CPT to evaluate the underlying structure of attention, 

executive functioning, and other regulatory processes are open to this criticism. From a clinical 

standpoint, an objective measure of regulatory processes, free from the subjective biases of 

informant ratings, is a promising addition to the diagnosis and monitoring of client symptoms. 

However, the lack of a consensus regarding the constructs captured by different versions of the 

CPT makes it difficult to use this task effectively in clinical settings. A study to determine 
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whether different versions of the CPT measure identical or distinct constructs is a necessary first 

step toward improving the interpretation of CPT scores in both research and clinical practice. 

Current Study and Hypotheses 

The primary purpose of the proposed study was to examine the dimensionality of three 

accuracy-related indices of CPT performance (i.e., omission errors, commission errors, accuracy 

decrements) across two CPT paradigms. CFA was used to examine whether each index of 

performance on the CPT measured a unitary construct or distinct constructs on different versions 

of the task. Six different CPT tasks, 3 X-CPTs and 3 NotX-CPTs, were used in the study to 

provide three indicators of each type of score for both types of CPT tasks. This is the 

recommended number of indictors per latent variable needed to avoid susceptibility to empirical 

under-identification. The inclusion of six CPTs (three of each variation of the task) permitted the 

testing of models in which a specific index of performance from a specific CPT (e.g., 

commission errors on the X-CPT) could be modeled as a single factor that was distinct from the 

same index of performance on the alternative CPT (e.g., commission errors on the NotX-CPT).  

A series of models were compared that ranged from a restrictive baseline 3-factor model 

in which each of the indices of performance (see Table 1) was modeled to measure the same 

latent variable across versions of the CPT to a free 6-factor model in which each of the indices of 

performance was modeled to measure a distinct latent variable in each version of the CPT (see 

Figures 1 to 5). It was expected that a 5-factor model (see Figure 4, shown in text) would provide 

the best fit to the data. In this model, it was hypothesized that X-CPT commission errors and 

NotX-CPT commission errors would cluster on separate factors. This hypothesis was based on 

the assertion that IC is a more integral component of NotX-CPT performance than it is for X-

CPT performance (Egeland & Kovalik-Gran, 2008). Similarly, it was hypothesized that X-CPT  
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Table 1. 

Constructs Assessed by Aspects of Performance Across Versions of the CPT 

 Construct Measured 

Response Description Index of Performance X-CPT NotX-CPT 

Failure to respond when a 

response is appropriate 

Omission Errors Attention; 

Sustained Attention 

Attention; 

Sustained Attention 

 

Failure to withhold a 

response when a response 

is not appropriate 

 

Commission Errors 

 

Hyperactivity; 

Impulsivity; 

Inhibitory Control 

 

Hyperactivity; 

Impulsivity; 

Inhibitory Control 

 

Increases in errors over 

the course of the task 

 

Accuracy Decrements 

 

Vigilance; 

Sustained Attention 

 

Vigilance; Fatigue; 

Sustained Attention 

CPT = Continuous Performance Test. 

 

 

 

Figure 1. A 3-factor model in which each index of CPT performance is modeled as a unitary 

construct across versions of the CPT. 
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Figure 2. A 4-factor model in which omission errors and accuracy decrements are modeled as a 

unitary construct across versions of the CPT and commission errors are modeled as distinct 

factors in each version of the CPT. 

 

 

Figure 3. A 4-factor model in which omission errors and commission errors are modeled as a 

unitary construct across versions of the CPT and accuracy decrements are modeled as distinct 

factors in each version of the CPT. 
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Figure 4. A 5-factor model in which omission errors are modeled as a unitary construct across 

versions of the CPT and commission errors and accuracy decrements are modeled as distinct 

constructs in each version of the CPT. 

 

 

 

Figure 5. A 6-factor model in which each index of CPT performance is modeled as a distinct 

construct in each version of the CPT. 
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accuracy decrements and NotX-CPT accuracy decrements would cluster on separate factors. This 

hypothesis was based on the finding that individuals show different patterns of change in error 

rates over time on each of the CPTs (Ballard, 2001) and on the assertion that decrements in 

performance on each of the tasks may be caused by different underlying factors (Egeland & 

Kovalik-Gran, 2008). Given that omission errors are characterized as measuring inattention in 

both the X-CPT and the NotX-CPT, it was hypothesized that omission errors across both 

versions of the CPT would cluster together on a single factor. The 5-factor model (see Figure 4) 

was expected to provide better fit to the data than either of the 4-factor models (see Figures 2 and 

3) or the 3-factor model (see Figure 1) in which commission errors across both tasks were 

constrained to a single factor and/or accuracy decrements across both tasks were constrained to a 

single factor. It was hypothesized that the 6-factor model (see Figure 5), in which omission 

errors on the X-CPT and omission errors on the NotX-CPT were modeled to be distinct factors, 

would not fit the data better than would the 5-factor model (see Figure 4).  

A second set of analyses was used to test whether commission errors on the NotX-CPT, 

but not the X-CPT, reflect deficits in IC. Direct measures of IC have been shown to be 

significantly correlated with commission errors on the CPT (e.g., Jahromi & Stifter, 2008) and 

sometimes have stronger correlations with commission errors than they do with omission errors 

(Müller, Kerns, & Konkin, 2012). For these analyses, an additional set of model comparisons 

were conducted with the Commission Errors factors and the inclusion of three additional direct 

measures of IC to examine whether the additional direct measures of IC fit better on the factor 

with X-CPT commission errors, on the factor with NotX-CPT commission errors, or on a factor 

that is distinct from commission errors on both CPT paradigms. To support the hypothesis that 

commission errors on the NotX-CPT, but not the X-CPT, reflect deficits in IC, the model in 
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which the direct measures of IC were grouped with commission errors on the NotX-CPT was 

expected to provide better fit than models in which these measures were grouped with 

commission errors on the X-CPT or in which they were grouped as a distinct factor. 

A third set of analyses was used to examine the convergent and discriminant relations 

between the indices of performance on the CPTs and teacher-ratings of children’s behaviors. For 

these analyses, a structural equation model was examined in which the CPT factors were 

specified as exogenous variables and teacher-ratings of behavior were modeled as endogenous 

variables. Given the presumed relation between omission errors and inattention (Bodnar et al., 

2007; Chan et al., 2011), teacher-ratings of inattention were expected to be associated 

significantly with omission errors on the CPT. Given the presumed relation between commission 

errors and hyperactivity/impulsivity (Barkley, 1991; Rodriguez-Jimenez et al., 2006), teacher-

ratings of hyperactivity/impulsivity were expected to be associated with commission errors on 

the CPT. 
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CHAPTER 2 

METHODS 

 

 
Participants 

 

The overall sample included 231 children who were recruited from preschools in north 

Florida. Children who were not English language speakers or who were identified by teachers or 

parents as having severe developmental disabilities were excluded from the study. During initial 

recruitment, the parents of all eligible children at participating preschools were invited to 

participate in the study by allowing teachers to complete rating scales regarding their child’s 

behavior. The 231 children were screened using the Strengths and Weaknesses of ADHD-

Symptoms and Normal-Behaviors Rating Scale (SWAN; Swanson et al., 2001), a positively 

valenced measure of behaviors associated with attention and impulse regulation. A subsample of 

150 children was selected to receive the direct behavioral measures. Children with elevated 

levels of ADHD-related behavior problems were over-selected such that half of the selected 

sample (n = 75) was identified as having below average scores on at least four behaviors 

associated with attention and impulse regulation. The final sample included 150 4- to 5-year-old 

children (mean age = 56.0 months, SD = 4.91) and included 70 girls (46.7%) and 80 boys 

(53.3%). The majority of children in the sample were white (69.3%); 20.0% were black/African 

American; and the remaining 10% were of other race/ethnicities (i.e., Latino/Hispanic, Asian 

American, other). 

Measures 

Visual X-CPT 

This is a computer task based on the original X-CPT (Rosvold et al., 1956) in which 

pictures of objects are displayed on a screen and the child is asked to press a button “as fast as 
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you can” when the target image (a fish) appears on the screen. This task includes 165 trials (33 

response trials, 132 non-response trials) and responses are recorded in terms of omission errors 

and commission errors. Although the large majority of research involving the CPT has been 

conducted on school-age samples, research examining the developmental appropriateness of the 

X-CPT for young children (i.e., 3- to 6-years-old) has shown that children who are at least 4-

years-old can generally understand and complete versions of the task that have been modified for 

use with preschool children (e.g., Akshoomoff, 2002; Corkum, Byrne, & Ellsworth, 1995). 

Omission errors and commission errors on the X-CPT have been shown to have moderate split-

half reliability (rs ≥ .80; Sims & Lonigan, 2013) in a preschool sample. Omission errors and 

commission errors have been found to have adequate and modest test-retest reliability, 

respectively (r = .64 and r = .42, respectively; Müller et al., 2012) over a three-week period in a 

preschool sample. Omission errors and commission errors on visual versions of the X-CPT also 

have been shown to have good validity in terms of differentiating preschoolers with and without 

ADHD (Byrne, Bawden, DeWolfe, & Beattie, 1998; DeWolfe, Byrne, & Bawden, 1999). Split-

half reliabilities (i.e., rs of omission errors and commission errors from the first and last quarter 

blocks of performance to the middle two quarter blocks of performance on the task) were 

computed. Estimates were adequate for omission errors (r = .79) errors and good for commission 

errors (r = .86). 

Auditory X-CPT 

This auditory version of the CPT was designed based on the original X-CPT (Rosvold et 

al., 1956) and auditory versions of the task (Mahone, Pillion, Hoffman, Hiemenz, & Denckla, 

2005; Prather, Sarmento, & Alexander, 1995). This measure is a computer-based task in which 

the names of animals are presented via headphones and the child is asked to press a button “as 
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fast as you can” when the target animal (i.e., “tiger”) is heard. This task includes 165 trials (33 

response trials, 132 non-response trials) and responses are recorded in terms of omission errors 

and commission errors. Preliminary analyses conducted using a similar version of this task have 

revealed moderate (rs ≥ .80) split-half reliabilities for both omission errors and commission 

errors. Omission errors on auditory versions of the X-CPT also have been shown to have good 

validity in terms of differentiating preschoolers with and without ADHD (Byrne, DeWolfe, & 

Bawden, 1998). In the present sample, split-half reliabilities were good for both omission (r = 

.81) errors and commission (r = .94) errors. 

Dual X-CPT 

This is a computer-based task in which pictures of animals in a tree are displayed on a 

screen and corresponding animal noises are heard. The child is asked to press a button “as fast as 

you can” when the target image (a cat) appears and “meowing” is heard. This task includes 165 

trials (33 response trials, 132 non-response trials) and responses are recorded in terms of 

omission errors and commission errors. Generally, visual and auditory versions of the X-CPT 

have been shown to have adequate reliability (e.g., Müller et al., 2012; Sims & Lonigan 2013) 

and good validity in terms of differentiating preschoolers with and without ADHD (Byrne et al., 

1998; DeWolfe et al., 1999). Split-half reliabilities (i.e., rs of omission errors and commission 

errors from the first and last quarter blocks of performance to the middle two quarter blocks of 

performance on the task) were computed. Split-half reliabilities were good for both omission (r = 

.82) errors and commission (r = .84) errors.  

Visual NotX-CPT 

The Visual NotX-CPT is based on the Conner’s Kiddie Continuous Performance Test (K-

CPT; Conners, 2001). During this task, pictures of objects are displayed on a screen and the child 
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is asked to press a button “as fast as you can” when an image appears EXCEPT when the non-

target image (a frog) appears. This task includes 165 trials (132 response trials, 33 non-response 

trials) and responses are recorded in terms of omission errors and commission errors. With 

preschool children, the visual NotX-CPT has been shown to have acceptable split-half 

reliabilities (rs between .72 and .88; Conners, 2001). Research examining the validity of the 

NotX-CPT has demonstrated that preschool children with ADHD tend to perform worse than do 

preschool children without ADHD (Conners, 2001). In the present sample, split-half reliabilities 

were good for omission errors (r = .90) and adequate for commission errors (r = .75). 

Auditory NotX-CPT 

This task is an auditory variation of the CPT based on the Conner’s K-CPT (Conners, 

2001). This measure is a computer-based task in which the names of animals are presented via 

headphones and the child is asked to press a button “as fast as you can” EXCEPT when the non-

target animal (i.e., “hamster”) is heard. This task includes 165 trials (132 response trials, 33 non-

response trials), and responses are recorded in terms of omission and commission errors. 

Although limited psychometric information is available for the auditory NotX-CPT, research has 

shown that preschool-age children can typically complete auditory versions of inhibitory CPTs 

successfully (Mahone, Pillion, & Hiemenz, 2001) and that young children with ADHD generally 

perform worse on this task than do young children without ADHD (Mahone et al., 2005). In the 

present sample, split-half reliabilities were good for omission errors (r = .90) and adequate for 

commission errors (r = .76). 

Dual NotX-CPT 

This is a computer-based task in which pictures of animals in a barn are displayed on a 

screen and corresponding animal noises are heard. The child is asked to press a button “as fast as 
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you can” when any animal is seen and heard, EXCEPT when an image of a fly appears in the 

barn and a “buzzing” sound is heard. This task includes 165 trials (132 response trials, 33 non-

response trials) and responses are recorded in terms of omission errors and commission errors. 

Generally, visual versions of the NotX-CPT have been shown to have adequate reliability (e.g., 

Conners, 2001) and both visual and auditory visual versions of the NotX-CPT have been shown 

to have good validity in terms of differentiating preschoolers with and without ADHD (e.g., 

Conners, 2001; Mahone et al., 2005). Split-half reliabilities (i.e., rs of omission errors and 

commission errors from the first and last quarter blocks of performance to the middle two quarter 

blocks of performance on the task) were computed. Split-half reliabilities were good for 

omission errors (r = .92) errors but below what is generally deemed acceptable for commission 

errors (r = .67). 

Head-to-Toes (HTT) 

This measure is based on the task developed by Ponitz, McClelland, Matthews, and 

Morrison (2008). During this task, children are asked by the examiner to touch either their head 

or their toes. Children are instructed to perform the opposite of the action stated by the examiner 

(i.e., touch the toes when told to touch the head). On each trial, 2 points are given for a correct 

response, 1 point is given if the child makes any movement toward an incorrect response but 

immediately makes a correct response (i.e., self-correction), 0 points are given for an incorrect 

response. This task has been found to demonstrate strong inter-rater reliability (alpha = .95) in 

preschool children and good test-retest reliability across the preschool year (rs between .54 and 

.57, p < .01; Ponitz et al., 2008). Construct validity also has been demonstrated by mean 

increases in HTT scores across development (i.e., from pre-K to kindergarten) and by significant 

correlations between HTT scores and teacher ratings of behavioral regulation (rs between .15 
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and .47, p < .05; Ponitz et al., 2008). The coefficient alpha estimate for this task was .94 for the 

present sample. 

Knock/Tap 

This measure is a task included in the Developmental Neuropsychological Assessment 

(Korkman, Kirk, & Kemp, 1998). During practice trials, children are taught to imitate the 

examiner’s hand gestures, either knocking on the table with the knuckles or tapping on the table 

with an open palm. After the dominant (i.e., imitation) response had been established, children 

are instructed to perform the opposite of the examiner’s gesture (i.e., knock when examiner taps). 

Responses on a total of 12 trials are scored 1-3 (1 for incorrect responses, 2 for self-correction, 

and 3 for a correct response). The Knock/Tap task has been shown to have good split-half 

reliability (r = .88; Korkman et al., 1998) and overall internal consistency (α = .90; Allan & 

Lonigan, 2014) in preschool samples. This task also has been shown to correlate significantly 

with other measures of IC (e.g., stroop-like task, r = .31, p < .01; Brocki, Nyberg, Thorell, & 

Bohlin, 2007). The coefficient alpha estimate for this task was .87 for the present sample. 

Grass/Snow 

This task is based on the protocol outlined by Carlson and Moses (2001). Children are 

presented with two wooden blocks, one white and one green. During 10 testing trials, children 

are asked to point to the white block when the examiner says “grass” and to the green block 

when the examiner says “snow.” For each trial, 3 points are given for a correct response, 2 point 

is given for self-correction, 1 point is given for an incorrect response. Grass/Snow has been 

found to have strong inter-rater agreement (r = 1.00; Carson & Moses, 2001) and internal 

consistency (alpha = .86; Allan & Lonigan, 2014) in preschool samples. This task also has been 

shown to correlate significantly with other measures of IC (rs between .22 and .49) in preschool 
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children (Carlson & Moses, 2001). The coefficient alpha estimate for this task was .85 for the 

present sample. 

The Strengths and Weaknesses of ADHD-Symptoms and Normal-Behaviors Rating Scale 

(SWAN) 

The SWAN (Swanson et al., 2001) includes 27 items that correspond to the diagnostic 

criteria for ADHD and Oppositional Defiant Disorder as described in the Diagnostic Statistical 

Manual Text Revision 4
th

 Edition (American Psychiatric Association, 2000). Children are rated 

based on comparisons to same-age peers, and scores range from -3 to 3 for each item. The 

SWAN has been shown to have strong internal consistency (alpha values are greater than or 

equal to .95) and test-retest reliability (rs between .71 and .76) for each subscale (Lakes, 

Swanson, & Riggs, 2012). Coefficient alpha estimates for the SWAN were .95, .96, and .97 for 

inattention, H/I, and ODB, respectively.   

Procedure 

 Informed consent was obtained from children’s parents or guardians through letters sent 

home from the children’s preschool. Children were screened to oversample for children at 

elevated-risk for ADHD. Teachers completed the SWAN for each child whose parents provided 

consent. Children were determined to be elevated-risk if teachers endorsed a response of “below 

average” or lower on at least four of the inattention or H/I items on the SWAN. Half of the final 

sample (n = 75) was categorized as elevated-risk. An equal number of children from the same 

preschool were chosen to comprise the non-elevated-risk portion of the sample, unless the 

proportion of children who were and were not identified as elevated-risk at a particular preschool 

did not allow it. 

For those children who were selected to receive the direct measures, assessments were 
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completed in a quiet area within each child’s preschool. All tasks were administered by either a 

clinical psychology graduate student or undergraduate who was pursuing a bachelor degree and 

was trained and supervised by a clinical psychology graduate student. To assess for the presence 

of systematic order effects, the IC and CPT tasks were randomly assigned to two orders of 

administration, and each participant was randomly assigned to one of the two orders. Tasks were 

administered on three separate days during 30- to 45-minute sessions. During assessment 

sessions, children were given breaks in between tasks upon request or if fatigue became apparent 

to the examiner. All tasks included practice trials during which corrective feedback was 

provided; no corrective feedback was given during testing trials. 

Data Analytic Plan 

Dimensionality across Versions of the CPT 

A series of CFAs were conducted to examine the dimensionality of each index of 

performance across different versions of the CPT. CFAs were conducted using Mplus (Muthén 

& Muthén, 2008). The Yuan-Bentler scaled chi-square (Y-B χ2) was used to account for 

nonnormality in the data. Because children were nested within classroom, robust standard errors 

were calculated using a sandwich estimator (Muthén & Satorra, 1995). Models were compared 

sequentially beginning with the baseline restrictive model consisting of a single factor for each of 

the indices of CPT performance and progressing to less restrictive models in which each 

performance index (i.e., omission errors, commission errors, accuracy decrements) from each 

CPT (i.e., NotX-CPT, X-CPT) was modeled as a distinct factor. In all models, factors were 

allowed to covary freely. Further, residual variances for omission and commission errors within 

task were allowed to covary because it was assumed that there would be method variance within 

each CPT. 
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Models were examined for overall model fit using the Y-B χ2
, the comparative fit index 

(CFI), and the root mean square error of approximation (RMSEA). The criteria for a good-fitting 

model included a nonsignificant Y-B χ2
, a CFI value equal to or greater than .95, and a RMSEA 

value below .05 (Hu & Bentler, 1999; MacCallum, Browne, & Sugawara, 1996). Nested models 

were compared using the above-mentioned fit indices as well as the Akaike’s information 

criterion (AIC) and the Bayesian Information Criterion (BIC). The AIC and BIC were used to 

compare models that were not nested. A 10-point difference between models was used as the cut-

off criteria (Raftery, 1993), with lower BIC and AIC values indicating better model fit. The 

preferred model was chosen based on the model fit indices as well as the rule of parsimony.  

Behaviors Measured by the CPT 

An additional CFA and a structural equation model were used to examine whether the 

indices of performance on each of the CPTs were measuring the behaviors they are presumed to 

reflect. The CFA was conducted to examine whether CPT commission errors and other direct 

measures of IC were measuring the same underlying construct. The factor structure of 

commission errors on each CPT and the direct measures of IC was tested by comparing 3 

models. First, a pair of two-factor models, one in which the IC measures were grouped with 

commission errors on the X-CPT and another in which the IC measures were grouped with 

commission errors on the NotX-CPT, were compared using the AIC and BIC fit indices to 

determine the best fitting model. Second, the best-fitting two-factor model was compared to a 

less restrictive 3-factor model in which commission errors from the X-CPT, commission errors 

from the NotX-CPT, and the direct measures of IC were grouped as distinct factors. The Y-B χ2 

difference test was used to determine the best-fitting model. The structural equation model was 

used to examine the links between the different indices of performance on the CPTs and 
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children’s inattentive and hyperactive/impulsive behaviors. The best-fitting measurement model, 

as determined by the analyses outlined above, was used in the structural models. Children’s 

scores on inattention and H/I subscales of the SWAN were modeled as endogenous variables. 
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CHAPTER 3 

RESULTS 
 

 

Preliminary Analyses 

 

Descriptive statistics for scores on the CPTs, IC tasks, and the SWAN are presented in 

Table 2. For the CPT tasks, 5% to 8% of the sample had missing values, for the IC tasks, 1 to 2% 

of the sample had missing values, and for the SWAN, 3% of the sample had missing values. For 

the CPTs, omission errors are presented as the number of non-responses to target stimuli and 

commission errors are presented as the number of erroneous responses to non-target stimuli. To 

allow for the examination of change in performance across time, CPT block scores were created 

by segmenting the 165 trials of the CPT into three blocks of 55 trials, each lasting the same 

length of time (approximately 1 minute and 50 seconds). For each block, scores were created 

based on the number of errors on critical trials (i.e., trials that require response in the X-CPT and 

trials that require withholding response in the NotX-CPT) in the block. The number of critical 

trials in each block (i.e., 11) was the same across both CPT paradigms. Item-level data were 

aggregated to create total scores for the IC tasks. SWAN subscale scores are presented as the 

mean across items. On the SWAN, three, nine, and five children were missing data for a single 

item on the Inattention, H/I, and ODB subscales, respectively. For these children, subscale scores 

were computed as the average of the remaining items. 

Prior to the correction of outliers, Auditory X-CPT Commission Errors evidenced 

potentially problematic positive skewness and kurtosis (leptokurtic) and Visual X-CPT 

commission errors evidenced potentially problematic kurtosis (leptokurtic), based on the 

standards outlined by Kline (2011; skew absolute values greater than 3 and kurtosis absolute 
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Table 2. 

Descriptive Statistics for Continuous Performance Tests, Inhibitory Control Tasks, and SWAN 

Ratings 

Variable Mean SD Range Skew Kurtosis 

   Min. Max.   

Omission Errors X-CPT
 

      

     Auditory X-CPT
a 

12.85 8.32 0     32 0.39 -0.74 

     Visual X-CPT
b
 11.04 8.14 0     32 0.60 -0.49 

     Dual X-CPT
c
 8.66 7.52 1     30 1.26 0.85 

Commission Errors X-CPT
 

      

     Auditory X-CPT
a 

14.10 23.13 0   125 3.11 10.16 

     Visual X-CPT
b 

13.15 19.42 0   114 2.78 8.50 

     Dual X-CPT
c 

15.68 20.75 0     81 2.59 7.19 

Slopes X-CPT
 

      

     Auditory X-CPT
a 

-0.99 0.83 -3.55   1.05 -0.37 -0.05 

     Visual X-CPT
b
 -0.85 0.58 -2.24   0.82 -0.36 -0.01 

     Dual X-CPT
c
 -1.10 1.13 -4.38   3.37 -0.12 2.48 

Omission Errors NotX-CPT
 

      

     Auditory NotX-CPT
d
 41.81 34.93 0    131 1.05 .07 

     Visual NotX-CPT
e
 41.32 32.27 0    129 1.03 .34 

     Dual NotX-CPT
f
 70.65 34.02 4    131 .03 -1.01 

Commission Errors NotX-CPT
 

      

     Auditory NotX-CPT
d
 13.41 7.46 0    31 .11 -.61 

     Visual NotX-CPT
e
 11.89 7.08 0    32 .46 -.29 

     Dual NotX-CPT
f
 6.00 4.95 0    19 .70 -.42 

Slopes NotX-CPT
 

      

     Auditory X-CPT
d
 -0.98 0.40 -2.46 -0.12 -0.51 0.48 

     Visual X-CPT
e
 -0.86 0.75 -2.71  1.06 -0.30 -0.36 

     Dual X-CPT
f
 -0.81 0.78 -2.98  1.34 -0.21 0.29 

IC Tasks       

     Head to Toes
g 

12.41 7.46  0  20 -0.74 -1.10 

     Grass/Snow
h 

25.21 4.95  10  30 -1.31 0.98 

     Knock/Tap
h 

31.39 5.81  12  36 -1.96 3.42 

SWAN       

     Inattention
i
 0.29 1.11 -2.89  3.00 0.37 0.22 

     Hyperactivity/Impulsivity
i
 0.17 1.20 -2.67  3.00 0.45 0.01 

     ODB
i
 0.33 1.31 -2.88  3.00 0.31 -.036 

N = 150. Note. 
a
n=141. 

b
n=142. 

c
n=138. 

 d
n=137. 

e
n=139. 

f
n=145. 

g
n=147.

  h
n=149. 

i
n=146.  

    
 
      

 
    

CPT = Continuous Performance Test. IC = Inhibitory Control. SWAN = Strengths and 

Weaknesses of ADHD-Symptoms and Normal-Behaviors Rating Scale. ODB = Oppositional 

Defiant Behavior.  Values presented are not corrected for outliers.      
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values greater than 10). Following the correction of outliers (scores +/- 3 standard deviations 

from the mean; Auditory X-CPT Omission errors, n = 1; Auditory X-CPT Commission errors, n 

= 5, Auditory X-CPT Accuracy Decrements, n = 1, Dual X-CPT Accuracy Decrements, n = 1, 

Visual X-CPT Commission errors, n = 5; Dual X-CPT Commission errors, n = 1) to their 

respective fences, no measures evidenced problematic skewness or kurtosis. 

Correlations 

Partial correlations between CPT scores, IC tasks, and teacher-rated problem behaviors 

controlling for age and sex are presented in Table 3. For the X-CPT, omission errors across tasks 

(rs = .41 to .51) and commission errors across tasks (rs = .40 to .47) were all significantly 

correlated. Overall, omission errors and commission errors were not significantly correlated with 

each other. Accuracy decrements were significantly correlated across tasks (rs = .45 to .57) and 

were significantly correlated with omission errors (rs = -.22 to -.70) such that a larger numbers of 

omission errors was associated with larger decrements in performance across the task. Accuracy 

decrements were uncorrelated with commission errors. 

For the NotX-CPT, omission errors across tasks (rs = .34 to .63) and commission errors 

across tasks (rs = .32 to .52) were all significantly correlated. Overall, omission errors and 

commission errors were significantly and negatively correlated (rs = -.06 to -.55) such that larger 

numbers of omission errors were associated with fewer commission errors. With two exceptions 

(i.e., correlations between Omission errors on the Dual NotX-CPT and slopes on Visual and 

Auditory NotX-CPTs), accuracy decrements were significantly correlated with each other across 

tasks (rs = .34 to .57). Accuracy decrements were significantly correlated with omission errors 

(rs = .24 to .42) such that a larger number of omission errors was associated with smaller 

decrements in performance across the task. Findings regarding the correlations between accuracy
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Table 3. 

Partial Correlations between Continuous Performance Tests, Inhibitory Control Tasks, and the SWAN (All Variables) 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

1. A X-CPT O --                       

2. V X-CPT O .41 --                      

3. D X-CPT O .44 .51 --                     

4. A X-CPT Co -.11 .03 .18 --                    

5. V X-CPT Co .10 .02 .11 .50 --                   

6. D X-CPT Co -.04 .02 .08 .50 .47 --                  

7. A X-CPT Sl -.70 -.19 -.24 .17 .04 -.08 --                 

8. V X-CPT Sl -.28 -.63 -.56 -.04 -.05 -.08 .45 --                

9. D X-CPT Sl -.22 -.23 -.39 -.03 -.07 -.05 .57 .47 --               

10. A NotX O .35 .35 .36 .04 .13 .08 -.42 -.34 -.37 --              

11. V NotX O .56 .46 .46 .02 .06 .10 -.51 -.44 -.29 .63 --             

12. D NotX O .22 .39 .44 .11 .11 -.02 -.10 -.34 -.21 .34 .34 --            

13. A NotX Co -.04 -.14 -.14 .19 .18 .19 .24 .17 .28 -.55 -.37 -.26    --           

14. V NotX Co -.23 -.18 -.04 .37 .30 .31 .31 .16 .07 -.30 -.48 -.19 .52    --          

15. D NotX Co .03 -.03 -.02 .05 .11 .22 -.12 .01 -.03 -.14 -.06 -.49 .32 .32    --         

16. A NotX Sl .03 .23 .27 .10 .01 .05 -.10 -.14 -.13 .35 .24 .10 -.37 .04 .06    --        

17. V NotX Sl .40 .17 .23 -.07 -.06 .21 -.72 -.28 -.20 .40 .42 .14 -.27 -.24 .04 .34 --       

18. D NotX Sl .17 .46 .42 .14 .14 .16 -.43 -.64 -.55 .42 .42 .29 -.30 -.09 -.01 .57 .46 --      

19. Head  -.05 -.17 -.21 -.19 -.29 -.25 -.09 .15 -.03 -.26 -.23 -.26 -.01 -.06 .06 -.09 .03 -.19 --     

20. Grass -.26 -.19 -.18 -.11 -.23 -.14 -.01 .05 -.11 -.20 -.31 -.13 .01 .08 .04 -.02 -.02 -.06 .42    --    

21. Knock -.19 -.15 -.22 -.04 -.29 -.13 -.02 .12 .01 -.19 -.27 -.20 -.01 -.10 .12 -.07 -.04 -.15 .43 .31     --   

22. Inattention  -.16 -.13 -.20 -.16 -.24 -.26 .14 .22 .03 -.15 -.24 -.20 .05 .01 -.05 -.05 -.15 -.23 .28 .24 .25  --  

23. HI -.10 -.03 -.19 -.05 -.10 -.13 .20 .23 .15 -.15 -.25 -.18 .12 .09 .01 -.09 -.18 -.24 .20 .02 .14 .73 -- 

24. ODB -.18 .02 -.20 .01 -.08 -.10 .25 .19 .08 -.14 -.26 -.14 .08 .12 .06 -.05 -.25 -.17 .18 .08 .18 .63 .85 

Note. A= Auditory. V = Visual. D = Dual. O = Omission Errors. Co = Commission Errors. Sl = Slope. Head = Head to Toes. Grass = 

Grass/Snow. Knock = Knock/Tap. Inattention = Strengths and Weaknesses of ADHD-Symptoms and Normal Behaviors Rating Scale 

(SWAN) Inattention. HI = SWAN Hyperactivity/Impulsivity. ODB = SWAN Oppositional Defiant Behavior. Significant correlations 

(p < .05) are in italics. 
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decrements and commission errors on the NotX-CPT were mixed. Auditory NotX-CPT 

commission errors were negatively correlated with accuracy decrements on all three NotX-CPT 

tasks whereas Dual NotX-CPT commission errors were uncorrelated with the slope on each of 

the tasks. Visual NotX-CPT commission errors were correlated with accuracy decrements on the 

Visual NotX-CPT but not the other two tasks. 

Across the different CPT paradigms, omission errors (rs = .22 to .56) were significantly 

correlated. With the exception of commission errors on the Dual NotX-CPT, commission errors 

were correlated across tasks (rs = .18 to .37). Commission errors and omission errors were 

negatively correlated (rs = -.06 to -.55) such that larger numbers of omission errors were 

associated with fewer commission errors. Accuracy decrements were negatively correlated 

across CPT paradigms such that improvements in performance on target trials on one CPT 

paradigm were associated with decrements in performance on the other CPT paradigm. 

Correlations between CPT measures and external variables were also examined. In 

general, omission errors on both CPT paradigms were significantly and negatively associated 

with performance on the IC tasks. With the exception of commission errors on the Visual X-

CPT, commission errors and accuracy decrements across tasks were all uncorrelated with scores 

on the IC tasks. With respect to teacher-rated problem behaviors, findings were mixed. For the 

X-CPTs, omission errors on the Dual X-CPT were associated with greater levels of all three 

teacher-rated problem behaviors whereas omission errors on the Auditory X-CPT were 

associated only with higher ODB. X-CPT commission errors on the Auditory and Dual X-CPTs 

were associated with higher levels of inattention. Overall, decreases in accuracy on the Auditory 

and Visual X-CPT, but not the Dual X-CPT, were associated with higher levels of teacher-rated 

behavior problems. There were no other significant correlations indices of performance on the X-
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CPT and teacher-rated behavior problems. With respect to the NotX-CPT, omission errors and 

accuracy decrements on the Visual and Dual task were generally associated with higher levels of 

teacher-rated problem behaviors. There were no significant correlations between the Auditory 

NotX-CPT and any of the teacher-rated problem behaviors, and there were not any significant 

correlations between commission errors on the NotX-CPTs and teacher-rated problem behaviors. 

Preliminary Factor Analyses 

Prior to conducting the primary factor analyses, a series of CFAs was conducted in which 

each index of performance was modeled separately to examine general model fit and factor 

loadings. Results are presented in Table 4. Overall, fit was adequate for the Omission Errors and 

Commission Errors models. Factor loadings were significant, and performance on one CPT 

paradigm was significantly correlated with performance on the other CPT paradigm (Omission 

Errors, r = .87, p < .001; Commission Errors, r = .50, p < .001). For the Accuracy Decrements 

model, a non-significant negative residual variance for the Dual NotX-CPT was set to zero. 

Overall, the model fit was poor, and performance on one CPT paradigm was negatively 

associated with performance on the other CPT paradigm (i.e., r = -.28, p < .001). 

Notably, with the exception of the Accuracy Decrements Model (in which the fixed 

negative residual resulted in a factor loading of 1.0), the factor loading for the Dual NotX-CPT 

was the lowest across the indices of performance. Analysis of overall accuracy across blocks on 

the NotX-CPTs revealed that accuracy was substantially lower for the Dual NotX-CPT 

(approximately 60%, 60%, and 40% on the first, second, and third blocks, respectively) than for 

the Visual and Auditory versions of the NotX-CPT (approximately 80%, 80%, and 60% on the 

first, second, and third blocks, respectively). An additional series of preliminary CFAs was 

conducted to examine the general model fit for each index of performance separately, excluding
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Table 4. 

Goodness of Fit Indices and Model Comparisons for Preliminary Confirmatory Factor Analyses Models  

 Model Fit Statistics Factor Loadings 

Model Y-B χ2 
Df CFI RMSEA 90% CI SRMR r Auditory Visual Dual 

Omission Errors 31.52
***

 8 .91 .14 .09, .19 .05 .87
***

 
   

    X-CPT        .69
*** 

.74
*** 

.77
*** 

    NotX CPT 
 

      .74
*** 

.84
*** 

.58
*** 

Commission Errors 14.49
***

 8 .95 .07 .01, .13 .04 .50
***

 
   

    X-CPT        .74
*** 

.68
*** 

.69
*** 

    NotX CPT 
 

      .60
*** 

.85
*** 

.38
*** 

Accuracy Change 216.14
***

 9 .54 .39 .35, .41 .11 -.28
***

 
   

    X-CPT        .64
*** 

.74
*** 

.72
*** 

    NotX CPT 
 

      .58
*** 

.47
*** 

1.00
*** 

Model 

(Fives Tasks) 

Y-B χ2 
Df CFI RMSEA 90% CI SRMR r Auditory Visual Dual 

Omission Errors 6.80
***

 4 .98 .07 .00, .15 .02 .80
***

 
   

    X-CPT        .70
*** 

.73
*** 

.76
*** 

    NotX CPT        .72
*** 

.92
*** 

--
 

Commission Errors 1.23 4 1.00 .00 .00, .06 .01 .45
***

 
   

    X-CPT        .75
*** 

.68
*** 

.68
*** 

    NotX CPT        .52
*** 

.98
*** 

--
 

Accuracy Change 51.02
***

 6 .82 .22 .17, .28 .08 -.71
***

 
   

    X-CPT        1.00
*** 

.44
*** 

.58
*** 

    NotX CPT 
 

      .34
*** 

1.00
*** 

--
 

Note. Nested models were compared sequentially. Y-B χ2 
= Yuan-Bentler scaled chi-square; CFI = Comparative fit index; RMSEA = 

Root mean square error of approximation; CI = Confidence interval; SRMR = Standardized root mean squared residual; IC = 

Inhibitory control; CPT = Continuous Performance Test.  
***

p < .001.
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the Dual NotX-CPT. Excluding the Dual NotX-CPT from analyses resulted in improved model 

fit across indices of performance. Given the overall poorer performance on the Dual NotX-CPT, 

the lower than acceptable split-half reliability for commission errors, lower factor loadings, and 

the general improvement in model fit when Dual NotX-CPT indices were excluded from the 

models (e.g., ∆CFIs > .05), this task was excluded from the primary analyses. Given the poor fit 

of the models for Accuracy Decrements over the course of the task, this index of performance 

was excluded from the primary analyses and to address changes in tasks performance over the 

three blocks of the task in the post-hoc analyses. Correlations between variable retained for the 

primary and post-hoc analyses are shown in Table 5. 

Primary Analyses 

Dimensionality across CPT Paradigms 

Several a priori-hypothesized CFA models (excluding the Dual NotX-CPT tasks and 

Accuracy Decrement Variables) were compared. The baseline model contained two-factors with 

all indicators for omission errors across tasks loading on a single factor and all indicators of 

commission loading on a single factor (see Figure 6). This model was compared to two three-

factor models. The first three-factor model contained a Commission Error factor comprising 

commission errors on all five tasks, an X-CPT Omission Error factor, and a NotX-CPT Omission 

Error factor (see Figure 7). The second three-factor model contained an Omission Error factor 

comprising omission errors on all five tasks, an X-CPT Commission Error factor, and a NotX-

CPT Commission Error factor (see Figure 8, shown in text). Finally, a four-factor model 

contained a distinct factor for each type of error on each CPT paradigm (i.e., X-CPT omission 

errors, X-CPT commission errors, NotX-CPT omission errors, and NotX-CPT commission 

errors; see Figure 9). The results of the CFA comparisons are shown in the upper panel of Table
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Table 5. 

Partial Correlations between Continuous Performance Tests, Inhibitory Control Tasks, and the SWAN 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1. A X-CPT O -- .33 .33 -.07 .13 -.02 .47 .43 .08 -.18 .06 -.05 -.07 .03 .15 .17 

2. V X-CPT O   .41       -- .31 .10 .14 .15 .44 .45 .07 -.10 -.14 -.16 -.07 -.19 -.13 .06 

3. D X-CPT O .44 .51  -- .26 .32 .23 .53 .48 .17 .19 -.31 -.36 -.17 -.16 -.04 -.04 

4. A X-CPT Co -.11 .03 .18    -- .70 .70 .11 .04 .38 .53 -.31 -.31 -.20 -.25 -.07 -.02 

5. V X-CPT Co .10 .02 .11 .50    -- .55 .13 .01 .41 .38 -.29 -.19 -.16 -.25 -.08 -.03 

6. D X-CPT Co -.04 .02 .08 .50 .47     -- .08 .07 .38 .43 -.20 -.08 -.07 -.26 -.14 -.16 

7. A NotX O .35 .35 .36 .04 .13 .08     -- .54 -.12 -.02 -.19 -.18 -.14 -.13 -.06 -.05 

8. V NotX O .56 .46 .46 .02 .06 .10 .63     -- -.02 -.15 -.23 -.17 -.11 .04 -.02 -.03 

9. A NotX Co -.04 -.14 -.14 .19 .18 .19 -.55 -.37    -- .55 -.14 -.16 -.10 -.01 .06 .05 

10. V NotX Co -.23 -.18 -.04 .37 .30 .31 -.30 -.48 .52      -- -.15 -.05 -.27 -.12 .01 .01 

11. Head  -.05 -.17 -.21 -.19 -.29 -.25 -.26 -.23 -.01 -.06     -- .40 .35 .22 .15 .11 

12. Grass -.26 -.19 -.18 -.11 -.23 -.14 -.20 -.31 .01 .08 .42  -- .13 .10 -.12 -.08 

13. Knock -.19 -.15 -.22 -.04 -.29 -.13 -.19 -.27 -.01 -.10 .43 .31     -- .12 .02 -.02 

14. Inattention  -.16 -.13 -.20 -.16 -.24 -.26 -.15 -.24 .05 .01 .28 .24 .25 -- .74 .63 

15. HI -.10 -.03 -.19 -.05 -.10 -.13 -.15 -.25 .12 .09 .20 .02 .14 .73 -- .85 

16. ODB -.18 .02 -.20 .01 -.08 -.10 -.14 -.26 .08 .12 .18 .08 .18 .63 .85      -- 

Note. Values below the diagonal represent correlations for the full sample. Values above the diagonal represent correlations for the 

“completers” subsample. A= Auditory. V = Visual. D = Dual. O = Omission Errors. Co = Commission Errors. Head = Head to Toes. 
Grass = Grass/Snow. Knock = Knock/Tap. Inattention = Strengths and Weaknesses of ADHD-Symptoms and Normal Behaviors 

Rating Scale (SWAN) Inattention. HI = SWAN Hyperactivity/Impulsivity. ODB = SWAN Oppositional Defiant Behavior. Significant 

correlations (p < .05) are in italics.



 

41 

 

 

Figure 6. A 2-factor model in which omission errors and commission errors are modeled as a 

unitary construct across versions of the CPT. 

 

 

 

 

 

Figure 7. A 3-factor model in which commission errors are modeled as a unitary construct across 

versions of the CPT and omission errors are modeled as distinct constructs in each version of the 

CPT. 
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Figure 8. A 3-factor model in which omission errors are modeled as a unitary construct across 

versions of the CPT and commission errors are modeled as distinct constructs in each version of 

the CPT. 

 

 

 

 

Figure 9. A 4-factor model in which each index of CPT performance is modeled as a distinct 

construct in each version of the CPT. 
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6. The four-factor model consisting of distinct factors for each index of performance on each 

CPT paradigm provided the best fit to the data and demonstrated good overall model fit (non-

significant Y-B χ2
; CFI = 1.00, RMSEA = .02, SRMR = .04). The intercorrelations between 

factors are shown in Table 7. 

Dimensionality of IC and Commission Errors 

Because commission errors were determined to represent distinct factors in the best-

fitting model, an additional set of CFA models were compared to determine whether IC fit better 

on a factor with NotX-CPT commission errors or with X-CPT commission errors. First, two two-

factor models were compared, one in which IC tasks loaded together on a factor with X-CPT 

commission errors and NotX-CPT commission errors loaded on distinct factor and another in 

which IC tasks loaded together on a factor with NotX-CPT commission errors and X-CPT 

commission errors loaded on a distinct factor. The best-fitting two-factor model was compared to 

a three factor model consisting of an IC factor, an X-CPT Commission Error factor and a NotX-

CPT Commission Error factor. Results are shown in the upper panel of Table 8. The three-factor 

model provided the best fit, and it demonstrated good fit to the data (non-significant Y-B χ2
; CFI 

= 1.00, RMSEA = .00, SRMR = .04). 

Because IC was determined to be distinct from commission errors on each CPT 

paradigm, a structural model was analyzed in which the Commission Error factors were modeled 

as exogenous variables and the IC factor was modeled as an endogenous variable. When each 

factor was included alone as a predictor of the IC factor, X-CPT commission errors were 

significantly and negatively related to IC (estimate = -.45, p < .001) and NotX-CPT commission 

errors were not significantly related to IC (estimate = -.07, ns). The strength of the relation 

between each of the Commission Error factors and the IC factor was examined by including both
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Table 6. 

Goodness of Fit Indices and Model Comparisons for Confirmatory Factor Analyses Omission and Commission Error Models  

Model (Full Sample) Y-B χ2 
df CFI RMSEA 90% CI SRMR BIC ∆ Y-B χ2 

Two-factor  

([X-Om+NotX-Om] + [X-Co+NotX-Co]) 

71.01
***

 29 .90 .10 .07, .13 .11 3652 -- 

Three-factor 

(X-Om + NotX-Om+ [X-Co+NotX-Co]) 

64.62
*** 

27 .91 .10 .07, .13 .10 3655 6.61
* 

Three-factor 

([X-Om+NotX-Om] + X-Co + NotX-Co) 

45.99
** 

27 .95 .07 .03, .10 .05 3632 18.03
*** 

Four-factor 

(X-Om + NotX-Om + X-Co + NotX-Co) 

25.34
 

24 1.00 .02 .00, .07 .04 3624 19.45
***

 

Model (Subsample) Y-B χ2 
df CFI RMSEA 90% CI SRMR BIC ∆ Y-B χ2 

Two-factor 

([X-Om+NotX-Om] + [X-Co+NotX-Co]) 

37.39 29 .96 .05 .00, .09 .08 1984 -- 

Three-factor 

(X-Om + NotX-Om+ [X-Co+NotX-Co]) 

34.95
 

27 .97 .05 .00, .09 .07 1990 2.48 

Three-factor 

([X-Om+NotX-Om] + X-Co + NotX-Co) 

27.69
 

27 1.00 .01 .00, .07 .07 1982 7.61
* 

Four-factor 

(X-Om + NotX-Om + X-Co + NotX-Co) 

23.47
 

24 1.00 .00 .00, .07 .06 1991 4.13 

Note. Nested models were compared sequentially. Y-B χ2 
= Yuan-Bentler scaled chi-square; CFI = Comparative fit index; RMSEA = 

Root mean square error of approximation; CI = Confidence interval; SRMR = Standardized root mean squared residual; IC = 

Inhibitory control; Co = Commission errors; Om = Omission errors. The four-factor model was compared only to the best-fitting 

three-factor model. The best-fitting models are in bold.  
***

p < .001, 
**

p < .01.  

 

 



 

45 

Table 7. 

Intercorrelations Among Factors Across Best-Fitting Models 

 Full Sample (Primary CFA) 

 Standardized Correlations Standard Error 

X-CPT Omission Errors with X-CPT Commission Errors .28
* 

.12
 

NotX-CPT Omission Errors with NotX-CPT Commission Errors -.52
*** 

.08
 

X-CPT Omission Errors with NotX-CPT Omission Errors .79
*** 

.08
 

X-CPT Commission Errors with NotX-CPT Commission Errors .49
*** 

.07
 

X-CPT Omission Errors with NotX-CPT Commission Errors -.15
 

.13
 

X-CPT Commission Errors with NotX-CPT Omission Errors .22 .08 

 Subsample (Primary CFA) 

 Standardized Correlations Standard Error 

Omission Errors with X-CPT Commission Errors .24
+ 

.13
 

Omission Errors with NotX-CPT Commission Errors .02
 

.16
 

X-CPT Commission Errors with NotX-CPT Commission Errors .72
*** 

.09
 

 Full Sample (Inhibitory Control CFA) 

 Standardized Correlations Standard Error 

IC tasks with X-CPT Commission Errors -.03
 

.13
 

IC tasks with NotX-CPT Commission Errors -.49
*** 

.11
 

X-CPT Commission Errors with NotX-CPT Commission Errors .45
*** 

.09
 

 Subsample (Inhibitory Control CFA) 

 Standardized Correlations Standard Error 

IC tasks with X-CPT Commission Errors -.41
*** 

.14
 

IC tasks with NotX-CPT Commission Errors -.24
+ 

.18
 

X-CPT Commission Errors with NotX-CPT Commission Errors .73
*** 

.09
 

Note.  
***

p < .001, 
*
p < .05. 

+
p < .10  
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Table 8. 

Goodness of Fit Indices and Model Comparisons for Confirmatory Factor Analyses Commission Error and IC Measures Models  

Model (Full Sample) Y-B χ2 
df CFI RMSEA 90% CI SRMR BIC ∆ Y-B χ2 

Two-factor 

(X-Co + [IC+NotX-Co]) 

72.54
***

 19 .70 .14 .10, .17 .12 3175 --
 

Two-factor 

([X-Co+IC] + NotX-Co) 

62.95
*** 

19 .76 .12 .09, .17 .09 3169 --
 

Three-factor 

(X-Co + NotX-Co + IC) 

13.09 17 1.00 .00  .00, .05 .04 3121 85.57
***

 

Model (Subsample) Y-B χ2 
df CFI RMSEA 90% CI SRMR BIC ∆ Y-B χ2 

Two-factor 

(X-Co + [IC+NotX-Co]) 

52.18
***

 19 .77 .12 .08, .17 .08 2081 --
 

Two-factor 

([X-Co+IC] + NotX-Co) 

43.92
** 

19 .83 .11 .07, .15 .08 2077 --
 

Three-factor 

(X-Co + NotX-Co + IC) 

19.09 17 .98 .04  .00, .10 .05 2060 21.78
***

 

Note. Nested models were compared sequentially. Y-B χ2 
= Yuan-Bentler scaled chi-square; CFI = Comparative fit index; RMSEA = 

Root mean square error of approximation; CI = Confidence interval; SRMR = Standardized root mean squared residual; IC = 

Inhibitory control; Co = Commission errors; Om = Omission errors. The four-factor model was compared only to the best-fitting 

three-factor model. The best-fitting models are in bold.  
***

p < .001, 
**

p < .01.  
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Commission Error factors as simultaneous predictors and comparing a model in which the paths 

were constrained to be equal to a model in which the paths were free to vary. Results are shown 

in the upper panel of Table 9. The model in which the paths were free provided the best fit to the 

data. The X-CPT Commission Error factor was significantly and negatively associated with the 

IC factor whereas the NotX-CPT Commission Error factor was marginally and positively 

associated with the IC factor. 

Relations to Teacher-Rated Problem Behaviors and IC 

Based on the best-fitting model, a structural equation model (SEM) was examined in 

which each of the factors predicted the teacher-rated behavior problems (i.e., inattention, H/I, 

and ODB) and the IC factor. Age and sex were included as covariates. Results are presented in 

the upper panel of Table 10. The X-CPT Commission Errors factor was significantly associated 

with teacher-rated inattention. No other significant relations were found. 

Post-Hoc Analyses 

Although the CPT is designed to place demands on children’s attention that make it more 

difficult to sustain performance over time, disengagement on the task may have unintended 

consequences that impact overall number of errors and change in errors over the course of the 

task. Therefore, a number of post-hoc analyses were conducted to better understand how 

different ways of characterizing performance on the task can impact the results and how these 

results are interpreted. 

Analyses with Subsample 

To examine whether the pattern of results was influenced by the scores of participants 

who failed to actively participate throughout the entirety of the task, the primary analyses were 

also conducted on a subsample of children who completed the tasks without disengaging. First, 
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Table 9. 

Goodness of Fit Indices and Model Comparisons for Structural Equation Models Examining the Relations between Commission 

Errors and IC 

 Full Sample 

 Model Fit Statistics Path Estimates 

Model Y-B χ2 
Df CFI RMSEA 90% 

CI 

SRMR R ∆ Y-B χ2 X-CPT 

Commission 

NotX-CPT 

Commission 

Constrained Model 26.36
+
 18 .95 .06 .00, .10 .08 .50

***
 -- -.04

+ 
-.04

+ 

Free Model   13.09 17 1.00 .00 .00, .05 .04 .45
***

 42.78
***

 -.60
*** 

.29
+ 

 Subsample 

Model Y-B χ2 
Df CFI RMSEA 90% CI SRMR R ∆ Y-B χ2 X-CPT 

Commission 

NotX-CPT 

Commission 

Constrained Model 22.10 18 .97 .04 .00, .10 .05 .73
***

 -- -.20
* 

-.20
* 

Free Model 19.80 17 .98 .04 .00, .10 .05 .73
***

 2.84
+
 -.50

* 
.12

 

Note. Nested models were compared sequentially. Y-B χ2 
= Yuan-Bentler scaled chi-square; CFI = Comparative fit index; RMSEA = 

Root mean square error of approximation; CI = Confidence interval; SRMR = Standardized root mean squared residual; IC = 

Inhibitory control; The best-fitting models are in bold.  
***

p < .001, 
**

p < .01. 
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Table 10. 

Pathways from Best-Fitting Models to Teacher-Rated Behavior Problems and IC 

 Full Sample 

 X-CPT 

Omission 

NotX-CPT 

Omission 

X-CPT 

Commission 

NotX-CPT 

Commission 

Age
 

Sex  R
2
 

 Est. SE Est. SE Est SE Est. SE Est. SE Est. SE Est. SE 

SWAN               

   INT -.22
 

.32 .11
 

.56 -.42
* 

.26 .24
 

.41 .05
 

.08  .09
 

.07 .18
**

 .06 

   H/I .06
 

.24 -.27
 

.38 -.11
 

.25 .04
 

.32 .11
 

.09  .08
 

.07 .10
*
 .05 

   ODB .02
 

.26 -.25
 

.40 -.07
 

.24 .03
 

.32 .18
+ 

.09  .10
*** 

.06 .12
*
 .05 

IC .11 .35 -.74 .52 -.15 .29 -.33 .37 .28
**

 .10 -.08 .09 .50 .12 

 Subsample 

 CPT Omission Errors X-CPT 

Commission 

NotX-CPT 

Commission 

Age
 

Sex  R
2
 

 Est. SE Est SE Est. SE Est. SE Est. SE Est. SE 

SWAN             

   INT -.03
 

.14
 

-.38
* 

.19  .14
 

.22 .07
 

.09 .10
 

.08 .11
*
 .05 

   H/I  .01
 

.13
 

-.16
 

.25  .08
 

.22 .15
 

.10 .10
 

.08 .04 .05 

   ODB  .01
 

.11
 

-.15
 

.26  .11
 

.24 .20
+ 

.11 .11
 

.24 .07 .06 

IC -.36
*
 .16 -.26 .26 -.05 .27 .26

*
 .11 .01 .10 .34

**
 .10 

Note. CPT = Continuous Performance Test. SWAN = the Strengths and Weaknesses of ADHD-Symptoms and Normal-Behaviors 

Rating Scale. INT = Inattention. H/I = Hyperactivity/Impulsivity. ODB = Oppositional Defiant behavior. IC = Inhibitory Control. 

Estimate = Standardized path estimate. 
*
p < .05, 

**
p < .01, 

***
p < .001.
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children’s data were entered as missing for the remainder of the task if they disengaged for 

approximately one minute (i.e., 30 trials). For the X-CPT, disengagement was defined as no 

correct responses on critical trials for one minute. For the NotX-CPT, disengagement was 

defined as responding for fewer than 25% of trials for one minute. For the following set of 

analyses, a child’s data was entered as missing on a task if he or she did not complete that task 

without disengaging. Children were required to have completed at least three of the five tasks to 

be included in the analyses as a “completer.” These criteria resulted in the exclusion of 37 

children. 

Descriptive statistics, shown separately for “disengagers” and “completers,” are 

presented in Table 11. Completers differed from non-completers in several ways. Non-

completers were more likely to have been identified as being at elevated-risk for ADHD (chi-

square = 10.37[1], p = .001). Non-completers had significantly higher levels of teacher-rated 

inattention (t = -3.10, p < .01), H/I (t = -3.56, p < .01), and ODB (t = -3.86, p < .01) and scored 

significantly lower on all three IC tasks (head/toes, t = -3.34, p < .01; knock/tap, t = -4.05, p < 

.01; grass/snow, t = -4.02, p < .01). Non-completers were significantly younger (t = -4.18, p < 

.01). Completers and non-completers did not differ in sex (χ2
 = 0.23, p = .63) or ethnicity (χ2

 = 

0.09, p = .96). 

Dimensionality of the CPT (Completer Subsample) 

The same set of a priori-hypothesized CFA models that were compared in the primary 

analyses were conducted again using only the subsample of completers. The models included a 

baseline two-factor model (i.e., Omissions Error factor and Commission Error factor), two three-

factor models (i.e., one comprising an Omissions Error factor, an X-CPT Commissions Error 

factor, and a NotX-CPT Commissions Error factor; one comprising a Commission Error factor, 
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Table 11. 

 

Descriptive Statistics for Demographic Information, Continuous Performance Tests, Inhibitory Control Tasks, and SWAN Ratings 

Presented by Subsample 

 

Demographics Completers (n = 113) Disengagers (n = 37) 

 Mean SD Mean SD 

Age (months) 57    4.7  53 4.9 

Sex Percent n Percent n 

     Male 52 59 57 21 

     Female 48 54 43 16 

Ethnicity/Race Percent n Percent n 

     Caucasian/White 69.9% 79 67.6% 25 

     African American/Black 19.5% 22 21.6% 8 

     Other 10.6% 12 10.8% 4 

 Completers (n = 113) Disengagers (n = 37) 

Variables      Mean SD Range  Mean SD Range 

   Min. Max.   Max. Max. 

Omission Errors X-CPT
 

        

     Auditory X-CPT
 

  10.36 7.04 0   29         20.94 6.82    5 31 

     Visual X-CPT 5.71 2.20 0   32         18.57 8.01    1 32 

     Dual X-CPT 8.57 6.52 0   30         17.08 8.30    2 32 

Commission Errors X-CPT
 

        

     Auditory X-CPT
 

12.49 19.01 0   83         15.29 20.31    0 83 

     Visual X-CPT
 

10.68 15.80 0   71         18.23 19.29    0 71 

     Dual X-CPT
 

8.74 14.77 0   77         11.31 12.48    0 43 

Omission Errors NotX-CPT
 

        

     Auditory NotX-CPT  30.60 23.36 0   117         74.86 43.00    9 129 

     Visual NotX-CPT 41.32 19.33 0    87          80.91 33.81    7 129 

Commission Errors NotX-CPT
 

        

     Auditory NotX-CPT 14.94 6.61 0    30          10.09 9.00    0 31 

     Visual NotX-CPT 13.71 6.99 0    32            9.15 8.09    0 32 
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Table 11. (continued)   

   

                    Completers (n = 113)                       Disengagers (n = 37) 

Variables      Mean         SD      Range          Mean        SD       Range 

   Min. Max.   Max. Max. 

IC Tasks         

     Head to Toes
 

13.54 6.90    0    20          8.92        8.10    0 20 

     Grass/Snow
 

26.09 4.00  14  30        22.44        6.49   10 30 

     Knock/Tap
 

32.43 4.47  12  36        28.22        7.97   12 36 

SWAN         

     Inattention 0.45 1.16 -2.89  3.00         -0.18 0.79 -2.33 1.67 

     Hyperactivity/Impulsivity 0.37 1.26 -2.67  3.00         -0.41 0.75 -1.78 1.56 

     ODB 0.56 1.30 -2.25  3.00         -0.35 1.08 -2.88 2.13 

CPT = Continuous Performance Test. IC = Inhibitory Control. SWAN = Strengths and Weaknesses of ADHD-Symptoms and Normal-

Behaviors Rating Scale. ODB = Oppositional Defiant Behavior.  Values presented are not corrected for outliers.  
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an X-CPT Omissions Error factor, and a NotX-CPT Omissions Error factor), and a four-factor 

model (i.e., X-CPT omission errors, X-CPT commission errors, NotX-CPT omission errors, and 

NotX-CPT commission errors). The results of the CFA comparisons for the completers 

subsample are shown in the lower panel of Table 6. The three-factor model consisting of an 

Omission Error factor, an X-CPT Commission Error factor, and a NotX-CPT Commissions Error 

factor provided the best fit to the data and demonstrated good overall model fit (non-significant 

Y-B χ2
; CFI = 1.00, RMSEA = .01, SRMR = .07). The intercorrelations between factors are 

shown in Table 7. 

Dimensionality of IC and Commission Errors (Completer Subsample) 

Because commission errors were determined to represent distinct factors in the best-

fitting model, an additional set of CFA models were compared to determine whether IC fit better 

on a factor with NotX-CPT commission errors or with X-CPT commission errors. Again, the 

same set of analyses that was conducted for the full sample was conducted on the subsample. 

The models compared included two two-factor models (i.e., one in which IC tasks loaded 

together on a factor with X-CPT commission errors and NotX-CPT commission loaded on 

distinct factor and another in which IC tasks loaded together on a factor with NotX-CPT 

commission errors and X-CPT commission loaded on distinct factor) and a three factor model in 

which IC tasks, NotX-CPT Commission Errors, and X-CPT Commission Errors were all 

modeled as separate factors. The three-factor model provided the best fit and demonstrated good 

fit to the data (non-significant Y-B χ2
 CFI = 0.98, RMSEA = .04, SRMR = .05). The 

intercorrelations between factors are shown in Table 7. The NotX-CPT Commission Error factor 

was not significantly related to the IC factor. The X-CPT Commission error factor was 

significantly and negatively associated with the IC factor. 
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Because IC was identified as distinct from commission errors on each CPT paradigm, a 

structural model was analyzed in which the Commission Error factors were modeled as 

exogenous variables and the IC factor was modeled as an endogenous variable. When each factor 

was included alone as a predictor of the IC factor, X-CPT commission errors were significantly 

and negatively related to IC (estimate = -.40, p < .01) and NotX-CPT commission errors were 

not significantly related to IC (estimate = -.08, ns). The strength of the relation between each of 

the Commission Error factors and the IC factor was examined by including both Commission 

Error factors as simultaneous predictors and comparing a model in which the paths were 

constrained to be equal to a model in which the paths were free to vary. Results are shown in the 

lower panel of Table 9. The model in which the paths were free provided the best fit to the data. 

The intercorrelations between factors are shown in Table 7. The X-CPT Commission Error factor 

was significantly and negatively associated with the IC factor whereas the NotX-CPT 

Commission Error factor was not significantly associated with the IC factor. 

Relations to Teacher-Rated Problem Behaviors and IC (Completer Subsample) 

Based on the best-fitting model, an SEM was examined in which each of the factors 

predicted the teacher-rated behavior problems (i.e., inattention, H/I, and ODB). Age and sex 

were included as covariates. Results are shown in the lower panel of Table 10. The X-CPT 

Commission errors factor was significantly associated with teacher-rated inattention. The 

Omission Errors factor was significantly associated with IC. No other significant relations were 

found.  
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Analyses Examining Performance across Blocks 

Measurement Invariance across Performance Blocks 

Because of the difficulty modeling accuracy decrements across blocks of performance on 

the task and the poor relations between CPT performance and teacher-rated problem behaviors, 

invariance testing was conducted to examine whether indicators of performance measured the 

same latent construct and the same level of that latent construct over the three blocks of the task. 

Participant was used as the cluster level for these analyses. To maintain a large enough number 

of clusters to support the model, the full sample was included in the analyses. However, to 

minimize the effects of disengagement on the observed scores, children’s scores were entered as 

missing after the point of disengagement (as defined above). 

Results of the invariance testing are presented in Table 12. These analyses indicated that 

the model demonstrated configural invariance. The metric model, in which the factor loadings 

were constrained to equality across blocks, did not fit the data significantly worse than did the 

model in which the factor loadings were free to vary across blocks. The scalar model, in which 

the indicator intercepts were constrained to equality across blocks, did fit the data significantly 

worse than did the model in which the indicator intercepts were free to vary. Additional analyses 

at the construct level indicated that the non-invariance was attributable to both the Omission 

Errors factor and NotX-CPT Commission Errors factor. 

SEM Analyses by Block 

To examine how performance on each block of performance was differentially associated with 

teacher-rated problem behaviors, an SEM was examined in which each of the factors predicted 

the teacher-rated behavior problems (i.e., inattention, H/I, and ODB). Age and sex were included 

as covariates. Results are presented in Table 13. In Block 1, the Omission Errors factor was  
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Table 12. 

Goodness of Fit Indices and Model Comparisons Testing Invariance Across Groups  

Model Y-B χ2 
df CFI RMSEA 90% CI SRMR BIC ∆ Y-B χ2 

Configural Model 101.07 81 .95 .04 .00, .06 .07 10636 -- 

Metric Model 117.54
 

95 .95 .04 .01, .06 .07 10573 16.62
 

Scalar Model 182.94
*** 

115 .85 .06 .02, .08 .09 10507 88.27
*** 

Model Y-B χ2 
df CFI RMSEA 90% CI SRMR BIC ∆ Y-B χ2 

Scalar Model (Baseline) 182.94
*** 

115 .85 .06 .02, .08 .09 10507 -- 

Omission Errors Freed  143.05
** 

105 .92 .05 .03, .07 .08 10532 51.46
***

 

NotX-CPT Commission Errors Freed  159.98
** 

111 .89 .05 .03, .07 .09 10510 29.30
*** 

X-CPT Commission Errors Freed 170.42
*** 

109 .86 .06 .04, .08 .09 10536 12.04 

Note. Nested models were compared sequentially. Y-B χ2 
= Yuan-Bentler scaled chi-square; CFI = Comparative fit index; RMSEA = 

Root mean square error of approximation; CI = Confidence interval; SRMR = Standardized root mean squared residual; Co = 

Commission errors; Om = Omission errors. 
***

p < .001, 
**

p < .01.  
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Table 13. 

Pathways from Three-Factor Model to Teacher-Rated Behavior Problems and IC by Block 

 Block 1 

 Omission Errors X-CPT 

Commission 

NotX-CPT 

Commission 

Age
 

Sex  R
2
 

 Est. SE Est SE Est. SE Est. SE Est. SE Est. SE 

SWAN             

   INT -.20
+ 

.11
 

-.29
** 

.11 .10
 

.14 .08
 

.09 .12
 

.07 .15
**

 .06 

   H/I -.06
 

.12
 

-.17
 

.15 .12
 

.15 .17
 

.10 .11
 

.07 .06 .05 

   ODB -.04
 

.12
 

-.17
 

.17 .12
 

.19 .24
* 

.10 .12
 

.19 .09 .06 

IC   -.47
** 

.16
 

-.42
* 

.17 .10
 

.12 .28
* 

.11 -.04
 

.09 .56
***

 .12 

 Block 2 

 Omission Errors X-CPT 

Commission 

NotX-CPT 

Commission 

Age
 

Sex  R
2
 

 Est. SE Est SE Est. SE Est. SE Est. SE Est. SE 

SWAN             

   INT -.16
 

.15
 

-.31
+ 

.13 .07
 

.14 .10
 

.09 .12
 

.07 .15
*
 .07 

   H/I .01
 

.14
 

-.20
 

.18 .18
 

.15 .17
 

.09
+
 .10

 
.07 .07 .06 

   ODB .01
 

.12
 

-.11
 

.19 .07
 

.18 .25
** 

.09 .12
 

.07 .08
+
 .05 

IC   -.40
+ 

.22
 

-.38
 

.27 .03
 

.23 .35
*** 

.09 -.01
 

.10 .50
***

 .12 

 Block 3 

 Omission Errors X-CPT 

Commission 

NotX-CPT 

Commission 

Age
 

Sex  R
2
 

 Est. SE Est SE Est. SE Est. SE Est. SE Est. SE 

SWAN             

   INT -.06
 

.24
 

-.48
 

.34 .27
 

.40 .12
 

.07 .12
 

.06 .17
+
 .09 

   H/I -.10
 

.20
 

-.20
 

.35 .17
 

.36 .16
+ 

.09 .12
+ 

.07 .09 .07 

   ODB -.12
 

.17
 

-.11
 

.30 .18
 

.28 .24
** 

.09 .14
* 

.06 .12
*
 .06 

IC   -.39
* 

.17
 

-.31
 

.25 -.09
 

.29 .37
*** 

.09 -.03
 

.10 .48
***

 .13 
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Table 13. (continued) 

 

Note. SWAN = The Strengths and Weaknesses of ADHD-Symptoms and Normal-Behaviors Rating Scale. INT = Inattention. H/I = 

Hyperactivity/Impulsivity. ODB = Oppositional Defiant Behavior. IC = Inhibitory Control factor. Estimate = Standardized path 

estimate.  
+
 p < .10,

*
p < .05, ,

**
p < .01, ,

* **
p < .001. 
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marginally related to teacher-rated inattention and the X-CPT Commission Error factor was 

significantly related to teacher-rated inattention. In Block 2, the X-CPT Commission Error factor 

was significantly related to teacher-rated inattention. No other significant associations were 

found between the indices of CPT performance and the teacher-ratings of behavior. 

Dimensionality of Performance Trajectories 

An additional analysis was conducted examining the factor structure of Accuracy 

Decrements when scores on each task were deemed to be missing after the child disengaged 

(defined above). Accuracy Decrements were computed as the slopes of performance on target 

trials across the three blocks on the task. Block scores were determined to be missing if the child 

had disengaged from the task during that block of performance. Overall, the measures of 

Accuracy Decrements computed using this technique were weakly correlated. The majority of 

the bivariate correlations were non-significant (rs between -.13 and .05). Only the correlation 

between the Visual NotX CPT Accuracy Decrements and the Auditory NotX CPT Accuracy 

Decrements (r= .45, p < .001) and between the Auditory NotX CPT Accuracy Decrements and 

Dual X-CPT Accuracy Decrements (r= .25, p < .01) were significant. In the series of 

confirmatory factor analyses designed to examine the factor structure of this index of 

performance, convergence was not reached. 

  



 

60 

CHAPTER 4 

DISCUSSION 

 

The CPT is a common measure that has been used to assess a variety of 

neuropsychological constructs in both clinical and research settings. Over the past seven decades, 

the CPT has been reinvented and modified to meet the evolving demands of research on 

attention, IC, vigilance, executive processes, and other neuropsychological constructs. As efforts 

to understand the early development and differentiation of self-regulatory skills in childhood 

have increased, there has been an increased interest in understanding how different variations of 

CPTs operate in young children. The purpose of this study was to examine whether two common 

CPT paradigms designed for use in early childhood, the X-CPT and the NotX-CPT, measure the 

same underlying constructs (e.g., attention, IC, hyperactivity) or whether one CPT paradigm 

measures particular constructs more precisely than does the other paradigm. Findings suggested 

that when scores influenced by disengagement in the task were excluded from analyses, X-CPT 

and NotX-CPT paradigms assessed both unique and overlapping aspects of young children’s 

self-regulatory skills. However, these measures demonstrated weak and sometimes inconsistent 

relations to other measures of self-regulatory behaviors in young children. 

Dimensionality of the CPT 

When all children, despite the level of engagement they demonstrated during the task, 

were included in the analyses, findings suggested that each type of error on the different CPT 

paradigms measured distinct underlying constructs. Therefore, in the full sample, the hypothesis 

that commission errors on each CPT paradigm would represent distinct factors was supported, 

whereas the hypothesis that omission errors would represent a unitary construct across CPT 
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paradigms was not supported. When analyses were conducted using only the scores of children 

who were able to complete the task without an extended period of disengagement, results 

suggested that omission errors across CPT paradigms represented a single factor and commission 

errors across CPT paradigms represented distinct factors. Therefore, in this subsample of 

participants, both the hypothesis that commission errors on each CPT paradigm would represent 

distinct factors and the hypothesis that omission errors would represent a unitary construct across 

CPT paradigms were supported. 

Omission Errors 

The results suggest that the dimensionality of omission errors across CPT paradigms 

depended on whether the scores of children who were not able to complete the tasks were 

included or excluded from analyses. When scores that included errors made due to 

disengagement were included in analyses, the number of omission errors was best characterized 

as distinct factors across CPT paradigms. The Omission Errors factors across paradigms shared a 

substantial amount of variance (62%), indicating that these measures assessed underlying 

abilities that were distinct but closely related. When omission errors were calculated without 

regard to engagement, the total number of omission errors included both errors made due to a 

temporary lapse in attention, which caused failure to respond, and errors made because children 

have made a decision to no longer complete the task. It may be that children who obtain high 

levels of omission errors due to disengagement do so for different reasons on each CPT 

paradigm. For example, fatigue may play a stronger role in disengagement on the NotX-CPT 

whereas boredom may play a larger role in disengagement on the X-CPT. Thus, omission scores 

that include omission errors attributable to disengagement may create task-specific variance that 

results in the emergence of distinct factors. However, when children’s data were entered as 
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missing if they disengaged during any point of the task, then the measure of omission errors 

became a purer measure of the ability to identify target stimuli in the context of active 

engagement in the task. The findings of this study suggest that when omission errors are 

computed in the context of active participation, these types of errors reflect the same underlying 

construct across the X-CPT paradigms and NotX-CPT paradigms. 

Overall, the relations between indices of performance on the CPT and teacher-rated 

behaviors were weak. Neither the distinct Omission Error factors in the best-fitting model for the 

full sample nor the unitary Omission Error factor in the best-fitting model for the completer 

subsample were significantly related to teacher-rated inattention. The partial correlations 

between omission errors on the individual CPTs and teacher-rated inattention were also 

inconsistent and often weak. The small correlations between the direct-measures and teacher 

ratings are in line with the relatively large literature demonstrating modest correlations between 

direct-measures and teacher-ratings of self-regulatory behaviors in children (e.g., McGee, Clark, 

& Symons, 2000; Sims & Lonigan, 2012; Toplak, West, & Stanovich, 2013). Taken together, 

these findings indicate that direct-measures of inattention assess different underlying abilities 

than those captured by teacher-ratings of young children’s behavior.  

The Omission Errors factors in the best-fitting model for the full sample were not 

significantly associated with IC. Notably, the path estimate between NotX-CPT omission errors 

and IC was large, but the large standard error resulted in a lack of statistical significance 

suggesting that variability attenuated the confidence in the observed effect. The unitary Omission 

Error factor in the best-fitting model for the completer subsample was significantly related to IC. 

This finding indicates that when the variance attributable to disengagement was removed and 

omission errors were characterized as a unitary construct, this construct became a more reliable 
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correlate of IC in young children. The significant relation between omission errors and IC 

suggests that the CPT demonstrates stronger relations to other direct measures of self-regulatory 

skills than to informant-ratings of self-regulatory skills (i.e., teacher-ratings). 

Commission Errors 

The CFAs examining the dimensionality of CPT errors suggested that commission errors 

on the X-CPT and commission errors on the NotX-CPT were best represented as distinct 

constructs, regardless of whether the scores of children who have difficulty remaining actively 

engaged in the task were included or excluded from analyses. That is, the ability to withhold 

responses to non-target stimuli appears to measure a different underlying ability or trait 

depending on whether a child is required to withhold responses to the majority of stimuli while 

he or she waits to respond to single low-frequency target or whether children are asked to 

respond continuously to stimuli and utilize IC to interrupt responding when a low-frequency 

critical stimulus is displayed.  

The Commission Errors factors across CPT paradigms shared a substantial amount of 

variance in both the full sample (24%) and the completer subsample (52%), indicating that these 

measures assessed underlying abilities that were distinct but closely related. The substantial 

increase in the shared variance between the factors in the subsample suggests that the exclusion 

of the scores of children who disengaged resulted in the removal task-specific variance. When 

children disengage, they are likely to accumulate a smaller number of commission errors because 

they are no longer participating in the task. If disengagement occurs for different underlying 

reasons on each CPT paradigm, as suggested above, this would create task-specific variance in 

the number of obtained commission errors resulting in attenuated relations between number of 
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commission errors across paradigms when the scores of children who disengaged were included 

in analyses. 

Commission Errors for both CPT paradigms were best characterized as factors that were 

distinct from IC. This was true regardless of whether the analyses were conducted using the full 

sample or only the subsample of children who completed the tasks. Therefore, the hypothesis 

that commission errors on the NotX-CPT, but not the X-CPT, would fit best on a factor with IC 

tasks was not supported. The NotX-CPT Commission Error factor shared a substantial amount of 

variance with the IC factor in analyses with both the full sample and the subsample. However, 

the X-CPT Commission Errors factor also shared a substantial amount of variance with the IC 

factor. Further, SEMs designed to examine the relations between the Commission Error factors 

and IC indicated that only X-CPT commission errors emerged as a consistent significant 

correlate of IC. Taken together, these findings are inconsistent with the presumption that CPTs, 

particularly NotX-CPTs, assess IC. 

Similar to omission errors, commission errors did not demonstrate the expected relations 

to teacher-rated problem behaviors. X-CPT commission errors, but not NotX-CPT commission 

errors, were significantly related to teacher-rated inattention. Commission errors occur when 

children press the button without regard to whether the stimulus is a target stimulus. In the X-

CPT, in which the majority of trials are not target trials, children have many opportunities to 

make these errors. Although children who make a large number of commission errors may 

experience difficulties with impulsivity and poor IC, these children may also have a particularly 

difficult time with behaviors assessed by teachers’ ratings of inattention (e.g., follows through on 

directions, avoids careless mistakes, ignores extraneous stimuli). 
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Prior research using the AX-CPT in older children has found that certain types of 

commission errors are associated with inattention, rather than H/I. Halperin, Wolf, and 

Greenblatt (1991) reported that whereas A-not-X errors (i.e., child responds to cued non-target 

stimulus) were associated with H/I, X-only errors (i.e., child responds to the target stimulus in 

the absence of a cued stimulus) were associated with higher teacher-rated inattention. Although 

the absence of a cue stimulus in the CPTs used with younger children precludes a direct 

comparison, these findings suggest that some forms of incorrect responses may be attributable to 

difficulties attending to the task, rather than hyperactive responding or premature responding due 

to the inability to wait. The results of the present study suggest that incorrect responses on CPTs 

requiring infrequent responding to a relatively rare target stimulus may be attributable to failed 

attention, rather than H/I. 

Excessive responding in the context of a low-frequency target that requires response may 

be an attempt to self-stimulate. In minimally stimulating situations, children with ADHD are 

more likely than those without ADHD to seek their own stimulation by touching objects and 

engaging in other forms of increased activity (Antrop, Buysse, Roeyers, Van Oost, 2002). 

Alternatively, incorrect responding on a low target-frequency CPT may be reflective of delay 

aversion. Sonuga-Barke, Dalen, and Remington (2003) proposed that executive deficits (e.g., IC) 

and delay aversion may represent two distinct pathways to the development of ADHD. In a study 

with preschool-age children, Sonuga-Barke et al. reported that delay aversion had a stronger 

relation to parents’ overall ratings of ADHD-related behaviors than did executive deficits. 

However, although delay aversion and stimulation-seeking offer potential explanations for the 

robust link between X-CPT commission errors and teacher-rated inattention, they do not 

necessarily explain the lack of an association between X-CPT commission errors and H/I.  
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The low correlations between the NotX-CPT and external variables may partially be an 

artifact of young children’s difficulty completing the task in the intended manner. The NotX-

CPT is designed to place demands on IC by activating a prepotent button-pressing response and 

requiring children to inhibit that response when a specific low-frequency non-target stimulus is 

displayed. This paradigm operates on the assumption that children are actively responding such 

that “pressing the button” is the prepotent response. This may not be a correct assumption in the 

present sample. On both the visual and auditory NotX-CPTs, children failed to respond to, on 

average, 30% of the trials that required response. Although, failure to respond was lower 

(approximately 22%) when the scores on tasks in which children disengaged were excluded from 

analyses, children still failed to respond on a substantial portion of trials. This elevated level of 

failure to respond suggests that children may not have been responding to the tasks in manner 

that made responding a prepotent response that requires inhibition to interrupt. In summary, 

these findings suggest that in young children, commission errors on the CPT may not provide a 

measure of IC or H/I.  

Performance across Blocks 

Analyses designed to examine measurement invariance across three blocks of the CPT 

indicated the presence of configural and metric invariance. However, scalar invariance was not 

supported for the Omissions Error factor and the NotX-CPT Commission Error factor. This 

suggests that although the factor structure and the underlying constructs measured by each factor 

are similar across blocks, changes in the observed scores are not attributable to changes in the 

underlying constructs being measured by the factors. In other words, if omission errors are in 

fact a measure of attention, then a child who presumably has the same underlying level of 

attention across the blocks of the task would be expected to have different numbers of errors 
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across blocks on the task. Overall, mean levels of the constructs represented by the Omissions 

Error factor and NotX-CPT Commission Error factor were associated with higher numbers of 

observed errors on each progressive block of performance. The scalar non-invariance is 

consistent with the concept of the CPT which is designed to put increasing demands on 

performance as time-on-task progresses. This finding does not explain the failure to adequately 

model accuracy decrements over the course of the task in the context of a CFA. 

Previous research has demonstrated that indices of performance on the X-CPT may 

demonstrate better discriminant and convergent relations to teacher-ratings of preschoolers’ 

behaviors in the initial block of performance compared to later blocks of performance (Allan & 

Lonigan, 2015). In the present study, CPT omission errors demonstrated a marginally significant 

relation to teacher-rated inattention in the first block, suggesting an improvement in construct 

validity when only performance on the initial block is considered. However, X-CPT commission 

errors remained the most robust correlate of teacher-rated inattention. Further, neither X-CPT 

commission errors nor NotX-CPT commission errors were significantly related to teacher rated 

H/I, the construct they are presumed to represent. Thus, there is not compelling evidence that the 

observed weak construct validity is attributable solely to the length of the tasks. 

Limitations and Future Directions 

 Although this study is the first to examine the dimensionality of the CPT using multiple 

versions of two common CPT paradigms, there were several limitations. The post-hoc analyses 

that involved the exclusion of scores when children failed to complete the task provided insight 

into how disengagement may influence the underlying constructs captured by performance on 

CPTs. However, it should be noted that the criteria for determining “disengagement” was 

relatively liberal, allowing children to demonstrate up to one minute of failed responding before 
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performance was identified as disengaged. A liberal criterion was used because the CPT places 

demands on children’s processes that may, by design, lead to lapses in attention to the task. 

However, it is probable that using a different cut-off to determine disengagement or excluding 

children based on accuracy (a technique typically used in adult samples), would have yielded 

different results.  

Secondly, testing was conducted within the children’s preschools rather than a controlled 

experimental environment. Research with school-age children has demonstrated that 

administration of the CPT in a non-controlled environment tends to result in poorer performance 

(e.g., online administration at home) even when participants’ parents are instructed to provide a 

quiet, distraction free-environment (Bart, Raz, & Dan, 2014). Although efforts were made in the 

present study to reduce the influence of distractions (e.g., testing completed in a quiet area, 

headphones used across all computer tasks, exclusion of data if excessive distractions occurred, 

examiner remained present), there were a number of unmeasured preschool-related variables that 

may have differentially influenced children’s performance on the tasks.  

 In respect to the examination of the CPT’s construct validity, the present study was 

limited in the external variables that were measured. Although teachers are considered a valuable 

source of information regarding children’s behaviors, their ratings are not without criticism. 

Teachers’ ratings can be influenced by a number of biases (i.e., halo effects) and can demonstrate 

poor discriminant validity (e.g., Allan, Allan, Lerner, Farrington, & Lonigan, 2015). Therefore, it 

is possible that the inconsistent associations between informant-ratings and direct-measures of 

specific behaviors, both in the present study and in the literature in general, are partially 

attributable aspects of the ratings rather than the direct measures. However, the weak and 

inconsistent relations to direct measures of IC suggest that the modest findings are not due to 
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problems with the teacher ratings. It may also have been useful to include direct measures and 

informant ratings of other cognitive, behavioral, and self-regulatory constructs (e.g., processing 

speed, delay aversion, motivation, general cognitive ability) to obtain a more comprehensive 

understanding of the factors that influence performance on each CPT paradigm. 

The results of the present study were also impacted by the substantial number of children 

who did not actively complete the entire task on one or more CPTs. Failure to consistently 

complete the CPTs was associated with poorer ratings on teachers’ reports of all three problem 

behaviors and poorer performance on the direct-measures of IC, suggesting that disengagement 

may be an overall indicator of behavior problems and deficits in self-regulatory processes. In this 

study, the identification of “non-completers” relied on post-hoc examination of responses. A 

more systematic evaluation of how disengagement impacts the underlying behaviors and abilities 

measure by the CPT would require a more careful monitoring and coding of the behaviors and 

response patterns that indicate that a child is no longer actively completing the task. 

Summary and Conclusions 

 The CPT is a computer-based task that has played a role in psychological research for 

more than half a century. This task has been proposed to measure a variety of self-regulatory 

behaviors that are closely linked to academic success and other important areas of functioning. 

Although the diversity of the CPT represents a significant strength of the task, validation of the 

constructs measured by different variations of this task is critical to the effective and accurate use 

of the CPT in both research and practical applications. The results of the present study suggest 

that the degree to which X-CPTs and NotX-CPTs measure the same underlying constructs 

depends on whether scores that include errors made due to disengagement in the task are 

included in analyses. When the scores of children who disengage are included, each type of error 
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on each CPT paradigm appears to measure a distinct underlying construct. When the scores of 

children who disengage are excluded, then omission errors appear to assess the same underlying 

construct across CPT paradigms whereas commission errors appear to assess distinct constructs. 

In both contexts, the factors representing CPT performance indices demonstrated poor 

convergent and discriminant relations to teacher-ratings and direct measures of the processes and 

behaviors they are presumed to represent. Findings indicate the commission errors on the CPT, 

even on versions of the task designed to elicit the use of inhibitory processes, do not provide a 

measure of IC in preschool-age children. Given the impact of disengagement on the underlying 

structure of the CPT and the weak relations between indices of performance on the CPT and 

other measures of self-regulatory processes, these findings suggest that the CPT should be used 

with caution in preschoolers.  
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