
                 

 
 

 

 

 

 

 

Investigating objective markers of ADHD across development:  

Micromovements and reaction time variability 

 
 

David Anderson 
 
 
 
 
 
 
 
 

Submitted in partial fulfillment of the  

requirements for the degree of 

Doctor of Philosophy 

under the Executive Committee of 

the Graduate School of Arts and Sciences 

 

COLUMBIA UNIVERSITY 

 

 

2011



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2011 
 

David Anderson 
 

All Rights Reserved 



  

ABSTRACT 

Investigating objective markers of ADHD across development:  

Micromovements and reaction time variability 

 
David Anderson 

 

Recent research has demonstrated the importance of endophenotypes, intermediate constructs 

between genotype and phenotype which index the risk for developing a particular disorder, in 

better defining developmental pathways to ADHD.  This study involved an investigation of two 

promising candidate ADHD endophenotypes, intrasubject variability in reaction time (ISV RT) 

and infrared measures of micromovements, examining the potential of these endophenotypes in 

differentiating between ADHD and typically developing (TD) populations.  All participants 

completed a diagnostic and cognitive assessment followed by an experimental task, the McLean 

Motion and Attention Test System (MMAT), in which data related to ISV RT and 

micromovements was collected.  Results indicated significant differentiation between ADHD 

and TD samples according to a number of measures of micromovements, with small to medium 

effect sizes (Eta squared=.039-.059) in a child/adolescent sample as well as generally large effect 

sizes (Eta squared=.203-.270) in an adult sample.  Building on previous work with 

child/adolescent populations, this study represents the first attempt to extend research on 

micromovements to adult populations, providing support for the utility of this endophenotype 

across the lifespan.  Results related to ISV RT were inconsistent, as measures contributing to 

significant differentiation between ADHD and TD populations differed between child/adolescent 

and adult samples.  Finally, correlations between movement variables and age illustrate that 

while indicators of hyperactive/impulsive movements decrease over time in both ADHD and TD 



  

samples, significant differences between ADHD and TD populations appear to be maintained 

throughout the lifespan.  Implications for further research aimed at better defining the 

psychobiology of ADHD are discussed, noting the importance of the micromovement 

endophenotype in contributing to a broader understanding of the complexity of ADHD.                  
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Investigating Objective Markers of ADHD across Development: 

Micromovements and Reaction Time Variability 

Conceptualization and Prevalence of ADHD 

Currently, Attention-Deficit/Hyperactivity Disorder is widely recognized as a psychiatric 

condition originating in childhood in which various symptoms of inattention, hyperactivity, and 

impulsivity clearly impair one’s functioning across multiple settings (American Psychiatric 

Association, 2000).  Symptoms of inattention include problems maintaining attention on 

activities, a tendency to be distracted by stimuli in the environment, and difficulties with careless 

errors or organization of tasks (American Psychiatric Association, 2000).  Symptoms of 

hyperactivity/impulsivity include fidgeting, an inability to consistently stay in one’s seat, and 

difficulties controlling the impulse to blurt out answers or interrupt others (American Psychiatric 

Association, 2000).  In order to meet diagnostic criteria, a child must exhibit at least 6 of 9 

symptoms in at least one of these two domains to such a severe degree that the child’s 

functioning in school, home, and/or social contexts is impaired (American Psychiatric 

Association, 2000).  Depending on the particular diagnostic profile, a person who meets 

diagnostic criteria for ADHD may be classified according to one of three types: predominantly 

inattentive, predominantly hyperactive/impulsive, or combined (i.e., impaired by symptoms of 

both inattention and hyperactivity/impulsivity) (American Psychiatric Association, 2000).   

 Drawing on a number of investigations of the prevalence of ADHD, estimated worldwide 

prevalence rates of ADHD range from 3% to 9% of children (Ohashi, Vitaliano, Polcari, & 

Teicher, 2010; Spencer, Biederman, & Mick, 2007).  In the United States. prevalence of ADHD 

is reported to be between 5 and 8% of children (Spencer et al., 2007). Examining the course of 

ADHD across development, prevalence within adult populations is estimated to be 
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approximately 4% (Kessler et al., 2006; Wilens, Faraone, & Biederman, 2004).  

Developmental Precursors and Correlates of ADHD 

Beyond prevalence estimates, there is a large body of research surrounding the 

developmental precursors and correlates of ADHD.  As noted by Faraone and colleagues (2005), 

studies have indicated a high degree of heritability (approximately .77) for ADHD.  At the same 

time, ADHD is recognized as both genetically complex and heterogeneous in its phenotypic 

expression, with a number of candidate genes that have been reliably identified and linked to the 

disorder (Faraone et al., 2005, Spencer et al., 2007, Wood & Neale, 2010).  Specifically, several 

genes implicated in dopamine or catecholamine pathways appear to be linked to ADHD (Loo et 

al., 2010; Nemoda, Szekely, & Sasvari-Szekely, 2011).  Environmental and situational 

precursors linked to ADHD include a number of problems associated with pregnancy and 

delivery, low socioeconomic status, family conflict and instability, familial genetic loading, and 

parental mental illness (Spencer et al., 2007).  Finally, a number of neurobiological substrates 

implicated in ADHD have been identified (Castellanos, Kelly, & Milham, 2009; Seidman, 

Valera, & Mikris, 2005).  Among the many substrates showing particular promise, prominent 

and well-documented neurobiological factors differentiating ADHD from typically developing 

populations include lower whole and cerebellar brain volume (Castellanos et al., 2002), as well 

as dysfunction in prefrontal brain regions often linked to the ability to modulate attention and 

motor function in conjunction with task demands (Castellanos et al., 2009; Dickstein, Bannon, 

Castellanos, & Milham, 2006; Spencer et al., 2007).  However, as noted by Castellanos and 

colleagues (2009), research related to particular brain regions or correlates implicated in ADHD 

also highlights the heterogeneity intrinsic to ADHD.  In this respect, the lack of particularly 

robust convergence in neurobiological research suggests the need for multiple pathways models 



 3 

of ADHD in which predictive factors can be better indexed (Castellanos et al., 2009).    

Current Issues related to DSM-IV Diagnosis of ADHD 

Focusing on the longevity of a diagnosis of ADHD, studies have suggested that an 

overall diagnosis of ADHD (without specifying subtype) appears fairly stable over time (Lahey 

& Willcutt, 2010; Larsson, Larsson, & Lichtenstein, 2004; Valo & Tannock, 2010).  More 

specifically, Biederman, Wilens, Spencer, and Adler (2007) report that approximately 50-75% of 

children diagnosed with ADHD continue to demonstrate impairment due to ADHD throughout 

adolescence and adulthood. Longitudinal studies have further supported this research, suggesting 

that 54-82% of children diagnosed with ADHD continue to show symptoms demonstrating 

impairment for at least 5-8 years (Lahey & Willcutt, 2010; Larsson, Larsson, & Lichtenstein, 

2004).  However, as Lahey and Willcutt (2010) emphasize, many of the estimates related to the 

temporal stability of an ADHD diagnosis are drawn from cross-sectional rather than longitudinal 

research, and this continues to contribute to a lack of certainty surrounding the diagnosis of 

ADHD over time.   

Nowhere is this uncertainty more evident than in the controversy surrounding the use of 

DSM-IV ADHD subtypes.  In this respect, inattentive and hyperactive/impulsive symptom 

clusters demonstrate robust research support related to distinct developmental pathways.  

However, corresponding nominal ADHD diagnostic subtypes (Inattentive, 

Hyperactive/Impulsive, and Combined subtypes) do not appear to demonstrate the same 

developmental or temporal utility (Nigg et al., 2010; Lahey & Willcutt, 2010; Valo & Tannock, 

2010).  With regard to the distinct pathways linked with inattentive and hyperactive/impulsive 

symptoms clusters, inattentive symptoms of ADHD have been associated specifically with 

academic difficulties, social, and internalizing problems, while hyperactive/impulsive symptoms 
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have been linked with social rejection, problematic relationships with caregiving adults, and 

conduct issues (Lahey & Willcutt, 2010; Spencer et al., 2007).  In line with these pathways, 

research has emphasized that diagnostic subtypes of ADHD associated with these symptoms 

clusters would only be useful insofar as they can be temporally stable and linked to both 

precursors and developmental consequences (Lahey & Willcutt, 2010; Valo & Tannock, 2010).  

Thus, temporal stability seems to be the central concern with the DSM-IV subtypes of 

ADHD (Nigg et al., 2010; Lahey & Willcutt, 2010; Valo & Tannock, 2010).  Not only does it 

appear fairly routine for a child diagnosed with ADHD to switch ADHD subtypes across stages 

of childhood and adolescence (Lahey & Willcutt, 2010; Valo & Tannock, 2010), but Lahey & 

Willcutt (2010) also note that it is too often the case that subtype sensitivity is so high that a 

change in even 1 symptom can result in the classification of a child as a different ADHD 

subtype.  Further contributing to the temporal instability of ADHD subtypes, subtle semantic 

differences evident in clinical practice related to the interpretation of ADHD diagnostic criteria 

also can contribute to significant shifts in ADHD diagnostic subtype (Valo & Tannock, 2010).  

Keeping in mind the tension between the temporal stability of an overall ADHD 

diagnosis and the lack of stability of ADHD subtypes, Lahey and Willcutt (2010) have proposed 

a more robust and continuous model of ADHD which emphasizes counts of 

hyperactive/impulsive and inattentive symptoms rather than subtypes.  Consistent with 

suggestions from numerous authors, this conceptualization of ADHD represents a more 

dimensional, non-dichotomous framework for ADHD diagnosis that can be more easily and 

explicitly linked to the developmental correlates of H/I and I symptom clusters (Faraone, 

Biederman, Feighner, & Monuteaux, 2000; Lahey & Willcutt, 2010; Spencer et al., 2007).  Such 

a conceptualization would also hypothetically reduce the “unsystematic shifting” (Lahey & 
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Willcutt, 2010, p. 773) in subtypes observed in longitudinal studies of ADHD.          

Notwithstanding the considerable debate surrounding ADHD diagnostic criteria, DSM-

IV ADHD diagnostic criteria have improved the reliability of diagnosis of ADHD compared to 

earlier attempts to isolate this particular cluster of symptoms (Castellanos & Tannock, 2002).  As 

Spencer and colleagues (2007) summarize, the conceptualization of a disorder related to 

difficulties with sustained attention and/or the ability to effectively manage and inhibit motor 

movements is only about a century old.  The disorder that has come to be known as Attention-

Deficit/Hyperactivity Disorder has involved a number of past iterations, including “minimal 

brain damage,” “hyperactive child syndrome,” and “hyperkinetic reaction of childhood” 

(Spencer et al., 2007).  Furthermore, a focus on the two separate clusters of inattentive and 

hyperactive/impulsive symptoms has also evolved over time, culminating in the distinct ADHD 

subtypes currently in widespread use (Nigg, Tannock, & Rohde, 2010; Spencer et al., 2007).    

Considering this historical progression and current controversies associated with ADHD, 

there seems little chance that the current iteration of ADHD diagnostic criteria is the last.  

Moreover, in tracing the evolution of ADHD, one might rightfully expect increasing emphasis on 

diagnostic reliability and more objective measures of diagnosis.  In this regard, recent research 

has focused on expanding the conceptualization of ADHD to include intermediate phenotypes 

related to ADHD, called endophenotypes (Castellanos & Tannock, 2002; Gottesman & Gould, 

2003).  As the remaining portions of this review will outline, research involving endophenotypes 

has established significant support for a number of behavioral constructs linked to the phenotypic 

expression of ADHD.  Moreover, certain of these constructs, including intrasubject variability in 

reaction time (ISV RT) (Castellanos & Tannock, 2002; Klein et al., 2006; Suskauer et al., 2008b) 

and infrared measures of movements (Ohashi et al., 2010; Teicher, 2008; Wood, Asherson, 
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Rijsdijk, & Kuntsi, 2009), have demonstrated particular promise as candidate endophenotypes 

and possible objective markers of ADHD.  

Endophenotypes of ADHD 

Thus far, the investigation of a particular type of intermediate theoretical constructs, 

dubbed endophenotypes, has informed a step-wise progression toward newer and more reliable 

conceptualizations of ADHD.  Intended to provide a quantifiable and measurable link between 

genotype and phenotype while also adding predictive power regarding the potential for future 

impairment, previous research has provided support for the utility of endophenotypes 

(Castellanos & Tannock, 2002).  Rather than attempting to isolate a one-to-one relationship 

between a particular aetiological factor and a disease, endophenotypes can theoretically delineate 

the shades of grey in a developmental pathway, helping to define the degree or extent of risk for 

developing a certain profile of symptoms (Castellanos et al, 2005). Importantly, this approach to 

understanding ADHD exists in stark contrast to a focus on an all-or-nothing search for a single 

variable, theory, or biological deficit at the root of ADHD.    

In the interest of differentiating endophenotypes from either the phenotypic expression of 

symptoms or the underlying etiological factors for a disorder, prior studies have suggested a 

number of operationalizing criteria (Rommelse et al., 2008). Summarizing from existing 

literature, Rommelse and colleagues (2008) suggest that an endophenotypic construct be both 

reliably measured and stable over time, in addition to exhibiting some overlap with the particular 

disorder in question.  Importantly, with regard to such an overlap, many researchers have noted 

the caveat that it is not necessary that all who satisfy criteria for a disorder or an endophenotype 

clearly demonstrate the other, as an endophenotype’s utility can also be found in the strength of 

its linkage with certain symptom subsets or co-morbidities of a specific phenotype (Castellanos 
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et al., 2005; Rommelse et al., 2008).  In this regard, Gottesman and Gould (2003) emphasized the 

utility of endophenotypes which correspond to gradations in genetic loading, as with a particular 

characteristic that can be exhibited to an increasing degree in progressing from typically 

developing to unaffected family to affected populations.  Additionally, in contrast with the often 

dichotomous nature of diagnostic categories, Castellanos and Tannock (2002) have noted that 

endophenotypes would be most useful if operationalized as continuous variables which can be 

measured quantitatively.   

With these criteria in mind, previous research has identified a number of candidate 

endophenotypes for ADHD.  Perhaps the most well known of these proposed endophenotypes is 

subsumed under the concept of executive dysfunction originally proposed by Barkley (1997), 

involving a set of attentional capacities which may become impaired in ADHD, such as working 

memory and task planning and organization.  Under the domain of executive dysfunction, 

inhibitory motor control deficits, often measured through the use of a “go/no-go” or “stop” task, 

have the largest base of evidentiary support as a candidate endophenotype for ADHD 

(Castellanos et al., 2006; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).  In tasks used to 

measure these deficits, an experimental participant is often asked to respond to a particular “go” 

stimulus by pressing a button while also being vigilant to the sporadic presentation of a “no-go” 

stimulus for which the participant should avoid pressing a button.  The most direct measurement 

of inhibitory motor control has often involved the response time for the “no-go” stimulus 

(Castellanos et al., 2006).  Across a number of studies, results have shown that group-wide 

average response time to a “no-go” or “stop” stimulus tends to be significantly greater in ADHD 

populations (Castellanos & Tannock, 2002; Lijffijt, Kenemans, Verbaten, & Van Engeland, 

2005; Nigg, 2000; Willcutt et al., 2005).  Other studies have established familial loading related 
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to difficulties with motor response inhibition, not only investigating links between ADHD 

children and their parents (Goos, Crosbie, Payne, & Schachar, 2009), but also between ADHD 

children, unaffected siblings, and typically developing children (Slaats-Willemse, Swaab-

Barneveld, & Sonnevile, 2003).   

There is also considerable support from a number of studies for delay aversion in reward 

anticipation as a candidate endophenotype for ADHD (Bitsakou, Psychogiou, Thompson, & 

Songua-Barke, 2009; Castellanos et al., 2006; Castellanos & Tannock, 2002; Sonuga-Barke, 

Sergeant, Nigg, & Willcutt, 2008).  Demonstrated through various experimental paradigms in 

which a choice of two rewards is presented simultaneously, delay aversion simply refers to a 

tendency by ADHD children to prefer a small, immediate reward over a larger reward for which 

they would have to wait (Sonuga-Barke et al., 2008).  Further, in a study by Solanto and 

colleagues (2001) which included the major experimental tasks for both inhibitory control and 

delay aversion, each candidate endophenotype by itself (inhibitory control and delay aversion) 

demonstrated modest capability to differentiate ADHD children from typically developing 

children, with more pronounced differences on tasks measuring delay aversion rather than 

inhibitory control.  Even more importantly, the combination of the two measures was reported to 

be particularly effective in discriminating between populations, more so than either measure by 

itself (Solanto et al., 2001; Sonuga-Barke, 2002). According to Castellanos and Tannock (2002), 

this study thus provides a model for future studies of both the interactions between and potential 

for additive properties of multiple endophenotype pathways.       

 Beyond delay aversion and inhibitory control, a number of other candidate 

endophenotypes have demonstrated preliminary validity. Attempts to isolate working memory as 

a candidate endophenotype have demonstrated a moderate effect size (Willcutt et al., 2005).  In 
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addition, Nigg and Casey (2005) have noted that various research studies have suggested that 

ADHD children might be differentiated from typically developing populations via the 

assessment of deficits in planning or organizing for tasks or inaccurate attempts to reproduce a 

particular time interval.  Another study investigating inaccurate reproduction of time intervals as 

a candidate endophenotype have shown that this deficit may be more pronounced for younger 

children (< age 9) (Rommelse, Oosterlaan, & Buitelaar, 2007).  Relatedly, Himpel and 

colleagues (2009) demonstrated that the ability to discriminate brief intervals (50 ms) separated 

affected ADHD children and unaffected siblings from typically developing populations, while 

discrimination of longer intervals (1000 ms) further differentiated ADHD children from their 

unaffected siblings.  

Loo and colleagues (2010) have demonstrated preliminary evidence for various 

electroencephalogram (EEG) measures as a possible endophenotype for ADHD, also linking 

EEG measures to dopaminergic genes implicated in ADHD. Another study highlighted the 

construct of motor control on a tracing task as a possible endophenotype, noting that 

differentiation between ADHD and unaffected siblings or control populations was more 

pronounced when utilizing the left hand (Rommelse et al., 2007).  As a final note, Nigg and 

Casey (2005) suggest that responding to tasks in a way that opposes that which is indicated by 

the task, as with impulsive responses to tasks which require a methodical approach or with 

slower responses to tasks which might require quickness, might represent a core deficit of 

ADHD. 

Modeled after Solanto and colleagues’ (2001) investigation of inhibitory control and 

delay aversion as a combined endophenotype of ADHD, some studies have taken the notion of 

combining endophenotypes even a step further.  Merging 10 tasks which were deemed to be 
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representative of various potential endophenotypes, ranging from a go-stop task for inhibitory 

control to a digit span task of working memory, Rommelse and colleagues (2008) showed that a 

composite measure demonstrated significant potential to differentiate diagnostic status among 

affected children with ADHD, unaffected siblings, and typically developing controls.  However, 

even with the potential for diagnostic differentiation which might be gained from a combination 

of candidate endophenotypes, there is still no indication that all children with ADHD can be 

defined by either a particular endophenotype or a combination (Sonuga-Barke et al., 2008).  As 

has been repeatedly emphasized by a number of research studies, strong associations between a 

specific endophenotype and the phenotypic expression of ADHD symptoms have generally 

failed to define anything more than a subset of children with ADHD (Castellanos et al., 2006; 

Castellanos & Tannock, 2002; Nigg & Casey, 2005; Sonuga-Barke et al., 2008). 

Thus, while all of these results regarding candidate endophenotypes are promising, there 

is little indication that either executive dysfunction, deficits in inhibitory motor control, or any 

other currently proposed endophenotype represents either a unifying theory of ADHD or a core 

endophenotype (Castellanos et al., 2006).  As Sonuga-Barke and colleagues (2008) have noted, 

although theories of executive function in ADHD have likely been the most investigated and best 

articulated, executive dysfunction has not been shown to be a necessary precursor to ADHD, nor 

has Barkley’s (1997) theory been empirically supported.  While some studies have sought to 

extend models of executive functioning to non-Western cultures (Gau & Shang, 2010) or to note 

their utility in possibly establishing distinct comorbidity subtypes of ADHD (Trani et al., 2010), 

other research has highlighted how only a certain portion of the factors subsumed under 

executive functions may show great utility as endophenotypes of ADHD (Nigg, Blaskey, & 

Stawicki, 2004).  Finally, many researchers have noted that while theories of executive 
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dysfunction have proved valuable in differentiating ADHD children at the group level of 

analysis, a large proportion of children who satisfy diagnostic criteria for ADHD do not evidence 

deficits in executive functioning on the individual level (Castellanos et al., 2006; Sonuga-Barke 

et al., 2008).   

Intrasubject Variability in Reaction Time (ISV RT) and Micromovements  

Studies of reading disorders have shown that reaction time to phonemic stimuli is 

particularly predictive of prognosis with regard to later academic difficulties (Catts, Gillispie, 

Leonard, Kail, & Miller, 2002; Nicolson & Fawcett, 1994). However, studies of reaction time in 

ADHD involving Go/No-Go or continuous performance tasks have not demonstrated the same 

utility either in predicting developmental pathways or in differentiating ADHD from TD samples 

(Epstein et al., 2003).  Instead, as outlined below, studies of Go/No-Go tasks with ADHD 

children and adolescents have highlighted intrasubject variability in reaction time as a promising 

candidate endophenotype for ADHD (Suskauer et al., 2008a; Klein, Wendling, Huettner, Ruder, 

& Peper, 2006; Castellanos & Tannock, 2002).  Whereas delayed reaction time in reading 

disorders can be linked to later deficits in reading-related academic achievement (Catts et al., 

2002), intrasubject variability in reaction time in ADHD appears consistent with the moment-to-

moment variability which is thought to be a hallmark of ADHD symptom presentation.  As 

reading disorders evidence frequent comorbidity with ADHD (August & Garfinkel, 1990; 

Hinshaw, 1992), such stark distinctions in variables related to reaction time (RT vs. variability in 

RT) demonstrate great potential in the search for objective endophenotypic markers exclusive to 

ADHD.        

Thus, recent efforts to focus on endophenotypes which are faithful to the inconsistency 

and variability that are the hallmarks of ADHD have led to certain new paths of inquiry. In this 
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regard, one proposed endophenotype which has shown considerable potential is increased 

intrasubject variability in response time (ISV RT) to a stimulus (Castellanos & Tannock, 2002; 

Klein et al., 2006; Suskauer et al., 2008a). To date, a number of studies have provided significant 

evidence of group differences in response time variability between ADHD and typically 

developing children (Castellanos & Tannock, 2002; Klein et al., 2006; Suskauer et al., 2008a).  

Providing further support for this construct, various measures of response time variability have 

also demonstrated preliminary utility in differentiating ADHD children from typically 

developing and high-functioning autistic children (Johnson et al., 2007b), differentiating highly 

impaired ADHD children from less impaired and typically developing children (Johnson et al., 

2007a), and assessing the effectiveness of methylphenidate treatment for children with ADHD 

(Johnson et al., 2008).  Additionally, recent studies have emphasized the significant strength of 

ISV RT as an ADHD endophenotype across various tasks measuring motor function, inhibition, 

and attention (Wood & Neale, 2010), also noting the value of ISV RT as a behavioral 

manifestation of currently prevailing theories in neuroscience (Castellanos et al., 2009).  Finally, 

a recent investigation by Uebel and colleagues (2010) further broadened the support for ISV RT 

as a strong candidate endophenotype for ADHD, both demonstrating the utility of ISV RT in 

differentiating ADHD children, unaffected siblings, and control populations while also 

examining behavioral incentives and task speed (slower or faster presentations of stimuli) as 

moderators of ISV RT.   

Another endophenotype of ADHD which has recently demonstrated particular promise is 

the measurement of micromovements (movements on the order of millimeters) during a 

continuous performance task (Albrecht et al., 2010; Ohashi et al., 2010; Teicher, 1996; Teicher, 

2008; Wood et al., 2009; Wood & Neale, 2010).  Beginning with a small sample comparing 
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typically developing boys to those with ADHD, Teicher (1996) reported effective discrimination 

between the two groups based on both infrared measurements of motion and response time 

variability.  Previous work had found that hyperactive/impulsive boys were significantly more 

active even at night than typically developing boys (Porrino et al., 1983), but the Teicher (1996) 

study provided even finer-grained objective data supporting this conclusion in the lab.  

Continuing work examining objective measures of hyperactive/impulsive symptoms in boys with 

ADHD, Albrecht and colleagues (2008) again demonstrated significant differences in 

micromovements between boys with ADHD and control populations, further establishing 

gradations of familial loading by including nonaffected siblings.  Expanding connections 

between genotype and the micromovement endophenotype, studies have suggested a link 

between micromovements and genes related to the dopaminergic system (Wood & Neale, 2010).  

Related to regulation of phenotypic expression, Teicher (2008) has also demonstrated that 

infrared measures of micromovements can be used to titrate medication dose in boys with 

ADHD, as optimal improvement on measures of micromovements was well correlated with 

optimal medication dose as indicated by parent ratings.   

A recent study by Ohashi and colleagues (2010) provided a particularly targeted look at 

the utility of micromovements of the head in differentiating ADHD from control populations.  

Using a sample of 9- to 12-year-old boys, all of whom were diagnosed with ADHD-Combined 

Type and had previously received pharmacological treatment, significant group differences 

across various measures of head-related micromovements were found between boys with ADHD 

and age- and sex-matched control participants.  Moreover, comparing two major candidate 

endophenotypes for ADHD, measures of micromovements were reported to better differentiate 

ADHD and control participants than measures of response inhibition (Ohashi et al., 2010).  
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Although most research on micromovements has involved samples of male children with 

ADHD, a study by Wood and colleagues (2009) employed a broader sample of 6- to 18-year old 

children and adolescents of both sexes.  Using movement sensors placed on the waist and legs 

(as opposed to the head), measurements of the number, magnitude, and intrasubject variability of 

movements were shown to significantly differentiate between children with ADHD and typically 

developing controls (Wood et al., 2009).     

As summarized above, there exists significant support for micromovements as a 

candidate endophenotype for ADHD, but the research thus far has been mainly limited to boys 

with ADHD.  As stated by Ohashi and colleagues (2010), “comparable investigations need to be 

conducted in girls, adolescents, and adults” (p. 394).  In particular, the extension of ADHD 

endophenotypes (such as ISV RT and micromovements) to adult populations also remains a gap 

in the literature.      

Diagnostic Considerations in Adult ADHD     

In line with this statement, knowledge of ADHD in adulthood is less extensive in 

comparison to the body of research related to childhood ADHD.  As highlighted by a number of 

studies, conceptualizations of adult ADHD reflect an extension of symptoms originally 

developed for school-aged children (Castellanos et al., 2006; Kessler et al., 2006; Spencer et al., 

2007).   

 As noted in earlier sections, the prevalence of adult ADHD is estimated to be 

approximately 4% of the adult population (Kessler et al., 2006; Wilens et al., 2004), and it is 

further estimated that 50-75% of diagnosed children will continue to evidence impairment due to 

ADHD symptoms through adulthood (Biederman et al., 2007).  Adult ADHD is linked with 

lifelong academic, social, and occupational difficulties, including but not limited to early school-
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related difficulties such as reading problems or repeated grades, frequent job changes or 

unemployment, low socioeconomic status, high rates of divorce, and legal problems related to 

driving (e.g., speeding tickets, suspended license, etc.) (Kessler et al., 2006; Spencer et al., 2007; 

Wilens et al., 2004).  While an early history of psychiatric treatment appears protective against 

some comorbid disorders such as substance abuse (Kessler et al., 2006), adults with ADHD 

across both genders demonstrate significant comorbidity with cognitive problems, substance 

abuse, and internalizing difficulties related to depression and anxiety.   

 Notwithstanding the serious impairment and lifelong difficulties often associated with 

adult ADHD, questions remain related to the prevalence and expression of ADHD symptoms 

across the lifespan. Earlier studies of adult ADHD called into question whether ADHD either 

tends to resolve, become much more rare, or continues to exist as a distinct disorder in adulthood 

(Faraone et al., 2000).  In line with the fact that ADHD diagnostic criteria were originally 

developed for school-aged children, the optimal thresholds for adults are unclear (Faraone et al., 

2000).  Moreover, a number of studies have noted a decline in ADHD symptoms, particularly 

hyperactive/impulsive symptoms, with age (Biederman et al., 2000; Lahey & Willcutt, 2010; 

Wilens et al., 2004).  While the decline in hyperactive/impulsive symptoms as ADHD children 

move into adulthood might be interpreted as some degree of remission, research has not resolved 

whether hyperactive/impulsive symptoms remain significantly more pronounced in adults with 

ADHD as compared to typically developing populations.  In this regard, Kessler and colleagues 

(2006) have advocated for investigations of adult ADHD which take into account the need to 

adjust for the nuances of the disorder in adulthood, perhaps by increasing the variety of 

symptoms assessed or decreasing criteria for diagnostic severity.  Nonetheless, the continued use 

of child-centered conceptualizations of ADHD may result in underestimation of the prevalence 
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of adult ADHD as well as an increasing level of difficulty in meeting diagnostic criteria across 

development (Faraone et al., 2000; Spencer et al., 2007).        

The Current Study 

 As noted previously, both ISV RT and micromovements represent promising candidate 

endophenotypes and possible objective markers of ADHD.  However, few investigations have 

sought to examine these endophenotypes together in samples of ADHD children and adolescents 

of both sexes, and such research would likely add important depth to the support for these 

constructs as endophenotypes of ADHD.  Furthermore, to our knowledge, no study to date has 

extended an examination of these constructs to adult populations.  In light of the above-noted 

summary of the literature on adult ADHD, this research can inform conceptualizations of ADHD 

across the lifespan.         

 With these objectives in mind, the current study involved an investigation of the utility of 

both intrasubject variability (ISV RT) and infrared measures of micromovements in 

differentiating ADHD and typically developing children, adolescents, and adults.  We 

hypothesized that within child/adolescent and adult age groups, ADHD and typically developing 

populations would differ significantly on measures of both ISV RT and micromovements, such 

that ADHD samples evidence significantly higher values than TD samples across all summary 

variables related to these two candidate endophentoypes.  Additionally, examining the overall 

sample, we hypothesized significant negative correlations between age and summary variables 

related to ISV RT and micromovements across both ADHD and TD samples.  Judging from 

research related to a decline in H/I ADHD symptoms over the lifespan (Biederman et al., 2000; 

Lahey & Willcutt, 2010; Wilens et al., 2004), we also expected that relationships between age 

and summary variables related to micromovements would indicate convergence over time 
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between ADHD and TD populations, such that ADHD samples eventually appeared to 

“normalize” to some degree.  Finally, considering previous studies utilizing micromovements in 

differentiating ADHD and TD samples in samples made up exclusively of child/adolescent males 

(Albrecht et al., 2010; Ohashi et al., 2010; Teicher, 1996), we hypothesized that repeating initial 

analyses related to differentiation between ADHD and TD samples on summary measures of ISV 

RT and micromovements would yield not only significantly higher values in the ADHD sample 

but also larger effect sizes than when both sexes were included in the analysis. Looking toward 

the development of more objective measures of ADHD diagnosis, the incorporation of the two 

endophenotypes investigated in this study represents an attempt to integrate well-established 

measures of ADHD symptoms with a large body of evidence suggesting the diagnostic utility of 

quantifying high activity levels in children with ADHD (Teicher, 1996; Wood et al., 2009).  In 

the context of the current study, these results will undoubtedly serve to broaden the 

understanding of ADHD across development, in addition to offering another highly promising 

avenue for further conceptualization of the heterogeneity and complexity of ADHD.    

 
Method 

Recruitment   

Recruitment of child, adolescent, and adult study participants included IRB-approved 

advertisements distributed in local magazines, websites (e.g., craigslist), bookstores, and the 

NYU Langone Medical Center. These methods served as primary recruitment strategies for 

participants who were included in our typically-developing (TD) sample.  Building on these 

recruitment efforts, children and adolescents with ADHD were also recruited through referrals 

from the NYU Child Study Center Child & Family Associates, school counselors, and the local 

chapter meetings of various parent organizations.  Adults with ADHD were also recruited from 
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referrals from the NYU Medical Center and Psychiatry Department. In many cases, participants 

had consulted with intake staff at nearby psychiatric and mental health facilities regarding a need 

for psychodiagnostic evaluation and were referred to our study due to the high and sometimes 

prohibitive cost of such an evaluation outside of a research setting.  Following participation in 

our study, families and adult participants received $60 for their participation, and 

child/adolescent participants and their guardians received a full psychodiagnostic assessment 

report including a write-up of all evaluation results, diagnostic formulation, and treatment 

recommendations.  

Participants 

For this study, we included children /adolescents between ages 8.0 and 17.9 and adults 

between ages 18.0 and 54.9 years.  While recruitment was aimed at both males and females, it 

was expected that there would be a preponderance of males in the ADHD sample, given sex 

differences in the prevalence of ADHD (American Psychiatric Association, 2000). Estimated 

full-scale or verbal IQ of at least 80 was required for all participants in order to minimize clinical 

heterogeneity. 

General Procedure  

Prior to participation, each adult participant or parent of a child/adolescent participant 

took part in a brief (~10-15 min.) phone screen performed by a trained research assistant.  This 

phone conversation included a number of general demographic and diagnostic questions aimed at 

a preliminary screening for exclusion criteria (outlined further below), in addition to ensuring 

that the participant was likely to be included in one of the study groups (ADHD or TD).   

Following the phone screen, study participants (either an adult or a child + 1 parent) were 

invited to the NYU Child Study Center for a diagnostic evaluation session lasting approximately 
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4 hours.  Upon arrival, informed consent was attained from adult participants and parents of 

child/adolescent participants, and assent was obtained from child/adolescent participants.  For 

child/adolescent participants, the evaluation then proceeded in two concurrent stages.  A semi-

structured diagnostic interview was administered to the child/adolescent participant’s parent by 

either a licensed clinician or a psychology graduate student under the supervision of a licensed 

clinician who reviewed the results of the evaluation. Concurrently, the child/adolescent 

participant was administered abbreviated cognitive and achievement testing by a B.A. or 

Masters-level research assistant who had undergone training with a licensed clinician and had 

obtained a certain level of testing reliability.  Following this stage of the evaluation, the 

child/adolescent participant was then administered the semi-structured diagnostic interview by 

the same licensed clinician or psychology graduate student who had administered the interview 

to their parent.  In contrast, adult participants were administered the semi-structured diagnostic 

interview and abbreviated cognitive and achievement testing by a single evaluator, either a 

psychology graduate student or Masters-level research assistant under the supervision of a 

licensed clinician who had ensured training to a certain level of testing reliability.          

The experimental task involving the McLean Motion and Attention Test System 

(MMAT; see below) comprised the final 15-20 minutes of each participant’s evaluation. The 

MMAT was administered by a trained research assistant who escorted the participant into a room 

containing only the table, chairs, computer, infrared motion sensors, and equipment needed for 

the MMAT task.  Prior to starting the MMAT, each participant completed a practice continuous 

performance task (~ 5 min.) involving Go/No-Go stimuli exactly like those that would be 

presented during the MMAT.  Once the practice portion was completed satisfactorily, each 

participant would be left alone in the MMAT room to complete either the 15-minute 
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(child/adolescent participants) or 20-minute (adult participants) version of the MMAT task.  As 

outlined further in later sections, some participants did not complete the MMAT task.  This 

occurred either because of a high rate of errors during the initial practice portion, data loss due to 

software problems on a few occasions, or because the participant elected to leave the MMAT 

task prematurely.                  

Finally, additional demographic and objective questionnaires were administered to 

parents and teachers for child/adolescent participants and to both the participant and one 

informant who knew them well (details below) for adult participants.  As noted above, families 

and adults received $60 for participation. 

Assessment Measures 
 

Diagnostic Instruments: As noted above, for child/adolescent participants, the Schedule 

for Affective Disorders and Schizophrenia for School-Age Children- Present and Lifetime 

Version (K-SADS-PL) was used to assess for the presence of any current or past Axis I diagnosis 

(Kaufman et al., 1997).  Previous research has established high interrater reliability for the 

KSADS, in addition to good to excellent test-retest reliability (k coefficients ranging from .63 to 

1.00) and good concurrent validity with established rating scales for a number of 

child/adolescent psyhiatric disorders (Kaufman et al., 1997).  For adult participants, the Adult 

ADHD Clinical Diagnostic Scale (ACDS) v 1.2 was used to assess for current or lifetime 

diagnosis of ADHD (Adler & Spencer, 2004).  The ACDS contains an adapted version of 

screening questions used in the KSADS in order to assess for the presence of childhood 

symptoms, as well as questions appropriate to the diagnosis of ADHD which are shared with 

another instrument (the AISRS) developed by Adler and Spencer (Spencer et al., 2010).  Along 

this line, the adult-specific portions of the ACDS has shown good convergent and discriminant 
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validity, test-retest reliability, and internal consistency related to ADHD H/I and inattentive 

clusters (Spencer et al., 2010; Adler & Spencer, 2004).   The Structured Clinical Interview for 

DSM-IV-TR, Non-patient Edition (SCID-I/NP) (First et al., 2002) was used to assess for the 

presence of any co-morbid Axis I psychiatric illness for both ADHD and TD adult participants. 

For the SCID, research has established fair to good reliability across numerous diagnostic 

categories (kappa values ranging from .60-.83) (Lobbestael et al., 2010).  Further, although there 

agreed-upon measure of validity for adult psychiatric diagnoses (Shear et al., 2000; Steiner et al., 

1995), previous research has suggested that the SCID is superior to other methods of establishing 

valid psychiatric diagnoses in adults (Basco et al., 2000).   

Cognitive and Academic Assessment: To assess cognitive potential, the Wechsler 

Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999) was used.  This is a well normed, 

four-subtest measure that provides an estimated full-scale IQ, as well as estimates for 

performance and verbal IQ subscales, and it was used for all child, adolescent, and adult research 

participants.  As noted by Stano (2004), reliability coefficients for subtests of the WASI range 

from .81-.97 for children and adolescents and from .84-.98 for adults, and there has been 

extensive work establishing both construct and content validity for this particular measure.  To 

provide an estimate of school-related achievement, the Wechsler Individual Achievement Test, 

Second Edition, Abbreviated (WIAT-II, Abbreviated) was used for all child, adolescent, and adult 

participants (Wechsler, 2001).  Lichtenberger and Smith (2005) reported that test-retest 

reliability for the subscales of the WIAT-II ranged from .92-.98 for children/adolescents and 

from .75-.96 for adults, noting that there is also a considerable body of work establishing 

construct and criterion validity for this measure.   
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Instruments for Demographic Characterization of the Sample: Demographic information, 

including participants’ birth date, sex, race, and ethnicity, was collected via a standardized 

questionnaire used at the NYU Child Study Center.  Socioeconomic status was characterized 

using the Hollingshead Index (Hollingshead, 1975).  As noted in a study by Shin and colleagues 

(2010), the Hollingshead index has been shown to have good reliability, with coefficients 

ranging from .85 to .96. 

Instruments for Clinical Characterization of the Sample: To measure symptom severity 

for child and adolescent participants, the Conners Parent Rating Scale-Revised:L and Conners 

Teacher Rating Scale-Revised:L (Conners, 1997) were utilized. These rating scales are widely 

used, normed instruments containing 80 items.  Items included factors relating to conduct, 

hyperactivity-impulsivity, and attention problems, as well as DSM-IV ADHD subtype indexed 

scales.  According to Sattler and Hoge (2006), internal consistency reliability for the subscales of 

the Conners rating scales range from .73 to .96, with studies showing adequate construct validity.  

Symptom severity in adult participants was measured using the Conners Adult ADHD Rating 

Scales (CAARS) (Conners, Erhardt, & Sparrow, 1999).  As noted by Adler and colleagues 

(2008), the CAARS has shown satisfactory internal consistency and inter-rater reliability related 

to ADHD symptoms in adults.   Finally, symptom severity for child and adolescent participants 

was also measured by the Child Behavior Checklist (CBCL) (Achenbach & Rescorla, 2001).  For 

CBCL subscales used in this study, Sattler and Hoge (2006) noted internal consistency reliability 

ranging from .94-.97, in addition to adequate content, construct, and criterion validity.  The 

CGAS (Children’s Global Assessment Scale), a numeric scale ranging from 1 to 100, was also 

utilized to rate symptom severity, as this provides a more developmentally appropriate scale for 

children and adolesents similar to the Global Assessment of Functioning scale (GAF) widely 
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used to assess adult diagnostic severity. In order to further characterize the sample with an 

ecological measure of executive functioning, the Behavior Rating Inventory of Executive 

Function (BRIEF) was used with child and adolescent participants (Gioia et al., 2000), while the 

Behavior Rating Inventory of Executive Function- Adult Version (BRIEF-A), Self- and 

Informant- report, was used for adult participants (Roth, Isquith, & Gioia, 2005).  For specific 

BRIEF subscales used in this study, Gioia and colleagues (2000) reported good reliability and 

predictive validity, with alphas of .80-.98 and test-retest reliability of .80-.92 across both parent 

and teacher samples.   The BRIEF-A has demonstrated a similar profile of reliability and 

validity, with alphas of .96-.98 for indices utilized in this study and test-retest reliability of .91-

.94 (Reid, Karim, MrCrory, & Carpenter, 2010). 

Experimental Measures 

The McLean Motion and Attention Test System (MMAT) was used to collect intrasubject 

variability in reaction time (ISV RT) and micromovement data for all research participants.  The 

MMAT utilized an infrared motion tracking system that quantifies micromovements of the 

participant’s legs and head while the participant performs a 15 min. (child/adolescent) or 20 min. 

(adult) continuous performance task (CPT) on a computer (Teicher et al., 2008; Teicher et al., 

2006; Faedda & Teicher, 2005; Teicher et al., 1996). During the CPT, target stimuli (8-pointed 

stars) and non-targets (5-pointed stars) appeared at random screen positions in a random 

sequence for 200 ms each at 2000 ms intervals.  Participants were instructed to press a button 

when target stimuli appeared and to refrain from pressing a button when non-targets appeared on 

the screen.  Feedback was not provided for correct or incorrect responses.  For child/adolescent 

participants, targets and non-target stimuli were presented in a 1:1 ratio, while adult participants 

were presented with target and non-target stimuli in a 3:1 ratio.  In terms of variables with 
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hypothesized links to inattention, reaction time, intrasubject variability in reaction time, 

accuracy, and error rates were recorded.   

Micromovements were measured through specially designed, small, spherical reflectors 

that were temporarily attached via elastic bands to a participant’s forehead and shins.  From a 

distance of up to 5 feet, these reflectors were tracked 50 times per second with sensitivity to any 

position change greater than .4 mm.   Micromovements during the task were then characterized 

through a number of variables describing distinct aspects of movement (outlined further below).  

Each variable related to micromovements involved an average of the index over 3 (for children) 

or 4 (for adults) 5-minute time blocks. For example, a measurement of the Movements variable 

(described below) for a child/adolescent participant entailed an average of the number of 

movements during each of the 3 5-minute time periods of the 15-minute MMAT task.   

Experimental Data Preparation 

Over the course of the MMAT task, data on participants’ speed in reaction time, 

variability in reaction time, percentage of accurate responses to go or no-go stimuli, omitted 

stimuli (not pressing the button for a “go” stimulus), and errors of commission (pressing the 

button for a “no-go” stimulus) were recorded based on performance on the Go/No-Go computer 

task described above.  The following micromovement variables were also recorded:  Movements 

were measured by the average number of position changes greater than 1 mm that occur in a 5 

minute interval, with a summary value calculated via the average number of movements over 

each of 3-4 5-minute time blocks.  Immobility Duration was measured by the average amount of 

time in seconds that a participant spent sitting still (moving less than 1 mm) during a 5 min. 

period.  Spatial Complexity described the complexity of the movement path, with values ranging 

from 1 to 2.  Lower values indicated that the movement path is less complex, with more linear, 
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back-and-forth movements. Non-hyperactive participants had higher values, which indicated 

more complex movement paths.  Displacement was the total distance traveled, in meters, by the 

marker in a 5 min. period.  Displacement was essentially an odometer reading that calculates the 

total distance traveled regardless of direction.  Temporal Scaling indexed the frequency of 

movement, and it ranged from 0 to 1.  Infrequent movements with long periods of inactivity 

yielded values close to 0.  Incessant movement with minimal periods of inactivity produced 

values close to 1.  

Inclusion/Exclusion Criteria for Study Participants  

ADHD group: Children/Adolescents with ADHD were included in this study if they met 

lifetime diagnostic criteria for one of the three DSM-IV subtypes of ADHD (Inattentive, 

Hyperactive/Impulsive, or Combined Type). Diagnosis was determined using the Schedule for 

Affective Disorders and Schizophrenia for School-Age Children- Present and Lifetime Version 

(KSADS-PL) (Kaufman et al., 1997), administered by a trained clinician or supervised graduate 

student in separate meetings with child/adolescent participants and their accompanying parents. 

Comorbidity of anxiety disorders and/or learning disorders was not excluded, given their high 

prevalence in children with ADHD.  However, children with ADHD and comorbid Conduct 

Disorder were excluded, as this co-morbidity may represent a distinct neurobiological subgroup 

(Biederman, 2005; Faraone, Biederman, Keenan, & Tsuang, 1991; Tannock, 1998). Co-

morbidity with Oppositional Defiant Disorder was also exclusionary when physical aggression 

was also present, as this type of ODD is likely to progress to CD.  A number of other current 

Axis I disorders, including bipolar disorder and major depressive disorder, psychosis, and post-

traumatic stress disorder, and any lifetime history of pervasive developmental disorders, were 

exclusionary.  
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Inclusion in the adult ADHD group required a lifetime diagnosis of one of the three 

DSM-IV subtypes of ADHD, as determined by adult ADHD Clinical Diagnostic Scale (ACDS) 

(Adler & Spencer, 2004). Similar to child and adult participants, current comorbidity with 

conduct disorder, bipolar or major depressive disorder, substance or alcohol abuse, psychosis, 

eating disorders, or PTSD were exclusionary for adult participants. Current co-morbid diagnosis 

of an anxiety or learning disorder was not exclusionary.  Furthermore, exclusionary diagnoses 

for adult ADHD participants were based on currently met diagnostic criteria, and due to high 

rates of lifetime co-morbidity (Wilens et al., 2004), past diagnoses of substance abuse, alcohol 

abuse, or mood disorders were not exclusionary.   

Currently unmedicated individuals (defined as no usage of psychoactive medications for 

at least three months prior to participating in the study) were preferentially recruited for this 

study in order to minimize variability due to possible medication effects.  However, treatment 

with short-and long-acting stimulants was not exclusionary.  Both adult participants and parents 

of child participants taking stimulants were asked to discontinue stimulant use for at least 24 

hours before the experimental session.  

 Typically Developing Group: For inclusion in the typically developing subgroup, 

participants were required to have an absence of any Axis-I psychiatric disorder, major medical 

illness, or past or current treatment with any psychotropic medication.  Specific phobias, which 

are very common in the general population, were not considered exclusionary.  Diagnostic status 

was determined either by parent/child KSADS-PL or by SCID-I/ACDS for adult participants.  

Preparation of Sample Groups (Child/Adolescent & Adult)  

Following phone screens, diagnostic and abbreviated cognitive/achievement assessment, 

and the MMAT task, preparation of the child/adolescent sample began with 264 child/adolescent 
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participants who were deemed likely to be eligible for either the ADHD or TD samples utilized 

in this study.  Of these 264 child/adolescent participants, 65 (24.6% of initial overall 

child/adolescent sample) did not complete the MMAT task.  These 65 MMAT non-completers 

were comprised of 46 ADHD child/adolescent participants and 19 typically developing (TD) 

child/adolescent participants.  Thus, a total of 199 child/adolescent participants (75.4%) 

completed both the diagnostic assessment and MMAT portions of the procedure.  Of these 199 

participants, 69 child/adolescent participants (26.1% of initial overall child/adolescent sample) 

were excluded based on the exclusion criteria noted above.  There were two stages in this 

process.  First, child/adolescent participants who either did not meet criteria for an ADHD 

diagnosis or who satisfied criteria only for DSM-IV diagnoses other than ADHD could not be 

included in ADHD or TD groups.  Second, child/adolescent participants who satisfied criteria for 

an exclusionary co-morbid diagnosis were also excluded at this stage, notably including 23 

participants (8.7% of the initial overall child/adolescent sample) diagnosed with Pervasive 

Developmental Disorders. 

 Following this process, 130 child/adolescent participants (49.2% of initial overall 

child/adolescent sample) remained, comprising typically developing (n = 64) and ADHD (n = 

66) subgroups.  Due to either MMAT data loss or more detailed investigation of exclusionary 

comorbid diagnoses, a further 7 child/adolescent participants were excluded, including 3 TD and 

4 ADHD participants.  Thus, the final child/adolescent sample was comprised of 61 TD and 62 

ADHD participants, yielding an overall child/adolescent sample of 123 (46.6% of initial overall 

child/adolescent sample) included in data analyses outlined below.    

 Following phone screens, diagnostic and abbreviated cognitive/achievement assessment, 

and the MMAT task, preparation of the adult sample began with 74 adult participants who were 
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deemed likely to be eligible for either the ADHD or TD samples utilized in this study. Of these 

74, 6 adults (8.1%) did not complete the MMAT task, and 1 adult (1.4%) did not complete the 

diagnostic assessment portion of the procedure.  Thus, 67 adults (90.5% of initial overall adult 

sample) completed both the diagnostic and MMAT portions of the procedure, comprising 

typically developing (n = 38) and ADHD (n = 29) subgroups.  For the typically developing 

subgroup, 2 adults were excluded due to a loss of MMAT data, while 6 adults reported 

exclusionary DSM-IV diagnoses in the past.  For the ADHD subgroup, 4 adults were excluded 

due to a loss of MMAT data, while 6 were excluded due to current co-morbid diagnoses such as 

Major Depressive Disorder, substance abuse, or eating disorders.  Thus, the final adult sample 

was comprised of 30 TD and 19 ADHD participants, yielding an overall adult sample of 49 

(66.2% of initial overall adult sample) participants included in the data analyses outlined below.  

Data Analysis  

Clinical Measures. Initial analyses of group characteristics entailed comparisons between 

ADHD and typically developing groups on demographic characteristics (i.e., sex, age, SES) 

using chi-square tests.  One-way ANOVA analyses were then utilized to compare ADHD and 

typically developing group means on tests of estimated cognitive potential and academic 

achievement, utilizing the following summary subscales: Full-Scale IQ, Verbal IQ, and 

Performance IQ on the WASI, as well as the Composite, Word Reasoning, Numerical 

Operations, and Spelling subscales of the WIAT-II.  For comparisons of clinical symptom 

severity, one-way ANOVA analyses were performed comparing means of ADHD and typically 

developing groups on the ADHD-related summary subscales of the Conners questionnaires, the 

summary scales of the CBCL, and the Behavior Regulation Index, Metacognition Index, and 

Global Executive Composite subscales on the BRIEF (See Tables 7-8).  In contrast to ANCOVA 
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analyses outlined below, ANOVA analyses of demographic characteristics, cognitive potential 

and academic achievement, and clinical symptom severity did not include age or sex as 

covariates.  These analyses were meant mainly to characterize the sample, and it should be noted 

that the calculation of estimates of cognitive potential, academic achievement, and objective 

questionnaires often included comparisons with age- or sex-based normative samples.      

MMAT Data. ANCOVAs controlling for age and sex were performed in order to compare 

ADHD and typically developing groups on summary variables related to micromovements (e.g., 

Movements, Displacement, Spatial Complexity, etc.).  Age and sex were included as covariates 

due to the study’s aim in examining hypotheses related to ADHD endophenotypes over and 

above the effect of age or sex on these outcomes.  Further, only analyses related to head 

micromovements are presented here, as analyses related to right and left shin micromovements 

were not collected for all age groups.  Across the majority of analyses, child/adolescent and adult 

samples were segregated, as there is little prior research addressing differences in the variables of 

interest in this study across the lifespan, and we initially expected considerable heterogeneity 

between sample groups.  However, correlations between summary measures of micromovements 

and age were performed utilizing the combined overall sample in order to examine 

developmental trends in variables of interest.  As a final note, effect sizes were interpreted 

according to guidelines as suggested by Cohen (1988), with eta squared effect sizes of 

approximately .01, .06, and .14 interpreted as small, medium, and large, respectively.  

Additional analyses. Due to the rate of attrition (~25%) of MMAT non-completers in the 

child/adolescent sample, further analyses included one-way ANOVA comparisons of MMAT 

completers and non-completers on measures of demographic characteristics, cognitive potential, 

school-related achievement, and symptom severity.  Further, in light of the significantly higher 
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proportion of males in the child/adolescent ADHD sample, one-way ANOVA and ANCOVA 

analyses (controlling only for age) were repeated with child/adolescent males in order to 

investigate results related to MMAT summary measures in this subsample.  

 

Results 

Demographic Characteristics 

The child/adolescent sample was comprised of 61 typically developing (TD) participants 

and 62 ADHD participants.  As shown in Tables 1 and 2, both chi-squared and one-way 

ANOVA analyses were used to compare demographic characteristics between the two groups, as 

appropriate.  The two groups were not significantly different with regard to age, parent-reported 

race, socioeconomic status, or estimated full-scale or performance IQ.  Significant differences 

were evident between the two participant groups with regard to sex distribution (39% male TD 

vs. 79% male ADHD), verbal IQ, and subscales related to academic achievement.   

 For the child/adolescent ADHD subgroup, frequencies of diagnosis for the various 

subtypes of ADHD are illustrated in Table 3.  Secondary co-morbid diagnoses for this subgroup 

are also listed, as 26 child/adolescent ADHD participants were diagnosed with one or more co-

morbid disorders. Consistent with exclusion criteria, it should also be noted that none of the 

child/adolescent ADHD sample were diagnosed with co-morbid pervasive developmental 

disorders, depressive or bipolar disorders, psychosis, eating disorders, post-traumatic stress 

disorder, alcohol or substance abuse, conduct disorder, or any anxiety disorder other than those 

listed below.   

 In terms of pharmacological history, 26 out of 62 child/adolescent ADHD participants 

(41.9%) reported either current or past treatment with medication, while 36 child/adolescent 
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ADHD participants were reported to be med-naïve (58%).  More specifically, 18 participants 

(29%) reported current treatment with medication at the time of this study.  Current medications 

were exclusively comprised of stimulants, namely Methylphenidate, Dexmethylphenidate, 

Dextroamphetamine, and Lisdexamfetamine.  Eight child/adolescent ADHD participants 

(12.9%) reported a history of pharmacological treatment but denied any current treatment with 

medication. Seven of these eight participants reported past treatment with the stimulant 

medications listed above, while one participant reported past treatment with an unspecified SSRI.  

As noted above, all participants were asked to discontinue stimulant use for at least 24 hours 

prior to this study.    

 As illustrated in Tables 4 and 5, the adult sample was comprised of 30 TD participants 

and 19 ADHD participants.  Both chi-squared and one-way ANOVA analyses were utilized to 

compare demographic characteristics between the two groups.  Again, TD and ADHD adult 

participants did not differ significantly with regard to age, race, or socioeconomic status.  In 

contrast to the child/adolescent sample, adult participants also did not differ significantly on sex 

distribution, IQ summary scales, or academic achievement.  Notably, all mean IQ and 

achievement scores for both TD and ADHD adult participants fell within the average range, save 

for ADHD participants’ estimated full-scale and performance IQ. 

For the adult ADHD subgroup, frequencies of diagnosis for the various subtypes of 

ADHD are illustrated in Table 6.  Most current DSM-IV Axis I diagnoses were exclusionary for 

the adult ADHD sample, including pervasive developmental disorders, mood disorders, 

psychosis, eating disorders, post-traumatic stress disorder, alcohol or substance abuse, and 

conduct disorder.  However, as further illustrated in Table 6, adult ADHD participants reported a 
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history of a number of past DSM-IV Axis I diagnoses, namely mood disorders, alcohol and 

substance abuse, and learning disorders.    

In terms of pharmacological history, 10 out of 19 adult ADHD participants (52.6%) 

reported either current or past treatment with medication, while nine adult ADHD participants 

were reported to be med-naïve (47.4%).  More specifically, three adult ADHD participants 

(15.8%) reported current treatment with medication at the time of this study.  For two of these 

three participants, current medications were reported to be Methylphenidate and 

Dextroamphetamine. Seven adult ADHD participants (36.8%) reported a history of 

pharmacological treatment but denied any current treatment with medication. Past medications 

included Atomoxetine, Methylphenidate, and Dextroamphetamine.  Again, all participants were 

asked to discontinue stimulant use for at least 24 hours prior to this study.  

Clinical Symptom Measures 
 

With regard to objective measures of self-, parent-, and teacher-reported clinical 

symptoms, Tables 7 and 8 illustrate both descriptive statistics and one-way ANOVA results for 

child/adolescent and adult samples, respectively.  For child/adolescent participants for whom 

both teacher and parent questionnaires were returned, 56/57 (98.2%) ADHD participants 

exhibited T-scores above 60 on at least one summary scale of either the Conners Parent Rating 

Scale-Revised: Long Version or the Conners Teacher Rating Scale-Revised: Long Version 

(Conners, 1997). Overall, one-way ANOVA results comparing scores on Conners, CBCL and 

BRIEF subscales provided strong evidence for symptomatic disparity between TD and ADHD 

participant groups, utilizing well-validated measures already in widespread use in clinical 

settings.  For the child/adolescent sample, results indicated significantly (p≤.001) higher ratings 

for ADHD participants on all summary ADHD subscales on Conners parent and teacher rating 
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scales as well as externalizing and total problems subscales on the parent report form of the 

Child Behavior Checklist. These differences are also illustrated in Figure 1.  Furthermore, with 

regard to indicators of executive functioning, child/adolescent ADHD participants evidenced 

significantly higher ratings than TD participants on summary subscales of the BRIEF.    

Self-report Conners and BRIEF rating scales were also collected for adult participants.  

While informant (self rather than parent/teacher) differed for the adult sample, ADHD 

participants’ ratings were again significantly higher (p≤.001) on summary subscales related to 

ADHD on Conners questionnaires as well as summary subscales on the BRIEF. For those 

participants who returned Conners questionnaires, 14/17 (82.4%) ADHD participants 

demonstrated T-scores above 60 on at least one of the summary scales of the Conners Self-

Report Rating Scale (Conners, 1997).  These results are further illustrated in Table 8 and Figure 

2.   

MMAT Completers vs. MMAT Non-Completers 

While the results outlined above pertain only to participants who fully completed the 

Mclean Motion Analysis Test (MMAT), we also examined differences between MMAT 

completers and non-completers for both TD and ADHD samples. For the adult sample, all 

ADHD participants completed the MMAT, while 6 TD participants did not.  Because of this low 

attrition rate, no statistical analyses were performed comparing adult MMAT completers and 

non-completers.    

Reviewing the data for the child/adolescent sample, there were 46 ADHD participants 

and 19 TD participants who did not complete the MMAT.  Comparing ADHD participant 

completers and non-completers via one-way ANOVA, we found that MMAT non-completers 

(mean age = 8.52, s.d.= 1.39) were significantly younger than MMAT completers (mean age = 
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11.05, s.d.= 2.63) (F (1,104)=33.75, p<.001).  Further, while MMAT completers (mean= 102.71, 

s.d.= 18.41) were significantly higher than MMAT non-completers (mean= 94.57, s.d. = 19.59) 

on the WIAT Numerical Operations subscale (F(1,106)=4.893, p<.05), there were no other 

significant differences between completers and non-completers on estimated cognitive potential 

or academic achievement. Finally, completers (mean= 71.74, s.d.= 9.13) were significantly 

higher than non-completers (mean= 67.86, s.d.= 9.84) on parent ratings of inattentive symptoms 

on Conners questionnaires (F (1, 104)= 4.36, p<.05).  However, there were no other significant 

differences on any parent or teacher ratings for ADHD subscales on Conners or CBCL 

questionnaires.    

Comparing the 19 TD child/adolescent participants who did not complete the MMAT to 

the overall sample of 61TD child/adolescent participants who did, one-way ANOVA results 

indicated that MMAT non-completers evidenced a significantly different profile in terms of age, 

cognitive potential, and academic achievement.  In this regard, TD MMAT non-completers 

(mean= 8.05, s.d. = 1.22) were significantly younger than completers (mean = 11.79, s.d.= 3.06) 

(F (1,78)= 26.75, p<.001).  Additionally, estimates of cognitive potential and academic 

achievement for TD MMAT completers generally fell within the high average range, while these 

estimates generally fell within the average range for TD MMAT non-completers. Thus, TD 

MMAT non-completers had significantly lower scores than TD MMAT completers on subscales 

related to full-scale IQ (F (1, 74)= 7.14, p<.01), verbal IQ (F (1, 74)= 6.27, p<.05), performance 

IQ (F (1, 74)= 5.27, p<.05), word reasoning (F (1, 78)= 7.21, p<.01), and composite academic 

achievement (F (1, 78)= 6.51, p<.05)      

Analyses of Reaction Time and Movement Variables 
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For summary variables measuring both reaction time and infrared movements over the 

entire MMAT task, ANCOVA analyses controlling for age and sex were performed, examining 

differences between ADHD and TD participants across both child/adolescent and adult samples.  

As shown in Table 9, ANCOVA results from the child/adolescent sample evidenced a number of 

significant differences between ADHD and TD participants.  Child/adolescent ADHD 

participants demonstrated significantly higher variance in reaction time on the continuous 

performance task aspect of the MMAT.  Further, as indicated by variables measuring aspects of 

infrared head movements during the MMAT task, child/adolescent ADHD participants 

demonstrated a significantly higher number of position changes greater than 1 mm (Movements), 

significantly higher distance traveled (Displacement), significantly greater area of movement 

(Area), and significantly higher frequency of movement with shorter periods of inactivity 

(Temporal Scaling).  Figure 3 further provides a pictorial representation of these differences, 

demonstrating disparities between ADHD and TD child/adolescent participants for the two 

variables exhibiting the largest effect sizes- head movements and head displacement.   

Many of the same discrepancies between ADHD and TD participants on summary 

MMAT variables were also evident in the adult sample.  As shown in Table 10, similar to 

child/adolescent participants, adult ADHD participants demonstrated a significantly higher 

number of position changes greater than 1 mm (Movements), significantly higher distance 

traveled (Displacement), significantly greater area of movement (Area), and significantly higher 

frequency of movement with shorter periods of inactivity (Temporal Scaling).  Additionally, 

significant differences between adult ADHD and TD participants were evident related to the 

coefficient of variation for reaction time on the continuous performance task as well as spatial 

complexity in infrared head movements.  Figure 4 further provides a pictorial representation of 
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differences noted above, illustrating consistent disparities between ADHD and TD adult 

participants for two of the variables noted above- head movements and head displacement.       

Correlation of Infrared Head Movement Variables vs. Age 

Merging both child/adolescent and adult samples, correlations were also computed 

between each of four MMAT movement variables and participant age.  Movement variables 

chosen for this analysis were those that differed significantly between ADHD and TD 

participants across both child/adolescent and adult samples.  These included Head Movements, 

Head Displacement, Head Area, and Head Temporal Scaling.  As shown in Table 11, all four 

movement variables were significantly negatively correlated with age for both ADHD and TD 

participants.  Figures 5 and 6 further illustrate this for two of the movement variables, head 

movements and head displacement.  The trend lines in these figures provide a visual 

representation of disparities between ADHD and TD subgroups.    

Analysis of Child/Adolescent Male Participants 

 As noted above, due to the significantly higher proportion of males in the 

child/adolescent ADHD sample, one-way ANOVA and ANCOVA analyses (controlling only for 

age) were repeated with child/adolescent males in order to investigate results related to MMAT 

summary measures in this subsample.  The male-only child/adolescent sample was comprised of 

24 TD males and 49 ADHD participants.  Table 12 illustrates the results of one-way ANOVA 

analyses comparing the two groups with regard to age, estimated cognitive potential and school-

related achievement, and summary scales of clinical symptom questionnaires.  The two groups of 

males were not significantly different with regard to age or any subscale related to estimated 

cognitive potential.  Significant differences were evident between the two groups with regard to 

all subscales related to academic achievement or clinical symptom severity.   
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  For summary variables measuring both reaction time and infrared movements during the 

entire MMAT task, ANCOVA analyses controlling for age were performed, examining 

differences between child/adolescent male ADHD and TD participants.  As shown in Table 13, 

ANCOVA results from this analysis evidenced a number of significant differences between 

ADHD and TD participants, notably with larger effect sizes than with the original analysis 

including both female and male child/adolescent participants.  Significant differences in head 

movements, head displacement, and head area were again evident.  While the overall 

child/adolescent sample evidenced significant differences on variance in reaction time and head 

movement temporal scaling, these differences were not evident when the analysis was reduced 

solely to child/adolescent males.  However, child/adolescent males did evidence a significant 

discrepancy between ADHD and TD samples on accuracy on the continuous performance task, a 

difference that had not been evident with the overall child/adolescent sample.    

 

Discussion 

Summary of Findings  

Consistent with previous research (Suskauer et al., 2008a; Klein, Wendling, Huettner, 

Ruder, & Peper, 2006; Castellanos & Tannock, 2002), certain measures of intrasubject variability 

in response time significantly differentiated ADHD and TD samples of children/adolescents 

(Reaction Time Variance, Eta squared = .040) and adults (Reaction Time Coefficient of 

Variation, Eta squared = .186).  Also in line with recent studies (Albrecht et al., 2010; Ohashi et 

al., 2010; Teicher, 1996; Teicher, 2008; Wood et al., 2009; Wood & Neale, 2010), measures of 

infrared micromovements in the child/adolescent sample differentiated ADHD and TD groups 

with small to medium effect sizes (Eta squared values ranging from .039 to .059 for best three 
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indices).  Because of the significantly higher proportion of males in the child/adolescent sample 

as well as prior research investigating this candidate endophenotype in male-only samples 

(Albrecht et al., 2010; Ohashi et al., 2010; Teicher, 2008), we examined micromovements in 

males and found significant differences between ADHD males and TD males in the 

child/adolescent sample, with improved but still moderate effect sizes (Eta squared values 

ranging from .079 to .094 for best three indices).  Finally, consistent with study hypotheses, 

measures of infrared movements in the adult sample differentiated between ADHD and TD 

groups with generally large effect sizes (Eta squared values ranging from .203 to .270 for best 

three indices).   

Overall, analyses across child/adolescent and adult samples provide considerable support 

for intrasubject variability in reaction time and infrared micromovements as candidate 

endophenotypes for ADHD.  Furthermore, to our knowledge, this study represents the first report 

of micromovement differences between adult ADHD and TD populations.  In examining 

micromovements in a child/adolescent sample and extending this investigation to adults, study 

results suggest the vital developmental utility of this endophenotype across the lifespan.             

 Moreover, separating out common indices of micromovements that demonstrated 

significant results across child/adolescent and adult samples, correlations between these indices 

and age were significant and consistent regardless of age range. In this regard, because decreases 

in ADHD hyperactive/impulsive symptoms with age have been demonstrated in other studies 

(Biederman et al., 2000; Lahey & Willcutt, 2010; Wilens et al., 2004), one might consider 

whether these studies suggest a decrease in symptoms approaching normalized development by 

adulthood.  However, as illustrated by Figures 5 and 6, while hyperactive movements appear to 

decrease over time in both ADHD and TD samples, significant differences between ADHD and 
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TD populations on these indices are maintained throughout the lifespan.  Even at a decreased 

level, ADHD adults may continue to demonstrate significant differences in hyperactive 

movements which separate them from typically developing adults. Trend lines further provide a 

vivid illustration of the separation on indices of micromovements across development.    

Review of Study Methodology   

 Due to fairly stringent inclusion criteria for ADHD and TD subgroups, only 47% of the 

initial child/adolescent sample and 66% of the initial adult sample were able to be included in 

analyses for the current study.  Although this led to comparably sized (~60 participants) groups 

of TD and ADHD child/adolescent participants, this resulted in a smaller adult ADHD sample 

than intended on initial study design.  Thus, although the largest effect sizes were demonstrated 

in differentiating ADHD and TD adult samples, it would be prudent to consider this work to be a 

pilot study on adult ADHD.  Future work confirming the results shown here should undoubtedly 

involve a larger sample of adult ADHD participants.   

 Along the same line, inclusion criteria for the current study were decidedly categorical.  

All participants either satisfied criteria for a subtype of ADHD as a primary diagnosis or had no 

history of any DSM-IV diagnosis.  As the current study involved a novel attempt to extend 

previous work on two promising candidate endophenotypes for ADHD across the developmental 

spectrum, inclusion criteria were stringent in order to provide the best chance of capturing 

distinct differences between comparison groups.  Future work may incorporate a much higher 

level of tolerance for the shades of gray in the realm of diagnostic heterogeneity.  This might 

involve inclusion not just of ADHD and TD groups, but also of subthreshold and comorbid 

diagnostic profiles which are more consistent with an approach emphasizing the continuous, 

non-categorical distribution of ADHD symptoms across the general population.   
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 Extending this approach to the genetic continuity hypothesized to be inherent to any 

ADHD endophenotype, future work might also investigate familial genetic loading related to 

micromovements (Albrecht et al., 2008).  Utilizing tasks similar to the MMAT, investigations 

could thus examine the performance of both affected/unaffected parents and unaffected siblings 

of ADHD children, adolescents, and adults.  This is in line with previous research supporting the 

credibility of particular ADHD endophenotypes through methodology aimed at defining 

gradations in genetic loading among ADHD participants, their unaffected siblings, and typically 

developing comparison groups (Gottesman & Gould, 2003).  Similarly, future studies might also 

incorporate environmental variables as they relate to both ADHD and MMAT performance.  As 

noted in the introduction to this study, these environmental factors might include: problems 

associated with pregnancy and delivery, low socioeconomic status, family conflict and 

instability, and parental mental illness (Spencer et al., 2007).        

 Additionally, participant age represents an interesting aspect of the current study that 

merits further consideration.  As noted above, differentiation between ADHD and TD 

child/adolescent samples on measures of micromovements generally involved small to medium 

effect sizes.  In this respect, confidence intervals related to measures of micromovements 

evidenced significant overlap between ADHD and TD samples, with sample means usually 

easily within one standard deviation of each other.  Although not necessarily a robust 

explanation, there were also a number of age-related trends within the child/adolescent sample 

that may have uniformly and inadvertently narrowed both ADHD and TD subgroups.  First, 

MMAT non-completers for both ADHD and TD child/adolescent samples tended to be 

significantly younger than completers.  Across both groups, MMAT non-completers had a mean 

of approximately 8 years old, while MMAT completers demonstrated a mean age of 
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approximately 11 years old.  Second, for a target age range incorporating children and 

adolescents aged 8 to 18, the child/adolescent sample was effectively centered around age 11.  

Thus, there is evidence that this particular child/adolescent sample was somewhat truncated 

within the range of ages 8-14, with significant dropout at the early part of the age range and 

fewer participants in the later stages of adolescence.  Among other possible factors, such 

truncation might therefore have contributed to a lesser degree of developmental variation and a 

larger degree of overlap between ADHD and TD samples.               

Limitations and Suggestions for Future Research  
 
 In the current study, we preferentially recruited med-naïve participants, but participants 

with either past or current pharmacological treatment were not excluded.  Further, participants 

undergoing current pharmacological treatment were asked to refrain from taking medication for 

24 hours prior to this study.  This resulted in a fairly large proportion of the sample with either 

past or current use of stimulant medication for ADHD.  On a related note, while the MMAT task 

can be used to compare performance between ADHD and TD populations, it has also been used 

to demonstrate the effectiveness of pharmacological treatment for ADHD (Teicher et al., 2004; 

Teicher et al., 2008).  Utilizing a test-retest design with ADHD participants and controlling for 

practice effects, Teicher and colleagues (2008) demonstrated that the significant differences 

between ADHD and TD populations on the MMAT task could be reduced by a small dose of a 

stimulant directly before MMAT administration (Teicher et al., 2004; Teicher et al., 2008). We 

requested, but did not verify, participants to refrain from taking their stimulant medication for 24 

hours prior to testing. It is possible that some participants forgot to do so and did not report their 

consumption. This limited the ability to analyze data in the present study based on history of 

pharmacological treatment or medication status.  Future work should include objective means of 
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verifying lack of stimulant blood/urine levels, and also quantify caffeine intake and usage 

history.  

 Certain aspects of the MMAT task itself also deserve further scrutiny.  First, while 

child/adolescent and adult versions of the MMAT task were developed independently, there are 

important differences between these tasks that have not been investigated thoroughly.  This is 

especially important due to the lack of published studies utilizing the adult version of the MMAT 

or demonstrating its utility for measuring micromovements in ADHD and TD adults.  More 

specifically, the child/adolescent version of the MMAT task involved 3 5-min. time blocks and a 

ratio of Go/No-Go stimuli of 1:1.  In contrast, the adult version of the task involved 4 5-min. 

time blocks and a ratio of Go/No-Go stimuli of 3:1.  Considering the differing magnitude of 

effect sizes between adult and child/adolescent samples, the significantly longer duration as well 

as the higher saturation of Go stimuli in the adult task may give rise to a number of profound 

effects on task performance that could not be analyzed in the present study.  Certain variables, 

such as commission and omission errors, also could not be considered parallel across adult and 

child/adolescent versions of the task due to significant differences in opportunities to make such 

errors as a function of the ratio of Go/No-Go stimuli.  There are of course other possible 

variables inherent to both versions of the MMAT task (e.g., task instructions, specific stimuli 

chosen, and particular method of measuring micromovements) which could affect the overall 

sensitivity of the task.  However, the differences noted above are particularly intriguing in light 

of the contrast in effect sizes between adult and child/adolescent populations as well as the 

dearth of literature utilizing the adult version of the MMAT task.     

 In both current and previous studies utilizing the MMAT, summary measures of 

micromovements for each child/adolescent participant were obtained by averaging the values in 
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each of 3 5-minute time blocks of the MMAT task.  For future studies, it may also be helpful to 

examine whether differences between ADHD and TD populations are even more pronounced 

within specific time blocks or on the basis of smaller time intervals.  For example, with 

child/adolescent ADHD participants, movements might increase significantly over the course of 

the MMAT task while approaching the limits of sustained attention.  Thus, rather than a measure 

of micromovement averaging performance over the entire task, comparing micromovements 

between ADHD and TD groups during minutes 10 through 15 of the MMAT task might 

evidence even more significant discrimination between these two populations.                       

The placement of infrared motion sensors also represents an interesting aspect to consider 

for future studies.  The main outcome measure for micromovements in this study involved a 

sensor placed in the middle of the forehead through which we measured the number of 

movements, overall distance moved, and area of movement.  In contrast, Wood and colleagues 

(2009) utilized sensors placed on the waist and the dominant leg in establishing evidence for 

differentiation based on micromovements between children with ADHD, unaffected siblings, and 

control populations.  Other studies have noted that in addition to the head and legs, 

micromovements can be effectively measured with sensors placed on the back, shoulder, or 

elbows (Ohashi et al., 2010).  This stands even in further contrast to descriptions of DSM-IV 

hyperactive/impulsive symptoms of ADHD, encompassing movements such as leaving one’s 

seat, fidgeting with the hands, and running or climbing (American Psychiatric Association, 

2000), all of which would be difficult to assess while simultaneously asking participants to 

complete a computerized continuous performance task.  In fact, only one hyperactive/impulsive 

symptom mentions fidgeting involving the legs (American Psychiatric Association, 2000), a 

specific body part which has been utilized in studies of micromovements (Ohashi et al., 2010; 
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Wood et al., 2009).  Thus, while assessing numerous types of movement involving various body 

parts might effectively differentiate ADHD and TD populations, there is still some question 

related to optimal differentiation.  More specifically, one might wonder whether the ADHD 

endophenotype of micromovements might best be narrowed to a single body part or collection of 

body parts. 

 Finally, as the present study was cross-sectional, representing a single evaluation at one 

point in time for each participant, there are a number of issues which limit the generalizability of 

the results.  First, repeated MMAT trials across a certain number of follow-up sessions might 

have established even more significant differences between ADHD and TD populations.  Such a 

procedure would have allowed for more of an estimate of each participant’s average performance 

over time, better accounting for performances that might have been related to the novelty of the 

task or situational fatigue.   Second, results related to developmental trends in micromovements 

are limited in that they are extrapolated from single cross-sectional data points for each 

participant.  The ability to collect longitudinal data for each study participant would provide 

significantly more support for the developmental trends suggested through intraindividual 

tracking of micromovements.  Lastly, in line with research on the temporal stability of the 

ADHD diagnosis, longitudinal follow-up would allow for investigations of further differentiation 

between ADHD and TD populations based on those who maintain clinical impairment due to 

ADHD over time.   

Characterizing the Nature of Movements 

 As a final note, further characterizing the nature of micromovements measured during the 

MMAT task also deserves additional investigation.  While ANCOVA analyses were utilized in 

the current study to compare ADHD and TD populations on task-wide summary measures of 
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micromovements, other studies have utilized alternative statistical methods.  A number of studies 

have demonstrated significant differentiation between ADHD and TD populations in child and 

adolescent samples via Receiver Operating Characteristic Curves, or ROC analyses (Faraone et 

al., 2000; Wood et al., 2009).  Such analyses offered an opportunity to not only investigate how 

well a particular measure contributes to the identification of ADHD participants but also to 

correctly identify non-ADHD participants (Wood et al., 2009).   

 Departing from task-wide summary measures of micromovements, Ohashi and 

colleagues (2010) sought to characterize the nature of moment-to-moment variations in 

micromovements.  In this respect, their results illuminated both a certain periodicity (alternating 

periods of inactivity with short bursts of high activity) and dynamic nature to the fluctuations in 

micromovements over the entire MMAT task (Ohashi et al., 2010).  Supporting the importance 

of this line of inquiry, Castellanos and colleagues (2005) have highlighted the fact that much of 

the research up to this point on underlying causal factors for ADHD has been mainly concerned 

with capturing deficiencies in task-oriented processes in which task performance was averaged 

over an entire task.  While there are undoubtedly many possible positive contributions from this 

avenue of inquiry, proceeding to investigate ADHD by averaging task performance over time 

entails a certain assumption of consistency in symptom presentation in ADHD.  At any time, a 

particular individual with ADHD may be demonstrating varying levels of focus or distraction, 

but measures of group means may fail to adequately capture the moment-to-moment fluctuations 

of attention within the individual (Teicher et al., 2004; Castellanos & Tannock, 2002).   

Importantly, Castellanos and colleagues (2005) further speculated that fluctuations in 

attentional functioning may be occurring at the level of seconds, placing increased emphasis on 

the ability to measure variability on a more molar scale than in previous research.  Although it 
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might be suggested that attentional fluctuations occur randomly, previous research has often 

shown that “dynamic biological systems” are rarely fully random or perfectly regular in 

periodicity, but rather often reveal quantifiable periodicity (Castellanos et al., 2005, p. 1417). 

At this stage, both Di Martino et al. (2008) and Monto et al. (2008) have already provided 

considerable evidence for the value of investigations into the periodicity of intra-individual 

fluctuations in attention and response time variability.  For example, Di Martino and colleagues 

(2008) demonstrated a difference in the periodicity of response time variability between ADHD 

and control research participants on an Eriksen Flanker task.  Taken together, a growing number 

of studies (Di Martino et al., 2008; Monto et al., 2008; Ohashi et al., 2010) have indicated that 

dynamic patterns and quantifiable periodicity in ADHD endophenotypes may represent the next 

frontier in understanding the moment-to-moment fluctuations in the regulation of attention and 

body movement so characteristic of ADHD.   

Implications for the theory, nature, and etiology of ADHD 

 Looking toward the publication of the DSM-V, a number of changes have been proposed 

related to ADHD diagnostic thresholds and subtypes as well as developmental adaptations across 

the lifespan (Bell, 2011; Nigg et al., 2010; Rommelse et al., 2009).  Several of the main 

suggestions which have been outlined in existing literature relate to the elimination of current 

DSM-IV categorical (inattentive, hyperactive/impulsive, and combined) subtypes of ADHD in 

favor of more continuous models of diagnosis (Lahey & Willcutt, 2010; Nigg et al., 2010; Valo 

& Tannock, 2010).  Additionally, a number of changes to criteria for adult ADHD have been 

proposed in an effort to better define developmentally-appropriate symptom thresholds for adults 

(Bell, 2011; Faraone et al., 2000; Kessler et al., 2006; Spencer et al., 2007) and isolate possible 
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distinct developmental pathways in adult ADHD associated with specific diagnostic or 

endophenotypic comorbidities  (Rommelse et al., 2009).  

 The present study is well-positioned to make substantial contributions to all of the above-

noted areas of discussion, providing substantial support for a more continuous rather than 

categorical model of ADHD as well as the continued evolution of conceptualizations of adult 

ADHD.  In this respect, while micromovements might be thought to be more strongly linked to 

the hyperactive/impulsive cluster of ADHD symptoms, the present study indicated that measures 

of micromovements provide a continuous index of ADHD symptomatology independent of 

ADHD subtype.  Although analyses presented in above sections of this study included all ADHD 

subtypes, no significant differences in results or effect sizes were observed when analyses were 

limited only to children, adolescents, or adults with ADHD-hyperactive or –combined subtype.   

Furthermore, results of the present study indicate that that while measures of 

micromovements may decrease with age, micromovements do not “normalize” in adults with 

ADHD, instead maintaining separation between ADHD and TD participants across the lifespan.  

In the interest of informing changing conceptualizations of ADHD, these results suggest very 

important points of clarification related to thresholds for hyperactive/impulsive symptoms across 

the lifespan.  In this regard, it is suggested that while hyperactive/impulsive symptoms might not 

be expected to continue to manifest with the same frequency and intensity in ADHD adults, 

developmentally informed adjustment of symptom thresholds might better characterize the 

discrepancies between ADHD and TD adults that are maintained across the lifespan. 

  Overall, the points noted above underscore the potential importance of micromovements 

in informing ever-evolving conceptualizations of ADHD.  Considering both previous research 

(Albrecht et al., 2010; Ohashi et al., 2010; Teicher, 1996; Teicher, 2008; Wood et al., 2009; Wood 
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& Neale, 2010) and the results of the current study, there exists a substantial body of literature 

suggesting that micromovements represent both a new frontier of ADHD research and an 

important emerging objective and biological marker of ADHD.   Building on studies like that of 

Rommelse and colleagues (2008) which investigated models combining a number of ADHD 

endophenotypes, the potential for micromovements as both an independent indicator of ADHD 

symptoms as well as an important component of combined models of prediction should continue 

to be investigated.  As any one endophenotype is unlikely to represent either a core deficit or 

singular objective marker of ADHD, these combined models thus provide the best chance of 

establishing objective, biologically-based, and developmentally nuanced markers of ADHD 

(Castellanos et al., 2006, Sonuga-Barke et al., 2008). 

Extending these models, emerging lines of research also suggest connections between 

current prevailing theories in neuroscience and the behavioral expression of endophenotypic 

constructs such as ISV RT and micromovements.  What makes this link particularly plausible is 

the convergence in recent investigations of ADHD in illuminating dynamic oscillatory patterns 

across both behavioral and neuroscientific variables of interest.  Along this line, resting-state 

fMRI research has firmly established the existence of a “default-mode network” of brain areas 

which appear to be continuously active primarily when task-related cognitive demands are low 

(Raichle & Gusnard, 2005; Raichle et al., 2001).  Across a number of studies, a robust anti-

correlation has also been shown between the default-mode network and a task-positive network 

of brain regions, establishing a complementary and predictable pattern of activation and 

inhibition of these regions depending on whether the brain is “at rest” or performing a task (Fox 

et al., 2005; Fransson, 2006).  In other words, efficient task performance appears to depend in 
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part on the inhibition of the default-mode network while task-positive brain networks are 

activated in response to a task.   

As Weissman and colleagues (2006) have demonstrated, failure to efficiently suppress 

activity in the DMN appears to be highly related to inconsistent performance on an attentional 

task.  With these results in mind, Sonuga-Barke and Castellanos (2007) have proposed a 

plausible theoretical link between attentional functioning and the DMN.  In brief, the authors 

suggest that the moment-to-moment fluctuations in attention that are apparent in ADHD are 

linked to an inability to suppress the default-mode network in situations where activation of task-

specific systems is simultaneously occurring (Sonuga-Barke & Castellanos, 2007).  It is thought 

that the conflict between simultaneous activation of task-specific systems and the default-mode 

network may be causing periodic fluctuations in attention to a task, thereby interfering with goal-

oriented activity (Sonuga-Barke & Castellanos, 2007).  In light of studies examining the 

periodicity of intrasubject variability in reaction time (Di Martino et al., 2008) and periodicity in 

micromovements (Ohashi et al., 2010) across ADHD and TD samples, future studies may be 

able to establish a link between both the quantifiable periodicity in ISV RT and micromovements 

and similar oscillatory patterns in the activation of brain networks in ADHD, as hypothesized by 

Sonuga-Barke and Castellanos (2007).  Such research would undoubtedly add immense 

complexity and nuance to the understanding of neurobiological models of ADHD, firmly linking 

brain-based phenomena, endophenotypic constructs, and the behavioral expression of ADHD 

symptoms.      

 In conclusion, our findings indicate the significant potential of micromovements as an 

important objective marker of ADHD across the lifespan, as this study represents the first report 

of micromovement differences between adults with ADHD and typically developing 
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populations.  Looking toward greater understanding of adult ADHD, present findings suggest 

intriguing hypotheses related to the expression of ADHD symptoms in across development.  

Moreover, future studies of micromovements hold the potential to inform and enhance both 

complex investigations into the periodicity of ADHD endophenotypes as well as emerging 

diagnostic and neuroscientific ADHD research.  In the context of the current study, infrared 

movement analysis represents a highly dynamic construct with much to contribute to evolving 

conceptualizations of ADHD, one for which there likely exist many remaining layers of 

complexity which have yet to be explored. 
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Table 1  

Demographic Data for Child/Adolescent Sample 

 
             

    

  
TD Group 

(N=61)   
ADHD Group 

(N=62) 
Group Comparisons 

Chi-Square 

  Frequency Percent  Frequency Percent    

Sex      x2 df p 
   Male 24 39.3 %  49 79 % 19.33 1 <.001 
   Female 36 59 %  13 21 % (2x2: Male vs. Female) 
          

Race      x2 df p 
  Caucasian 27 44.3 %  32 51.6 % 0.82 1 0.365 

  Black/African 16 26.2 %  12 19.4 % (2x2: Caucasian vs. Other) 
  Asian/Pacific Islander 6 9.8 %  3 4.8 %    
  Hispanic/Latino 5 8.2 %  12 19.4 %    
  Native American 1 1.6 %  0 0 %    
  Mixed 0 0 %  1 1.6 %    
  Other 6 9.8 %  1 1.6 %    
          

SES       x2 df p 
  1-3 12 19.6 %  19 30.7 % 2.20 1 0.138 
  4+ 43 70.5 %  51 58.1 % (2x2: 1-3 vs. 4+) 

 
Note: SES, or socioeconomic status, was measured via the Hollingshead Index (Hollingshead, 

1975).  TD=Typically Developing     
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Table 2 

IQ and Achievement Test Results for Child/Adolescent Sample 

 
   

     

  

 
TD Group 
(N= 61)  

ADHD Group 
(N=62) ANOVA 

  M SD M SD F df p 

Age 11.79 3.06 11.05 2.63 2.06 1,121 0.154 

CGAS 85.50 6.39 67.94 11.00 109.30 1,116 <.001 

WASI        

   Full-scale IQ 112.23 13.95 108.274 13.65 2.44 1,117 0.121 

   Verbal IQ 113.23 13.97 107.903 13.49 4.47 1,117 <.05 

   Performance IQ 108.33 13.74 106.371 14.15 0.59 1,117 0.445 

WIAT        

   Composite 117.00 14.44 105.129 16.81 17.63 1,121 <.001 

   Word Reading 112.03 9.94 105.065 15.03 9.17 1,121 <.01 

   Num Operations 114.20 18.20 102.710 18.41 12.11 1,121 <.01 

   Spelling 115.23 11.94 103.887 17.92 17.00 1,121 <.001 

 
Note: TD=Typically Developing.  CGAS= Children’s Global Assessment Scale.  
WASI=Wechsler Abbreviated Scale of Intelligence.  WIAT =Wechsler Individual Achievement 
Test.   
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Table 3 
 
Diagnostic Information for Child/Adolescent ADHD Sample (N=62) 
 
 Frequency Percent 
ADHD Subtype   
    -Inattentive 24 38.7 % 
    -Hyperactive/Impulsive 1 1.6 % 
    -Combined 35 56.5 % 
    -NOS 2 3.2 % 
Secondary Co-morbid Diagnoses  26 41.9 % 
    -Specific Learning Disorder 8 12.9 % 
    -Obsessive-Compulsive Disorder 6 9.7 % 
    -Adjustment Disorder 4 6.5 % 
    -Enuresis 3 4.8 % 
    -Specific Language Disorder 2 3.2 % 
    -Specific Phobia 2 3.2 % 
    -Tic Disorder 2 3.2 % 
    -Anxiety Disorder NOS 1 1.6 % 
    -Dysthymia 1 1.6 % 
    -Encopresis 1 1.6 % 
 
Note: NOS=Not Otherwise Specified. 
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Table 4 
 
Demographic Data for Adult Sample 
 
      

   

  
TD Group 
(N= 30)  

ADHD Group 
(N=19) 

Group Comparisons 
Chi-Square 

  Frequency Percent  Frequency Percent    

Sex      x2 df p 
   Male 14 46.7 %  12 63.2 % 1.27 1.000 0.260 
   Female 16 53.3 %  7 36.8 % (2x2: Male vs. Female) 
          

Race      x2 df p 
  Caucasian 0 0 %  0 0 % 0.82 1 0.364 
  Black/African 16 53.3 %  12 63.2 % (2x2: Black/Afr vs.Other) 
  Asian/Pac Islander 6 20 %  2 10.5 %    
  Hispanic/Latino 2 6.7 %  2 10.5 %    

  Native American 0 0 %  0 0 %    
  Mixed 2 6.7 %  2 10.5 %    
  Other 4 13.3 %  0 0 %    
          

SES      x2 df p 
  1-3 11 36.7 %  8 42.1 % 1.50 1.000 0.221 
  4+ 18 60 %  8 42.1 % (2x2: 1-3 vs. 4+) 

 

Note: SES, or socioeconomic status, was measured via the Hollingshead Index (Hollingshead, 

1975). TD=Typically Developing.     
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Table 5 
 
Cognitive and Achievement Results for Adult Sample 
 
   

   

  
TD Group 
(N= 30) 

ADHD Group 
(N=19) ANOVA 

  M SD M SD F df p 

Age 29.67 8.93 33.84 10.94 2.14 1, 47 0.151 

GAF 82.87 7.41 69.69 7.22 33.61 1, 44 <.001 

WASI        

   Full-scale IQ 108.53 11.14 112.26 13.60 1.10 1, 47 0.300 

   Verbal IQ 106.77 10.62 108.95 15.02 0.36 1, 47 0.554 

   Performance IQ 108.27 10.96 113.95 12.46 2.81 1, 47 0.100 

WIAT        

   Composite 106.80 13.63 105.00 15.50 0.18 1, 47 0.671 

   Word Reading 102.90 11.25 106.05 9.84 1.00 1, 47 0.322 

   Num Operations 107.10 14.91 100.84 18.64 1.69 1, 47 0.201 

   Spelling 108.37 11.57 106.21 15.51 0.31 1, 47 0.581 

 

Note: TD=Typically Developing.  GAF=Global Assessment of Functioning. WASI=Wechsler 

Abbreviated Scale of Intelligence.  WIAT =Wechsler Individual Achievement Test. 



 56 

Table 6 
 
Diagnostic Information for Adult ADHD Sample (N=19) 
 
 Frequency Percent 
ADHD Subtype   
    -Inattentive 4 21.1 % 
    -Hyperactive/Impulsive 1 5.3 % 
    -Combined 13 68.4 % 
    -NOS 1 5.3 % 
Past Secondary Co-Morbid Diagnoses   
   -Substance Abuse/Dependence 6 31.6% 
  -Major Depressive Episode/Disorder 4 21.1% 
   -Alcohol Abuse/Dependence 3 15.8% 
   -Learning Disorder (Dyslexia) 1 5.3% 
 
Note: NOS=Not Otherwise Specified 
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Table 7 
 
Clinical Symptom Questionnaires for Child/Adolescent Sample 
 
  

  

  
TD Group 
(N= 61) 

ADHD Group 
(N=62) 

 
ANOVA 

Conners Parent Report M SD M SD F df p 

   ADHD Index Score 45.13 5.11 71.45 8.66 414.64 1,120 <.001 

   DSM-IV Inattentive 45.20 4.69 71.74 9.13 404.19 1,120 <.001 

   DSM-IV H/I 46.58 6.03 67.39 12.77 130.93 1,120 <.001 

   DSM-IV Total 45.35 5.33 71.71 9.76 339.87 1,120 <.001 
Conners Teacher 
Report        

   ADHD Index Score 47.68 7.74 67.77 11.95 82.13 1,92 <.001 

   DSM-IV Inattentive 46.30 5.54 65.95 11.59 92.33 1,92 <.001 

   DSM-IV H/I 49.73 10.07 62.86 13.78 24.93 1,92 <.001 

   DSM-IV Total 47.87 7.92 65.95 11.57 69.22 1,92 <.001 

CBCL        

   Total Externalizing Problms 41.40 8.82 58.47 10.59 93.21 1,120 <.001 

   Total Problems 40.95 9.40 61.97 8.50 168.18 1,120 <.001 

BRIEF        

   Behavior Regulation Index 43.16 6.52 61.48 11.71 108.64 1,117 <.001 

   Metacognition Index 43.58 8.98 71.18 9.74 256.97 1,117 <.001 

   Global Exec Composite 42.86 8.12 68.45 9.54 246.28 1,117 <.001 

 
Note: TD=Typically Developing.  H/I=Hyperactive/Impulsive.  CBCL=Child Behavior 

Checklist.  BRIEF=Behavior Rating Inventory of Executive Function.  
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Figure 1. Conners and CBCL Subscale Means for Child/Adolescent Sample.  C-P represents 

Conners Parent-Report subscales, while C-T represents Conners Teacher-Report subscales.  The 

figure illustrates significant differences between ADHD and TD child/adolescent participants on 

Conners and CBCL summary subscales.  Standard deviations for all subscales are represented by 

error bars extending from each column. 
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Table 8  
 
Clinical Symptom Questionnaires for Adult Sample 
 

 

 
TD Group 
(N= 30) 

ADHD Group 
(N=19) 

 
ANOVA 

Conners Self Report M SD M SD F df p 

   DSM-IV ADHD Symptoms 35.62 7.17 69.00 14.72 107.12 1,45 <.001 

   ADHD Index 37.55 5.79 62.76 13.36 79.01 1,45 <.001 

BRIEF Self Report        

   Behavior Regulation Index 39.73 6.29 59.00 10.11 66.61 1,46 <.001 

   Metacognition Index 41.57 6.40 65.61 11.46 87.39 1,46 <.001 

   Global Exec Composite 39.93 6.72 63.94 10.64 92.23 1,46 <.001 

 
Note: TD=Typically Developing.  BRIEF=Behavior Rating Inventory of Executive Function.  
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Figure 2.  Conners Subscale Means for Adult Sample.  C-S denotes Conners Self-Report. The 

figure illustrates significant differences between ADHD and TD adult participants on Conners 

summary subscales.  Standard deviations for all subscales are represented by error bars extending 

from each column. 
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Table 9 
 
MMAT Variables for Child/Adolescent Sample 
 
   

  
TD Group 
(N= 61) 

ADHD Group 
(N=62) ANCOVA(sex,age)  

MMAT Variables M SD M SD F df p 
Eta 

Squared 

   CPT % Accuracy 88.96 9.48 84.16 10.50 3.45 1, 118 0.066 0.028 

   CPT % Error by Omission 5.65 8.37 9.19 10.78 3.25 1, 118 0.074 0.027 

   CPT % Error by Commission 25.06 21.08 28.06 19.96 1.37 1, 118 0.244 0.011 

   CPT Lateral Movements 475.72 94.43 509.73 98.06 2.67 1, 118 0.103 0.022 

   CPT Reaction Time Variance 140.00 68.61 176.02 71.60 4.87 1, 118 <.05 0.040 

   CPT Reaction Time COV 29.16 13.57 34.11 10.87 2.31 1, 118 0.131 0.019 

   Head Immobility Duration 0.21 0.18 0.15 0.23 2.03 1, 118 0.157 0.017 

   Head Movements 2833.18 1836.97 3755.44 1752.04 5.83 1, 118 <.05 0.047 

   Head Displacement 4.58 3.52 6.85 4.13 7.36 1, 118 <.01 0.059 

   Head Area 146.64 129.40 216.05 148.51 4.81 1, 118 <.05 0.039 

   Head Spatial Complexity 1.16 0.13 1.11 0.14 3.74 1, 118 0.055 0.031 

   Head Temporal Scaling 0.67 0.34 0.81 0.29 4.00 1, 118 <.05 0.033 

 
 
Note: MMAT=McLean Motion and Analysis Test System.  TD=Typically Developing.  

CPT=Continuous Performance Task.  COV=Coefficient of Variation.  The right side of the table 

illustrates results from ANCOVAs controlling for sex and age for each MMAT outcome 

variable.       
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Figure 3.  Scatterplots of MMAT Head Movement & Displacement Variables for the 

Child/Adolescent Sample.  These figures provide a visual representation of significant 

differences between ADHD and TD child/adolescent subgroups on specific measures of 

micromovements which demonstrated the largest effect sizes.  Black lines indicate the mean of 

each distribution.
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Table 10 

 
MMAT Variables for Adult Sample 
 
   

  
TD Group 
(N= 30) 

ADHD Group 
(N=19) ANCOVA(sex,age)  

MMAT Variables M SD M SD F df p 
Eta 

Squared 

   CPT % Accuracy 96.52 3.39 95.61 2.92 0.46 1,45 0.501 0.010 

   CPT % Error by Omission 0.70 1.87 1.01 1.35 0.21 1,45 0.648 0.005 

   CPT % Error by Commission 28.64 23.43 35.03 25.08 0.42 1,45 0.520 0.009 

   CPT Lateral Movements 430.53 74.81 421.74 83.54 0.16 1,45 0.692 0.004 

   CPT Reaction Time Variance 98.70 33.47 116.21 31.19 3.52 1,45 0.067 0.072 

   CPT Reaction Time COV 22.53 4.58 28.11 8.14 10.28 1,45 <.01 0.186 

   Head Immobility Duration 0.48 0.37 0.34 0.40 1.52 1,45 0.223 0.033 

   Head Movements 1069.77 739.46 2434.26 2028.62 11.43 1,45 <.01 0.203 

   Head Displacement 1.41 1.03 4.13 3.73 14.17 1,45 <.001 0.240 

   Head Area 38.33 23.17 127.42 115.18 16.68 1,45 <.001 0.270 

   Head Spatial Complexity 1.28 0.17 1.17 0.17 5.51 1,45 <.05 0.109 

   Head Temporal Scaling 0.34 0.24 0.53 0.38 4.61 1,45 <.05 0.093 

 
Note: MMAT=McLean Motion and Analysis Test System.  TD=Typically Developing.  

CPT=Continuous Performance Task.  COV=Coefficient of Variation.  The right side of the table 

illustrates results from ANCOVAs controlling for sex and age for each MMAT outcome 

variable.       
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Figure 4.  Scatterplots of MMAT Head Movement & Displacement Variables for Adult Sample.  

Figures provide a visual representation of significant differences between ADHD and TD adult 

subgroups on two representative measures of micromovements.  



 65 

Table 11 
 
Correlation of MMAT Movement Variables with Participant Age 
 

  
Head 

Movements 
Head 

Displacement 
Head 
Area 

Head 
Temporal 
Scaling 

Sample     
  Age-Overall  
    (N= 172) -0.428** -0.385** -0.339** -0.458** 
  Age-TD  
    (N=91) -0.520** -0.491** -0.437** -0.477** 
  Age-ADHD  
    (N= 81) -0.348** -0.307** -0.255* -0.443** 

 
Note: **= p<.01; *=p<.05.  TD=Typically Developing.  Correlations are shown between head 

movement variables and age for the overall sample, typically developing participants, and 

ADHD participants.   
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Figure 5.  Head Movements vs. Age for ADHD and TD subgroups.  Trend lines in this figure 

illustrate age-related decline in movements as measured by the MMAT task, also highlighting 

the separation maintained between ADHD and TD populations across the lifespan.  
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Figure 6.  Head Displacement vs. Age for ADHD and TD subgroups.  Trend lines in this figure 

illustrate age-related decline in displacement as measured by the MMAT task, also highlighting 

the separation maintained between ADHD and TD populations across the lifespan.   
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Table 12 
Cognitive, Achievement, and Symptom Severity Comparisons for Child/Adolescent Males 
 
  

  
TD Group 
(n= 24) 

ADHD Group 
(n=49)  ANOVA 

  M SD M SD F df p 

Age 12.21 2.81 11.45 2.41 1.43 1,71 0.235 

CGAS 84.62 7.56 68.10 10.81 45.09 1,71 <.001 

WASI        

   Full-scale IQ 115.26 15.75 108.35 13.65 3.64 1,70 0.061 

   Verbal IQ 114.61 15.31 108.37 13.71 3.01 1,70 0.087 

   Performance IQ 112.22 15.31 106.29 14.17 2.61 1,70 0.111 

WIAT        

   Composite 121.29 15.20 103.55 15.88 20.66 1,71 <.001 

   Word Reading 114.75 9.93 104.39 14.67 9.75 1,71 <.01 

   Numerical Operations 120.46 12.00 100.94 18.37 18.20 1,71 <.001 

   Spelling 115.67 15.20 102.24 18.34 10.59 1,71 <.01 

Conners Parent Report        

   ADHD Index Score 43.87 4.92 69.27 7.53 217.16 1,70 <.001 

   DSM-IV Inattentive 43.35 4.06 69.55 8.22 208.67 1,70 <.001 

   DSM-IV H/I 44.91 4.04 66.20 12.49 63.26 1,70 <.001 

   DSM-IV Total 43.43 4.26 69.96 9.42 165.58 1,70 <.001 

Conners Teacher Report        

   ADHD Index Score 46.33 8.77 67.36 11.77 40.11 1,57 <.001 

   DSM-IV Inattentive 45.80 7.30 64.64 10.48 41.37 1,57 <.001 

   DSM-IV H/I 47.00 7.90 62.14 13.49 16.80 1,57 <.001 

   DSM-IV Total 46.33 7.91 64.70 11.06 35.06 1,57 <.001 

CBCL        

   Total Externalizing Problems 41.88 7.75 58.41 10.97 43.65 1,71 <.001 

   Total Problems 42.08 7.83 61.53 8.70 85.73 1,71 <.001 

BRIEF        

   Behavior Regulation Index 42.52 5.96 60.80 11.01 51.13 1,68 <.001 

   Metacognition Index 42.76 9.63 70.10 10.27 108.00 1,68 <.001 

   Global Executive Composite 41.90 8.46 67.80 9.73 112.10 1,68 <.001 

Note: TD=Typically Developing.  CGAS= Children’s Global Assessment Scale.  

WASI=Wechsler Abbreviated Scale of Intelligence.  WIAT =Wechsler Individual Achievement 

Test.  H/I=Hyperactive/Impulsive.  CBCL=Child Behavior Checklist.  BRIEF=Behavior Rating 

Inventory of Executive Function.
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Table 13 

MMAT Variables for Males in Child/Adolescent Sample 

   

  
TD Group 
(N= 24) 

ADHD Group 
(N=49) ANCOVA(,age)  

MMAT Variables Mean SD Mean SD F df p 
Eta 

Squared 

   CPT % Accuracy 89.91 8.35 84.00 10.79 4.21 1,70 <.05 0.057 

   CPT % Error by Omission 4.39 8.35 9.07 10.86 2.98 1,70 0.089 0.041 

   CPT % Error by Commission 26.63 20.01 28.70 19.76 0.75 1,70 0.389 0.011 

   CPT Lateral Movements 454.08 98.97 500.98 93.21 2.41 1,70 0.125 0.033 

   CPT Reaction Time Variance 135.79 70.22 173.45 70.98 3.31 1,70 0.073 0.045 

   CPT Reaction Time COV 30.21 17.06 34.31 11.45 1.18 1,70 0.281 0.017 

   Head Immobility Duration 0.23 0.22 0.16 0.26 0.79 1,70 0.377 0.011 

   Head Movements 2529.04 1545.53 3699.20 1799.88 5.99 1,70 <.05 0.079 

   Head Displacement 4.03 2.92 6.88 4.32 7.28 1,70 <.01 0.094 

   Head Area 134.00 113.31 222.90 157.75 5.63 1,70 <.05 0.074 

   Head Spatial Complexity 1.17 0.15 1.11 0.16 1.78 1,70 0.186 0.025 

   Head Temporal Scaling 0.63 0.33 0.79 0.31 2.68 1,70 0.106 0.037 

 

Note: MMAT=McLean Motion and Analysis Test System.  TD=Typically Developing.  

CPT=Continuous Performance Task.  COV=Coefficient of Variation.  The right side of the table 

illustrates results from ANCOVAs controlling for age for each MMAT outcome variable.   
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