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Disorder
Attention-deficit/Hyperactivity Disorder (ADHD) is a complex 
neurodevelopmental disorder characterized by excessive and 
developmentally inappropriate inattention and hyperactivity/
impulsivity levels [1]. The largest and most comprehensive 
randomized clinical trial in child and adolescent psychiatry, 
the Multimodal Treatment Study of Children with Attention-
deficit/hyperactivity disorder (MTA), documents significant and 
continued impairment in children with ADHD into adulthood 
across multiple domains of functioning after 16 years despite 
receiving the most effective treatments available for the [2]. 
Children with ADHD earn lower grades and experience higher 
rates of special education placements, grade retention, and school 
dropout. Relative to typically developing children, children with 
ADHD score significantly lower on standardized math, reading, 
and spelling achievement measures even after controlling for 
individual differences in intelligence [3]. Approximately 70% 
children with ADHD meet criteria for a specific learning disability 
[4] and the annual academic-related impairment cost in the US is 
$15-25 billion dollars [5]. 

Although the elevated health risks, social/interpersonal 
problems, and above-described academic/cognitive impairments 
are documented well [6], the underlying physiological processes 
remain unknown [3]. This review will outline research linking 
arousal to ADHD-related cognitive impairments. Additionally, the 
reviews highlight etiological models that attempt to associate 

arousal to ADHD-related cognitive impairments and behavioral 
manifestations of the disorder. Finally, recommendations for 
future research will be explored with a particular emphasis on 
both research and clinical implications.

Meta-analytic reviews document moderate Executive Function 
(EF) impairments in children with ADHD across a number of 
domains including behavioral inhibition, short-term memory, 
verbal fluency, inhibition, problem-solving, and working memory 
[7]. Executive Functions (EFs) refer to a “suite” of related 
mental processes mediated by the prefrontal cortex. EFs are 
needed to sustain goal-oriented problem-solving. Moreover, 
EF-related processes include inhibition, working memory, 
planning, emotional or motivational regulation, and interference 
control [8]. Moreover, ADHD-related EF deficits have a central 
and secondary role in several theoretical models of ADHD [9]. 
EF deficits (i.e., executive dysfunctions) are linked to learning, 
particularly performance in language arts, mathematics, and 
science [10], comprehension, reasoning, and planning [8]. 
Research suggests that EF deficits may mediate the relationship 
between ADHD symptoms and grades [11]. Consistently large 
effects sizes are often associated with verbal and spatial working 
memory impairments. Working memory is a limited-capacity 
system for the simultaneous storage and processing of spatial 
and phonological (i.e., speech-based information). Rapport and 
colleagues conducted the first study to examine between-group 
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recording equipment. Frequently, EDLs are studied in conjunction 
with electroencephalograms, which demand minimal movement 
and may be disrupted by spontaneous eye blinks. Traditional 
EDA measurement equipment inhibits freedom of movement, a 
hallmark feature of ADHD, which may create movement artifacts 
in the EDA data. 

Measures for Cognitive Processes
It is important to understand the relationship between cognitive 
performance and physiological measures of behavior using 
(noninvasive) wireless technologies to investigate the unique 
contribution of both arousal and activity level to ADHD-related 
cognitive processes and academic impairments. Wireless sensors 
may have an advantage over traditional EDA measurement 
methods. In traditional measurement methods, electrolyte paste 
is applied to the skin to facilitate the circuit connection between 
the skin and the electrodes. This paste diffuses normally into 
the skin and hydrates the outer layer of skin. This hydration may 
mimic the hydration caused by perspiration and confound EDA 
measurements [22]. The wireless sensors eliminate this potential 
confound by reducing motor artifacts. In traditional EDA 
measurement, sensors are worn on the medial or distal joints 
of the index and middle fingers of a participant’s non-dominant 
hand to minimize movement artifacts; however, significant 
reduction of artifacts is not always achievable and can reduce 
the amount of data available for analysis. Placing the sensors on 
a participant’s non-dominant hand may further minimize motion 
artifacts and permit participants to use their dominant hand to 
complete cognitive tasks. 

Conclusion
Children diagnosed with ADHD are in drastic need of innovative 
and effective treatments, particularly interventions targeting 
ADHD-related cognitive and academic impairments. While the 
continued manifestation of ADHD-related cognitive impairments 
and symptomatology into adulthood are documented well, 
the underlying physiological processes remain unknown [3]. 
Future research examining underlying physiological processes 
associated with ADHD-related cognitive impairments may 
inform the development of impairment-specific interventions for 
children diagnosed with ADHD.

differences in working memory [12] for children with ADHD while 
systematically increasing working memory demands. Recent 
work suggests that working memory impairments are linked to 
behavioral inhibition deficits [13].

Conceptual ADHD models posit that activity level augments 
arousal necessary for performance on cognitive tasks, particularly 
tasks requiring higher-order executive functions such as working 
memory, inhibition, problem-solving [14]. Barkley’s Behavioral 
Inhibition Model of ADHD posits that inhibition deficits, a core 
deficit of ADHD, are associated with four executive functioning 
impairments, namely working memory, self-regulation of 
affect, motivation, and arousal [9]. This model defines arousal 
as the ability of the central nervous system to be attentive 
and responsive to stimuli [9]. The cognitive-energetic model of 
ADHD [15] postulates that “state” factors such as effort, arousal, 
and activation influence components of cognitive processing; 
whereas executive functioning, effort, and task parameters 
are thought to impact arousal. This model defines arousal as 
physiological changes time-locked to stimuli [15]. Finally, the 
working memory model of ADHD [16] posits that activity level 
augments arousal necessary for performance on cognitive tasks, 
particularly tasks requiring sustained attention and higher-order 
executive functions such as working memory, inhibition, and 
problem-solving. Collectively, current ADHD models postulate a 
relationship between arousal and cognitive processes. 

Electrodermal Activity (EDA) quantifies activity of the sympathetic 
nervous system by measuring the reduction in electrical resistance 
of the skin in response to stimuli [17]. EDA is quantified by measuring 
gradual changes over time (EDLs: Electrodermal Levels). Children 
with ADHD have demonstrated lower EDLs relative to children 
without ADHD during resting paradigms [18] tone discrimination 
paradigms [19] and reward-extinction paradigms [20]. With the 
exception of resting paradigms, these tasks require attention to 
simple stimuli (e.g. tones) by the child participants and restrict 
movement, the hallmark feature of ADHD. To date, however, 
assessing physiological processes in children with ADHD has 
proven problematic, as hyperactive pediatric samples are prone 
to producing motion artifact that may be related to the etiology 
of ADHD [21]. Historically, researchers were limited to simple 
listening tasks because of the capabilities of their physiological 

References
1	 American Psychiatric Association DSM (2013) Diagnostic and 

statistical manual of mental disorders: DSM-5 (5th edn.). Arlington 
VA: Arlington VA: American Psychiatric Association.

2	 Hechtman L, Swanson JM, Sibley MH, Stehli A, Owens EB, et al. 
(2016) Functional adult outcomes 16 years after childhood diagnosis 
of attention-deficit/hyperactivity disorder: MTA results. J Am Acad 
Child Adolesc Psychiatry 55: 945-952. 

3	 Barkley RA (2014) Attention-deficit hyperactivity disorder: a 
handbook for diagnosis and treatment: Guilford Publications.

4	 Mayes SD, Calhoun SL, Crowell EW (2000) Learning disabilities and 
ADHD overlapping spectrum disorders. J Learn Disabil 33: 417-424. 

5	 Doshi JA, Hodgkins P, Kahle J, Sikirica V, Cangelosi MJ, et al. 
(2012) Economic impact of childhood and adult attention-deficit/
hyperactivity disorder in the United States. J Am Acad Child Adolesc 
Psychiatry 51: 990-1002. 

6	 Bolden J, Rapport MD, Raiker JS, Sarver DE, Kofler MJ (2012) 
Understanding phonological memory deficits in boys with attention-
deficit/hyperactivity disorder (ADHD): dissociation of short-term 
storage and articulatory rehearsal processes. J Abnorm Child Psychol 
40: 999-1011. 

7	 Boonstra AM, Oosterlaan J, Sergeant JA, Buitelaar JK (2005) Executive 
functioning in adult ADHD: a meta-analytic review. Psychol Med 35: 
1097-1108

8	 Barkley RA (2012) Executive functions: What they are, how they 
work, and why they evolved: Guilford Press.



3© Under License of Creative Commons Attribution 3.0 License         

2017
Vol. 3 No. 4: 40

ACTA PSYCHOPATHOLOGICA
ISSN 2469-6676

9	 Barkley RA (1997) Behavioral inhibition, sustained attention, and 
executive functions: constructing a unifying theory of ADHD. Psychol 
Bull 121: 65-94. 

10	 Clair-Thompson HL (2007) The influence of strategies on relationships 
between working memory and cognitive skills. Memory 15: 353-365. 

11	 Dvorsky MR, Langberg JM (2014) Predicting Impairment in College 
Students With ADHD The Role of Executive Functions. J Atten Disord 
pii: 1087054714548037.

12	 Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF (2005) 
Validity of the executive function theory of attention-deficit/
hyperactivity disorder: a meta-analytic review. Biol Psychiatry 57: 
1336-1346. 

13	 Alderson RM, Patros CH, Tarle SJ, Hudec KL, Kasper LJ, et al. (2017) 
Working memory and behavioral inhibition in boys with ADHD: an 
experimental examination of competing models. Child Neuropsychol 
23: 255-272.

14	 Rapport MD, Orban SA, Kofler MJ, Friedman LM, Bolden J (2015) 
Executive function training for children with ADHD: Guilford Press, 
New York, NY.

15	 Sergeant JA (2005) Modeling attention-deficit/hyperactivity 
disorder: a critical appraisal of the cognitive-energetic model. Biol 
Psychiatry 57: 1248-1255. 

16	 Rapport MD, Alderson RM, Kofler MJ, Sarver DE, Bolden J, et al. 

(2008) Working memory deficits in boys with attention-deficit/
hyperactivity disorder (ADHD): the contribution of central executive 
and subsystem processes. J Abnorm Child Psychol 36: 825-837. 

17	 Miller A, Long J (2007) 13 Psychophysiology principles, pointers, 
and pitfalls. Developmental psychophysiology: theory, systems, and 
methods p: 367. 

18	 Crowell SE, Beauchaine TP, Gatzke-Kopp L, Sylvers P, Mead H, et 
al. (2006) Autonomic correlates of attention-deficit/hyperactivity 
disorder and oppositional defiant disorder in preschool children. J 
Abnorm Psychol 115: 174-178. 

19	 Hermens DF, Kohn MR, Clarke SD, Gordon E, Williams LM (2005) Sex 
differences in adolescent ADHD: findings from concurrent EEG and 
EDA. Clin Neurophysiol 116: 1455-1463. 

20	 Iaboni F, Douglas VI, Ditto B (1997) Psychophysiological response of 
ADHD children to reward and extinction. Psychophysiol 34: 116-123. 

21	 Epstein JN, Casey B, Tonev ST, Davidson M, Reiss AL, et al. (2007) 
Assessment and prevention of head motion during imaging of 
patients with attention deficit hyperactivity disorder. Psychiatry Res 
155: 75-82. 

22	 DeNavas-Walt C, Proctor BD, Smith JC (2010) US census bureau, 
current population reports, income, poverty, and health insurance 
coverage in the United States. 


