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Introduction 
Although diagnoses of ADHD are based on behavioral symptoms of inattention and/or 
hyperactivity/impulsivity, evidence suggests that children with ADHD also exhibit significant 
cognitive weaknesses in areas that are essential to daily functioning both at school and at home.  

Specifically, research studies indicate that children with ADHD often have problems in: 

 Executive Functions (for example, planning a project, sustaining attention to task, 
ignoring irrelevant information)  

 Working Memory (which is often considered an executive function)  
 Fluency or speed of information processing (children with ADHD process information 

more slowly than their peers)  

However, it is important to note that many of these cognitive processes are often interrelated. For 
instance, problems in working memory can negatively affect other executive functions, or slow 
processing speed may reduce one's ability to recall and organize information. 

New or complex tasks use more executive functions. These demanding tasks might include 
learning a new language or writing an essay.  

Executive functions 
Executive functions contribute both to successful online, dynamic, moment-to-moment 
processing of information and to self-regulatory actions that occur over a longer span of time 
(such as planning and decision-making). 

One of the easiest ways to understand the moment-to-moment impact of executive functions on 
behavior is to think about the role of the conductor in an orchestra. An orchestra is comprised of 
many different types of instruments (oboe, violin, clarinet, and so on) and each of these 
instruments can be played independently. It is the conductor's role to dynamically integrate and 
organize the various elements of the orchestra from moment to moment to achieve his or her 
musical goal regarding the piece. Similarly, it is the executive functions of the brain that 
organize an individual's current or ongoing actions and emotions to guide intentional behavior 
from moment to moment. Hence, individuals with executive function weaknesses often lack 
organization and focus and have difficulty adapting flexibly to the context or situation.12 



To understand the role that executive functions play in an individual's behavior that occurs over 
longer time periods, think about the role of the chief executive officer (CEO) in a large 
corporation. The CEO acts as the head "decision-maker" by organizing, planning, guiding, and 
integrating the various actions and decisions of the corporation's departments. Similarly, the 
executive functions organize an individual's actions and emotions to control intentional behavior, 
such as planning, decision-making, and monitoring outcomes. Executive functions can be broken 
down into different sub-functions that each contribute to an individual's ability to act in a goal-
directed and intentional manner. These sub-functions include an individual's ability to: 

 represent or identify a problem  
 develop plans and execute them  
 organize self and activities  
 inhibit actions and regulate emotions  
 resist distractions and control attention  
 self-monitor and self-evaluate thoughts and actions  

Researchers have examined a range of these interrelated sub-functions in children and adults and 
found that the ability of children to exhibit executive functions (for example, self-regulating 
actions and behavior) improves across development. However, even very young children can 
exhibit executive functions, such as the ability to inhibit an action or regulate emotions.  

Executive functions and ADHD 

Numerous studies have examined a range of executive functions in children with ADHD. 
Generally, the findings have shown that ADHD is associated with executive function weaknesses 
but that these weaknesses do not occur in all individuals with ADHD. However, children with 
ADHD who have executive function weaknesses exhibit poorer academic outcomes and are 
more likely to repeat a grade, receive tutoring, and be placed in special education than children 
with ADHD without executive function weaknesses.  

Hence, the presence of executive function weaknesses can have a significant impact on the 
school success of a student with ADHD. This is not surprising given the importance of executive 
functions to regulating both academic performance and behavior. 

Executive functions regulate both academic performance and behaviour 

Executive functioning (for example, planning, self-regulation, working memory) is important to 
a child's success in both literacy and numeracy. General academic success is associated with a 
student's ability to self-regulate their learning process (for example, to stay on task and exhibit 
time management, study skills, planning, and goal-setting). 

The strong link between executive functions (that is, self-regulatory behaviors) and academic 
success is not surprising when one considers the multiple demands of the classroom. For 
example, listening to a teacher's explanation about a concept requires the student to: 

 process and represent the incoming information  



 identify the relevant pieces of information  
 inhibit irrelevant tangential thoughts and/or ignore environmental distractions  
 hold the information in mind while linking it with what one already knows about the 

topic  
 integrate the information and encode this information for later retrieval  

As students become older, the classroom demands for planning, organization, goal-setting, and 
self-monitoring become even greater. Many classroom activities begin to require the integration 
of multiple skills (for example, reading a book in order to write a book report) and the 
application of established knowledge to new situations (for example, applying math facts in word 
problems, applying a mathematical problem-solving strategy to a new type of problem). These 
types of academic activities place higher demands on executive functions and may be 
particularly challenging for a child who has poor executive function capabilities. Other examples 
of executive function weaknesses are detailed in Table 3-1. 

Table 3-1: How Executive Function Weaknesses May Manifest in the Classroom 

Children may have difficulty with:  

 identifying the problem or knowing what the finished product of a task should look like  
 planning, executing, and monitoring projects or assignments  
 holding directions in mind, especially if the directions are complex or multi-step  
 multi-tasking (trying to organize and complete several tasks within a specific time frame)  
 resisting or delaying impulses (for example, tendency to blurt out answers rather than 

resisting the impulse and putting up hand)  
 getting started on assignments (that is, difficulty with initiation) despite interest in the 

work  
 setting goals and carrying out steps to achieve goals  
 monitoring school work (for example, checking for errors)  
 monitoring how their actions affect others in a social context  

Educational Implications of Executive Function Weaknesses  

 In order to acquire and exhibit self-regulatory behaviors (for example, the ability to plan, 
monitor school assignments, set goals, and evaluate progress), students may require direct 
instruction, coaching, and instructional supports.  

 Tasks should be analyzed (for example, for task complexity, novelty, number of steps, 
types of skills required, familiar vs. unfamiliar context) to help teachers understand where 
students may need support and targeted instruction.  

 Executive function weaknesses can occur despite the student exhibiting good ability in 
specific domains of functioning (that is, achievement in the normal range on standardized 
tests of reading and/or mathematics). Thus, these executive function difficulties should 
not be considered to reflect laziness or unmotivated behavior on the part of the student.  

 Executive function weaknesses may hinder the student's ability to perform novel and/or 
complex tasks independently. Therefore, instruction that identifies critical components 
and action sequences can help students learn "how to learn" and facilitate their ability to 



perform complex academic tasks (for example, reading comprehension, written 
composition).25  

Working memory 
Working memory is an executive function. It refers to a "mental workspace" in which 
information is stored and manipulated for brief periods of time in order to perform another 
cognitive activity. The term "brief periods of time" means just seconds. When information must 
be stored and used over longer time periods, then it must be transferred to long-term memory for 
later retrieval. 

Working memory also facilitates an individual's ability to control attention and resist distraction 
during tasks that require sustained effort. Working memory weaknesses have been found to be 
consistently associated with ADHD as well as with learning disorders and specific language 
impairment. 

 Working memory tasks are not the same as short-term memory tasks: 

 Short-term memory tasks require an individual to store information (for example, a 
telephone number) for a short period of time (seconds) and then repeat the information in 
exactly the same sequence.  

 Conversely, working memory tasks require an individual to hold information and 
manipulate that information to reach a goal. For example, when performing a mental 
addition task, a student must be able to store or keep "on-line" the relevant information 
and perform the manipulations (that is, adding the numbers) needed to compute the 
solution.  

One critical feature of working memory is that it has a limited capacity. As a result, tasks 
demanding the processing of large amounts of information can hinder learning. If students are 
asked to keep in mind multiple elements of information (for example, a set of complex 
instructions) while carrying out a task, they may not be able complete what they set out to do and 
may fail to simultaneously monitor their performance for errors.  

Working memory and attention 

Individuals vary in the capacity of their working memory. There is also an association between 
performance on working memory tasks and the ability to control attention (that is, individuals 
who perform poorly on tasks of working memory also tend to perform poorly on tasks that 
require them to control their attention). Moreover, the general ability of adults to ignore 
distracting information is compromised when they are asked to simultaneously complete a task 
that puts high demands on working memory. Another example of the link between working 
memory and attention control abilities is the "Cocktail Party Phenomenon" (see side for 
definition). 



Working memory and ADHD 

Children with ADHD have been found to exhibit moderate to significant weaknesses in working 
memory. Children with ADHD have been found to exhibit impairments relative to non-ADHD 
peers on both verbal and non-verbal working memory tasks. Importantly, these weaknesses in 
children with ADHD cannot be explained by co-existing reading disorders or other comorbid 
disorders. 

Recent studies have shown that working memory and other executive function weaknesses are 
more strongly related to the symptoms of inattention than to the symptoms of 
hyperactivity/impulsivity.Hence, children with either the Inattentive or Combined subtypes of 
ADHD may have difficulty with tasks requiring the maintenance and manipulation of 
information in mind to perform other tasks. For example, mental computation tasks require the 
maintenance of the question while performing the computation to arrive at the answer.  

In addition, working memory performance is strongly associated with academic success in 
literacy and numeracy (see following section for information) and thus working memory 
weaknesses in children with ADHD may have a significant impact on their learning success. 

 

Working memory is a predictor of academic success 

Preliminary evidence suggests that working memory deficits are associated with difficulties in 
behavior and academic achievement in both children with and without ADHD. This indicates 
that even moderate weaknesses in working memory can affect a child's ability to display 
appropriate self-regulatory behaviors and achieve academic success. National curriculum 
assessment measures further reinforce this finding; children with higher scores on measures of 
working memory were found to achieve better assessment results than those with lower scores.  



Working memory and literacy 

Working memory performance is strongly associated with reading comprehension skills in 
elementary and college students. For instance, researchers found that children's performance on 
working memory tasks is associated with their reading comprehension abilities, independent of 
component skills (for example, word recognition and verbal ability). These researchers stated 
that: 

"...working memory is a resource that affects an individual's ability to carry out many of the 
processes associated with construction of text representations."  

There is also a strong association between working memory abilities and written expression. For 
example, one study found that six- and seven-year-old children with high scores on working 
memory tasks also produced writing samples with greater vocabulary diversity, text coherence, 
and level of general attainment. The association between working memory and written 
expression is not surprising when one considers the multiple cognitive demands of the writing 
process. When writing a text, the student must hold in mind information related to: 

 what to write: ideas, words, sentences  
 how to write it: grammar, syntax, mechanics  
 the purpose of the text: audience, style  

Juggling these diverse task demands places a high load on working memory.  

Working memory and numeracy  

Studies also indicate that there is a strong association between performance on working memory 
tasks and numeracy skills (such as math computation and problem-solving). Specifically, 
researchers found that working memory performance is strongly associated with: 

 solution accuracy in word problems  
 the extent of use of sophisticated strategies for solving math computation problems  
 ability to inhibit irrelevant information in word problems  

Children with deficits in working memory abilities have been shown to exhibit poorer numeracy 
skills on national achievement tests, which may be due in part to their use of less efficient 
strategies for solving computation and/or math problems. 

Conversely, children identified by their kindergarten teachers as at risk for weaknesses in core 
literacy and numeracy (for example, letter knowledge, counting) have been shown to score lower 
than their non-risk peers on tests of working memory/executive functions. Moreover, these 
students are also rated by teachers as exhibiting more behavior and attention problems than the 
non-identified children. Taken together, these findings suggest an association between working 
memory, executive functions, behavior, and academic achievement that is present very early in a 
child's life. Thus, efforts should be made to screen for both early cognitive dysfunctions (for 



example, in executive functions, working memory, or processing speed) and behavioral 
difficulties that may hinder a child's academic achievement. 

Educational Implications of Working Memory Weaknesses  

 Working memory deficits in children may hinder their ability to hold events and/or 
information (for example, rules) in mind to guide actions.  

o Thus, children may benefit from structured external prompts that indicate 
appropriate behaviors and routines.  

 Working memory weaknesses may also interfere with a child's ability to follow directions 
and perform complex tasks that require sequential steps (for example, getting a project 
completed, and organizing homework).  

o To help students perform the steps necessary to complete a task, they can be 
provided with external cues and action plans. These can be gradually phased out 
as the student internalizes the sequence.  

 Working memory weaknesses may reduce a student's ability to multi-task, independently 
reflect on actions, monitor progress, and exhibit self-awareness of strengths and needs.  

o In order to facilitate the organization and independent learning skills needed to 
perform multi-component tasks (for example, math problem-solving, reading 
comprehension, written expression), students may require guidance, explicit 
instruction, and practice in self-monitoring and problem-solving strategies.  

o Teaching students how to monitor progress using goal-setting and graphing 
facilitates achievement across a range of ability levels.  

Processing speed 
Processing speed refers to the rate at which an individual can process incoming and outgoing 
information. Students who are slow processors may find it difficult to keep up with classroom 
demands as they may not catch all the instructions required to complete a task, or they may be 
slow at copying down information, completing assignments, and retrieving information (for 
example, math facts) for use in their written and/or verbal responses. 

Slow and variable performance of children with ADHD 

Contrary to the perception that children with ADHD are "driven by a motor," performances on 
both neuropsychological and real-world tasks indicate that children with ADHD:  

 are often slow at completing tasks, particularly when the tasks are cognitively demanding  
 tend to have highly variable speeds of responding  

Children displaying inattentive symptoms have been shown to be particularly slow and variable 
information processors. 

Educational Implications of Processing Speed Difficulties  



 Children with ADHD may need more time to complete tasks and/or process new 
information.  

 Children with ADHD may take longer than peers to respond to a question and may need 
longer wait times during questioning.  

 Assignments may need to be adjusted in length or quantity to accommodate the slower 
processing abilities of the student.  

  

 
 

1. Biederman, J., Monuteaux, M.C., Doyle, A.E., et al. (2004). Impact of executive function 
deficits and attention-deficit hyperactivity disorder (ADHD) on academic outcomes in children. 
Journal of Consulting and Clinical Psychology, 72, 757-766. 

2. Clark, C., Prior, M., & Kinsella, G. (2002). The relationship between executive function 
abilities, adaptive behavior, and academic achievement in children with externalizing behavior 
problems. Journal of Child Psychology and Psychiatry, 43, 785-796. 

3. Westby, C., & Watson, S. (2003). Perspectives on attention deficit hyperactivity disorder: 
Executive functions, working memory, and language disabilities. Seminars in Speech and 
Language, 25, 241-254. 

4. Gioia, G.A., Isquith, P.K., Kenworthy, L, & Barton, R. (2002). Profiles of everyday executive 
functions in acquired and developmental disorders. Child Neuropsychology, 8, 121-137.  

5. Barkley, R.A. (1997). Behavioral inhibition, sustained attention, and executive functions: 
Constructing a unifying theory of ADHD. Psychological Bulletin, 121, 65-94. 

6. Tannock, R. (1998). Attention deficit hyperactivity disorder: Advances in cognitive, 
neurobiological, and genetic research. Journal of Child Psychology and Psychiatry, 39, 65-99.  

7. Willcutt, E.G., Doyle, A.E., Nigg, J.T., Faraone, S.V., & Pennington, B.F. (2005). Validity of 
the executive function theory of attention-deficit/hyperactivity disorder: a meta-analytic review. 
Biological Psychiatry, 57, 1336-1346. 

8. Martinussen, R., Hayden, J., Hogg-Johnson, S., & Tannock, R. (2005). A meta-analysis of 
working memory impairments in children with attention-deficit/hyperactivity disorder. Journal of 
the American Academy of Child and Adolescent Psychiatry, 44, 377-384. 

9. Karatekin, C. (2004). A test of the integrity of the components of Baddeley's model of working 
memory in attention-deficit/hyperactivity disorder (ADHD). Journal of Child Psychology and 
Psychiatry, 45, 912-926. 



10. Willcutt, E.G., Pennington, B.F., Olson, R.K., Chhabildas, N., & Hulslander, J. (2005). 
Neuropsychological analyses of comorbidity between reading disability and attention deficit 
hyperactivity disorder: In search of the common deficit. Developmental Neuropsychology, 27, 
35-78. 

11. Chhabildas, N., Pennington, B.F., & Willcutt, E.G. (2001). A comparison of the 
neuropsychological profiles of the DSM-IV subtypes of ADHD. Journal of Abnormal Child 
Psychology, 29, 529-540. 

12. Gioia, G.A., & Isquith, P.K. (2004). Ecological assessment of executive functions in traumatic 
brain injury. Developmental Neuropsychology, 25, 135-158. 

13. Ylvisaker, M., & Feeney, T. (2002). Executive functions, self-regulation, and learned 
optimism in paediatric rehabilitation: A review and implications for intervention. Paediatric 
Rehabilitation, 5, 51-70. 

14. Ylvisaker, M., & DeBonis, D. (2000). Executive function impairment in adolescence: TBI and 
ADHD. Topics in Language Disorders, 20, 29-57. 

15. Welsh, M. (2002). Developmental and clinical variations in executive functions. In D.L. 
Molfese & V.J. Molfese (Eds.), Developmental Variations in Learning: Applications to Social, 
Executive Functions, Language, and Reading Skills (pp. 139-185). Mahwah N.J.: Erlbaum. 

16. Klenberg, L., Korkman, M., & Lahti-Nuuttila, P. (2001). Differential development of attention 
and executive functions in 3 to 12 year old Finnish children. Developmental Neuropsychology, 
20, 407-428. 

17. Luciana, M., Conklin, H.M., Hooper, C.J., & Yarger, R.S. (2005). The development of 
nonverbal and executive control processes in adolescents. Child Development, 76, 697-712. 

18. Senn, T.E., Espy, K.A., & Kaufmann, P.M. (2004). Using path analysis to understand 
executive function organization in preschool children. Developmental Neuropsychology, 26, 
445- 464. 

19. Daneman, M., & Merikle, P.M. (1996). Working memory and language comprehension: A 
meta-analysis, Psychonomic Bulletin and Review, 3, 422-433. 

20. Graham, S., Harris, K., & Mason, L. (2005). Improving the writing performance, knowledge, 
and self-efficacy of struggling young writers: The effects of self-regulated strategy development. 
Contemporary Educational Psychology, 30, 207-241. 

21. Assel, M.A., Landry, S.H., Swank, P., Smith, K.E., & Steelman, L.M. (2003). Precursors to 
mathematical skills: Examining the role of visual-spatial skills, executive processes, and 
parenting factors. Applied Developmental Science, 7, 27-38. 



22. Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children's mathematics 
ability: inhibition, switching, and working memory. Developmental Neuropsychology, 19, 273-
293. 

23. Cleary, T.J., & Zimmerman, B.J. (2004). Self-regulation empowerment program: A school-
based program to enhance self-regulated learning and self-motivated cycles of student learning. 
Psychology in the Schools, 41, 537-550 

24. Watson, S.M.R., & Westby, C.E. (2003). Strategies for addressing the executive function 
impairments of students prenatally exposed to alcohol and other drugs. Communications 
Disorders Quarterly, 24, 194-204. 

25. Baker, S., Gersten, R., & Scanlon, D. (2002). Procedural facilitators and cognitive strategies: 
Tools for unraveling the mysteries of comprehension and the writing process and for providing 
meaningful access to the general curriculum. Learning Disabilities Research & Practice, 17, 65-
77.  

26. Baddeley, A. (1986). Working Memory. Oxford, England: Oxford University Press.  

27. Conway, A.R.A., Cowan, N., & Bunting, M. (2001). The cocktail party revisited: The 
importance of working memory capacity. Psychonomic Bulletin and Review, 8, 331-335. 

28. De Fockert, J.W., Rees, G., Frith, C.D., & Lavie, N. (2001). The role of working memory in 
visual selective attention. Science, 291, 1803-1806. 

29. Engle, R.W. (2002). Working memory capacity as executive attention. Current Directions in 
Psychological Science, 11, 19-23. 

30. McInnes, A., Humphries, T., Hogg-Johnson, S., & Tannock, R. (2003). Listening 
comprehension and working memory are impaired in attention-deficit hyperactivity disorder 
irrespective of language impairment. Journal of Abnormal Child Psychology, 31, 427-443. 

31. Carlson, R., Chandler, P., & Sweller, J. (2003). Learning and understanding science 
instructional material. Journal of Educational Psychology, 9, 629-640. 

32. Engle, R.W., Kane, M.J., & Tuholski, S.W. (1999). Individual differences in working memory 
capacity and what they tell use about controlled attention, general fluid intelligence and functions 
of the prefrontal cortex. In A. Miyake & P. Shah (Eds.), Models of Working Memory: 
Mechanisms of Active Maintenance and Executive Control (pp. 102-134). New York: 
Cambridge University Press. 

33. Moray, N. (1959). Attention in dichotic listening: Affective cues and the influence of 
instructions. Quarterly Journal of Experimental Psychology, 11, 56-60. 



34. Martinussen, R., & Tannock, R. (in press). Working memory impairments in children with 
attention-deficit hyperactivity disorder with and without comorbid language learning disorders. 
Journal of Clinical and Experimental Neuropsychology. 

35. Aronen, E.T., Vuontela, V., Steenari, M.R., Salmi, J., & Carlson, S. (2005). Working memory, 
psychiatric symptoms, and academic performance at school. Neurobiology of Learning and 
Memory, 83, 33-42. 

36. Taylor, H.G., Anselmo, M., & Foreman, A.L., Schatschneider, C., & Angelpoulos, J. (2000). 
Utility of kindergarten teacher judgements in identifying early learning problems. Journal of 
Learning Disabilities, 33, 200-210. 

37. Gathercole, S.E., & Pickering, S.J. (2000). Working memory deficits in children with low 
achievements in the national curriculum at 7 years of age. British Journal of Educational 
Psychology, 70, 177-194. 

38. Jarvis, H.L., & Gathercole, S.E. (2003). Verbal and non-verbal working memory and 
achievements on National Curriculum tests at 11 and 14 years. Educational and Child 
Psychology, 20, 123-140. 

39. Gathercole, S.E., Pickering, S.J., Knight, C., & Stegman, Z. (2004). Working memory skills 
and educational attainment: Evidence from National Curriculum assessments at 7 and 14 years of 
age. Applied Cognitive Psychology, 18, 1-16. 

40. Cain, K., Oakhill, J., & Bryant, P. (2004). Children's reading comprehension ability: 
Concurrent prediction by working memory, verbal ability, and component skills. Journal of 
Educational Psychology, 96, 31-42. 

41. Hoskyn, M., & Swanson, H.L. (2003). The relationship between working memory and writing 
in younger and older adults. Reading and Writing, 16, 759-784. 

42. Swanson, H.L., & Berninger, V.W. (1996). Individual differences in children's working 
memory and writing skill. Journal of Experimental Child Psychology, 63, 358-385.  

43. Bourke, L., & Adams, A. (2003). The relationship between working memory and early writing 
assessed at the word, sentence, and text level. Educational and Child Psychology, 20, 19-36. 

44. Swanson, H.L., & Beebe-Frankenberger, M. (2004). The relationship between working 
memory and mathematical problem-solving in children at-risk and not at-risk for serious math 
difficulties. Journal of Educational Psychology, 96, 471-491. 

45. Geary, D.C., Hoard, M.K., Byrd-Craven, J., & DeSoto, M.C. (2004). Strategy choices in 
simple and complex addition: Contributions of working memory and counting knowledge for 
children with mathematical disability. Journal of Experimental Child Psychology, 88, 121-151. 



46. Passolunghi, M.C., Cornoldi, C., & De Liberto, S. (1999). Working memory and intrusions of 
irrelevant information in a group of specific poor problem solvers. Memory and Cognition, 27, 
779-790. 

47. Lawrence, V., Houghton, S., Tannock, R., Douglas, G., Durkin, K., & Whiting, K. (2002). 
ADHD outside the laboratory: Boys' executive function performance on tasks in videogame play 
and on a visit to the zoo. Journal of Abnormal Child Psychology, 30, 447-462. 

48. Seyler, D.J., Kirk, E.P., & Ashcraft, M.H. (2003). Elementary subtraction. Journal of 
Experimental Psychology: Learning, Memory, and Cognition, 29, 1339-1352. 

 


