
Executive function in children born preterm: Risk factors and 
implications for outcome

H. Gerry Taylor, Ph.Da and Caron A.C. Clark, Ph.Db

aDepartment of Pediatrics, Case Western Reserve University and Rainbow Babies & Children’s 
Hospital, University Hospitals Case Medical Center, Cleveland, OH, USA

bDepartment of Education, University of Nebraska-Lincoln, Lincoln, NE, USA

Abstract

Executive function (EF) refers to the set of cognitive processes involved in the self-regulation of 

emotion and goal-directed behavior. These skills and the brain systems that support them develop 

throughout childhood and are frequently compromised in preterm children, even in those with 

broadly average global cognitive ability. Risks for deficits in EF in preterm children, and attendant 

problems in learning and psychosocial functioning, are higher in those with more extreme 

prematurity, neonatal complications, and related brain abnormalities. Associations of higher levels 

of EF with more supportive home and school environments suggest a potential for attenuating 

these risks, especially with early identification. Further research is needed to understand how 

deficits in EF evolve in preterm children, refine assessment methods, and develop interventions 

that either promote the development of EF in this population or help children to compensate for 

these weaknesses.
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Executive function in children

Defining characteristics

In everyday life, we are continually challenged to self-regulate our emotional and behavioral 

responses. Demands for self-regulation change over the course of the lifespan. In infancy, 

self-regulation centers on basic homeostatic processes, such as managing cycles of arousal,1 

but with extrinsic input from the caregiver. Increasingly through the course of childhood, 

children are expected to manage their emotions and behavior intrinsically and of their own 

volition. To engage effectively in autonomous, proactive self-regulation, the child requires 
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an ability to mentally represent the goal he/she is trying to achieve, to filter out conflicting, 

irrelevant responses or sensory stimuli that detract from this goal-directed focus, to plan for 

different contingencies, and to flexibly adjust his/her goals relative to changing cues or 

signals in the environment. The set of higher-order mental capacities that support this 

independent, goal-directed behavior is referred to collectively as ‘executive function’.2,3 An 

alternative term sometimes used to emphasize the top-down nature of this support is 

executive or cognitive ‘control’.4 Use of the broader term ‘self-regulation’ is also justified by 

associations of EF with the ability to modulate emotions.4–7

Higher levels of cognitive and emotional self-regulation in children and youth are associated 

with more positive temperaments, more advanced language and academic skills, better 

behavioral and social adjustment and social problem solving, and more successful coping 

with environmental stressors.7–13 Conversely, longitudinal research has linked difficulties in 

self-regulation in early childhood with subsequent weaknesses in academic achievement and 

more negative long-term health, educational, and behavioral outcomes. Studies of 

community samples indicate that weaknesses in EF in preschool predict lower levels of 

mathematics and reading readiness skills at early school age.14–16 In the Dunedin (New 

Zealand) longitudinal study, weaker self-control skills at ages 3–5 years were related to 

poorer health, lower wealth, and more polysubstance dependence in adulthood.17 Another 

study found that greater difficulties on a delayed gratification task in early childhood 

predicted lower self-esteem and coping abilities, more substance abuse, and lower 

educational levels in adults with a personality style characterized by sensitivity to 

rejection.18

Component processes

Cognitive scientists have differing definitions of EF and the various mental processes that 

fall under its rubric.19,20 Past debates have centered around the nature of the components of 

EF and on whether to conceptualize EF as a set of distinct component skills or as 

manifestations of a unified core function. A compromise position integrated these 

perspectives by acknowledging a set of component EFs that are partially independent but 

linked together by a common underlying process, such as executive control, goal-

maintenance, inhibition, or conflict resolution.6,19,21 Typically, at least three cognitive 

processes are referenced in broader definitions of EF: working memory - the ability to 

mentally represent and manipulate information over short time intervals; inhibitory control–

the ability to suppress attention or responses to an irrelevant stimulus; and cognitive 

flexibility–the ability to switch fluidly between different goals, tasks or stimuli.3,21 Given 

this multi-component conceptualization of EF, tasks used to assess it can have diverse 

demands. A common task to assess working memory, for example, involves counting an 

array of dots over a series of trials and then repeating back the sequence of count values 

from all previous trials.22 Inhibitory control often is assessed using tasks that involve 

suppressing a prepotent response to a stimulus (e.g. say ‘day’ when one sees a picture of a 

moon or read the word ‘red’ when the word ‘red’ is printed in green ink). Other examples of 

tasks that are used to assess EF are listed in Table 1, along with examples of similar tasks 

that have been simplified for use with young children. Although they vary in format and 

response demands, all of these tasks require the child to maintain a conscious goal or rule in 
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mind and to use this rule to guide his/her responses while resisting competing impulses or 

distractors.

More complex executive tasks, such as those requiring planning, organization, problem-

solving, and fluid reasoning, and appreciation of false beliefs or others’ perspectives (i.e., 

theory of mind) can then be construed as involving combinations of these processes and 

higher-level mental representations.3,29 For example, solving a puzzle-type task such as 

Tower of Hanoi, which involves moving disks on pegs to reproduce a target arrangement of 

the disks, requires keeping rules for moving the disks in mind (working memory) while 

inhibiting actions that would break the rules. Similarly, tests of phonemic fluency, which 

require timed generation of words beginning with specified letters, entail inhibition of words 

beginning with other letters, working memory for words already produced, and flexibility in 

shifting from one search strategy to another. A further distinction is sometimes made 

between ‘cool’ versus ‘hot’ EF. Cool EF is assessed using measures that are more purely 

cognitive in nature, such as tasks of working memory or attention switching. In contrast, hot 

EF is involved in decisions that are emotionally-laden or have motivational significance, as 

exemplified by responses to delayed gratification or gambling tasks. Research suggests that 

these two types of EF are weakly related, have different associations with other traits such as 

IQ and temperament, and develop independently on one another.30,31

Developmental changes

EF develops as infants begin to selectively attend to aspects of their environment. This 

process occurs with maturation of the anterior, or ‘voluntary,’ attention system and with the 

concomitant abilities to exert control over the more automatic ‘orienting’ attention system, 

form and retain mental representations of objects, activities, and goals, sustain attention over 

time, and shift attention in accordance with task demands.19,32 Children’s performance on 

measures of working memory, inhibitory control, and cognitive flexibility increases 

dramatically between 2 and 5 years of age, although slower gains in the ability to complete 

increasingly abstract and complex executive function tasks are evident through middle 

childhood and adolescence.3,33,34 Cognitive flexibility requires coordination working 

memory and inhibition and thus matures subsequent to more elementary forms of the latter 

EF components.19,35–37 There is also evidence for changes in the nature of EF over the 

course of childhood. In preschool-aged samples, findings from confirmatory factor analyses 

suggest that tests of different types of EF tap a single skill rather than distinct component 

functions.11,20,38 Factor analytic research in community cohorts of school-age children and 

adolescents provides support for greater differentiation of EF into the component processes 

of working memory, inhibitory control, and cognitive flexibility in these older age 

groups.6,39,40

Neural systems

Findings from neural activation studies using functional magnetic resonance imaging (fMRI) 

during EF tasks indicate that several distributed frontal-subcortical systems contribute to EF, 

each of which is linked to other brain regions. The dorsolateral prefrontal, posterior parietal, 

and temporal cortices, supplementary motor area, anterior cingulate, basal ganglia, and 

cerebellum have been implicated in the cognitive control aspects of EF; the dorsolateral, 
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ventrolateral, and dorsomedial prefrontal cortices, along with the pregenual cingulate and 

amygdala in emotion regulation; and the orbitofrontal cortex, ventrolateral prefrontal cortex, 

dorsal anterior cingulate cortex, and ventral striatum in reward processing.4,32,41–45 Brain 

insults to these systems have the potential to disrupt cognitive control or emotion regulation 

or to interfere with goal directed behavior.

Developmental studies suggest that the neural systems that support EF evolve throughout 

childhood and adolescence. For instance, fMRI studies comparing children and adults on the 

same EF tasks reveal age-related changes in patterns of brain activation. In a study of visual-

spatial working memory, children and adolescents had activation in the striatum and 

cerebellum whereas patterns of activation in adults were confined to prefrontal and parietal 

regions.46 Other studies have found trends for more specific and focused activations with 

increasing age on tasks of inhibition and working memory.47–49 In resting state fMRI, which 

involves scanning youth who are resting passively without engagement in a cognitive task, 

temporal fluctuations in activation across neural regions included in the executive control 

network become increasingly synchronized and anti-correlated with other neural networks 

over the course of adolescence, suggesting that these networks are becoming increasingly 

refined and specialized for the coordination of goal-directed behavior.50–52 At a structural 

level, executive task performance increases in step with the development of long-range white 

matter connectivity, as measured by diffusion weighted imaging,53,54 as well as with 

reductions in inferior frontal and anterior cingulate cortical thickness, which presumably 

occur as a result of synaptic pruning and myelination.55 Consequently, the effects of insults 

to brain regions contributing to EF are likely to be age-dependent.

Effects of preterm birth on executive function

Brain abnormalities in preterm children and related deficits in executive function

Children with more pronounced degrees of preterm birth [gestational age (GA) <37 weeks] 

or low birth weight (<2500 g) are at risk for reduced brain volumes in the structures 

associated with EF, including cerebral white matter, frontal, parietal, and temporal cortices, 

and the basal ganglia and cerebellum.56–61 Not surprisingly, these children have a wide 

range of deficits in EF compared to term-born normal birth weight (NBW) controls, with 

deficits proportional to the degree of prematurity.62–65 Impairments in EF are especially 

prominent in extremely preterm birth/extremely low birth weight (GA <28 weeks and/or 

<1000 g) and very preterm/very low birth weight (GA <32 weeks and/or <1500 g) 

samples,66–68 but are evident even in moderate (GA 32–33 weeks) and late (34–36 weeks) 

preterm children.69–71 Although children and youth with varying degrees of preterm 

birth/low birth weight are referred to in this paper as ‘preterm’ children, impairments vary 

with the degree of prematurity.64

EF deficits are evident across a wide range of tests, on parent and teacher ratings of 

behavioral symptoms of EF deficits and of poor emotion self-regulation, and on direct 

observations of emotional self-regulation in early childhood.66,72–75 Two meta-analyses 

found that the performance of children born preterm on measures of executive control is, on 

average, 0.3 to 0.6 standard deviations lower than that of full term children,63,64 although 

effects as great as 1 standard deviation have been reported in studies of children with 
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extreme prematurity.76 Rates of deficits in EF relative to age standards on tests and parent 

and teacher ratings are substantially higher for children with more extreme prematurity 

compared to NBW controls, with rates 2 to 4 times higher in one sample65 and 3 to 5 times 

higher in another.67 Impairments in EF are found even when excluding children with low 

IQs or when adjusting group comparisons for IQ or estimates of ‘crystallized’ intelligence 

based on vocabulary knowledge.62,65,74,77–82 More complex and cognitively demanding 

tests, such as those requiring a greater load on working memory or more steps to solve a 

puzzle-type task, have greater sensitivity to subtle impairments, such as those exhibited by 

children with less extreme prematurity.69,83–85

Development of executive function in preterm children

As early as toddlerhood, children born preterm show impairments on spatial working 

memory tasks as well as difficulties regulating their emotions.73,82,86–88 As preschoolers, 

they show difficulties on ‘cool’ measures of inhibitory control, as well as on ‘hot’ measures 

that require waiting for a reward.69,70,83,89,90 By school age, preterm-born children not only 

show greater impairments on measures of working memory, switching, and verbal fluency 

but also are less likely to show evidence of strategic planning during complex problem 

solving tasks.9,62,65,74,91,92 Parents also report impairments in everyday aspects of executive 

function, such as remembering homework books or planning activities ahead of time.74,93 

Studies tracking preterm samples into young adulthood have reported difficulties in selective 

attention, inhibitory control, cognitive flexibility and working memory.81,94,95 In addition, 

functional neuroimaging studies suggest that adults born preterm may recruit different 

neural networks than full term controls when performing executive tasks, including showing 

less suppression of posterior ‘default mode’ network regions that typically are deactivated 

during cognitive tasks.96–98 Taken together, these studies suggest that EF difficulties are 

evident even before preterm children enter the classroom and that they persist throughout the 

lifespan.

There is some evidence from cross-sectional studies for diminishing weaknesses with age in 

sustained and selective attention and in response inhibition, and for increasing difficulties 

with age in verbal fluency.62–64 However, researchers acknowledge difficulties in drawing 

firm conclusions regarding age trends given that deficits in the preterm children were more 

evident in samples comprised of more extremely preterm children and that findings were 

dependent on the measures used to assess EF. Few studies have conducted repeated 

assessments of preterm children over time using the same measures, but those that have also 

support the possibility of age-related changes in emotion regulation and executive control in 

preterm samples.73,99,100 Clark et al.73 followed groups of extremely preterm children, very 

preterm children, and NBW controls from 2–4 years of age. Emotion regulation was 

assessed on parent ratings of the children and via observation of parent-child interactions 

during problem solving activities. Findings indicated that both of the preterm groups were 

behind the NBW group on a composite measure of emotion regulation at 2 years of age, 

whereas only the extremely preterm group remained behind the controls on this measure at 4 

years. Those extremely preterm children with continued delays were more likely to have 

shown abnormalities on cerebral MRI scans at birth, consistent with the idea that neonatal 

brain insults associated with preterm birth may impinge on the slowly developing neural 
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network that supports EF. In a longitudinal study of children with <750 g birth weight 

compared to those with 750–1499 g birth weight and NBW controls, Taylor et al.68 found 

that the <750 g group had stable deficits from ages 7–14 years on most cognitive measures 

but made slower progress than the NBW group on measures of EF. The increasing gap over 

time between the groups on a measure of working memory and set switching is depicted in 

Figure 1.

Risks for deficits in executive function

Both biological and environmental factors help to account for variability in EF outcomes in 

preterm children. White matter abnormalities on structural and diffusion-weighted MRI are 

the most consistent and robust correlates of deficits in EF in preterm children.61,88–90,101–103 

Volumetric measures of subcortical structures, including the caudate, thalamus and 

hippocampus, also correlate with EF in this population and a recent Norwegian study 

showed that lower medial frontal and temporal surface area correlated with poorer EF in 

adolescents born preterm.59,104,105 Other biological factors related to EF in these children, in 

addition to lower GA and birth weight, include being small for GA (SGA), brain 

abnormalities on clinical interpretations of neonatal cranial ultrasounds or conventional MRI 

(i.e., indications of periventricular leukomalacia, intraventricular hemorrhage, or ventricular 

enlargement), bronchopulmonary dysplasia, postnatal steroids, retinopathy of prematurity, 

sepsis, and male gender.65,67,74,78–80,101,106–108 Children who display neurosensory 

impairments (cerebral palsy or vision or hearing disorders) or delayed early development are 

also at increased risk for impairments in EF.67 However, neural abnormalities are not always 

associated with deficient EF. Nosarti et al.109 found that very preterm adolescents showed 

different patterns of brain activation during a fMRI task requiring response inhibition 

compared to age-matched NBW controls. Because both groups performed well on the task, 

the results were interpreted as suggesting neural compensation for areas of the brain 

compromised by preterm birth.

Environmental factors related to poorer EF include lower socioeconomic status, less child-

focused home environments, and suboptimal parenting styles.29,38,72–74,110 Families of 

preterm children are more likely to experience higher levels of stress and to have fewer 

socio-economic resources.111,112 Given that children born preterm already have neural and 

physiological vulnerabilities, they may be even more vulnerable to the deleterious effects of 

these stressors.113 Unfortunately, few studies have focused on the joint roles of medical and 

social risk in shaping executive function outcomes in children born preterm, an important 

oversight given the potential role of family-based interventions in fostering EF in this 

population. In one study, young low birth weight children whose parents who were more 

warm and responsive to the child during structured play activities caught up to NBW 

controls on measures of EF between ages 3 and 5 years, whereas parents of low birth weight 

children who were more harsh and intrusive during these interactions remained behind.114

Relation of deficits in executive function to behavior and academic achievement

Deficits in EF are of special interest in assessing outcomes of preterm birth, not only 

because of their relation to brain abnormalities in this population but also because of their 

value in predicting behavior and academic achievement. These deficits are associated with 
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interview-based diagnoses of attention deficit hyperactivity disorder (ADHD), parent and 

teacher ratings of ADHD and dysexecutive behaviors, weaknesses in academic achievement 

and social problem-solving skills, and inadequate readiness for learning at school 

entry.4,14,91,115–119 Clark and Woodward72 found that EF at school entry fully accounted for 

the relation of preterm birth to lower academic achievement at age 9 years. Similarly, Rose 

et al.120 reported that working memory scores accounted for the variability in reading and 

mathematics achievement among children born preterm. Using a novel approach that 

incorporated observational measures of kindergarten classroom behavior, Wong et al.121 

found increased rates of competing, off-task behaviors and a greater reliance on teacher 

support and intervention in an extremely preterm sample. These negative academic 

behaviors were more common among children who scored less well on tests of working 

memory and inhibitory control administered in a research lab. Scott et al.118 reported that 

tests of EF but not of IQ predicted propensities to behavior problems in this same sample. 

Specifically, poor performance on measures of working memory, inhibitory control and 

switching predicted a 4- to 9-fold increase in the likelihood meeting criteria for ADHD-

combined type, a 3- to 5-fold increase in meeting criteria for ADHD-inattentive type and a 

4- to 11-fold increase in the odds of having difficulties in emotional control in this group of 

children. Executive impairments thus impede early learning in children born preterm and 

measures of EF may be more prognostic of behavioral adjustment difficulties than other 

cognitive tests.

Assessment and intervention of executive function in preterm children

Assessment issues

Despite high rates of impairments in EF in children with preterm birth, especially in those 

with more extreme degrees of prematurity, we are unaware of any programs that routinely 

assess EF in this population. Associations of deficits in EF with classroom behavior, 

academic readiness, and achievement skills suggest that screening for these problems may 

be useful prior to school entry and whenever learning or behavior problems become evident 

in these children. Follow-up studies from the preschool to school-age years indicate that 

deficits in EF in higher functioning children may not be evident in early childhood and that 

these problems are frequently overlooked.122,123 Teachers may also fail to understand the 

cognitive implications of preterm birth and thus may either fail to identify these problems or 

lack an understanding of the specific nature of the child’s difficulties and instructional 

needs.124 Because of variability in the sensitivity and reliability of individual EF tests, as 

well as studies indicating that tests contribute to broader ability constructs,7,38 use of test 

composites may be useful in assessing EF in both research and clinical applications.13,61,90 

Despite disparities in outcomes between behavior ratings of deficits in EF and tests of EF, 

findings from a recent study suggest that these two types of measures account for unique 

variance in adaptive functioning in preterm children.125 These results may be related to the 

fact that tests provide more precise assessments of cognitive control, whereas behavior 

ratings assess these skills under less structured conditions and thus may better evaluate the 

child’s ability to meet everyday demands for self-regulation of behavior and emotions. 

Consequently, a multi-method assessment approach will be essential to better understand the 

breadth of a child’s EF impairments.
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Intervention

Interventions to alleviate the weaknesses in EF in children born preterm may begin as early 

as in the neonatal intensive care unit (NICU). In a randomized trial of Kangaroo care, 

preterm neonates who received the intervention in the NICU showed enhanced physiological 

regulation, including increased vagal tone, a marker of autonomic regulation, and enhanced 

sleep-wake rhythmicity.126 They also showed enhanced EF performance relative to the 

control group at age 10 years. This study suggests that procedures that facilitate 

physiological regulation and parent-child attachment in the NICU may have long-term 

benefits for children’s executive control.

Associations of EF with socioeconomic status, parent mental health, and parenting style 

imply a potential for training programs or instructional interventions to enhance these skills 

in preterm children.127,128 Approaches to early elementary instruction and classroom 

ecology that place emphasis on building self-regulation and planning skills have also 

produced gains in EF and achievement.4,129–131 Computerized cognitive training targeting 

working memory and inhibitory control is another potentially fruitful form of EF 

intervention, with evidence for intervention-related improvements in untrained cognitive 

measures of similar and related skills, as well as for changes in underlying neural 

processes.129,132 In a Norwegian study, preterm children completed ‘Cogmed’, a computer 

game-like training course lasting approximately 5 weeks.133 Children who completed the 

intervention showed moderate improvements on measures of attention and EF, with similar 

improvements reported in an adolescent sample,134 though doubts have been raised with 

regard to the degree to which these benefits generalize to improved learning or social-

emotional functioning.135,136

Summary and conclusions

Problems in EF, broadly construed as the capacity to self-regulate cognition and behavior in 

goal-directed activities, are common sequelae of preterm birth. These problems are evident 

in children with generalized cognitive limitations but can also occur as relatively selective 

deficits in inhibition, working memory, or cognitive flexibility. Behavioral manifestations of 

these deficits include poor organizational and self-monitoring skills and difficulties in 

emotion self-regulation. These deficits are also associated with behavior and learning 

problems, including increased risk for ADHD, weaknesses in social cognition, and poor 

academic achievement, particularly in the area of mathematics14,15. Risks for deficits in EF 

are heightened in children with more extreme prematurity, neonatal complications, and 

neural abnormalities. The development of EF is additionally related to environmental 

characteristics such as socioeconomic status, parenting styles, and learning experiences. 

Interventions, therefore, have the potential to reduce the adverse effects of preterm birth on 

EF and attenuate associated problems in learning and behavior.

Because deficits in EF are evident in early childhood and persist into adulthood, longitudinal 

follow-up of children from birth may help to identify both the earliest harbingers of EF 

deficits and their principal manifestations at various points along the age continuum. 

Recognizing early signs of impaired EF may also provide insight into strategies for limiting 

age-related worsening or emergence of these deficits.11,37,63 Particularly interesting are the 

Taylor and Clark Page 8

Semin Perinatol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



positive longitudinal associations between neonatal physiological regulation - including 

more variable vagal tone and more stable sleep-wake cycles–and later EF in this 

population.137 Such findings suggest that there may be ‘heterotypic continuity’ in patterns of 

self-regulation across childhood, with dysregulation manifesting in different ways across the 

lifespan. Developmentally-nuanced studies are needed to determine if physiological and 

behavioral markers of regulation in infancy can identify the children most prone to executive 

control difficulties later in life.

Studies linking EF deficits to longer-term outcomes also highlight the importance of 

understanding how EF may interact with factors such as home or school quality to increase 

or decrease a child’s risk for subsequent learning and behavior problems. Some theorists 

have suggested that strong EF may operate as a protective factor in children at risk, helping 

them to adapt to perturbations in other cognitive domains.138 Given that the executive 

system may already be compromised by preterm birth, it is possible that the preterm brain 

may be less resilient in the face of other developmental challenges. One natural challenge is 

that of cognitive aging. To our knowledge, only one study has examined executive function 

in older adults born preterm, finding that those preterm adults with less education were more 

vulnerable to executive impairments and indications of Alzheimer’s risk than those with 

higher education or those born full term.139

Enhanced measurement of EF is another important research goal. Tests of EF place demands 

on both EF and other cognitive skills, such as processing speed, memory, and visual spatial 

or motor abilities.36,41,64 Confounds of measures of EF with non-EF processes are less of a 

concern in research studies that take advantage of confirmatory factor analyses that help 

identify latent EF constructs, but are problematic in interpreting results from tests 

administered in clinical evaluations. Similarly, because tests of EF typically tap multiple 

component EF skills, it is difficult to determine the deficits contributing most to a low test 

score.41 Developing methods to identify specific EF weaknesses will be useful in 

establishing the neural basis of these deficits and in formulating intervention approaches. 

Models of how this might be accomplished are provided by experimental approaches that 

manipulate test demands to assess distinct component functions.10,86,116 Because the 

sensitivity of tests of EF to the effects of preterm birth differs for children of varying ages 

and degrees of prematurity, different types of tests at varying levels of complexity will be 

needed to optimize assessments of individual children.20,36 Such initiatives will be 

especially critical in improving assessments of EF in toddlers and preschool-age children; 

few existing measures designed for this age range are well standardized and have validated 

clinical cut-offs for impairment. A related goal is to better understand the contributions of 

laboratory-based assessments of EF to functional outcomes, such as learning, behavior, 

socialization, and quality of life. The development of measures of EF that are more 

contextually similar to the application of EF skills in activities of daily living, such as 

planning a trip to the zoo or baking a cake, may provide assessments that relate more closely 

to functional outcomes.41,140

Finally, further research will be useful to determine the utility of existing interventions, such 

as cognitive training and changes in classroom ecology, in improving EF in preterm 

children, or if modifications of these methods might optimize their benefits for these 
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children. Alternatively, other approaches could be developed to ‘work around’ or 

compensate for children’s weaknesses in EF, perhaps through individualized approaches to 

instruction that are more structured or less dependent on EF. It will also be essential to take 

other cognitive weaknesses in preterm children into account in designing interventions, such 

as impairments in memory, visual spatial skills, and perceptual-motor abilities.79,119,141 

Efforts to reduce the rates of learning and behavior problems in this population will require 

appreciation of all cognitive and socio-emotional vulnerabilities.
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Figure 1. 
Findings from a longitudinal study of children of varying degrees of prematurity compared 

to a Term control group on the Contingency Naming Test, a test involving rapid naming of 

colored shapes that places demands on working memory and cognitive flexibility. The plot is 

based on findings reported in by Taylor et al.68 Results from a mixed model analysis 

revealed a significant group x age interaction, indicating slower age-related improvements in 

test scores in the <750 g group compared to Term controls. Performance was measured in 

terms of an efficiency score that took both naming errors and time into account.
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Table 1

Examples of research tasks used to assess different components of executive function in children and adults

Executive Process Tasks used with adults Tasks used with young children

Working memory Reading span task23: Participants read a series 
of sentences. They are instructed to repeat the 
final word from each sentence after reading 
increasingly lengthening sentence sequences. 
The task reflects the ability to maintain and 
update verbal information in working memory.

A-not-B task24: Infants view and retrieve a toy 
hidden in location A over a series of trials. The 
toy is then transferred to location B and the infant 
must update his/her representation and search 
strategy to successfully retrieve the toy from the 
new location.

Cognitive flexibility/Switching ability Wisconsin card sorting task25: Participants sort 
cards according to different dimensions (e.g., 
color, shape, number) and must infer the sorting 
rule according to feedback. Task scores reflect 
the participant’s ability to remember the current 
sorting rule, abstract a new rule and flexibly 
switch between rules.

Standard dimensional change card sort26: 
Children are instructed explicitly to sort cards that 
vary by color and shape (e.g., blue rabbits, blue 
houses, red rabbits, red houses) along one 
dimension. During the post-switch phase, they 
must switch to sorting by the other dimension. 
The majority of toddlers perseverate on the first 
dimension, making this an appropriate measure of 
cognitive flexibility for preschoolers.

Inhibitory control Stop-signal task27: Participants press a button in 
response to a visual stimulus as quickly as 
possible. On occasional trials, participants hear 
a tone after trial onset and are required to 
withhold the button press response. By 
manipulating the time between trial onset and 
the stop signal, the task determines the 
minimum warning time required for a 
participant to inhibit his/her response.

Go/no-go task28: Children are instructed to press a 
button in response to one stimulus (e.g., a fish) 
and withhold the response to another, infrequent 
stimulus (e.g. a shark). The task assesses the 
ability to withhold a prepotent motor response.
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