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tion problems. The ADHD profile that presents following
prematurity has been characterized by inattention without
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impulsivity or hyperactivity. This supports the existence of a
preterm attentional phenotype. This review aims to examine
the preterm attentional profile regarding three attention
networks: alerting, orienting, and executive attention, and
to survey the methods used for measuring attention networks. We conclude that prematurity is associated with
impairments in the attention networks, but a robust and
detailed articulation of a distinctive preterm attention phenotype cannot be ascertained from the available data.
Future research should focus on addressing methodological
challenges associated with measuring attention, protocol
harmonization, open data sharing, and longitudinal studies

Abbreviations: ADHD, attention deficit hyperactivity disorder; ANT, attention network test; BRIEF, behaviour rating inventory of executive function;
ECBQ, early childhood behaviour questionnaire; GA, gestational age; Leiter-R, Leiter International Performance Scale–Revised; SART, sustained attention
to response task; TAP, tests of attentional performance; TEA-Ch, test of everyday attention for children; TOVA, test of variables of attention.
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utilizing a variety of measurement types. Delineating the
developmental trajectory of attention will improve understanding of the pathway from prematurity to attentional
problems including ADHD and guide interventions.
KEYWORDS

ADHD, attention, attention networks, development, preterm birth

Highlights
• We review the literature measuring associations between preterm birth and altered development of the attention networks.
• Attention is impaired but inconsistencies and methodological
issues limit the conclusions that can be drawn about the preterm
attentional phenotype.
• Highly powered, longitudinal studies using a range of carefully
considered measurement types are needed.

1

|

I N T RO DU CT I O N

Attention is the ability to direct neurocognitive resources towards a stimulus, or stimulus feature in order to support
further processing of a target which may require action (Atkinson & Braddick, 2012). It allows for the disengagement
of resources away from previously attended stimuli and for the maintenance of concentration required for the completion of demanding tasks. Thus, attention supports efficient assessment of the environment and allows for the
planning and execution of optimal behavioural responses.
Optimal development of the attention system supports later development of higher-order cognitive processes
such as social cognition, information processing, goal setting, and cognitive flexibility (Anderson, 2002; De Schuymer,
De Groote, Desoete, & Roeyers, 2012). Conversely, suboptimal attentional development in infancy has been associated with problems with social interactions and academic attainment during childhood and adolescence (Spira &
Fischel, 2005).
One population for whom this is of particular relevance is infants and children who have been born preterm
(<36 completed weeks of gestation). Preterm infants are at risk for widespread cognitive impairment including
problems with attention (Johnson & Marlow, 2016). Due to the hierarchical and reciprocal nature of the development of cognitive abilities (Fischer, 1980; Stuss, 1992), and relative early development of attention compared to other skills (Ruff & Rothbart, 2001), impaired attention may represent early underpinnings of the more
widespread cognitive delays reported in the preterm population (Johnson & Marlow, 2016; Marlow, 2004) and
therefore may be useful as a proxy measure for general cognitive abilities. Furthermore, attention has been
shown to predict later academic attainment in preterm children (Jaekel, Wolke, & Bartmann, 2013; Johnson,
Wolke, Hennessy, & Marlow, 2011) and as such is an important early indicator of later outcomes in this
population.
Children born preterm have a higher likelihood of being diagnosed with attention deficit hyperactivity disorder
(ADHD; Franz et al., 2018; Johnson & Marlow, 2016; Mulder, Pitchford, Hagger, & Marlow, 2009). The behavioural
presentation of ADHD within this population is more commonly associated with inattentive compared to hyperactive/impulsive symptoms and a greater likelihood of being diagnosed with the ADHD-Inattentive subtype (Franz
et al., 2018; Jaekel et al., 2013; Johnson et al., 2010, 2016; Johnson & Wolke, 2013). ADHD in preterm children has
been found to relate to neonatal comorbidities (Johnson & Marlow, 2011) and perinatal clinical risk related to
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prematurity (Montagna et al., 2020). Conditions that commonly co-occur with ADHD in non-preterm populations
are less common and the greater prevalence in males that is typically reported in non-preterm samples is absent
(Johnson & Marlow, 2011). These distinctions provide support for the existence of a preterm attentional phenotype.
Further understanding of the exact nature of attention problems in preterm children will inform clinical and diagnostic practice.
Evidence from intervention studies which report improvement in features of attention provide further support
for the need to identify and delineate specific attention impairments in preterm children (Gould et al., 2018;
Nordhov, Rønning, Ulvund, Dahl, & Kaaresen, 2012; Welch et al., 2015). Identifying precise areas of impairment will
facilitate the design of interventions specifically targeting these weaknesses and thus increasing the potential to yield
improvement.
Several longitudinal cohort studies which include children with a history of extremely or very preterm birth
(<32 weeks of gestation) report the presence of general attention impairment from childhood through to early adulthood (Breeman, Jaekel, Baumann, Bartmann, & Wolke, 2016; Jaekel et al., 2013; Linsell et al., 2018). The stability of
attention difficulties across the life span indicates that early assessment of attention may have value for predicting
later outcome. Although cohort studies of this nature tell us a great deal about general attention abilities, they do
not address early attention impairments that may be detectable during infancy and fail to differentiate between
attention networks.

1.1

|

Attention networks

Evidence from neuropsychological, neuroimaging, and functional neuroanatomy studies suggest that the attention
system is made up of several distinct yet interconnected networks (Fan, McCandliss, Fossella, Flombaum, &
Posner, 2005; Fan, McCandliss, Sommer, Raz, & Posner, 2002; Mirsky, Anthony, Duncan, Ahearn, & Keilam, 1991;
Mullane, Lawrence, Corkum, Klein, & McLaughlin, 2016; Posner & Petersen, 1990; Xuan et al., 2016). The central
theoretical model, proposed by Posner and Petersen (1990), used data inferred from studies of functional neuroanatomy in humans and monkeys to identify three attention networks, which are anatomically and functionally interrelated yet independent. These three networks are proposed to carry out distinct functions: maintaining an alert state,
orienting to sensory events, and detecting signals for conscious processing. Here we will refer to these networks as
the alerting, orienting, and executive attention networks respectively.
Differences in the developmental trajectories of these networks provide further evidence for their independence. Colombo (2001) describes three important periods in the postnatal development of attention. The first is a
period from term to 2 months, during which infants become alert. The second is from 2 or 3 to 6 months of age,
when orienting abilities develop. And finally, from 5 to 6 months onwards the executive attention system begins to
emerge.
The alerting network is required for the maintenance of a vigilant state, allowing for sustained and focused
attention, and rapid stimulus response (Petersen & Posner, 2012; Posner & Petersen, 1990). Alerting emerges relatively early in development, within the first two postnatal months (Colombo, 2001; Reynolds & Romano, 2016). From
around 7 months, the ability to sustain attention for longer periods increases due to emerging control exerted by the
executive attention system. The ability to maintain an alert state depends on the norepinephrine pathways arising in
the locus coeruleus along with a right hemisphere network of frontal, parietal, and temporal cortical and subcortical
regions including the anterior cingulate gyrus, dorsolateral prefrontal cortex, and thalamus. (Colombo, 2001; Fan
et al., 2005; Petersen & Posner, 2012; Posner & Petersen, 1990; Sturm & Willmes, 2001; Xuan et al., 2016).
The orienting network is concerned with movement of attention towards a target of interest. This system also
controls the disengagement of attention, allowing attention to be shifted towards a new stimulus or stimulus feature
(Petersen & Posner, 2012; Posner & Petersen, 1990). In typical development, orienting skills emerge within the first
6 months of life (Colombo, 2001). Even new-borns are selective in their attention although they can have difficulty
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disengaging from a stimulus. This skill develops rapidly between 2 and 4 months of age (Hood et al., 1996). Anatomically, these functions are supported by a network of parietal, frontal, cortical, and subcortical regions including the
right superior parietal cortex, temporoparietal junction, frontal eye fields, and cholinergic systems arising in the basal
forebrain (Coull, 1998; Fan et al., 2005; Petersen & Posner, 2012; Posner & Petersen, 1990; Xuan et al., 2016).
Finally, the executive attention network, is responsible for the selection of information for further processing.
This network also allows for the inhibition of distraction and the ability to divide attention simultaneously between
two or more targets (Petersen & Posner, 2012; Posner & Petersen, 1990). This network is the last to mature and
although it begins to emerge within the first postnatal year, it undergoes a dramatic period of development between
18 and 24 months when the frontal cortex also experiences a phase of rapid growth (Reynolds & Romano, 2016;
Ruff & Rothbart, 2001). Over the preschool years, development of the executive attention network allows for
greater control over lower-level attentional processes, facilitating maintenance, and focus of attention even in contexts that are not intrinsically interesting or where distractors are present. A frontoparietal network including the
anterior cingulate cortex, frontal eye fields, intraparietal sulcus, and the cerebellum are involved in the operation of
the executive attention network (Colombo, 2001; Fan et al., 2005; Petersen & Posner, 2012; Posner &
Petersen, 1990; Xuan et al., 2016).
Various subcomponents of the attention networks have been described in the literature (Kovshoff, Iarocci,
Shore, & Burack, 2015; Ristic & Enns, 2015). These subcomponents attempt to describe more specific skills but have
not been neuroanatomically delineated to the same degree as the broader networks (alerting, orienting, executive
attention) and so their classification is open to some degree of interpretation. In some cases, a number of terms are
used for the same processe for example, sustained attention and focused attention are used interchangeably with
alerting. In other cases, the same word is used to describe different processes. For example, ‘shifting’ has been used
to describe the process of moving attention towards a target (orienting) or shifting between two tasks (an executive
skill). Table 1 lists each component that has been tested by one or more of the studies reviewed below, along with
its network categorization. While more fine-grained labels are useful when a specific skill is of interest, due to the
interconnection between networks, few tasks will rely on a single subcomponent or network. This overlap and subsequent difficulty in identifying which of these attentional processes (and other cognitive processes) underpin specific measures and tasks as well as a lack of standardization of the labels used to describe these processes poses a
very significant challenge when selecting and interpreting this literature.
A more detailed understanding of the presentation of the attention networks in the preterm population would
improve knowledge pertaining to the characterization of the preterm attention phenotype, facilitating the design of
intervention studies and ultimately more targeted clinical care. Early identification of problems with known associations with specific outcomes will aid in mapping developmental trajectories, including onset and manifestation of
ADHD. In addition, early identification of specific attentional impairment in preterm infants may be valuable for
stratifying infants for trials of interventions designed to improve long-term outcome. In the future, interventions will
be facilitated by a more detailed knowledge of risk, resilience, and mechanisms of change.

1.2

|

Previous reviews

Reviews by Mulder et al. (2009) and van de Weijer-Bergsma, Wijnroks, and Jongmans (2008) shed some light on the
question of the preterm attention profile. Van de Weijer-Bergsma et al. (2008) conducted a narrative review of studies of attention in preterm born infants and toddlers published between 1980 and 2007. Findings were categorized
based on the Attention Network Theory (Petersen & Posner, 2012; Posner & Petersen, 1990). The review concluded
that alerting, orienting, and executive attention are impaired in preterm infants, and that problems become more
apparent and congruency between studies improves as children get older. The authors note greater agreement
between studies on orienting compared to alerting or executive attention. They point out a unique pattern of errors
on executive attention tasks in preterm samples and suggest that attention problems in preterm samples differ from

5 of 24

GINNELL ET AL.

T A B L E 1 Attention subcomponents grouped by attention network: function, and list of tasks that measure this
component
Network

Function

Task/measure

Alerting

Maintaining an alert state when
engaged with a stimulus

ANT (alerting), TEA-Ch (score!), eye-tracking
(UTATE, alerting)

Sustained
attention

Maintaining an alert state when
engaged with a stimulus or task

TEA-Ch (score!/walk, do not walk), TOVA,
Leiter-R, CANTAB (rapid visual information
processing), SART

Focused
attention

Maintaining an alert state when
engaged with a stimulus or task

Eye-tracking, observation, ECBQ (attention
focusing)

Orienting to sensory stimuli

ANT (orienting)

Shifting

Moving attention towards a stimulus

TAP-C, TEA-Ch (creature counting/opposite
worlds), eye-tracking (non-competition/
competition paradigm), ECBQ (attention
shifting)

Disengagement

Moving attention away from a
previously attended stimulus

Eye-tracking (UTATE, disengagement)

Selective
attention

Orienting attention towards a stimulus
among distractors

TEA-Ch (map Mission)

Detecting stimuli for conscious
processing

ANT (executive attention)

Inhibition

Inhibiting responses to specific stimuli in
order to attend to another

TEA-CH (walk, do not walk), BRIEF-P
(inhibition), eye-tracking (attention control
paradigm), A not B task, raisin game

Attention control

Controlling attention when switching
between tasks

TEA-Ch (opposite worlds)

Divided attention

The ability to deploy attentional
resources to more than one stimulus
at a time

TEA-Ch (sky search dual task)

Orienting

Executive attention

Note: Components and tasks are those included in one or more of the studies reviewed here and are not necessarily
exhaustive. Where appropriate, task subtests are specified withing brackets.
Abbreviations: ANT = Attention Network Task; BRIEF-P = Behaviour Rating Inventory of Executive Function, Preschool
Version; CANTAB = Cambridge Neuropsychological Test Automated Battery; ECBQ = Early Childhood Behaviour
Questionnaire; Leiter-R = Leiter International Performance Scale-Revised; SART = Sustained Attention to Response Task;
TAP-C = Tests of Attentional Performance for Children; TEA-Ch = Test of Everyday Attention for Children; TOVA = Test
of Variables of Attention; UTATE = Utrecht Tasks of Attention in Toddlers.

those in other populations. Relationships between attention and several biological and environmental factors were
examined (e.g., medical risk, maternal IQ, socioeconomic status). It was concluded that there are associations and that
these factors interact with one another in a complex manner.
Mulder et al. (2009) conducted a review and metanalysis including studies of attention and executive function in
children and adolescents born preterm published between 1990 and 2008. Although categorizations were not based
directly on the Attention Network Theory, studies were categorized into those measuring sustained attention
(a subcomponent of alerting), selective attention (a type of orienting), and inhibition (a form of executive attention).
Mulder and colleagues found that although attention impairments were widely reported, results were inconsistent
with effect sizes ranging from non-significant to large. They conclude that attention is influenced by age at assessment, gestational age, and task type. The authors highlight the importance of taking methodical differences into
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consideration when comparing studies using different tasks and note the dearth of tasks that are pure measures of
independent cognitive skills.

1.3

|

The current review

Substantial advances in medical care within the last 10 years, along with innovations in methodological strategies for
the measurement of cognitive abilities (e.g., eye-tracking) warrant an updated review of this literature. Previous
reviews focused on studies that measured attention using standardized assessments that measure attention as a
function of speed or accuracy on a computerized or pen and paper task. They also included some observational studies of infant attentional behaviours. Neither examined informant reports or eye-tracking measures of attention. Eyetracking is an objective and non-invasive tool widely used to directly measure looking behaviour as a reflection of
perceptual and cognitive processes. The application of eye-tracking technology is therefore useful for the assessment of attention during infancy (Gredebäck, Johnson, & von Hofsten, 2009). The objectivity and precision provided
by eye-tracking along with its suitability for measuring attention even in very young infants may provide valuable
new insights. Given the frequency with which parent report measures are used to measure ADHD symptoms, we
consider questionnaires an important format to include here also.
The current review aims to build upon findings from previous reviews by categorizing studies not only by attention network but also by measurement method. In addition, we include studies utilizing measurement formats not
included in previous reviews (i.e., eye-tracking and informant report). We aim to characterize the preterm attention
profile in relation to the three networks described, and to survey the range of methods used for exploration of these
specific attention networks.
This review was framed around the Attention Network Theory (Petersen & Posner, 2012; Posner &
Petersen, 1990) as it aligns with our aim to delineate in greater detail the preterm attentional profile. It allows for the
examination of attention as a set of distinct functions (i.e., alerting, orienting, executive attention) rather than one
integrated process and thus identify areas of relative weakness. Since previous reviews of this topic have used the
same or similar categorizations (Mulder et al., 2009; van de Weijer-Bergsma et al., 2008) adopting the same model
allows for clear comparison of the updated literature presented here with that presented in previous reviews. In
addition, these categorizations have been adopted by several tasks commonly used to measure attention.
We will consider each network in turn, while categorizing studies by the following commonly used psychological
measures: standardized assessment, observation, eye-tracking, or questionnaire. In this way we aim to (a) identify
the areas of attention most commonly impaired and (b) provide an overview of available methods for identifying
deficits.

2

|

METHOD

Studies were chosen for inclusion if they measured alerting, orienting, or executive attention using the described
psychological measures, (eye-tracking, observation, standardized assessment, or questionnaire) during infancy, childhood, adolescence, or adulthood, were published within the last 10 years and included a preterm group and a term
control group. Prematurity was defined as birth before 37 weeks of gestation. Studies including functional or structural neuroimaging methods were excluded as a comprehensive review of the neuroimaging literature would merit
an independent piece of work beyond the scope of this review.
Older studies were not included for several reasons. First, this literature has been reviewed previously in two
reviews including studies from the 1980s to late 2000s (findings are summarized in Section 1.2 above). Second,
advances in neonatal care have meant that infants can survive from earlier gestational ages (Patel, Rysavy, Bell, &
Tyson, 2017). Earlier gestational age (GA) is associated with more long-term consequences including increased risk
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of cognitive impairment (Blencowe et al., 2013; Myrhaug, Brurberg, Hov, & Markestad, 2019) meaning newer
cohorts are more likely to include infants with more substantial impairments. Findings from more recent studies will
most closely reflect the attention profile of, and therefore be relevant to, the contemporary preterm population.
Finally, recent advancements in the measurement of attention (outlined in Section 1.3) means that methodological
recommendations arising from a review of recent studies will be of most value to current and future research.
A search of titles and abstracts was conducted in the PsychInfo database using key words; ‘attention’, ‘attention
networks’, ‘alerting’, ‘orienting’, ‘executive attention’, ‘preterm’, ‘premature’, ‘prematurity’. Reference lists of returned texts were manually searched and the ‘cited by’ function in the Google Scholar database was used to search
for additional relevant studies.

3

ALERTING

|

Table 2 summarizes findings for studies that measured alerting, highlighting only key results in terms of whether
there were statistically significant group differences, regardless of variable (e.g., accuracy, reaction time).

3.1

|

Eye-tracking

Two eye-tracking studies examined infant alerting and both report significant differences between preterm and term
groups. de Jong et al. (2015) examined alerting skills in moderately-to-late born preterm infants at 18 months using
an auditory cueing task. They found poorer alerting in the preterm group as demonstrated by a lower mean dwell
time on the target. Similarly, Downes et al. (2018) reported poorer focused attention in the form of shorter target fixation duration in the preterm group at 12 months.

3.2

|

Observational measures

Reuner et al. (2015) found no difference between preterm and term born infants in time spent attending towards
the target object during a toy exploration task at 7 months. The task required the maintenance of an alert state in
order to sustain interest in the toy for a period of time (infants were given 20s of exploration time with each toy).
However, there were significant differences between extremely/very preterm (E/VPT) and moderate-to-late preterm
(MLPT) groups where E/VPT infants spent less time engaging in intense looking or manipulation of the objects (termed focused attention) than MLPT infants. These results, along with the finding of a significant correlation between
focused attention and gestational age suggest that alerting is most severely impacted in the earliest born infants.
Two other studies which included only moderately-to-late born preterm infants give support to this idea as they
failed to detect a preterm disadvantage in focused attention (de Jong et al., 2015; Hodel et al., 2017). Hodel
et al. (2017) measured focused attention during free play with toys at 9 months and de Jong et al. (2015) measured
‘on task persistence’ during a structured parent child interaction at 18 months. However, as neither of these studies
included E/VPT groups, further work is needed to confirm associations with GA.

3.3

|

Standardized tests

A number of studies have used a variety of standardized tests to measure alerting. Six of these report significant
group differences while eight do not (Table 2). Pitchford et al. (2011) found no group difference on the sustained
attention subtest of the Leiter International Performance Scale–Revised (Leiter-R). They included a broad age range

77

198

198

56

Delane et al. (2017)

Murray et al. (2014)

Anderson et al. (2011)

Mulder, Pitchford, and
Marlow (2011)

66

de Kieviet, van Elburg, Lafeber,
and Oosterlaan (2012)

25

108

Geldof et al. (2013)

25

22

Pitchford, Johnson,
Scerif, and Marlow (2011)

248

72

19

Downes, Kelly, Day, Marlow,
and de Haan (2018)

Pizzo et al. (2010)

30

123

de Jong, Verhoeven,
and van Baar (2015)

Cserjesi et al. (2012)

21

71

Hodel et al. (2017)

22

173

70

74

66

130

101

67

38

93

Reuner, Weinschenk,
Pauen, and Pietz (2015)

Term

Preterm

Authors

n

VPT

EPT/ELBW

VPT

VPT

E/VPT

MLPT

VPT

VPT/VLBW

VPT

E/VPT

MLPT

MLPT

E/V/MLPT

GA of preterm
group

9–10 years

8 years

7 years

7 years

7 years

7 years

5–6 years

5 years

2–5 years

12 months

12 months

9 months

7 months

Age at time
of testing

TEA-Ch

TEA-Ch

TEA-Ch

TEA-Ch

ANT

TEA-Ch

ANT

ANT

Leiter-R

Eye-tracking

Eye-tracking,
observation and
ECBQ

Eye-tracking

Observation of
looking behaviour

Attention measures

x

x

x

ET

x

x

O

x

x

x

x

x

x

x

x

x

ST

Measurement types

x

IR

Sustained attention: Preterm = term

Sustained attention: Preterm < term

Sustained attention: Preterm < term

Sustained attention: Preterm = term

Alerting: Preterm = term

Alerting: Preterm = term

Alerting: Preterm = term

Alerting: Preterm = term

Sustained attention: Preterm = term

Focusing: Preterm < term

Alerting (ET): Preterm < term
Focusing (O): Preterm = term
Focusing (IR): Preterm = term

Focusing: Preterm = term

Focused attention: Preterm = term

Findings

T A B L E 2 Sample characteristics of alerting studies: Samples size, gestational age, age at time of testing, attention measure and main findings, organized by measurement
type and variable
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61

55

181
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Twilhaar, De Kieviet, Van
Elburg, and
Oosterlaan (2019)

Litt et al. (2012)

Wilson-Ching et al. (2013)

EPT

E/VPT/ELBW

VPT

VPT

GA of preterm
group
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14 years

13 years

12 years

Age at time
of testing

TOVA

CANTAB

ANT and SART

TEA-Ch

Attention measures

ET

O

x

x

x

x

ST

Measurement types
IR

Findings

Sustained attention: Preterm = term

Sustained attention: Preterm < term

Alerting (reaction time): Preterm < term
Alerting (accuracy) preterm = term
Sustained attention: Preterm < term

Sustained attention: Preterm < term

Note: ‘Preterm < term’ indicates significantly poorer performance in the preterm group regardless of the numerical direction of the score or magnitude of statistical significance.
Abbreviations: ANT = Attention Network Task; CANTAB = Cambridge Neuropsychological Test Automated Battery; ECBQ = Early Childhood Behaviour Questionnaire;
ELBW = Extremely Low Birth Weight (<1,000 g); EPT = Extremely Preterm (<28 weeks GA); ET = Eye-tracking; GA = Gestational Age; IR = Informant Report; Leiter-R = Leiter
International Performance Scale-Revised; MLPT = Moderate to Late Preterm (32–<37 weeks GA); O = Observation; SART = Sustained Attention to Response Task; ST = Standardized
Tests; TEA-Ch = Test of Everyday Attention for Children; TOVA = Test of Variables of Attention; VLBW = Very Low Birth Weight (<1,500 g); VPT = Very Preterm (28–<32 weeks GA).
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of 2–5 years. Considering the rapid cognitive development that occurs during these early childhood years, neither
the preterm nor term group is likely to comprise a homogeneous group, limiting any conclusions that can be drawn,
especially given the relatively modest sample size (Table 2).
In a similar but narrower age group (5–6 years) Giordano et al. (2017) found differences in reaction time in a sustained
attention subtest and in accuracy on a focused attention subtest of the Test of Attentional Performance for Children.
Three studies report significant group differences in accuracy on the sustained attention subtest of the TEA-Ch (Anderson
et al., 2011; Lean et al., 2017; Murray et al., 2014). In contrast, another three studies using the same task found no group
differences in accuracy (Cserjesi et al., 2012; Delane et al., 2017; Mulder et al., 2011). Two of the former studies reported
significantly higher levels of socioeconomic disadvantage in the preterm compared to the term group (Lean, Melzer, Bora,
Watts, Woodward, et al., 2017; Murray et al., 2014). The third reported significantly higher numbers of children with a
diagnosis of cerebral palsy in the preterm group (Anderson et al., 2011). The latter three studies do not report any such
demographic differences, suggesting that group differences in sustained attention may have been driven by these confounding demographic factors rather than by prematurity.
An adapted version of the ANT, requiring a button press response to the appearance of a peripheral target in
the absence of a cue, was used by de Kieviet et al. (2012). This task did not reveal significant group differences
in alerting as measured by reaction time and nor did adapted versions of the same task (Geldof et al., 2013; Pizzo
et al., 2010). However, group differences in reaction time but not accuracy on this task have been reported at
13 years (Twilhaar et al., 2019). The same study found group differences in both reaction time and accuracy on the
Sustained Attention to Response Task (SART).
Litt et al. (2012) found significant differences in sustained attention between Extremely Low Birth Weight
(ELBW) and Normal Birth Weight (NBW) adolescents at 14 years. However, when participants with neurosensory
impairment and/or an IQ of <85 were excluded from analysis, significance dissipated. Another adolescent cohort
study found no difference in alerting between groups (Wilson-Ching et al., 2013), also using an on screen button
press task, the Test of Variables of Attention (TOVA). Differences in findings between studies might relate to the
task type used, variable reported (e.g., reaction time vs accuracy), or age of participants. Disparities in findings
between studies using the same task in similar age groups seem to reflect the demographic characteristics of the
samples.

3.4

|

Parent report

Studies including parent report measures which focus on the alerting network are scarce. De Jong and colleagues
found no difference at 18 months in the attention focusing subscale of the Early Child Behaviour Questionnaire
(ECBQ; de Jong et al., 2015).
In summary, alerting impairments have been reported during infancy, childhood, and early adolescence, but findings are extremely inconsistent, even when the same task is used in similar age groups. Findings from eye-tracking
and observational studies suggest that infants born moderately to late preterm are less at risk for alerting impairments than those born extremely or very preterm. The majority of studies during childhood report no differences.
However, several adolescent studies do report a preterm impairment and so problems do not simply dissipate
with age.

4

|

ORIENTING

Table 3 summarizes findings for studies that measured orienting, highlighting only key results in terms of whether
there were statistically significant group differences, regardless of variable (e.g., accuracy, reaction time).
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Eye-tracking

Four eye-tracking studies of preterm infant orienting have been identified (Table 3). Two studies measuring attention
shifting found no difference at 6 (De Schuymer et al., 2012) and 9 months (Hodel et al., 2017), although Hodel et al.
do report a trend towards lower gestational age being associated with less frequent shifting in their MLPT sample. In
the same sample as above, De Schuymer et al. found impaired shifting at 4 months in a competition/non-competition
paradigm while Downes et al. (2018) found differences at 12 months in an attention control paradigm. Both of these
studies included relatively low sample sizes (Table 3) and, in the case of De Schuymer et al. (2012), a particularly
small sample size in the preterm group (n = 20), raising the possibility that the study was insufficiently powered. If
we assume the findings of Downes et al. (2018) to be legitimate, they should be considered in the context of
GA. Mean GA for preterm infants in this study was 25.8 weeks while other studies included infants with GA
of between 28 and 34 weeks, suggesting that shorter GA may be associated with vulnerability to switching
impairments.
Only one study measured disengagement (which can be considered a more advanced orienting skill) and found
differences at 12, 18, and 24 months (de Jong et al., 2015). Drawing only on the studies with large sample sizes, findings (based on only two studies) could be summarized as follows: shifting is intact at 9 months (Hodel et al., 2017),
while disengagement is impaired at 12, 18, and 24 months (de Jong et al., 2015). More eye-tracking studies measuring both shifting and disengagement and their relationship to GA are needed to confirm these findings.

4.2

|

Observational measures

Only one study of infant attention captured visual orienting using observational measures of looking behaviour.
Ross-Sheehy et al. (2017) found reduced orienting speed in a spatial cueing task at 5 but not at 10 months, and less
cue facilitation at 10 but not at 5 months, indicating the later emergence of covert orienting difficulties. Preterm
infants displayed slower, but more accurate visual responses in all cue conditions at 5 months. Positive findings such
as higher accuracy are often ascribed to an early orienting advantage which has been described in preterm infants up
to 6 months of age and has been attributed to early extra-uterine visual stimulation (Butcher, Kalverboer, Geuze, &
Stremmelaar, 2002; De Schuymer et al., 2012; Hunnius, de Wit, Vrins, & von Hofsten, 2011), but if this was the
explanation then speed of orienting would be expected to be preserved at 5 months. The authors provide an alternative explanation which implicates slower processing of the pre-cues in the incongruent condition. Slow processing of
the cue may mean that a saccade has not been planned in advance of the target appearing and so allowing for more
accurate direction of attention towards the target. This is in line with findings from studies reporting slower
processing speed in preterm infants and children (Mulder et al., 2011; Rose, Feldman, & Jankowski, 2002). This raises
uncertainty about the specificity of ‘orienting’ tasks to distinguish between orienting rather than processing speed
and the importance of the distinction between speed and accuracy measurements.

4.3

|

Standardized tests

Seven studies in children and adolescents report poorer performance in the preterm group on standardized assessments, while five report no difference. Three studies report significantly lower scores in the preterm groups on the
shifting subtest from the Test of Everyday Attention for Children (TEA-Ch; Anderson et al., 2011;Lean, Melzer, Bora,
Watts, Woodward, et al., 2017; Mulder et al., 2011). Similarly, Giordano et al. (2017) reported shifting differences on
the Tests of Attentional Performance for Children (TAP). Three studies used the selective attention subtest from the
TEA-Ch found impaired selective attention in the preterm groups (Anderson et al., 2011; Delane et al., 2017; Murray
et al., 2014), while two studies found no group differences on the same task (Lean, Melzer, Bora, Watts, Woodward,
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et al., 2017; Mulder et al., 2011). Inconsistent findings between studies using the same TEA-Ch subtest may be age
related. Studies that did find differences included slightly younger children (7–8 years) than the studies finding no
difference between groups on this task (9–12 years).
Four studies using an orienting test from a child version of the Attention Network Test (ANT) consistently found
no significant difference in performance between preterm and full term groups (de Kieviet et al., 2012; Geldof
et al., 2013; Pizzo et al., 2010; Twilhaar et al., 2019).
Disparities in findings between studies may reflect differences in the tasks used, and their reliance on varying
attentional subcomponents and additional cognitive skills. For example, the selective attention task from the TEA-Ch
is a pen and paper task requiring the child to locate and circle a target among several distractors. This task may also
require inhibition of distractors, a process that relies on the executive attention system. The shifting subtest from
the TEA-Ch requires children to count creatures along a trail and shift counting direction when prompted to do so
by arrows. Numeracy skills are a prerequisite here and the type of ‘shifting’ required may be considered quite different to the shifting of visual attention implicated in the ANT (which measures reaction time in response to on-screen
target preceded by a spatial cue) and may require additional attention control.

4.4

|

Parent report

Studies including parent report measures of attention orienting are scarce. Indeed, throughout the studies reviewed
here, only two informant report measures differentiate between attention networks and only the Early Childhood
Behaviour Questionnaire (ECBQ) has a specific measure of attention orienting. De Jong et al. (2015) found no significant difference on the attention shifting subscale of the caregiver report version of the ECBQ at 12, 18, or
24 months. Given that orienting differences in the same sample were detected using eye-tracking (see Section 4.1)
this might suggest that parents are unable to detect subtle orienting differences at this age. This finding along with
the lack of parent report measures which specifically measure attention orienting, suggests that, in pursuit of early
markers of attention problems, we may need to focus on experimental measures, to detect differences of interest.
Overall, results from studies measuring attention orienting indicate deficits in this system in preterm populations but
the specific manifestation of these deficits is complex and seems to vary widely depending on the measurement method
and metric. Impairments in preterm participants during infancy are reported by studies using eye-tracking (de Jong
et al., 2015; De Schuymer et al., 2012; Downes et al., 2018), but small sample sizes call into question the robustness of
some of these findings. Longitudinal studies in older children and adults need to be carried out to determine whether these
eye-tracking findings persists over time. One study using a parent report questionnaire reported intact orienting at 12, 18,
and 24 months (de Jong et al., 2015). Results from standardized tests are opposing and may reflect differences between
tasks. Only one recent observational study was identified, and findings from this study suggest that impairments reflect
slower processing speed rather that orienting abilities (Ross-Sheehy et al., 2017).

5

EXECUTIVE ATTENTION

|

Table 4 summarizes findings for studies that measured executive attention, highlighting only key results in terms of
whether there were statistically significant group differences, regardless of variable (e.g., accuracy, reaction time).

5.1

|

Eye-tracking

To our knowledge, only two studies have examined executive attention using eye-tracking in preterm infants.
No studies were found in children or adults. The first study measured the proportion of correct looks on a
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delayed response task at 18 months and found no difference between groups (de Jong et al., 2015). Although
an indirect measure of executive attention, this task relies on similar anatomical regions to executive attention
(i.e., the dorsolateral prefrontal cortex). The second study measured the ability of infants to inhibit looks
towards a distractor stimulus in an attentional control paradigm at 12 months (Downes et al., 2018). They
found that the preterm group were no more likely to make fixations to the distractor than the full term group
(Downes et al., 2018). The executive attention network is the last to develop and undergoes rapid maturation
over a 6-month period before the age of 2 years. As both of these studies (de Jong et al., 2015; Downes
et al., 2018) measure executive attention before that age, the lack of difference between groups may reflect
the fact that the executive network has not yet matured in either group. Future studies using eye-tracking in
older toddlers and children would be beneficial.

5.2

|

Observational measures

Jaekel et al. (2016) found that children who were born earlier had lower inhibitory control at 20 months as measured
by performance in the Raisin Game. In this task, children are required to wait 60 seconds before eating a raisin which
is placed in front of them. In contrast, Hodel et al. (2017) found no group differences in inhibitory control at 9 months
on an A not B task, again reporting on the same MLPT sample discussed above in Sections 3.2 and 4.1. However, in
this case, gestational age did predict poorer performance. Again, due to the relatively late development of executive
skills, a lack of group differences is not surprising at this age.

5.3

|

Standardized tests

Studies using standardized assessments of executive attention focus on adults, and children beyond pre-school
age. Studies most often use tasks from the TEA-Ch, TAP, or ANT. Studies using subtests from the TEA-Ch to
measure divided attention or inhibition consistently report poorer performance in the preterm group (Cserjesi
et al., 2012; Delane et al., 2017; Lean, Melzer, Bora, Watts, & Woodward, 2017; Mulder et al., 2011; Murray
et al., 2014; Wilson-Ching et al., 2013) with one exception, where impairments were reported in divided attention but not inhibition (Anderson et al., 2011).
Giordano et al. (2017) measured divided attention, distractibility, and flexibility using the child version of
the TAP and found impairments in 5–6 year old preterm children. Nosarti et al. (2019) measured response
inhibition and divided attention using subtests of the TAP in 20–25-year-old adults and found impairments
in both.
Studies using the executive attention measure from the ANT (which measures inhibition of incongruent
cues) provide less consistent results that largely contradict findings from the TEA-Ch and TAP. The majority of
studies report no differences between preterm and term groups on reaction time (de Kieviet et al., 2012;
Geldof et al., 2013; Twilhaar et al., 2019) or accuracy (de Kieviet et al., 2012; Twilhaar et al., 2019). In contrast,
Pizzo et al. (2010) found slower reaction times in a relatively small sample of 5–6 year-old preterm children.
Although they collected accuracy data, these were not reported. The larger age range, smaller sample size, and
inconsistent reporting in this case suggests that findings from the studies reporting no differences may be more
reliable. Only one study using the ANT reports impaired accuracy in the preterm group at 5 years (Geldof
et al., 2013). Additional filters were applied to the data prior to analysis (removal of anticipatory and extremely
slow responses) which may account for this difference.
If we rely on measures with the most consistent findings between studies (TEA-Ch and TAP), then findings
largely support the existence of a preterm disadvantage on standardized tests of executive attention across childhood, adolescence, and adulthood.
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Parent report

Five studies were found which used parent report measures of executive attention (Anderson et al., 2011; Baron
et al., 2011; O'Meagher et al., 2019; Verkerk et al., 2016; Wilson-Ching et al., 2013). Impairments were consistently
reported for the preterm groups (Table 4). Baron et al. (2011) administered the Inhibit Scale of the preschool version
of the BRIEF to parents of 3-year-old children. They found that parents of extremely low birth weight children rated
them more highly (indicating more problem behaviours with inhibition) than did parents of children with normal birth
weight. Verkerk et al. (2016) also reported differences at 3 years in very low birth weight compared to normal
birth weight children on the BRIEF-P. Parents and teachers of preterm children rated them as having more problem
behaviours on the child version of the same scale at 4–5 years (O'Meagher et al., 2019) and at 8 years (Anderson
et al., 2011). As did parents of 17-year-old adolescents who were extremely preterm or extremely low birth weight
at birth (Wilson-Ching et al., 2013). They were also more likely to rate their children within the clinical range on this
scale (Wilson-Ching et al., 2013). Interestingly, when rating themselves on the same scale, the adolescents in the
extremely preterm or extremely low birth weight group did not rate themselves as having significantly more problems than participants in the full-term group. Wilson-Ching et al. (2013) found that participants in the very preterm
group had slower but no less accurate response inhibition and divided attention. This is in line with findings from the
orienting literature reported in Section 3.2 and again raises the questions as to whether speed is an appropriate metric for the measurement of attention.
Again, results from studies measuring executive attention are conflicting, even when studies use the same standardized measures in similar age groups. Interpretation of infant eye-tracking studies is limited by the fact that executive attention abilities have yet to fully develop in either group. Findings from observational studies suggest that
differences may arise in line with the timing of the development of the executive system, in the second year of life.
Some studies using standardized assessments (TEA-Ch and TAP) suggest that these executive difficulties remain
throughout the life course, while others, using the ANT provide a less consistent picture. While parents consistently
report poorer inhibitory control in preterm children and adolescents, 17-year-olds who were born preterm do not
rate themselves as having problems with inhibition. Executive attention is perhaps the most poorly defined of the
three attention systems and overlaps with other cognitive domains, most notably, executive function, and processing
speed. Thus, results may reflect the somewhat ambiguous nature of the language used to label tasks of executive
attention and the concomitant difficulty in determining exactly what cognitive processes underpin performance on a
particular task.

6

|

L I N K I N G A T TE N TI O N NE T WO R K S

A small number of studies measure all three attention networks. These studies are important in understanding
whether the conflicting findings discussed thus far represent differences in sample characteristics. Two studies use
eye-tracking to assess alerting, orienting, and executive attention in 12-month-old (Downes et al., 2018) and
18-month-old (de Jong et al., 2015) preterm infants, with sample sizes n = 40 and n = 224 respectively. Both studies
report impairments in alerting and orienting, but no group differences in executive attention (de Jong et al., 2015;
Downes et al., 2018). Again, lack of differences in executive attention at this age is unsurprising. Despite detecting
alerting differences using eye-tracking, De Jong et al. (2015) did not find group differences in alerting in the same
sample during a toy exploration task. These findings suggest that eye-tracking may be able to pick up on subtle
alerting deficits that cannot be ascertained from behavioural observation. Three studies used the Child ANT in children between 5 and 7 years of age and found no differences in orienting or alerting between groups (de Kieviet
et al., 2012; Geldof et al., 2013; Pizzo et al., 2010). Two of these studies found executive attention impairments
(Geldof et al., 2013; Pizzo et al., 2010) while the other did not (de Kieviet et al., 2012). This disparity may be attributed to age related differences as de Kieviet et al. (2012) included slightly older children than the other studies
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(7 years compared to 5 years of age). However, this is not supported by questionnaire studies that do report executive attention difficulties across a similar range of ages (Anderson et al., 2011; O'Meagher et al., 2019; Section 5.4).
Studies using the TEA-Ch reported more consistent findings of impaired orienting and executive attention in 7 and
10 year olds with sample sizes n = 268 and n = 78 respectively and no difference in alerting (Mulder et al., 2011;
Murray et al., 2014). Anderson et al. (2011) found impairments in all three attention networks in a sample of
362 8-year olds using a combination of standardized tests and parent-report questionnaires, as did Giordano
et al. (2017) using the Test of Attentional Performance for Children in 104 5–6 year olds. Both studies included children who were born extremely preterm (<27 weeks), while studies reporting intact alerting in childhood (Mulder
et al., 2011; Murray et al., 2014) included children born very preterm (<32 weeks) only, suggesting that alerting in
childhood is more likely to be impaired in children born at earlier gestational ages.
Studies linking attention networks suggest that the functioning of the attention networks in preterm children
are influenced by gestational age and vary based on age at assessment. Disparities between studies remain and
reflect the methodological challenges associated with measurement of attention in general.

7

DISCUSSION

|

From the above review, the attentional profile of the preterm phenotype remains unclear. However, if conclusions
are weighted towards studies with the most robust designs, deficits in the alerting network are most apparent in
early life and again during adolescence and appear to be associated with lower gestational age at birth. Although evidence for alerting problems during childhood is less consistent, the possibility remains that this inconsistency represents a lack of sensitivity of the measurement methods used in this age group rather than a true absence of
childhood alerting problems. Lack of eye-tracking studies and appropriate parent report measures for this age group
lead to reliance on standardized assessments. Impairments in the executive attention network seem to emerge during childhood and continue into adulthood, potentially deriving from early-life disturbances in alerting and orienting.
As executive attention emerges later in development, it is difficult to accurately assess in children of preschool age
or younger and so it is unsurprising that differences have not been detected in younger children.
Due to inconsistencies arising from methodological limitations that will be discussed in more detail below, the
exact manifestation of preterm orienting difficulties cannot be conclusively described. Reliability of findings from
eye-tracking studies are constrained by small sample sizes, while a dearth of appropriate questionnaire measures
limit conclusions that can be drawn from the small number of studies that do use these methods. Uncertainty over
the competing cognitive skills that may underly various tasks (e.g., processing speed or executive skills vs. orienting)
limit comparability between studies using various standardize tests and observational measures. For example, there
are known associations between prematurity and slower processing speed (Anderson, 2014). For this reason, children born preterm are likely to perform poorly on orienting tasks with a speed or reaction time component.

7.1

|

Measurement methods

Eye-tracking has been successful in identifying orienting and alerting deficits in infancy, which other measures have
failed to consistently detect as children grow up. Longitudinal studies using adapted versions of the same tasks in
infancy, childhood, adolescence, and adulthood would help to determine whether these deficits do indeed disappear,
or if eye-tracking is simply more sensitive than tools more commonly used in older samples. That said, eye-tracking is
not without its limitations. Vulnerability to data quality issues including accuracy, precision, and data loss are of particular concern and are more common in developmental research (Aslin, 2012; Hessels & Hooge, 2019). Greater
amounts of missing data in infant and child samples necessitate large sample sizes to ensure sufficient data for the
detection of meaningful effects. In addition, eye-tracking requires the participant to be alert and compliant;

GINNELL ET AL.

19 of 24

presenting a challenge when working with infant populations, and particularly with preterm infants and children who
are at known risk for ADHD as data can only be recorded if the participant is looking at the screen. Sitting in front of
a screen for prolonged periods may be challenging for those with inattentive or hyperactive symptoms. Thus, it is
possible that owing to the deficit under investigation, data will be missing for participants with the most pronounced
impairment, resulting in increased risk of conclusions being drawn from a biased sample and potential underestimation of deficits.
In this context, parent report questionnaires go some way towards addressing the issue of the need for alert and
compliant participants. Although a less direct measure, questionnaires are useful for longitudinal cohort studies as
the same measure can be used across several time points with minimal participant burden, thus making it easier to
obtain large sample sizes. Despite these advantages, questionnaire measures which discriminate between attention
networks are scarce, as are studies testing agreement between those that do and other methods meaning that questions remain around what exactly is being measured.
More focus should be placed on collecting parent report and self-report questionnaire data as children grow
older as findings reported above (Section 5.4) suggest they are not always in agreement. Lack of agreement between
parent and child report measures may be accounted for by parent factors that might influence their perception of
their child's behaviours such as maternal depression, parenting stress, and home environment (Brown, Weatherhol, &
Burns, 2010; Joyner, Silver, & Stavinoha, 2009; McLuckie et al., 2018; Smith, 2007) and child factors such as age and
assessment setting (Smith, 2007).
Standardized assessments are useful for developmental studies as they allow development to be charted in comparison to age-appropriate norms. However, it is important to note that investigators may choose whether to use
corrected or chronological age when scoring normed assessments. Studies using chronological age are more likely to
find a preterm disadvantage. There are a limited number of assessments of this nature appropriate for preschool age
and evidence for the validity and utility of those available remains scarce (Mahone & Schneider, 2012). This limits
the efficacy of these types of measures for the assessment of developmental trajectories.

7.2

|

Future directions

Overall, findings from this review are largely in line with those of previous reviews which concluded that preterm
infants and children are at risk for orienting, alerting, and executive attention problems but that findings are inconsistent (Mulder et al., 2009; van de Weijer-Bergsma et al., 2008). Mulder and colleagues similarly found age related and
GA related effects and point to methodological differences between studies as an obstacle to delineating a clear and
consistent picture. It is disappointing that another decade of study seems not to have been able to increase our certainty on this front. In an attempt to capture the preterm attentional profile in a way that is relevant to the contemporary population, this review was limited to studies published in the last 10 years. However, it is important to
consider that more recent publications using data from older cohorts may have confounded these efforts. We have
considered this in our summary of the literature but have not encountered any cases where differences in findings
between studies which use similar methods in similar age groups can be accounted for by year of birth.
Uncertainty raised by this and previous reviews can likely be attributed (at least in part) to low sample sizes, publication bias, lack of pre-registration, and insufficient protocol harmonization (Frank et al., 2017). Future studies in
this field must embrace open and collaborative practices to address these and other methodological issues before a
well-defined picture of the preterm attention phenotype can be established. Large, longitudinal studies which use
the same or similar age-adapted measures across time are necessary to determine the developmental trajectories of
preterm attentional profiles.
Efforts to standardize measures and metrics between studies would improve replicability and reliability, as would
improve standardization of the language used to describe attention networks and processes. Due to the complex
and sometimes overlapping nature of cognitive functions, it is challenging to select tasks which are independent of
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confounding deficits associated with prematurity. A lack of consensus around which attention or cognitive processes
underpin specific tasks may contribute to inconsistencies in interpretation of results.
Few of the studies discussed in this review have examined the full repertoire of specific attentional domains,
meaning that the conclusions drawn here are not exhaustive and may reflect methodological or demographic differences between samples. For example, limiting this review to include studies with a more sensitive cut off for prematurity may have yielded greater consensus. Consideration should also be given to the possibility that the
inconsistencies raised by this review may reflect individual attentional differences underpinned by complex interactions between neurological, biological, or social mechanisms that were not accounted for here. For example gestational age, birth weight, medical risk, infant temperament, socioeconomic status, maternal psychological wellbeing,
maternal interactive behaviours, and others have all been linked to attention development in preterm infants (see
van de Weijer-Bergsma et al. (2008) for a review of biological and environmental factors). In addition, there is a
growing body of literature indicating that altered white matter connectivity of the preterm brain is linked to impairments in attention (Loe, Lee, & Feldman, 2013; Murray et al., 2016; Nagy et al., 2003). Future research resolving specific tracts of interest and relating white matter microstructure of these pathways to specific attention domains
would be of interest. However, another possibility is that integration of the three attention networks is impeded by
alterations in whole-brain connectivity resulting in a global attention problem that cannot consistently be attributed
to one or more specific networks.
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C O N CL U S I O N

There is evidence that attention in preterm infants is indeed impaired. The most robust and consistent evidence
points to deficits in alerting in infancy and adolescence, and in executive attention from early childhood
onwards. Effective performance of these networks appears to decrease with lower gestational age at birth.
Equivocal results from investigations of the orienting network mean that we do not rule out prematurityrelated difficulties in this area too. Open questions include the extent to which early differences in orienting
and alerting networks are maintained in childhood and adolescence, and whether these provide the developmental basis for later executive attention differences. Well-powered longitudinal studies, potentially combining
data from multiple studies with harmonized protocols, using a range of measurement types consistently over
time, and controlling for biological and social factors are needed. Considering the clinical implications of this
work, a direct comparison of the preterm and ADHD cognitive, behavioural, and neurological phenotype is
needed to elucidate the boundaries between the two and reveal the attention phenotype of preterm infants
and how it relates to other aspects of development and cognition.
ACKNOWLEDGEMEN TS
This work was supported by the University of Edinburgh Principal's Career Development Scholarship and Theirworld
(www.theirworld.org).
CONF LICT OF IN TE RE ST
None.
DATA AVAI LAB ILITY S TATEMENT
Data sharing is not applicable to this article as no new data were created or analyzed in this study.
ORCID
Lorna Ginnell

https://orcid.org/0000-0003-2273-2264

Sue Fletcher-Watson

https://orcid.org/0000-0003-2688-1734

GINNELL ET AL.

21 of 24

RE FE R ENC E S
Anderson, P. (2002). Assessment and development of executive function (EF) during childhood. Child Neuropsychology, 8(2),
71–82. https://doi.org/10.1076/chin.8.2.71.8724
Anderson, P. J. (2014). Neuropsychological outcomes of children born very preterm. In Seminars in fetal and neonatal medicine pp. 19(2), 90–96. https://doi.org/10.1016/j.siny.2013.11.012.
Anderson, P. J., De Luca, C. R., Hutchinson, E., Spencer-Smith, M. M., Roberts, G., Doyle, L. W., & Victorian Infant
Collaborative Stud, V. I. C. S. (2011). Attention problems in a representative sample of extremely preterm/extremely low
birth weight children. Developmental Neuropsychology, 36(1), 57–73. https://doi.org/10.1080/87565641.2011.540538
Aslin, R. N. (2012). Infant eyes: A window on cognitive development. Infancy: The Official Journal of the International Society
on Infant Studies, 17(1), 126–140. https://doi.org/10.1111/j.1532-7078.2011.00097.x
Atkinson, J., & Braddick, O. (2012). Visual attention in the first years: Typical development and developmental disorders.
Developmental Medicine and Child Neurology, 54(7), 589–595. https://doi.org/10.1111/j.1469-8749.2012.04294.x
Baron, I. S., Erickson, K., Ahronovich, M. D., Baker, R., & Litman, F. R. (2011). Neuropsychological and behavioral outcomes
of extremely low birth weight at age three. Developmental Neuropsychology, 36(1), 5–21. https://doi.org/10.1080/
87565641.2011.540526
Blencowe, H., Cousens, S., Chou, D., Oestergaard, M., Say, L., Moller, A. B., … Lawn, J. (2013). Born too soon: The global epidemiology of 15 million preterm births. Reproductive Health, 10(1), 1–14. https://doi.org/10.1186/1742-4755-10-S1-S2
Breeman, L. D., Jaekel, J., Baumann, N., Bartmann, P., & Wolke, D. (2016). Attention problems in very preterm children from
childhood to adulthood: The Bavarian longitudinal study. Journal of Child Psychology and Psychiatry, 57(2), 132–140.
https://doi.org/10.1111/jcpp.12456
Brown, D. D., Weatherhol, T. N., & Burns, B. M. (2010). Understanding parent reports of children's attention behaviors: Role
of children's attention skills, temperament, and home environment. Journal of Early Childhood and Infant Psychology, 6,
41–59.
Butcher, P. R., Kalverboer, A. F., Geuze, R. H., & Stremmelaar, E. F. (2002). A longitudinal study of the development of shifts
of gaze to a peripheral stimulus in preterm infants with transient periventricular echogenicity. Journal of Experimental
Child Psychology, 82(2), 116–140. https://doi.org/10.1016/S0022-0965(02)00006-1
Colombo, J. (2001). The development of visual attention in infancy. Annual Review of Psychology, 52(1), 337–367. https://
doi.org/10.1146/annurev.psych.52.1.337
Coull, J. (1998). Neural correlates of attention and arousal: Insights from electrophysiology, functional neuroimaging and
psychopharmacology. Progress in Neurobiology, 55(4), 343–361. https://doi.org/10.1016/S0301-0082(98)00011-2
Cserjesi, R., Van Braeckel, K. N. J. A., Butcher, P. R., Kerstjens, J. M., Reijneveld, S. A., Bouma, A., … Bos, A. F. (2012). Functioning of 7-year-old children born at 32 to 35 Weeks' gestational age: e838-e846. Pediatrics, 130, 2011–2079. https://
doi.org/10.1542/peds.2011-2079
de Jong, M., Verhoeven, M., & van Baar, A. L. (2015). Attention capacities of preterm and term born toddlers: A multimethod approach. Early Human Development, 91(12), 761–768. https://doi.org/10.1016/J.EARLHUMDEV.2015.08.015
de Kieviet, J. F., van Elburg, R. M., Lafeber, H. N., & Oosterlaan, J. (2012). Attention problems of very preterm children compared with age-matched term controls at school-age. The Journal of Pediatrics, 161(5), 824–829.e1. https://doi.org/10.
1016/J.JPEDS.2012.05.010
De Schuymer, L., De Groote, I., Desoete, A., & Roeyers, H. (2012). Gaze aversion during social interaction in preterm infants: A
function of attention skills? Infant Behavior and Development, 35(1), 129–139. https://doi.org/10.1016/j.infbeh.2011.08.002
Delane, L., Campbell, C., Bayliss, D. M., Reid, C., Stephens, A., French, N., & Anderson, M. (2017). Poorer divided attention in
children born very preterm can be explained by difficulty with each component task, not the executive requirement to
dual-task. Child Neuropsychology, 23(5), 510–522. https://doi.org/10.1080/09297049.2016.1150445
Downes, M., Kelly, D., Day, K., Marlow, N., & de Haan, M. (2018). Visual attention control differences in 12-month-old preterm infants. Infant Behavior and Development, 50, 180–188. https://doi.org/10.1016/J.INFBEH.2018.01.002
Fan, J., McCandliss, B. D., Fossella, J., Flombaum, J. I., & Posner, M. I. (2005). The activation of attentional networks.
NeuroImage, 26(2), 471–479. https://doi.org/10.1016/J.NEUROIMAGE.2005.02.004
Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002). Testing the efficiency and independence of attentional
networks. Journal of Cognitive Neuroscience, 14(3), 340–347. https://doi.org/10.1162/089892902317361886
Fischer, K. W. (1980). A theory of cognitive development: The control and construction of hierarchies of skills. Psychological
Review, 87(6), 477–531. https://doi.org/10.1037/0033-295X.87.6.477
Frank, M. C., Bergelson, E., Bergmann, C., Cristia, A., Floccia, C., Gervain, J., … Yurovsky, D. (2017). A Collaborative approach
to infant research: Promoting reproducibility, best practices, and theory-building. Infancy, 22(4), 421–435. https://doi.
org/10.1111/infa.12182
Franz, A. P., Bolat, G. U., Bolat, H., Matijasevich, A., Santos, I. S., Silveira, R. C., … Moreira-Maia, C. R. (2018). Attention-deficit/hyperactivity disorder and very preterm/very low birth weight: A meta-analysis. In Pediatrics. 141(2), 20171645.
https://doi.org/10.1542/peds.2017-1645.

22 of 24

GINNELL ET AL.

Geldof, C. J. A., de Kieviet, J. F., Dik, M., Kok, J. H., van Wassenaer-Leemhuis, A. G., & Oosterlaan, J. (2013). Visual search
and attention in five-year-old very preterm/very low birth weight children. Early Human Development, 89(12), 983–988.
https://doi.org/10.1016/J.EARLHUMDEV.2013.08.021
Giordano, V., Fuiko, R., Leiss, U., Brandstetter, S., Hayde, M., Bartha-Doering, E., … Weiler, L. (2017). Differences in attentional functioning between preterm and full-term children underline the importance of new neuropsychological detection techniques. Acta Paediatrica, 106(4), 601–611. https://doi.org/10.1111/apa.13723
Gould, J. F., Colombo, J., Collins, C. T., Makrides, M., Hewawasam, E., & Smithers, L. G. (2018). Assessing whether early
attention of very preterm infants can be improved by an omega-3 long-chain polyunsaturated fatty acid intervention: A
follow-up of a randomised controlled trial. BMJ Open, 8, 20043. https://doi.org/10.1136/bmjopen-2017-020043
Gredebäck, G., Johnson, S., & von Hofsten, C. (2009). Eye tracking in infancy research. Developmental Neuropsychology, 35
(1), 1–19. https://doi.org/10.1080/87565640903325758
Hessels, R. S., & Hooge, I. T. C. (2019). Eye tracking in developmental cognitive neuroscience—The good, the bad and the
ugly. Developmental Cognitive Neuroscience, 40, 100710. https://doi.org/10.1016/J.DCN.2019.100710
Hodel, A. S., Senich, K. L., Jokinen, C., Sasson, O., Morris, A. R., & Thomas, K. M. (2017). Early executive function differences
in infants born moderate-to-late preterm. Early Human Development, 113, 23–30. https://doi.org/10.1016/J.
EARLHUMDEV.2017.07.007
Hood, B. M., Murray, L., King, F., Hooper, R., Atkinson, J., & Braddick, O. (1996). Habituation changes in early infancy: Longitudinal measures from birth to 6 months. Journal of Reproductive and Infant Psychology, 14(3), 177–185. https://doi.org/
10.1080/02646839608404515
Hunnius, S., de Wit, T. C. J., Vrins, S., & von Hofsten, C. (2011). Facing threat: Infants' and adults' visual scanning of faces
with neutral, happy, sad, angry, and fearful emotional expressions. Cognition and Emotion, 25(2), 193–205. https://doi.
org/10.1080/15298861003771189
Jaekel, J., Wolke, D., & Bartmann, P. (2013). Poor attention rather than hyperactivity/impulsivity predicts academic achievement in very preterm and full-term adolescents. Psychological Medicine, 43(1), 183–196. https://doi.org/10.1017/
S0033291712001031
Jaekel, J., Eryigit-Madzwamuse, S., & Wolke, D. (2016). Preterm Toddlers' inhibitory control abilities predict attention regulation and academic achievement at age 8 years. The Journal of Pediatrics, 169, 87–92.e1. https://doi.org/10.1016/J.
JPEDS.2015.10.029
Johnson, S., Hollis, C., Kochhar, P., Hennessy, E., Wolke, D., & Marlow, N. (2010). Psychiatric disorders in extremely preterm
children: Longitudinal finding at age 11 years in the EPICure study. Journal of the American Academy of Child & Adolescent Psychiatry, 49(5), 453–463.e1. https://doi.org/10.1016/J.JAAC.2010.02.002
Johnson, S., Kochhar, P., Hennessy, E., Marlow, N., Wolke, D., & Hollis, C. (2016). Antecedents of attention-deficit/hyperactivity disorder symptoms in children born extremely preterm. Journal of Developmental and Behavioral Pediatrics: JDBP, 37(4), 285–297. https://doi.org/10.1097/DBP.0000000000000298
Johnson, S., & Marlow, N. (2011). Preterm birth and childhood psychiatric disorders. Pediatric Research, 69(5 Part 2), 10–18.
https://doi.org/10.1203/PDR.0b013e318212faa0
Johnson, S., & Marlow, N. (2016). Early and long-term outcome of infants born extremely preterm. Archives of Disease in
Childhood, 102(1), 1–6. https://doi.org/10.1136/archdischild-2015-309581
Johnson, S., & Wolke, D. (2013). Behavioural outcomes and psychopathology during adolescence. Early Human Development,
89(4), 199–207. https://doi.org/10.1016/J.EARLHUMDEV.2013.01.014
Johnson, S., Wolke, D., Hennessy, E., & Marlow, N. (2011). Educational outcomes in extremely preterm children: Neuropsychological correlates and predictors of attainment. Developmental Neuropsychology, 36(1), 74–95. https://doi.org/10.
1080/87565641.2011.540541
Joyner, K. B., Silver, C. H., & Stavinoha, P. L. (2009). Relationship between parenting stress and ratings of executive functioning in children with ADHD. https://doi.org/10.1177/0734282909333945
Kovshoff, H., Iarocci, G., Shore, D. I., & Burack, J. A. (2015). Developmental trajectories of form perception: A story of attention. https://doi.org/10.1037/a0039643
Lean, R. E., Melzer, T. R., Bora, S., Watts, R., & Woodward, L. J. (2017). Attention and regional gray matter development in
very preterm children at age 12 years. Journal of the International Neuropsychological Society, 23(7), 539–550. https://
doi.org/10.1017/S1355617717000388
Lean, R. E., Melzer, T. R., Bora, S., Watts, R., Woodward, L. J., Lean, R. E., … Watts, R. (2017). Attention and regional gray
matter development in very preterm children at age 12 years recommended citation. Journal of the International Neuropsychological Society, 23, 7–539. https://doi.org/10.1017/S1355617717000388
Linsell, L., Johnson, S., Wolke, D., Morris, J., Kurinczuk, J. J., & Marlow, N. (2018). Trajectories of behavior, attention, social
and emotional problems from childhood to early adulthood following extremely preterm birth: A prospective cohort
study. European Child & Adolescent Psychiatry, 103(4), 1–12. https://doi.org/10.1007/s00787-018-1219-8
Litt, J. S., Gerry Taylor, H., Margevicius, S., Schluchter, M., Andreias, L., & Hack, M. (2012). Academic achievement of adolescents born with extremely low birth weight. Acta Paediatrica, 101(12), 1240–1245. https://doi.org/10.1111/j.16512227.2012.02790.x

GINNELL ET AL.

23 of 24

Loe, I. M., Lee, E. S., & Feldman, H. M. (2013). Attention and internalizing behaviors in relation to white matter in children
born preterm. Journal of Developmental and Behavioral Pediatrics: JDBP, 34(3), 156–164. https://doi.org/10.1097/DBP.
0b013e3182842122
Mahone, E. M., & Schneider, H. E. (2012). Assessment of attention in preschoolers. Neuropsychology Review, 22(4), 361–383.
https://doi.org/10.1007/s11065-012-9217-y
Marlow, N. (2004). Neurocognitive outcome after very preterm birth. Archives of Disease in Childhood Fetal and Neonatal Edition, 89(3), F224–F228. https://doi.org/10.1136/adc.2003.019752
McLuckie, A., Landers, A. L., Rowbotham, M., Landine, J., Schwartz, M., & Ng, D. (2018). Are parent- and teacher-reported
executive function difficulties associated with parenting stress for children diagnosed with ADHD? Journal of Attention
Disorders. 25(1), 22–32. https://doi.org/10.1177/1087054718756196
Mirsky, A. F., Anthony, B. J., Duncan, C. C., Ahearn, M. B., & Keilam, S. G. (1991). Analysis of the elements of attention: A
neuropsychological approach. Neuropsychotogy Review, 2, 109–145.
Montagna, A., Karolis, V., Batalle, D., Counsell, S., Rutherford, M., Arulkumaran, S., … Nosarti, C. (2020). ADHD symptoms
and their neurodevelopmental correlates in children born very preterm. PLOS ONE, 15(3), e0224343. https://doi.org/10.
1371/journal.pone.0224343
Mulder, H., Pitchford, N. J., Hagger, M. S., & Marlow, N. (2009). Development of executive function and attention in preterm
children: A systematic review. Developmental Neuropsychology, 34(4), 393–421. https://doi.org/10.1080/
87565640902964524
Mulder, H., Pitchford, N. J., & Marlow, N. (2011). Processing speed mediates executive function difficulties in very preterm
children in middle childhood. Journal of the International Neuropsychological Society, 17(3), 445–454. https://doi.org/10.
1017/S1355617711000373
Mullane, J. C., Lawrence, M. A., Corkum, P. V., Klein, R. M., & McLaughlin, E. N. (2016). The development of and interaction
among alerting, orienting, and executive attention in children. Child Neuropsychology, 22(2), 155–176. https://doi.org/
10.1080/09297049.2014.981252
Murray, A. L., Scratch, S. E., Thompson, D. K., Inder, T. E., Doyle, L. W., Anderson, J. F. I., & Anderson, P. J. (2014). Neonatal
brain pathology predicts adverse attention and processing speed outcomes in very preterm and/or very low birth weight
children. Neuropsychology, 28(4), 552–562. https://doi.org/10.1037/neu0000071
Murray, A. L., Thompson, D. K., Pascoe, L., Leemans, A., Inder, T. E., Doyle, L. W., … Anderson, P. J. (2016). White matter
abnormalities and impaired attention abilities in children born very preterm. NeuroImage, 124, 75–84. https://doi.org/
10.1016/J.NEUROIMAGE.2015.08.044
Myrhaug, H. T., Brurberg, K. G., Hov, L., & Markestad, T. (2019). Survival and impairment of extremely premature infants: A
meta-analysis. In Pediatrics. 143(2), 20180933. https://doi.org/10.1542/peds.2018-0933.
Nagy, Z., Westerberg, H., Skare, S., Andersson, J. L., Lilja, A., Flodmark, O., … Klingberg, T. (2003). Preterm children have disturbances of white matter at 11 years of age as shown by diffusion tensor imaging. Pediatric Research, 54(5), 672–679.
https://doi.org/10.1203/01.PDR.0000084083.71422.16
Nordhov, S. M., Rønning, J. A., Ulvund, S. E., Dahl, L. B., & Kaaresen, P. I. (2012). Early intervention improves behavioral outcomes for preterm infants: Randomized controlled trial. Pediatrics, 129(1), e9–e16. https://doi.org/10.1542/PEDS.
2011-0248
Nosarti, C., Giouroukou, E., Micali, N., Rifkin, L., Morris, R. G., & Murray, R. M. (2019). Impaired executive functioning in
young adults born very preterm. https://doi.org/10.1017/S1355617707070725
O'Meagher, S., Norris, K., Kemp, N., & Anderson, P. (2019). Parent and teacher reporting of executive function and behavioral
difficulties in preterm and term children at kindergarten (pp. 1–12). Child: Applied Neuropsychology. https://doi.org/10.
1080/21622965.2018.1550404
Patel, R. M., Rysavy, M. A., Bell, E. F., & Tyson, J. E. (2017). Survival of infants born at Periviable gestational ages. In Clinics in
perinatology pp. 44(2), 287–303. https://doi.org/10.1016/j.clp.2017.01.009.
Petersen, S. E., & Posner, M. I. (2012). The attention system of the human brain: 20 years after. Annual Review of Neuroscience, 35(1), 73–89. https://doi.org/10.1146/annurev-neuro-062111-150525
Pitchford, N., Johnson, S., Scerif, G., & Marlow, N. (2011). Early indications of delayed cognitive development in preschool
children born very preterm: Evidence from domain-general and domain-specific tasks. Infant and Child Development, 20
(4), 400–422. https://doi.org/10.1002/icd.703
Pizzo, R., Urben, S., Van Der Linden, M., Borradori-Tolsa, C., Freschi, M., Forcada-Guex, M., … Barisnikov, K. (2010). Attentional networks efficiency in preterm children. Journal of the International Neuropsychological Society, 16(1), 130. https://
doi.org/10.1017/S1355617709991032
Posner, M. I., & Petersen, S. E. (1990). The attention system of the human brain. Annual Review of Neuroscience, 13(1), 25–
42. https://doi.org/10.1146/annurev.ne.13.030190.000325
Reuner, G., Weinschenk, A., Pauen, S., & Pietz, J. (2015). Cognitive development in 7- to 24-month-old extremely/very-tomoderately/late preterm and full-term born infants: The mediating role of focused attention. Child Neuropsychology, 21
(3), 314–330. https://doi.org/10.1080/09297049.2014.899571

24 of 24

GINNELL ET AL.

Reynolds, G. D., & Romano, A. C. (2016). The development of attention systems and working memory in infancy. Frontiers in
Systems Neuroscience, 10, 15. https://doi.org/10.3389/fnsys.2016.00015
Ristic, J., & Enns, J. T. (2015). Attentional development. In Handbook of child psychology and developmental science (pp. 1–
45). Hoboken, NJ: John Wiley & Sons, Inc.
Rose, S. A., Feldman, J. F., & Jankowski, J. J. (2002). Processing speed in the 1st year of life: A longitudinal study of preterm
and full-term infants. Developmental Psychology, 38(6), 895–902. https://doi.org/10.1037/0012-1649.38.6.895
Ross-Sheehy, S., Perone, S., Macek, K. L., & Eschman, B. (2017). Visual orienting and attention deficits in 5- and 10-monthold preterm infants. Infant Behavior and Development, 46, 80–90. https://doi.org/10.1016/J.INFBEH.2016.12.004
Ruff, H., & Rothbart, M. (2001). Attention in early development: Themes and variations. Retrieved from https://books.
google.co.uk/books?hl=en&lr=&id=8tj2NV3WqE0C&oi=fnd&pg=PA3&dq=attention+in+early+development
+themes+AND+VARIATIONS+ruff+and+rothbart&ots=xl1GmPMu-9&sig=khVv8kxrp0Q6Ku_XHUM9XS8fh9U
Smith, S. R. (2007). Making sense of multiple informants in child and adolescent psychopathology a guide for clinicians.
https://doi.org/10.1177/0734282906296233
Spira, E. G., & Fischel, J. E. (2005). The impact of preschool inattention, hyperactivity, and impulsivity on social and academic
development: A review. Journal of Child Psychology and Psychiatry, 46(7), 755–773. https://doi.org/10.1111/j.14697610.2005.01466.x
Sturm, W., & Willmes, K. (2001). On the functional neuroanatomy of intrinsic and phasic alertness. https://doi.org/10.1006/
nimg.2001.0839
Stuss, D. T. (1992). Biological and psychological development of executive functions. Brain and Cognition, 20(1), 8–23.
https://doi.org/10.1016/0278-2626(92)90059-U
Twilhaar, E. S., De Kieviet, J. F., Van Elburg, R. M., & Oosterlaan, J. (2019). Neurocognitive processes underlying academic
difficulties in very preterm born adolescents. Child Neuropsychology, 26(20), 1–14. https://doi.org/10.1080/09297049.
2019.1639652
van de Weijer-Bergsma, E., Wijnroks, L., & Jongmans, M. J. (2008). Attention development in infants and preschool children
born preterm: A review. Infant Behavior and Development, 31(3), 333–351. https://doi.org/10.1016/j.infbeh.2007.
12.003
Verkerk, G., Jeukens-Visser, M., Houtzager, B., van Wassenaer-Leemhuis, A., Koldewijn, K., Nollet, F., & Kok, J. (2016).
Attention in 3-year-old children with VLBW and relationships with early school outcomes. Physical & Occupational Therapy in Pediatrics, 36(1), 59–72. https://doi.org/10.3109/01942638.2015.1012319
Welch, M. G., Firestein, M. R., Austin, J., Hane, A. A., Stark, R. I., Hofer, M. A., … Myers, M. M. (2015). Family nurture intervention in the neonatal intensive care unit improves social-relatedness, attention, and neurodevelopment of preterm
infants at 18 months in a randomized controlled trial. Journal of Child Psychology and Psychiatry, 56(11), 1202–1211.
https://doi.org/10.1111/jcpp.12405
Wilson-Ching, M., Molloy, C. S., Anderson, V. A., Burnett, A., Roberts, G., Cheong, J. L. Y., … Anderson, P. J. (2013). Attention
difficulties in a contemporary geographic cohort of adolescents born extremely preterm/extremely low birth weight.
Journal of the International Neuropsychological Society, 19(10), 1097–1108. https://doi.org/10.1017/
S1355617713001057
Xuan, B., Mackie, M. A., Spagna, A., Wu, T., Tian, Y., Hof, P. R., & Fan, J. (2016). The activation of interactive attentional networks. NeuroImage, 129, 308–319. https://doi.org/10.1016/j.neuroimage.2016.01.017

How to cite this article: Ginnell, L., Boardman, J. P., Reynolds, R. M., & Fletcher-Watson, S. (2021). Attention
profiles following preterm birth: A review of methods and findings from infancy to adulthood. Infant and
Child Development, e2255. https://doi.org/10.1002/icd.2255

