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Abstract
Amajority of children with fetal alcohol spectrum disorders (FASD) have demonstrated attention and executive function deficits
as measured by both parent report measures and performance on tasks requiring sustained levels of attention. However, prior
studies have consistently reported a lack of association between parental report-based and task-based performance measures. The
current study investigated whether changes in performance over time within task (i.e., first-half versus second-half) better
correspond to parental reports of executive function and temperament in children with FASD. Greater differences in split-half
performance during a continuous performance task were found to be associated with higher parent-reported levels of behavioral
regulation and inhibitory control. These findings suggest that within-task performance differences may more accurately reflect
individual differences in executive function and temperament as measured by parental report and help to further inform the way
in which cognitive processes are measured in children with FASD.
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Background/Introduction

Fetal alcohol spectrum disorders (FASD) are a group of con-
ditions that occur if an individual is exposed to alcohol prena-
tally (Astley 2011). These children often experience chal-
lenges with memory—in particular, verbal memory—and
challenges with visuospatial processing (Pei et al. 2008;
Manji et al. 2009). Notably, children with FASD frequently
demonstrate executive function and effortful control deficits,
with difficulties in attention and reduced inhibition (Mattson
and Riley 2011; Mattson et al. 2013; Lange et al. 2019; see
Lange et al. 2017; Mattson et al. 2019 for review).

Much attention has been focused on the specific executive
function impairments that exist in children with FASD (see
Kingdon et al. 2016 for review), specifically due to the

prevalence of impairments associated with fronto-striatal
brain regions involved in inhibition (Fryer et al. 2007) and
prefrontal cortex regions involved in working memory
(Malisza et al. 2012; see Glass et al. 2014b for review). The
Behavior Rating Inventory of Executive Function (BRIEF;
Gioia et al. 2000b; Gioia et al. 2015) parent report question-
naire has been used to assess executive functioning and in-
cludes the following subscales: Inhibit, Shift, Emotional
Control, Initiate, Working Memory, Plan/Organize,
Organization of Materials, and Monitor. Prior group studies
using the BRIEF parent report for children with FASD have
demonstrated clinically elevated scores (T-scores > 65) for
most subscales. These areas of impairment have included
Inhibit , Init iate, and Working Memory subscales
(Rasmussen et al. 2007), with the relative sparing of
Organization of Materials (Rai et al. 2017; Mohamed et al.
2019). As such, the BRIEF has yielded information about the
specific executive function challenges encountered in children
with FASD, with the potential to link these dimensional as-
pects of parent report measures of everyday executive func-
tioning to specific task-based measures of executive function
and behavior.

Additionally, one parental report measure in the develop-
mental psychological literature that has been employed in
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relation to executive function is the use of temperament rat-
ings, specifically those related to effortful control (Rothbart
et al. 2007; Morasch and Bell 2011). Effortful control is a
construct largely overlapping with executive function, al-
though historically studied from a different ‘tradition’ and
representing a trait-level aspect of executive function (Nigg
2017; Zhou et al. 2012). While infants with prenatal alcohol
exposure have been shown to demonstrate more difficult tem-
peraments (Alvik et al. 2011) and increased emotional with-
drawal (Molteno et al. 2014), in general, there has been a
relative paucity of studies examining effortful control specif-
ically in children with prenatal alcohol exposure (Garrison
et al. 2019). Thus, there is an opportunity to contribute to what
is known about specific aspects of parent-reported tempera-
ment in children with FASD and to investigate whether
parent-reported temperament measures of effortful control re-
late to the BRIEF and to direct assessments of executive func-
tion and behavioral regulation.

In order to investigate how performance-based neuropsy-
chological measures correspond with everyday functioning in
children with FASD, efforts have been made to determine
whether parental report measures of executive function in
children with FASD correlate with task-based measures of
executive function and attention (Gross et al. 2015; Nguyen
et al. 2014; Glass et al. 2014a; Rai et al. 2017; Mohamed et al.
2019). These studies have demonstrated little-to-no correla-
tion between task-based and parent report-based measures of
executive function. Discrepancies between everyday function-
ing measures and directly observed performance on cognitive
tasks have also been found to extend to older adults with
developmental disabilities (Geurts et al. 2020). Various expla-
nations have been proposed for this lack of concordance, such
as the theory that a child may perform well on a task during
specific experimental conditions yet be ‘unable to deploy the
appropriate skills in their daily lives’, which is better captured
by parental report (Gross et al. 2015). Task-based and parent-
based assessments have also been thought to reflect different
aspects of executive functioning (Toplak et al. 2013; Ten
Eycke and Dewey 2016). For example, prior studies exam-
ining the relationship between sustained attention on con-
tinuous performance task and parent-reported BRIEF mea-
sures have found no significant relationship between the
two, but have demonstrated that parents of children with
ADHD report consistently higher levels of executive dys-
function relative to that measured by laboratory task
(Bodnar et al. 2007) and that levels of executive dysfunc-
tion in children with the myelomeningocele form of spina
bifida are best predicted by parent report (Brown et al.
2008). Similarly, a recent study in toddlers by Acar et al.
(2019) investigating temperament ratings of attention-
focusing versus performance on tasks requiring focused atten-
tion found no significant relationship between parent report
and task-based measures. The hypothesis that executive

function and attention measures based on parental report are
uniquely distinct from traditional task-based assessments is
further bolstered by the finding that functional activity in spe-
cific brain regions seems to correspond to different parent
report versus experiment-based measures (Faridi et al. 2015).

It is unclear, however, whether the failure to demonstrate
correspondence between direct assessment of executive func-
tion using task-based measures and indirect assessment of
executive function using parental report results from the con-
ventional ways in which task performance is measured (e.g.,
task-wide summary scores that fail to reflect within-task
changes in performance). Recent studies, for example, have
shown that children with prenatal alcohol exposure demon-
strate increased variability in performance on certain execu-
tive function tasks (Ali et al. 2018) and increased day-to-day
variability in engagement in everyday tasks in classroom set-
tings (Kjellmer and Olswang 2013). Furthermore, one study
byAli et al. (2019) demonstrated that intra-individual variabil-
ity in reaction time (RT) on a go/no-go task was found to
correlate with parental reports of attention. Thus, intra-
individual variability may not be adequately captured in an
‘absolute’ measure of task performance.

Given the pattern of deficits in executive function demon-
strated in children with prenatal alcohol exposure, one specific
task that has been used to systematically measure sustained
attention over time is the continuous performance task (CPT),
which requires that the participant attend to a series of chang-
ing stimuli and respond appropriately to target items while
inhibiting responses to distractor items (Klee and Garfinkel
1983; Riccio et al. 2002; Shalev et al. 2018). The CPT requires
actively directed focused attention and continuous inhibitory
control and is thought to be foundational for the emergence of
higher executive function processes (Fisher 2019). Children
with a history of prenatal alcohol exposure have been shown
to make more omission and commission errors on CPT than
those without a history of prenatal alcohol exposure (see
Dolan et al. 2010 for review). Additionally, in children with
ADHD, it has been suggested that BRIEF behavioral regula-
tion subscales are correlated with CPT performance measures
that more directly measure intra-individual variability (Cak
et al. 2017). While slower RTs on CPT in children with
FASD have been found to modestly correlate with one
BRIEF subscale (Organization of Materials; Rai et al. 2017),
intra-individual variability in RT in children with FASD has
not yet been explored.

Another measure of intra-individual variation in task per-
formance that may better reflect differences in everyday exec-
utive function and attention is split-task performance (i.e., the
difference in performance between first and second halves of
the CPT). A prior study by Shalev et al. (2019) using the CPT
in children with developmental disabilities (Down syndrome
and Williams syndrome) demonstrated that split-half perfor-
mance reveals syndrome-specific profiles. Children with
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Williams syndrome demonstrated overall poorer CPT perfor-
mance than typically developing participants (75% accuracy
in Williams syndrome versus 90% accuracy in typical devel-
opment) and uniquely demonstrated a significant decrease in
performance during the second half of the task, with a de-
crease in accuracy from 76 to 72% between task-halves.
Meanwhile, those with Down syndrome had overall poorer
CPT performance that did not vary across split halves, with
overall accuracy of 74%. This innovative, within-task,
change-over-time-based approach to measuring CPT perfor-
mance was shown to correlate with teacher report of inatten-
tion in children with Williams syndrome. Compared to chil-
dren with Williams syndrome, children with FASD also dem-
onstrate executive function deficits, with specific difficulties
in attention and visuospatial processing (Rhodes et al. 2010;
Atkinson and Braddick 2011; Paolozza et al. 2014). Split-half
CPT performance may thus distinctly capture variability in
executive function and attention measures for this population
and help inform the relation between task-based and parent-
rated executive measures for children with FASD.

The current study tested the hypothesis that task-based
measures of executive function and attention that represent
within-person differences in children with FASD will align
with parent-based estimates of executive function. Task per-
formance variability was assessed on a visual CPT requiring
continuous inhibition and modulation of attention, with the
hypothesis that individual differences in RT variability and
split-half performance may more closely correspond with
measures of executive function based on parental report.

The following specific research questions were addressed:

(1) Do children with FASD demonstrate within-task chang-
es in performance during a continuous performance task
(CPT) assessing sustained attention and inhibition?
Specifically, is there intra-individual variability in RT
and are there degradations in second-half compared to
first-half CPT performance among children with FASD?

(2) Do parental report measures of behavioral regulation
(assessed with the BRIEF) and effortful control (assessed
with a temperament rating scale) correspondwith within-
task changes in CPT performance—based on intra-
individual variability in RT and split-half performance
measures—in children with FASD?

Methods

Participants

Participants with prenatal alcohol exposure were recruited as
volunteers from the University of Washington Fetal Alcohol

Syndrome Diagnostic and Prevention Network clinical re-
search registry and database, composed of over 3000 patients.
As part of this database, all participants had known in utero
alcohol exposure and were diagnostically confirmed to meet
criteria for FASD based on interdisciplinary evaluation in-
cluding neuropsychological testing performed by an interdis-
ciplinary assessment team and medical examination per-
formed by a physician trained on the University of
Washington FASD 4-Digit Diagnostic Code (Astley 2004;
Astley 2013). The four digits of the Code reflect the magni-
tude of expression of the four key diagnostic features of FASD
in the following order: (1) growth deficiency, (2) FAS facial
phenotype, (3) CNS structural/functional abnormalities, and
(4) prenatal alcohol exposure. The magnitude of expression of
each feature is ranked on a 4-point Likert scale with 1
reflecting complete absence of the FASD feature and 4
reflecting a strong “classic” presence of the FASD feature.
The 4-Digit codes cluster under one of four diagnoses under
the umbrella of FASD from most severe to least severe: FAS,
partial FAS, static encephalopathy/alcohol exposed (SE/AE),
and neurobehavioral disorder/alcohol exposed (ND/AE). The
12 participants in the current study received the following
FASD diagnostic classifications and codes, which fall on the
‘less severe’ end of FASD:

1. ND/AE (n = 9)—mild to moderate CNS functional im-
pairment (CNS rank 2)

2. SE/AE (n = 3)—significant CNS functional impairment
or structural abnormality (CNS rank 3 or 4)

Participants (N = 12; 7 females) were selected on the basis
of having attempted and completed the CPT in the context of a
larger study. Although 14 participants (8 females; ages 4.9 to
9.3 years;M = 7 years) attempted the CPT, 2 participants were
excluded due to task incompletion. Participants spoke English
as the primary language in the home and had no uncorrected
hearing or vision impairments that would preclude engage-
ment in the lab activities. Of the 12 included participants,
medication usage for ADHD symptoms was reported by a
caregiver for 7. Participants completed two research visits on
the same day for individual assessment by an examiner, dur-
ing which time parent questionnaires were completed. Due to
scheduling preferences, the research visits were on consecu-
tive days for one participant.

Nonverbal IQ

Nonverbal IQ was assessed with the Leiter International
Performance Scale, Third Edition (Leiter-3), a standardized
assessment for individuals ages 2 through 20 designed to be
administered nonverbally (Roid et al. 2013). A nonverbal IQ
scaled score was calculated according to the published manual
as a composite score of the following scales: figure ground
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segregation, form completion, sequential ordering, and classi-
fication and analogies. Scores on the Leiter-3 are presented
descriptively in Table 1; IQ was not significantly correlated
with CPT performance or parent report measures.

Parent Report Questionnaires

Parents of each participant completed the Behavioral Rating
Inventory of Executive Function (BRIEF; Gioia et al. 2000b;
Gioia et al. 2015). Among the 12 participants, 1 BRIEF-P
(preschool version) was completed, 8 BRIEF-1st edition ques-
tionnaires were completed, and 3 BRIEF-2nd edition ques-
tionnaires were completed. There has been strong internal
consistency demonstrated for BRIEF measures on reliability
studies, with Cronbach’s alpha coefficient measuring between
0.80 and 0.98 for clinical and normative samples (Gioia et al.
2000a). Of note, a BRIEF T-score of 50 is the normative
mean; a score of 65 (i.e., 1.5 SD from that mean) or greater
is considered clinically noteworthy. Among the five BRIEF
subscales that overlapped across BRIEF versions (i.e., Inhibit,
Shift, Emotional Control, Working Memory, Plan/Organize),
those three scales that fell in the category of behavioral regu-
lation were used for analysis (see Table 1): Inhibit, Shift,
Emotional Control.

Additionally, parents of each participant completed an age-
specific temperament questionnaire developed by Rothbart
and colleagues:Children’sBehaviorQuestionnaire (3–7years;
Rothbart et al. 2001), Temperament in Middle Childhood
Questionnaire (7–10 years), or Early Adolescent
Temperament Questionnaire (> 10 years; Capaldi and
Rothbart 1992). Given known links between executive func-
tion and effortful control—and the view that attention control
and inhibitory control are key components for each construct
(Kim-Spoon et al. 2019)—two effortful control indices over-
lapping across the temperament questionnaires were the focus
of analysis: attention-focusing and inhibitory control. These
indices were adjusted across questionnaire versions to a 1–7
point Likert scale. Again, see Table 1.

Visual Recognition Memory Task

As a measure of foundational visual processing, participants
also completed a visual paired comparison (VPC) task based
on Rose et al. (2001), presumed to measure explicit visual

recognition and memory (Manns et al. 2000). Each task con-
dition (‘easy’, ‘hard’) consisted of eight trials, with an expo-
sure and a test phase for each trial. Participants were random-
ized to one of two different stimuli orders for each task ver-
sion. During each VPC trial, images of geometric figures were
presented using E-prime 2.0 on the left and right side of a
wall-mounted screen. Participants were seated 1 m from the
screen, with a visual angle of approximately 44°. Test phase
stimuli consisted of an ‘old’ item from the preceding exposure
phase—randomized to either the left or right side of the screen
accompanied by a ‘new’ item on the opposite side of the
screen. A black screen was presented during the 500-ms in-
ter-stimulus interval. During the exposure and test phases of
each trial, visual stimuli were presented for a minimum of 2 s
with participants required to accumulate a minimum of 2 s of
looking time as gauged by the examiner via key press in real
time (Venker 2013). Average looking times—calculated
using eye-gaze coding methods described below—across par-
ticipants for each trial phase was 2.2 s (SD = 0.7) and did not
significantly vary across exposure versus test phases or ‘easy’
versus ‘hard’ task versions. Average trial duration was 3.2 s
(range: 2.5–4.8; SD = 1.2). Task difficulty was manipulated
by altering perceptual similarity of stimulus items, with ‘easy’
and ‘hard’ task conditions presented to each participant in a
randomized order. During the ‘easy’ condition, old and new
items presented during the test phase were different colors,
and in the ‘hard’ version, both old and new items during the
test phase were the same color. See Fig. 1.

EyeCoder and Datawiz software (Fernald et al. 2008) were
used for data analysis to code eye-gaze recordings for each
trial, with a frame rate of 30 FPS. Gaze to the left and right
(exposure phase) and old and new (test phase) geometric fig-
ures was coded frame-by-frame offline by trained coders who
completed quarterly reliability exercises, with lab-wide inter-
coder agreement maintained at > 98% frame agreement and >
95% shift agreement. Frames in which the participant looked
away from the screen were excluded from the analysis. A
discrimination ratio (DR) for each test phase was calculated
using the following formula (Sivakumaran et al. 2018):

DR ¼ time spent looking at new item

time spent looking at old itemð Þ þ time spent looking at new itemð Þ

Table 1 Mean participant age, IQ, BRIEF parent report subscales (included subjects, n = 12)

Age in years
(range; SD)

Non-verbal IQ
(range; SD)

BRIEF-Inhibit
(range; SD)

BRIEF-Shift
(range; SD)

BRIEF-Emotional
Control (range; SD)

Temperament: attention
focusing (range; SD)

Temperament: inhibitory
control (range; SD)

7.1 (4.9–9.25;
1.5)

102 (71–120; 12.6) 73.9 (55–90; 9.9) 70.2 (53–87; 9.6) 68.8 (50–81; 10.4) 5.3 (2.3–7; 1.4) 3.3 (1.5–5.2; 1.1)
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Discrimination ratios were averaged across trials to calcu-
late a mean discrimination ratio for each task condition for
each participant.

Among the 12 participants, 8 participants completed both
‘easy’ and ‘hard’ task conditions of VPC task. Average DR
across the ‘easy’ task condition was 0.68 (range: 0.55–0.87;
SD = 0.11). Average DR across the ‘hard’ task condition was
0.57 (range: 0.31–0.71; SD = 0.12). DR was significantly
higher for ‘easy’ compared to hard condition (p = 0.02, one-
tailed). Similar DR values of approximately 0.60 have been
reported for pattern-based stimuli in infants as young as
5 months of age (Rose et al. 2001). This demonstrates that
participants were able to recognize previously presented im-
ages, a foundational visual processing task.

Continuous Performance Task (Sustained Visual
Attention)

A standard continuous performance task assessed sustained
visual attention in E-prime 2.0 using a Cedrus RB-540 re-
sponse pad. Participants were seated approximately 1 m from
the wall-mounted screen with the response pad (button box)
held in lap. Stimuli comprised an approximately 32° visual
angle. The task consisted of two practice blocks (one slow,
one regular-speed) followed by three stimulus blocks of 15
trials each. Each stimulus block lasted approximately 2 min,
with each target item presented at pseudo-random intervals (3,
4, or 5 distractor stimuli between each target stimulus).
Average time between target stimuli presentation was 4.2 s.
Presentation duration of target stimulus was 600 ms, with
200 ms inter-stimulus interval. Responses within 2.4 s of tar-
get onset were counted as correct. Modeled after Scerif et al.
(2012) and Cornish et al. (2013), the CPT was presented as a
fishing game and participants were instructed to watch the
‘wave’ and press the response button when they saw the ‘big
waves’ to ‘catch the fish’ located under the big waves. Stimuli

consisted of centrally presented circular vertical Gabor
patches with gray color map, using sinusoidal gradient with
phase shift of 0.5π and frequency of 10 Hz. Gaussian standard
deviation was 1 wave length for target items and 0.75 wave
lengths for distractor items. Gabor images used were demon-
strated previously to have supra-threshold intensity discrimi-
nation in preschool-to-early school-age boys with other
neurodevelopmental disorders (i.e., fragile X syndrome;
Scerif et al. 2012; Cornish et al. 2013). Participants were
instructed to press a response button when higher contrast
‘big waves’ (i.e., target items; Fig. 2, upper left) were present-
ed and refrain from pressing the response button when lower
contrast stimuli (i.e., distractor items; Fig. 2, upper right) were
presented. If participants responded correctly, a reinforcer im-
age (cartoon fish; Fig. 2, lower) appeared on the screen during

Fig. 2 Continuous performance task visual attention stimuli

Fig. 1 Example visual paired
comparison test stimulus for
multi-colored (top panel) and
monochromatic (bottom panel)
conditions, where one image from
each test pairing was previously
presented to the participant during
the exposure slide immediately
preceding test
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practice; auditory feedback was provided through computer
speakers for correct responses during the task.

The variables derived from task performance were (1) ac-
curacy: extent that the hit rate exceeds the false alarm rate, (2)
sensitivity: ability to distinguish between target and distractor
items, and (3) response bias: tendency to commit more false
alarms versus miss more target items. For data analysis, trials
with response times of < 200 ms were removed given physi-
ological limitations of reaction time to visual stimuli. For each
participant, accuracy for first and second task halves was cal-
culated by subtracting the proportion of false alarm-only trials
from the proportion of hits—including trials for which false
alarms were made. Additionally, target sensitivity and re-
sponse bias were calculated for the first and second halves
of the task using the following formulas where F = false
alarms and H = hits (Stanislaw and Todorov 1999; Shalev
et al. 2019):

Sensitivity ¼ 0:5þ sign H−Fð Þ H−Fð Þ2 þ jH−Fj
4max H ; Fð Þ−4HF

" #

Response bias ¼ sign H−Fð Þ H 1−Hð Þ−F 1−Fð Þ
H 1−Hð Þ þ F 1−Fð Þ

See Table 2. To address the first research question, first-
half and second-half performance was compared for each CPT
variable using paired sample t tests.

Intra-individual RT Variability

To further address the second research question, intra-
individual variability in CPT reaction times (RT) was calcu-
lated by performing a linear regression of trial number × RT
for each participant and measuring the standard deviation of
the residuals. This yielded an intra-individual standard devia-
tion (ISD) for each participant (Ali et al. 2019). A coefficient
of variation (ICV) was calculated by dividing ISD by mean
RT. Pearson correlations were performed to measure the
strength of association between ICV and BRIEF executive
function subscales/effortful control temperament indices, with
an α = 0.05 significance level cutoff.

Split-Half Performance

Differences in each measure (dAccuracy, dSensitivity,
dResponse Bias) between 1st versus 2nd halves were calcu-
lated by subtracting 2nd half performance from 1st half per-
formance, hereafter also referred to as ‘split-half task perfor-
mance.’ To address the second research question, Pearson
correlations were performed to measure the strength of asso-
ciation between split-half task performance measures and
BRIEF executive function subscales/temperament effortful
control indices.

Results

Continuous Performance Task (Sustained Visual
Attention): Research Question 1

Mean reaction time (for first response of each trial) across all
trials for all participants was 604 ms (range: 436–713; SD =
82). Mean ISD was 233 ms (range: 96–383; SD = 96). Mean
ICVwas 0.38 (range: 0.22–0.56; SD = 0.12). These values are
descriptively higher than those demonstrated in prior study by
Klein et al. (2006), which utilized the CPT in children with
ADHD ages 7 to 14 and demonstrated significant differences
in mean reaction time (545 ms), mean ISD (145 ms), and
mean ICV (0.25) as compared to a control group. Average
sensitivity, accuracy, and response bias measures across par-
ticipants for 1st half, 2nd half, and overall CPT performance
are summarized in Table 2. Participants demonstrated a sig-
nificant difference in accuracy (Cohen’s d = − 0.49; p = 0.01,
one-tailed) and sensitivity (Cohen’s d = − 0.48; p = 0.03, one-
tailed) between first and second halves, with higher accuracy
and sensitivity in 1st compared to 2nd task halves. Mean ac-
curacy dropped by 14% (from 0.71 to 0.58) between first and
second halves, which was descriptively larger than the 4%
split-half performance decrement noted by Shalev et al.
(2019) in children with Williams syndrome. No significant
difference was observed in response bias between first and
second halves (p = 0.45, one-tailed). Higher false alarm rates
in the 2nd half compared to the 1st (Cohen’s d = 0.43; p =
0.01, one-tailed) were observed. There was no significant dif-
ference in hit rates between first and second halves (p = 0.14,
one-tailed).

Table 2 Mean split-half and overall continuous performance task measures (n = 12)

Hits (range; SD) False alarms (range; SD) Accuracy (range; SD) Sensitivity (range; SD) Response biasa (range; SD)

1st half 0.92 (0.77–1.0; 0.09) 0.22 (0–0.70; 0.19) 0.71 (0.24–1.0; 0.22) 0.91 (0.75–1.0; 0.08) − 0.42 (− 1–0.55; 0.53)

2nd half 0.89 (0.59–1.0; 0.11) 0.32 (0–0.95; 0.26) 0.58 (− 0.06–1; 0.30) 0.86 (0.44–1.0; 0.14) − 0.40 (− 1–0.29; 0.41)

Overall 0.91 (0.69–1.0; 0.09) 0.27 (0–0.83; 0.22) 0.64 (0.14–1.0; 0.24) 0.89 (0.64–1.0; 0.10) − 0.40 (− 1–0.29; 0.36)

a Calculations exclude one subject who did not have false alarms for response bias calculation
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Relationship Between Task Performance and Parent
Report Measures: Research Question 2

BRIEF Executive Function Behavioral Regulation and
Temperament Effortful Control: To examine the correspon-
dence between BRIEF executive function and temperament
effortful control (and given the overlapping pattern of findings
in relation to task performance, described below), Pearson
correlations were calculated between BRIEF-Inhibit and
Inhibitory Control from parent report measures of tempera-
ment. As would be expected, there was a significant relation-
ship between these two measures (r = − 0.60, p = 0.026), with
more clinically elevated levels of BRIEF-Inhibit parental re-
port scores correlating with lower levels of parent-reported
inhibitory control. See Fig. 3.

Intra-individual Variability in CPT Reaction Time and
Relationship with Parental Report and Task
Performance Measures

ISD and ICV did not significantly correlate with BRIEF be-
havioral regulation or temperament effortful control parent
measures. Although ISD and ICV did not significantly corre-
late with split-half task performance, there was a significant
relationship between ISD/ICV and overall performance mea-
sures. ISD and ICV were negatively correlated with overall
CPT accuracy (R = − 0.75, − 0.72, respectively; p = 0.0046,
0.0078, respectively) and overall CPT sensitivity (R = −
0.69, − 0.65, respectively; p = 0.013, 0.022, respectively).
There was no significant relationship between ISD and ICV
with CPT response bias.

Split-Half CPT Performance and Relationship with
Parental Report

BRIEF Everyday Executive Function Behavioral Regulation:
Of the three behavioral regulation subscales examined in re-
lation to CPT performance, significant associations were

observed for Inhibit, but not Shift or Emotional Control.
There was a significant negative relationship between
BRIEF-Inhibit parent report scores and dAccuracy (r = −
0.60, p = 0.040) as well as dSensitivity (r = − 0.77, p =
0.0031) measures on the sustained visual attention CPT, but
not dResponse Bias (r = 0.24, p = 0.46). More clinically ele-
vated BRIEF-Inhibit parental report scores (i.e., decreased in-
hibition) were associated with smaller differences in split-task
performance (Fig. 4). No significant relationship was demon-
strated between BRIEF-Shift and dAccuracy (r = − 0.26, p =
0.41), dSensitivity (R = − 0.42, p = 0.17), or dResponse Bias
(R = − 0.40, p = 0.20). Similarly, no significant relationship
was demonstrated between BRIEF-Emotional Control and
dAccuracy (r = 0.057, p = 0.86), dSensitivity (r = − 0.35, p =
0.27), or dResponse Bias (r = 0.53, p = 0.07).

Temperament Effortful Control: Of the two effortful con-
trol indices examined in relation to CPT performance, signif-
icant associations were observed for inhibitory control, but not
attention focusing. There was a significant positive relation-
ship between inhibitory control temperament parent report
scores and dAccuracy (r = 0.60, p = 0.040) but not
dSensitivity (r = 0.55, p = 0.062) for the CPT. High inhibitory
control from parent report measures was associatedwith great-
er differences in split-task performance (Fig. 5, left). There
was a significant negative relationship between inhibitory
control temperament parent report scores and dResponse
Bias (r = − 0.61, p = 0.039; Fig. 5, right). Higher inhibitory
control from parent report measures was associated with in-
creased levels of shift in response bias away from false alarms
as dominant error type between first and second task halves.
Participants with lower inhibitory control from parent report
measures demonstrated smaller shifts in response bias—or
even increased bias toward false alarms as dominant error
type—from first to second task halves. No significant relation-
ship was demonstrated between Attention Focusing and
dAccuracy (r = − 0.18, p = 0.59), dSensitivity (r = 0.098, p =
0.76), or dResponse Bias (r = − 0.33, p = 0.29).

Discussion

The current findings reflect the possibility that prior discor-
dance between parental report and task-related measures of
executive function—with extensions to effortful control—in
children with fetal alcohol exposure may be due to task per-
formance measures which fail to capture the challenges in
performance across time that individuals with fetal alcohol
spectrum disorders may experience. In particular, these find-
ings are consistent with the notion that parent report measures
are more reflective of ‘typical performance’ in real-world set-
tings as opposed to ‘optimal performance’ situations elicited
by many experimental task conditions (Toplak et al. 2013;
Ten Eycke and Dewey 2016; see McCoy 2019 for review).Fig. 3 BRIEF-Inhibit versus temperament inhibitory control measures
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Parent ratings of executive function are uniquely thought to
reflect processes that extend beyond the ‘typical’ versus ‘op-
timal’ performance distinction, and instead may be a more
nuanced combination of ‘day-to-day’ versus ‘maximal’ per-
formance estimates (Toplak et al. 2013). Parental reports of
executive function via the BRIEF have been proposed to more
accurately reflect a wide range of concerns—including behav-
ioral dysregulation and impairments in attention—as opposed
to performance-based measures on goal-directed tasks
(McAuley et al. 2010). Meanwhile, parent ratings of
temperament—and attention-focusing in particular—have
been posited to be more reflective of a wide range of focused
attention behaviors in young children (Acar et al. 2019).
Given that the BRIEF parental report is designed to estimate
everyday executive functioning abilities over the past
6 months and temperament measures are designed to reflect
constitutional measures, it follows that task-based measures
more sensitive to within-task variation may be a more ecolog-
ically valid metric with which to assess executive function.
Additionally, the employment of a continuous performance
task which largely taxed processes needed for executive
functions—requiring sustained attention and continual active
inhibition—likely afforded the opportunity to capture perfor-
mance variability over time, despite a relatively short task
duration.

The direction of the parent report versus task-based associ-
ations suggests that higher levels of parent-reported inhibitory
control are associated with greater split-half performance dif-
ferences. While somewhat counterintuitive, we postulate that

parental report values of inhibitory control aspects of execu-
tive functioning are more reflective of parent-perceived capac-
ity in executive functioning rather than absolute measures.
Although prior report by Shalev et al. (2019) suggested that
greater split-half performance differences were associated
with higher levels of inattentive symptoms as assessed by
teacher report, there is evidence that teacher and parent reports
of attention and other executive function measures have low
inter-rater reliability (Schneider et al. 2020)—including in
children with FASD (Taylor and Enns 2019)—and may actu-
ally demonstrate opposite directional trajectories over time
(Murray et al. 2018).

Executive function measures as estimated by parent ratings
may very well reflect a combination of ‘typical’ and ‘optimal’
performance measures that are best captured from an experi-
mental standpoint by estimates of variation in task perfor-
mance rather than conventional measures of task performance.
It may be that, when asked about their child’s level of inhib-
itory control, parents reflect on their own child’s relative ‘day-
to-day’ within-person or intra-individual variability in modu-
lating levels of inhibitory control rather than identifying an
absolute (i.e., ‘typical’ or ‘optimal’) level of inhibitory control.
Parents may, for example, factor in situational, environmental,
and motivational factors when assessing their child’s overall
executive functioning abilities. Indeed, parent ratings could be
influenced by dyad-specific situational factors, such as levels
of parental frustration (Gross et al. 2015). Children with more
variability in the execution of cognitive control processes may
be perceived by parents as having higher levels of inhibitory

Fig. 4 Visual attention task
performance versus BRIEF
parent report measures

Fig. 5 Visual attention task
performance versus temperament
parent report measures
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control. That is, parents may view their child as better able to
engage in behavioral self-regulation because parents are
assessing their child against the child’s own baseline and in
the context of situational factors rather than comparing their
child’s level of inhibitory control directly to that of their peers.

In support of this, higher levels of parent-reported inhibi-
tory control were associated with increased shifts away from
false alarms as dominant error type between first and second
halves. Those with increased response bias shifts between task
halves generally demonstrated higher levels of response bias
toward false alarms in the first half, whereas those with de-
creased fluctuations between task halves (and lower levels of
inhibitory control on parental report temperament measures)
tended not to demonstrate the same level of response bias to
begin with. This again suggests that parent report measures are
a potential proxy for their own child’s ‘day-to-day’ differential
ability to exercise inhibitory control across time as opposed to
inherent ‘typical’ level of inhibitory control.

The current study did not replicate prior findings by Ali
et al. (2019) of intra-individual variability in CPT reaction
time correlating with parental estimates of attention.
However, our study did demonstrate a significant negative
relationship between intra-individual variability in reaction
time and overall task performance, where participants with
greater reaction time variability demonstrated lower task ac-
curacy and sensitivity. This finding supports the notion that
sustained attention tasks are subject to a speed-accuracy trade-
off (Dang et al. 2018) and that individual variations in alloca-
tion of cognitive processing resources are important to factor
in when comparing differences in CPT performance (Head
and Helton 2014).

Overall, these study results suggest that measures of exec-
utive function based on parental report—particularly in a pop-
ulation where executive dysfunction is known to occur, as
demonstrated by clinically elevated BRIEF measures in our
participant group—are more situational (state-based) in na-
ture. Thus, when applying these parent report indices to
task-based measures, they are best predictive of intra-task per-
formance variation, which is more state-based in nature and
prone to state-based functions such as ‘day-to-day’ fatigue,
attention span, and working memory. Conventional task per-
formance measures of ‘overall’ task performance average
across time and may reflect more trait-based characteristics
of executive function.

The findings that BRIEF-Inhibit behavioral regulation and
inhibitory control temperament effortful control measures
both demonstrate significant relationships with CPT
performance—and are significantly predictive of one
another—highlight the role of each of these constructs in
supporting sustained attention and response inhibition. CPT
performance in particular is thought to reflect a convergence
of ‘top-down’ and ‘bottom-up’ attention processing, with top-
down processing considered a requisite for corticallymediated

executive functioning (see Sarter et al. 2001 for review). The
current results support the notion that effortful control is
thought to—from a theoretical framework—reflect self-
regulation traits required for development of top-down exec-
utive function processes and can in some ways be considered
a ‘lower-level’ executive function (Tiego et al. 2019; see Nigg
2017 for review). Our study reflects the utility of parent report
measures of behavioral regulation and effortful control in
predicting task-specific sustained visual attention perfor-
mance measures and sheds further light on the emerging no-
tion of the specific interplay between child temperament and
executive function development (Suor et al. 2019). Further
research is needed to investigate the relationship between
these constructs.

With respect to the VPC, participants demonstrated an in-
creased discrimination ratio for an ‘easy’ versus ‘hard’ task
condition. In the easy condition, a color cue assisted perfor-
mance; in the hard condition, color did not serve as a cue for
task success. While further investigation is needed, the major-
ity of our study participants also demonstrated a novelty pref-
erence and significant sensitivity to perceptual difficulty in
non-verbal visual processing and memory, the first use of this
visual memory task (the VPC) to our knowledge in the FASD
population. These findings suggest that children with FASD
are able to demonstrate reliable performance on a presumed
measure of declarative memory, but this performance—as
measured by novelty preference across two conditions—is
impacted by altering perceptual similarity. The visual percep-
tion deficits that have previously been demonstrated in chil-
dren with FASD (Pei et al. 2011; Manji et al. 2009; Castillo
Castejon et al. 2019) may contribute to the decreased discrim-
ination ability in the ‘hard’ condition where there was an in-
creased demand on detailed visual perception recognition ver-
sus more salient color cue differences.

The observed susceptibility to perceptual difficulty demon-
strated by significant performance differences in the ‘easy’
versus ‘hard’ conditions during the VPC task may have also
played a role in CPT performance, as this task relies on the
ability to visually discriminate different spatial frequencies.
Although it has been suggested that tasks involving lower-
frequency Gabor patches are less taxing on spatial attention
processes (Lawrence et al. 2020), the CPT nonetheless re-
quires integration of non-attentional processes known to be
affected in children with FASD, such as motion detection
(Gummel et al. 2012), oculomotor accuracy (Zhang et al.
2019), and sensorimotor integration (Paolozza et al. 2013).
Further studies are needed to determine the contribution of
each of these processes to within-task performance variability
in the FASD population.

Though the relationships between parent report and task-
based measures were robust, our small sample size limits the
ability to make inferences about other potential correlates to
within-task changes in performance. The current findings may

184 J Pediatr Neuropsychol  (2020) 6:176–188



not generalize to all children with FASD, particularly because
participants fell on the ‘less severe’ end of the FASD spectrum
and demonstrated relatively high non-verbal IQs, with mean
non-verbal IQ of 102. While IQ was not significantly corre-
lated with task-based or parent report-based measures in our
study, IQ levels in children with FASD are typically low to
low-average (see Mattson et al. 2011 for review). It is unclear
whether similar profiles of within-task performance differ-
ences would be expected in children on the more ‘severe’
end of FASD (i.e., those with fetal alcohol syndrome).
However, our findings highlight the notion that even children
with history of in utero alcohol exposure who have arguably
more ‘mild’ levels of CNS impairment still demonstrate vul-
nerabilities in task performance and differences in parent-
based executive function as well as temperament measures
that are predictive of one another. Further studies are addition-
ally needed to determine whether this relationship generalizes
to other task types and modalities (Roebuck et al. 2016) or age
groups.

Conclusions

These results shed light on the difficulties in quantifying cog-
nitive processing measures in children with FASD.
Specifically, the current results show that prior studies inves-
tigating the relationship between parental report and task-
based measures have not demonstrated a significant correla-
tion perhaps because parental measures of behavioral regula-
tion are more reflective of within-individual capabilities over
time as opposed to absolute measures. Our study is, to our
knowledge, the first to investigate within-task metrics of
CPT performance in children with FASD, such as split-half
performance differences. Within-task performance measures
essentially normalize each individual’s task performance to
themselves, potentially providing a more clinically useful
measure with which to assess strengths—and susceptibili-
ties—in capacities for effortful control and behavioral regula-
tion. Moreover, the predictive nature of this intra-individual
performance measure to parent report-based assessments of
executive function abilities in our study participants may help
inform and individualize behavioral assessments and therapies
in children with FASD.
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