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Abstract

Objective: Switching is one of three primary executive functions alongside inhibitory control and updating but remains relatively
understudied in childhood attention-deficit/hyperactivity disorder (ADHD) compared to investigations into working memory and inhibitory
control deficits. Where extant literature in adults suggests that switch costs are due to a combination of task set inertia and task set
reconfiguration costs, it is not clear which of these is most relevant to explaining ADHD-related atypicalities in performance. Methods:
Children with (N= 34) and without ADHD (N= 28) aged 8–12 (average age= 9.45) completed a 192-trial computerized cued switching
paradigm. Diffusion model decomposition of the data was performed to identify cognitive subprocesses responsible for the switch. Results:
Consistent with the switching literature in adults, switch costs for children were due to a combination of both task set inertia (reduced drift
rate) as well as slower task set reconfiguration (Ter) on switch versus repeat trials. Children with ADHD were less accurate than non-ADHD
controls, but the ADHD × Switch interactions were not significant for any variable, indicating that the deficit was general and not switch-
specific. Lower accuracy was in turn attributed to slower general drift rate among children with ADHD. Conclusions: This study contributes
to a growing literature finding that the performance deficits in children with ADHD across executive and non-executive function tasks are
related to lower-level perceptual decision-making weaknesses that have downstream effects on higher-order processing.
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Statement of Research Significance

Research Question(s) or Topic(s):What is the source of atypically large switch costs in children with attention-deficit/hyperactivity
disorder (ADHD)? What is the cognitive architecture of the asymmetric switch phenomenon in children? Main Findings: Both
switch and asymmetric switch costs were found and were due to a combination of slower drift rate (i.e., less efficient evidence
accumulation representing the presence of task set inertia) as well as longer Ter (i.e., longer pre-decisional processes, of which task set
reconfiguration is prominent). We found no evidence of switch-specific weaknesses in children with ADHD compared to non-
ADHD controls, but instead evidence of a task-general slower drift rate. Study Contributions: This evidence adds to mounting
literature suggesting that the performance deficits commonly observed in childhood ADHD is related to quite basic perceptual
decision-making that has downstream effects on higher-order processing.

Introduction

Flexibly and rapidly switching between task demands is a
fundamental cognitive skill that is important for attending to
and successfully transitioning between tasks. It is key to successful
learning in childhood and is traditionally considered a key aspect
of cognitive control (Chevalier & Blaye, 2009; Stad et al., 2019). The
additional control/effort necessary to execute a switch is referred
to as “switch cost,” and it is commonly operationalized in
experimental paradigms as the difference in mean response times
(RTs) on switch versus nonswitch trials (Monsell, 2003; Wylie &
Allport, 2000). Most major accounts suggest that switch costs

occur due to a combination of task set inertia as well as task set
reconfiguration (Vandierendonck et al., 2010). Task set inertia
refers to the carryover of the activation from the n-1 trial into the
subsequent trial, n, that must be suppressed. Task set reconfig-
uration refers to the preparation phase in which the individual
reconfigures or reprograms the mental system for the new task and
biases attention toward that new task (Monsell, 2003; Schmitz &
Voss, 2014).

Important work documenting the role of these separable
processes has come from use of the diffusion model (DM), an
influential computational model of binary decision-making that
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was developed within the cognitive sciences in the 1970s and has
since been widely adopted in clinical and developmental research
(Feldman & Huang-Pollock, 2021a; Huang-Pollock et al., 2012;
Huang-Pollock et al., 2020; Manning et al., 2022; Neufeld &
Shanahan, 2022; Schubert & Frischkorn, 2020). The DMmakes full
use of multiple dimensions of the data – that is, the shape of the RT
distribution for correct and incorrect responses to yield a more
complete picture of performance than one based solely on indices
of central tendency, and is able to go beyond telling us if someone is
slow, to explaining what step in the flow of information processing
is the cause of slower RTs. There are several parameters, or
variables, used to describe performance, two of which are most
relevant to the switching process.

The first, “drift rate” (denoted as v) is the rate at which evidence
accumulates toward a decision, can be experimentally manipulated.
For example, switch trials (vs. repeated trials) reliably result in slower
drift rate, and this is believed to be due to task set inertia from the
previous trial (Schmitz & Voss, 2012; Schuch & Konrad, 2017;
Weeda et al., 2014). The task-set inertia account proposes that switch
costs arise from proactive interference from the previous task which
impairs the execution of the response to the current task (Schmitz &
Voss, 2012; pg. 5); drift rate measures evidence accumulation toward
a decision/response, which is directly impacted by these carryover
effects. Individual/developmental differences in drift also exist. For
example, children have slower drift rates than healthy adults, and
drift rates are slower among children with ADHD compared to their
same aged non-ADHD peers (Feldman & Huang-Pollock, 2021b;
Ratcliff et al., 2012; Weeda et al., 2014).

The DM is also able to capture and isolate processes that occur
outside of the decision-making stage but that still contribute to
the total reaction time (RT) (e.g., stimulus encoding, task set
reconfiguration, and motor preparation processes). The parameter
Ter captures these non-decision processes; consistent with its
hypothesized role in task set reconfiguration, Ter is longer for task-
switch trials vs. task-repeat trials (Boag et al., 2021; Imburgio &
Orr, 2021; Schmitz & Voss, 2012 Schuch & Konrad, 2017; Weeda
et al., 2014). The task-set reconfiguration account proposes that
switch costs arise due to the time needed to prepare for the next
task, i.e., task encoding, cue processing (Schmitz & Voss, 2012,
pg. 4); Ter measures these non-decision processes, which are core
to the reconfiguration account, as well as motor preparation
processes. Interestingly, the relative contributions of task set inertia
or reconfiguration to switch costs vary by age. Using the DM
decomposition of the data,Weeda et al. (2014) found that in adults,
RT switch costs were predominantly due to task set inertia but in
young children, RT switch costs are primarily due to slower task set
reconfiguration processes. Thus, switch costs are accrued at
different stages of processing for different developmental periods.

Where a full description of this model and the validating
process is beyond the scope of the current paper, these variables are
obtained by fitting observed RT distributions for both correct and
error responses, to the RT distributions that are predicted by the
model. Using an initial set of parameter values, predictions are
derived and then the values of the parameters are adjusted using an
automatic routine that computes the goodness of fit and replaces
the worst fitting parameter values with new ones. By this method,
the model iterates to the parameter values that produce the best fit
to the data. The best fitting set of parameters values are then used as
indices of the latent psychological processes that each parameter
represents (i.e., decision speed or encoding speed). Interested
readers to the following papers and reviews (Boag et al., 2025;
Ratcliff et al., 2016; Voss et al., 2015; White & Kitchen, 2022).

The switch process is one of three fundamental executive
functions, alongside inhibitory control and updating (Friedman
et al., 2016; Miyake & Friedman, 2012) but it is much less
frequently the target of study. Where the body of literature in these
latter two areas has generated a number of well cited reviews in
ADHD alone (Alderson et al., 2007; Lipszyc & Schachar, 2010;
Martinussen et al., 2005; Oosterlaan et al., 1998; Pievsky &
McGrath, 2018), the same cannot be said for switching. This may
be in part due to a relative dearth of modern paradigms that are
suitable to answering questions of interest that go beyond
documentation of developmental or individual differences. That
is, there is ample literature demonstrating ADHD-related group
differences on traditional neuropsychological tasks such as
Wisconsin Cart Sorting Task and Trails A/B (Frazier et al.,
2004; Nigg et al., 2002; Reitan & Wolfson, 2004; Romine et al.,
2004). However, the line of inquiry has not progressed beyond that
basic demonstration. This is likely because such tasks were
designed to detect individual differences, or the sequelae of injury
(Golden et al., 1981; Vega & Parsons, 1967). They are not well
suited to asking where in the stream of information processing the
difficulty resides (e.g., in the management of task set inertia or task
set reconfiguration). Previous application of the DM to ADHD on
a range of executive and non-executive function tasks has
consistently found evidence of slower drift rates relative to non-
ADHD controls (Feldman & Huang-Pollock, 2021b; Huang-
Pollock et al., 2020; Karalunas et al., 2012; Metin et al., 2013;
Weigard & Huang-Pollock, 2014). In fact, this pattern of slow drift
rate is one of the most consistent, salient measures of cognitive
dysfunction in ADHD (Ging-Jehli et al., 2020). If slowed drift rate
is a defining cognitive characteristic of ADHD, one could argue
that this would also be the central process driving elevated switch
costs in that population.

However, developmental work suggests that slower task set
reconfiguration (i.e., Ter) explains greater switch costs in children
relative to adults (Schuch & Konrad, 2017; Weeda et al., 2014).
Developmental immaturity or delay in brain development has been
proposed as an explanatory mechanism in both psychopathology in
general (Sato et al., 2016) as well as ADHD in specific (Lesch, 2019;
Nakao et al., 2011; Shaw et al., 2007). If this is the case, then the task
switching process might instead resemble that of younger children,
where switch costs are more heavily influenced by the task set
reconfiguration than inertia process (i.e.,Ter vs. drift rate). Although
ADHD-related group differences are not commonly found in
Ter (e.g., Huang-Pollock et al., 2020; Huang-Pollock et al., 2017;
Shapiro & Huang-Pollock, 2019; Weigard & Huang-Pollock, 2017),
many of the paradigms used in previous experimental research
make relatively few demands on pre-decisional processes such as
reconfiguration. When ADHD-related atypicalities have been
observed, they are observed in tasks that require relatively more
complex pre-decisional processes (e.g., Feldman & Huang-Pollock,
2021a; Weigard & Huang-Pollock, 2014), suggesting that ceiling
effects may account for the general absence of group differences in
Ter. For example, evidence of fasterTer among childrenwithADHD
was found on amental rotation task and was interpreted as resulting
from incomplete predecisional processes (i.e., incomplete rotation of
the stimulus). This led to the encoding of a stimulus of lower quality
and subsequently slower process of evidence accumulation during
the decision process (Feldman & Huang-Pollock, 2021a). Similarly,
in a task-switching context, if children with ADHD do not fully
reconfigure their task set prior to the onset of a switch trial, more
interference/negative priming of the previous task set would be
present and help explain slower drift rates.
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Also of interest to ADHD is a phenomenon known as
asymmetric switching, in which switch costs are greater when
switching from a less dominant (more difficult) response to a more
dominant (less difficult) response (Bryck & Mayr, 2008; Gilbert &
Shallice, 2002; Schneider & Anderson, 2010; Yeung & Monsell,
2003). Simply put, switch costs are larger when switching from a
hard to an easy task, compared to switching from an easy to a hard
task. The best-known example of this effect is observed in Stroop-
type tasks in which the RT cost of switching from a color naming
trial to a word naming trial is greater than from aword naming trial
to a color naming trial. This phenomenon has been observed in
both children and adults (Ellefson et al., 2006) and across multiple
paradigms (Vandierendonck et al., 2010). Completion of the less
dominant task (i.e., color naming) requires strong activation to
overcome the innate activation of the more dominant response
(i.e., word reading). This strong activation then carries over into
the subsequent word trial, leading to larger switch costs. In
contrast, if the more dominant process is completed first, no
additional activation is required for its completion. The negative
priming effect into the less dominant subsequent trial is therefore
reduced (Gilbert & Shallice, 2002; Yeung & Monsell, 2003).

If it is true that the asymmetric switching effect is due to the
need to overcome or inhibit particularly strong activation in the
n-1 trial, such an effect is expected to be reduced in children with
ADHD for whom poor inhibitory control has long been noted
(Figueiredo et al., 2023; Pievsky & McGrath, 2018; Yang et al.,
2022). This study therefore has the potential to answer two
questions: What is the source of atypically large switch costs in
ADHD? And, because it utilizes a clinical population with known
weaknesses in interference control, it also allows us to ask: what is
the cognitive architecture of the asymmetric switch phenomenon?

Hypotheses are as follows. First, where both task set inertia and
task set reconfiguration contribute to the observation of switch
costs, ADHD-related group differences are commonly observed in
drift rate but not Ter. However, in the context of a switching task
that places greater demand on pre-decisional processes than most
tasks that only require basic stimulus encoding, we anticipate
finding group differences in both Ter and drift rate, where faster
Ter (indicating suboptimal task set reconfiguration) and slower
drift rates (indicating greater task set inertia) will be observed.
Second, because children with ADHD have known weaknesses in
interference control, a Switch × Difficulty x ADHD interaction is
expected in which the Switch × Difficulty interaction (i.e.,
asymmetric switch costs) will be present for non-ADHD controls
but reduced in children with ADHD. In this case, an ADHD-
related weaknesses in interference control would be expected to
protect against carryover activation from an n-1 trial.

Methods

Participants

Sixty-two children aged 8–12 (mean age: 9.45) completed a
computerized switching paradigm. Ethnic breakdown was as follows:
74.2% Caucasian/non-Hispanic, 3.2% Caucasian/Hispanic, 4.8%
“Other,” and 17.7% declined to provide. Sample demographics are
provided in Table 1.

Children with ADHD (N = 34; 22 boys) were required to
meet all DSM-5 diagnostic criteria for ADHD (any presentation)
including cross situational impairment, chronicity, and onset
(American Psychiatric Association, 2013). Parent report of
symptomology was obtained via the Diagnostic Interview
Schedule for Children-IV (DISC-IV; Shaffer et al., 1997). To

demonstrate the age-inappropriate and impairing nature of these
symptoms, at least one parent and one teacher report of behavior
on the Attention, Hyperactivity, or ADHD subscales of the
Behavioral Assessment Scale for Children (Reynolds & Kamphaus,
2004, 2015) or the Conners’ Rating Scales (Conners, 2001, 2008)
were required to exceed the 85th percentile (i.e., T-score ≥ 61).
Following DSM field trials, diagnostic determination and final
symptom counts followed an “or” algorithm to integrate parent
responses on the DISC with teacher reports on the ADHD Rating
Scale (Lahey et al., 1994). Specifically, a symptom was counted as
present if either the parent or the teacher indicated that a
symptom was present “often” or “very often”. Children
prescribed a psychostimulant medication (N = 5, 8%) completed
a medication-free 1–2 day “wash-out” period (mean = 94.12 h,
median = 55.5 h, range = 2–6 days) before testing.

Non-ADHD controls (N= 28; 10 boys) did not meet ADHD
criteria on the DISC-IV, had T-scores below the 80th percentile
(T-score ≤ 58) on all ADHD-related parent and teacher rating scales,
and had never been previously diagnosed or treated for ADHD.

Children were excluded from participation if they were
(a) currently prescribed and taking a non-stimulant medication,
(b) had a parent-reported pervasive developmental disorder,
intellectual or sensorimotor disability, psychosis, or neurological
disorder, and (c) estimated Full Scale IQ (FSIQ)< 80. Common
childhood disorders, such as anxiety, depression, oppositional
defiant disorder, and conduct disorder, were assessed using the
DISC-IV for all children, but were not exclusionary.

Procedure

All participants completed the following measures as part of a
larger study dedicated to examining the cognitive correlates of
attention problems in children. The child’s parent completed
questionnaires and a clinical interview in a separate room while
the child completed executive function tasks in an adjacent room.
The research was completed in accordance with the Helsinki
Declaration; all data were collected in compliance with human
subjects’ approval from the Pennsylvania State University
Institutional Review Board (IRB#32126). Informed written
consent from parents and verbal assent from children were
obtained prior to participation. Children received a small prize for
participation. Following completion of study procedures, parents
received monetary compensation and informal clinical feedback.

Paradigm

Children completed a task switching paradigm (see Figure 1).
Children were presented with a central cue that appeared for 350

Table 1. Sample demographics

Demographic
ADHD
Group

Control
Group

34 28
Age 9.53 (1.16) 9.39 (1.20) χ2(4, N= 62)= 5.67,

p= 0.23
Sex (Male:Female) 22:12 18:10 χ2(1, N= 62)= 5.17,

p= 0.02
% White Non-Hispanic 91.1% 92.9% χ2(1, N= 62)= 0.19,

p= 0.91
FSIQ 100.97 (13.44) 103.43 (13.59) F(1,60)= 0.51,

p= 0.48

Note: Means (standard deviation in parentheses). FSIQ (full-scale intelligence quotient)
reported as a standard score.
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prior to stimulus onset and indicated what type of decision was
required in the subsequent trial. After the cue offset, a box
containing a variable number of asterisks in a 10×10 array
appeared on screen. In the Numerosity condition (cued with a #),
children were asked to indicate with a button press whether the
box contained “many” (56–70) or “few” (31–45) asterisks. In the
Side condition (cued with a < >), they were asked whether the
box appeared on the right (65–80% on the x-axis) or left (20–35%
on the x-axis) side of the screen. Stimuli appeared on screen until
a response was given, or until 3000 ms elapsed, after which the
next trial began.

Children completed 195 trials across 3 blocks. Ninety-six trials
were switch trials (48 from Numerosity to Side, and 48 in the
reverse) and 96 were nonswitch trials. Trials were presented
pseudo-randomly, and the first trial in each block was removed
from analysis.

Visually perceiving side/directionality is easier than perceiving
number magnitude (Gilbert & Li, 2013) so “side” was intended to
be the more dominant (easier) task. Preliminary analyses validated
that assumption. Accuracy was higher (F(1,61)= 138.38,
p< 0.001, ηp2= 0.694), RT faster (F(1,61)= 177.77, p< 0.001,
ηp2 = 0.745), and variance smaller (F(1,61)= 24.26, p< 0.001,
ηp2 = 0.285) for Side versus Numerosity judgments.

Data analytic plan

Anticipatory responses <150 ms and time-outs were removed
from analysis. Trial-by-trial RT and accuracy data for each subject
was input into the Fast-dm modeling program (downloadable at
http://www.psychologie.uni-heidelberg.de/ae/meth/fast-dm; Voss
& Voss, 2007) to provide individual estimates of drift rate and
nondecision time by Switch/Non-switch and by Difficulty (i.e.,
Side vs. Numerosity). Boundary separation was allowed to vary
freely. AICmodel selection favored this model over others in which
boundary separation varied by switch or task conditions (see
Supplemental Table 1a). Inter-trial variability parameters contrib-
ute little to the shape of the distribution and were therefore fixed at
zero (Voss & Voss, 2007). A comparison of simulated data based
on estimated parameters of this model and raw data indicated
reasonable model fit (see Supplementary Table 1b).

Results

Summary statistics for all conditions and dependent variables are
reported in Table 2. Table 3 provides summary F, η2, p, and df
values for all analyses. As a reminder, the visually perceiving side/
directionality is easier than perceiving numbermagnitude so “side”
is the easier task.

Figure 1. Switching paradigm.
Note. Switching paradigm. < > indicates participants should respond whether the following stimulus appears on the right or left side of the screen. # indicates that they should
respondwhether the stimulus containsmany or few asterisks. The participant first sees the cue followed by the trial where they need to respond either by answering the side or the
numerosity of the box on the screen. In this example, the second trial is a switch trial, and the third trial is a repeat.
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Table 2. Mean (SD) for response times, SDRT, accuracy, v, and Ter by switch, difficulty, and diagnostic group

Nonswitch-Easy Nonswitch-Hard Switch-Easy Switch-Hard Nonswitch Switch

Control ADHD Control ADHD Control ADHD Control ADHD Control ADHD Control ADHD

MRT 771.83 (185.47) 808.65 (208.56) 1125.31 (231.51) 1125.94 (262.00) 963.46 (207.49) 980.97 (238.36) 1142.89 (225.34) 1137.76 (269.37) 947.08 (194.45) 967.21 (213.18) 1053.17 (206.58) 1059.76 (239.46)
SDRT 324.99 (122.24) 395.77 (142.14) 425.65 (86.31) 446.92 (107.52) 399.94 (88.34) 432.41 (110.48) 411.90 (73.85) 462.62 (108.36) 424.24 (99.25) 461.86 (119.06) 419.85 (73.66) 461.83 (113.39)
Accuracy 0.96 (0.05) 0.90 (0.11) 0.80 (0.14) 0.71 (0.11) 0.92 (0.06) 0.80 (0.12) 0.77 (0.15) 0.68 (0.13) 0.88 (0.08) 0.89 (0.09) 0.84 (0.20) 0.74 (0.11)
Drift Rate 2.40 (0.91) 1.72(0.91) 1.00 (0.51) 0.61 (0.32) 1.44 (0.45) 0.95 (0.61) 0.86 (0.54) 0.58 (0.39) 1.70 (0.62) 1.17 (0.56) 1.15 (0.39) 0.76 (0.44)
Ter 0.37 (0.12) 0.33 (0.12) 0.57 (0.16) 0.54 (0.21) 0.44 (0.15) 0.42 (0.14) 0.57 (0.16) 0.56 (0.19) 0.47 (0.12) 0.43 (0.14) 0.51 (0.15) 0.49 (0.15)

Note: Values are means with standard deviations in parentheses. SD= standard deviation, MRT=mean response time, SDRT= standard deviation of response time; drift rate represents task-set inertia, Ter represents task-set reconfiguration. Easy = side
decision, Hard = numerosity decision.
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As expected, main effects of Switch and Difficulty were found.
Switch trials and more Difficult trials led to slower RT, worse
accuracy, and larger SDRT (all p< 0.001, all ηp2 ≥ 0.178).
Asymmetric switch costs (i.e., Switch × Difficulty interactions)
were also present for RT, SDRT, and accuracy. That is, RT was
slower (Figure 2a), SDRT was larger (Figure 2b), and accuracy was
worse (Figure 2c) during the transition from harder to easier trials
(all p ≤ 0.04, all ηp2 ≥ 0.07); see Figure 2.

Consistent with the switching literature in adults, DM
decomposition of the data suggested that both traditional and
asymmetric switch costs were due to a combination of slower drift
rate and longer nondecision time (main effect of Switch for drift
rate: F(1,60) = 78.66, p< 0.001, ηp2= 0.57, Figure 2d; for Ter:
F(1,60)= 24.69, p< 0.001, ηp2 = 0.29, Figure 2e; Switch ×
Difficulty for drift rate: F(1,60) = 64.44, p< 0.001, ηp2= 0.52;
for Ter: F(1,60)= 16.08, p< 0.001, ηp2= 0.21).

With respect to ADHD group differences, children with ADHD
were less accurate than non-ADHD controls (F(1,60)= 14.524,
p< 0.001, ηp2= 0.20); see Figure 3c. DM decomposition of the
data indicated this was due to slower drift rate, F(1,60) = 14.99,
p< 0.001, ηp2= 0.20, Figure 3d. The Switch × ADHD interaction
was not significant for any dependent variable (all p ≥ 0.17, all
ηp2 ≤ 0.03), suggesting that slow ADHD-related drift rate was not
specifically related to the switch process (although the means were
in the correct direction). Similarly, the Switch × Difficulty ×
ADHD interaction was not significant for any variable except for

SDRT, F(1,60) = 4.25, p= 0.04, ηp2= 0.07, in which the asym-
metric switch cost for SDRT was larger for controls than children
with ADHD.

Overall, there was evidence of slower accumulation of evidence
to decision for children with ADHD, but the absence of a Switch ×
ADHD effect for either drift rate or Ter suggests that the
performance deficit is not a switch-process specific. It is instead
consistent with the presence of a generalized reduction in the speed
of evidence accumulation that affects both switch and nonswitch
trials. Further, the absence of a three-way Switch × Difficulty ×
ADHD interaction for all dependent variables (with the exception
of SDRT) suggests that carryover interference from the n-1 trial
also does not vary by ADHD status. The absence of this effect is
consistent with the absence of a switch-specific performance
weakness.

Discussion

The current study examined the source of switch costs in children
with and without ADHD. In adults, switch costs are driven by a
combination of task set inertia and task set reconfiguration
processes (Schmitz & Voss, 2012). Consistent with that literature,
we found both switch and asymmetric switch costs were due to a
combination of slower drift rate (i.e., less efficient evidence
accumulation representing the presence of task set inertia) as well
as longer Ter (i.e., longer pre-decisional processes, of which task set
reconfiguration is prominent).

Although children with ADHD committed more errors overall,
their performance was not specifically worse for either switch or
asymmetric switch trials, indicating that the performance deficit
was general and seen equally for switch and nonswitch trials. This
was unexpected. There is strong evidence that different EF tasks
capture more shared than unique variance (Friedman & Miyake,
2017; Miyake & Friedman, 2012). This is true of both statistical
covariances in performance and in the common areas of neural
activation observed when engaged in a variety of EF tasks (Fiske &
Holmboe, 2019; Friedman&Robbins, 2022;McKenna et al., 2017).
Where extensive empirical work has documented ADHD-related
weaknesses in inhibitory control and working memory using
modern measures of those constructs, the literature on the switch
process has not been as intensively investigated. However, because
of these known shared variances, it was reasonable to assume the
same might be true for switching.

There is often an implicit assumption that EF tasks are process
pure and that they capture uniquely distinct capacities (e.g., digits
backwards is a measure of workingmemory; go-no-go is a measure
of inhibition; Trails A/B orWCST aremeasures of switching). Poor
overall performance is therefore commonly interpreted as weaker
capacity in that domain. In fact, had we leaned on this standard
method of interpretation (i.e., that poor overall performance is
indicative of poor switching), we might have concluded that the
switch process was impaired. However, the more appropriate
interpretative approach is in the evaluation of the ADHD × Switch
interaction, which was not significant for either traditional
outcome measures (e.g., RT, accuracy) or for DM parameters.

DM decomposition of the data did indicate that the ADHD-
related task-general poor performance could be attributed to
slower drift rate, however. Slower overall drift rates (i.e., less efficient
accumulation of evidence to reach a decision) among children
with ADHD has been widely replicated across EF and non-EF
cognitive tasks (Feldman & Huang-Pollock, 2021a; Huang-
Pollock et al., 2020; Karalunas et al., 2012; Rubia et al., 2007;

Table 3. 3-way GLM: 2 (Switch) × 2 (Difficulty) × 2 (ADHD)

F p ηp2 df

ADHD MRT 0.05 0.82 0.001 1,60
SDRT 3.16 0.08 0.05
Accuracy 14.52 <0.001 0.20
v 14.99 <0.001 0.20
a 1.18 0.28 0.02
Ter 0.51 0.48 0.01

Switch MRT 76.91 <0.001 0.56 1,60
SDRT 13.00 <0.001 0.18
Accuracy 43.42 <0.001 0.42
v 78.66 <0.001 0.57
Ter 24.69 <0.001 0.29

Difficulty MRT 166.39 <0.001 0.74 1,60
SDRT 38.58 <0.001 0.39
Accuracy 137.17 <0.001 0.70
v 136.16 <0.001 0.69
Ter 107.17 <0.001 0.64

Switch × Difficulty MRT 85.29 <0.001 0.59 1,60
SDRT 11.12 0.001 0.16
Accuracy 4.47 0.04 0.07
v 64.44 <0.001 0.52
Ter 16.08 <0.001 0.21

Switch × ADHD MRT 0.31 0.58 0.01 1,60
SDRT 0.08 0.78 0.01
Accuracy 1.95 0.17 0.03
v 1.93 0.17 0.03
Ter 1.05 0.31 0.02

Difficulty × ADHD MRT 0.57 0.45 0.01 1,60
SDRT 1.00 0.32 0.02
Accuracy 0.01 0.93 <0.001
v 2.92 0.09 0.05
Ter 0.10 0.75 0.002

Switch × Difficulty × ADHD MRT 0.14 0.71 0.002 1,60
SDRT 4.25 0.04 0.07
Accuracy 2.31 0.13 0.04
v 0.11 0.75 0.002
Ter 0.01 0.93 <0.001

Note: 3-way generalized linear model. MRT=mean response time, SDRT= standard
deviation of response time; a= boundary separation, v= drift rate, Ter= nondecision time.
Drift rate represents task-set inertia, Ter represents task-set reconfiguration.

164 Christina O. Hlutkowsky et al.

https://doi.org/10.1017/S135561772510180X Published online by Cambridge University Press

https://doi.org/10.1017/S135561772510180X


Weigard & Huang-Pollock, 2014). The currents study is yet another
piece of evidence suggesting that the slower and less accurate
performance among children withADHD is not limited to cognitive
processes typically attributed to executive functions. Instead, it hints
at broader cognitive weaknesses that impact even the most basic
perceptual decision-making.

ADHD-related group differences in pre-decisional processes
such as task set reconfiguration (as represented by Ter) was not
observed. Group differences in Ter are not often seen in
empirical studies of ADHD, so it may just be that the role of pre-
decisional processes simply do not contribute much explanatory
power to understanding ADHD-related atypicalities in perfor-
mance. When group differences are observed, they tend to be
seen in tasks that have relatively more complex pre-decisional
requirements (e.g., mentally rotate a stimulus then make a

decision). Reconfiguring a task set prior to making a decision
could reasonably be assumed to be more complex than basic
stimulus encoding, but it may not be complex enough for a group
effect to be observed. It is also possible that the lack of group
differences in Ter was due to the use of a cue that signaled
whether the upcoming trial would be a switch (or repeat) trial.
Including a switch cue maximizes a paradigm’s potential
sensitivity to group differences in drift rate specifically. That
is, cueing allows for greater experimental separation of pre-
decisional from decisional processes. Although this reduces the
risk that any decisional costs could erroneously be attributed to
pre-decisional processes, it risks underestimating the influence
of pre-decisional processes that could be completed prior to the
onset of the stimulus. In fact, designs that use an alternating
runs procedures (where similar to cues, task switches and
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Figure 2. Plots of performance data by switch and difficulty.
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repeats are predictable) report smaller contributions of task set
reconfiguration to switch costs than studies in which switches/
repeat trials are unpredictable, uncued, or when the cue-stimulus
delay is short (Schmitz & Voss, 2012, 2014).

The switching literature is under-developed in children, but has
suggested that while task switch inertia (drift rate) is an important
contributor to switch costs, switch costs in young children are
driven primarily by a slower task set reconfiguration (Ter) process
(Weeda et al., 2014). Specifically, in Weeda et al. (2014), the
influence of Ter on switch costs was largest in the 7-year-old age
group. It decreased steadily in the 11, 15, and 21 year old age groups
and by 15 years of age, task switch costs were predominantly driven
by drift rate in a similar manner to adults (Weeda et al., 2014).
Children in the current study ranged in age from 8–12, with an

average age of 9.45, indicating that only a very narrow
developmental window exists where task set reconfiguration is
the primary driving force for switch costs.

Limitations and future directions

Despite representing one of three primary executive functions, the
switching literature is largely under-developed in both typically
developing children as well as children with ADHD. Large gaps in
knowledge remain. One of the many strengths of the current study
was in the use of a cued switching paradigm that allowed for a trial-
by-trial examination of performance and an ability to identify
sources of individual variance that is not accessible for analog
switching tasks. However, as noted, it is possible that the
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contribution of pre-decisional processes were attenuated by the use
of a cue in the study design. Thus, future studies can build on this
existing work by utilizing un-cued designs, or designs in which the
cue-stimulus interval is more attenuated to more fully evaluate the
role of task set reconfiguration in ADHD-related performance
weaknesses. In addition, extant work (including the current study)
has predominantly used dichotomous stimuli. However, in real-life
decision-making, stimuli are rarely (if ever) categorical. Much of
the more recent work that examining human decision-making has
focused on dimensional stimuli, which may more closely resemble
information processing in real-life decisions (Huk et al., 2018;
Kvam et al., 2022; Yoo et al., 2021). To our knowledge, that work
has not yet been attempted in children and would be a fruitful
extension of the current work.

Conclusion

The switch process is one of three primary executive functions
alongside inhibitory control and updating but remains relatively
understudied in childhood ADHD compared to investigations into
working memory and inhibitory control deficits. In a switching
task, we found no evidence of switch-specific weaknesses, but
instead evidence of a task-general slower drift rate. Such evidence
adds to mounting literature suggesting that the performance
deficits commonly observed in childhood ADHD is related to quite
basic perceptual decision-making that has downstream effects on
higher-order processing.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S135561772510180X.
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