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Associations between anxiety
and working memory
components in clinically
evaluated children with

and without ADHD
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Sherelle L. Harmon and Michael J. Kofler*

Department of Psychology, Florida State University, Tallahassee, FL, United States

Theoretical models describe working memory difficulties as risk factors and/or
outcomes of anxiety in children, but the current evidence base is surprisingly
mixed. Understanding the nature of the working memory/anxiety relation is
complicated by the multi-component nature of each of these constructs.
Consideration of the co-occurrence of anxiety with attention-deficit/
hyperactivity disorder (ADHD) is also imperative given that ADHD is associated
with large magnitude working memory impairments. The current study
addressed these considerations using bifactor modeling to evaluate
associations between latent estimates of working memory and anxiety
subcomponents. The carefully-phenotyped sample included N=340 children
between the ages of 8 and 13 (M = 10.31, SD = 1.39; 144 female participants),
with an oversampling of children with ADHD (n=197). Results showed that
domain-general anxiety was associated with worse phonological short-term
memory (r = -.22, p = .01), but not central executive working memory or
visuospatial short-term memory. Domain-specific anxiety factors (cognitive
worry, physiological arousal) did not uniquely predict any of the short-term/
working memory components. Further, multigroup analysis indicated that the
magnitude and significance of these relations were comparable for both children
with and without ADHD. Our findings did not support unique relations between
domain-specific cognitive worry/physiological arousal and instead implicated
domain-general common anxiety in difficulties with phonological short-term
memory. Further research will be needed to replicate findings using this
approach across additional measures and performance metrics, while
continuing to account for the high co-occurrence between anxiety and ADHD.
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Introduction

Working memory is an executive function that involves the active,
top-down manipulation of information held in short-term memory
through interrelated functions of updating, dual-processing, and
temporal/serial reordering (1). Working memory is crucial to
development and has been associated with a wide range of
behavioral and functional outcomes, such as academic (2), social
(3), and occupational (4) functioning. Further, working memory has
been found to be associated with various forms of psychopathology in
children (5), including anxiety, a highly prevalent form of internalizing
problems in childhood characterized by a variety of symptoms
including worry, fear, avoidance, vigilance, and hyperarousal (6-8).
As a result, understanding the nature of, and the processes underlying,
working memory’s relation to anxiety has the potential to provide
essential insights into the interplay between neurocognitive,
behavioral, and emotional functioning in pediatric populations.
However, characterizing the relations between working memory and
anxiety is complicated given the multi-component structure of
working memory (9) and multidimensional nature of anxiety (10).
Additionally, anxiety frequently co-occurs with attention-deficit/
hyperactivity disorder (ADHD; 11), a neurodevelopmental disorder
characterized by inattention and hyperactivity/impulsivity (6) that has
been linked with large magnitude impairments in working memory
(12, 13). As a result, co-occurring ADHD is also an important variable
to consider when evaluating these working memory and anxiety
relations. Building on prior work, the current study is the first to
fractionate the working memory system into its component processes
(i.e., central executive, phonological short-term memory, visuospatial
short-term memory; defined below) and examine their relations with
theoretically motivated dimensions of anxiety (i.e., cognitive worry,
physiological arousal) using a latent variable approach. These relations
will also be examined while accounting for ADHD in a large and well-
characterized sample of clinically evaluated children.

Anxiety and working memory

Working memory deficits have been proposed to be an outcome
of (14), risk factor for (7), and/or reciprocally related to (15, 16)
anxiety symptoms. In general, the mechanisms by which anxiety
may be related to impaired working memory are theorized to be a
combination of top-down and bottom-up cognitive processes (15).
At the bottom-up level, greater anxiety is related to worse filtering
efficiency (16, 17) due to prioritization of threat-related cues (e.g.,
worry thoughts or external stimuli; 14, 16). From a top-down
perspective, there is competition for cognitive resources and
interference between anxiety-related and task-related processes
(16). This competition is evidenced by similar neural circuitry
involved in both working memory and anxiety (18), which
reduces bandwidth for both storing and processing task-relevant
information (1, 14). In a reciprocal fashion, depleted attentional
control resources then make it difficult to disengage from cognitive
processes of anxiety (i.e., worry thoughts), which subsequently
results in increased dual-processing working memory demands
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(1, 15, 19). However, others have argued that anxiety may also
serve a motivational function that potentially offsets the negative
effects of anxiety on working memory (20). Theoretical work
suggests that increased motivation results in individuals
compensating for impaired attentional control through greater
recruitment of cognitive resources and increased effort (14, 21).

Prior work examining working memory and anxiety in children
and adolescents has yielded mixed results. Some studies have found
increased anxiety to be related to worse working memory (16, 22—
24), and others have found no effect (25) or even the opposite
relation (26-28). The mixed literature is highlighted in varying
meta-analytic studies with several methodological differences such
as examining anxiety dimensionally (i.e., continuum of severity)
versus categorically (i.e., diagnostic categories). One meta-analysis
found a small overall relation between greater dimensional levels of
anxiety and reduced working memory capacity (d = -0.33; 16),
whereas another found no relation (25). When examining anxiety
categorically, the most recent meta-analysis found a small effect in
the opposite direction such that better working memory accuracy
was found among anxiety disorder groups compared to control
groups (d = 0.38; 27), a finding that was also demonstrated in a
recent empirical study controlling for ADHD status (28). Taken
together, relations between anxiety and working memory are likely
impacted by multiple factors, such as symptom severity and clinical
significance, as well as the multicomponent nature of both anxiety
and working memory.

A primary limitation that may contribute to these disparities is
that previous studies have typically examined relations based on a
single measure of working memory. Use of a single task significantly
limits our ability to infer construct-level associations (16) because
the majority of variance in any single neurocognitive test is
attributable to process(es) other than the specific executive
function of interest (29). Additionally, a large body of evidence
indicates that working memory is not a unitary construct (for
review, see 30). An influential framework of working memory
with significant empirical support proposed by Baddeley (9)
suggests that working memory may be broken down into three
components. First, the central executive is responsible for operating
on the information stored in short-term memory, hence the
“working” part of working memory. Central executive processes
include reordering and updating stimuli held in short-term
memory, as well as maintaining relevant information in the
forefront of memory while performing a secondary, cognitively
demanding task (i.e., dual-processing) (1). In addition to the central
executive, Baddeley (9) proposed two temporary storage and
rehearsal, or short-term memory, systems: the visuospatial
sketchpad (visuospatial short-term memory) and the phonological
loop (phonological short-term memory). The visuospatial short-
term memory component is responsible for visual and spatial
information, whereas the phonological short-term memory
component is responsible for language-based verbal information.
These three components of working memory are both functionally
and anatomically distinct (9, 31). However, single tests cannot
measure just one working memory component because the
central executive requires information to operate on (i.e.,
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information from phonological and visuospatial short-term
memory systems), and at least some central executive processes
are evoked even by simple span/short-term memory tasks (9, 29).
An additional short-term storage component, the episodic buffer,
was added to the model more recently to account for bound, cross-
modality information (32). The episodic buffer was not investigated
in the current study in order to examine modality-specific processes
but will be an important component to consider in future studies.

Dimensions of anxiety and components of
working memory

Despite extensive research on overall relations between anxiety
and working memory, the specific processes and systems that might
be driving or masking these relations cannot be determined
because, to our knowledge, no studies have examined the
multidimensional/multi-component relations between anxiety and
working memory components at a latent variable level (16).
However, theoretical models generally posit that difficulties in the
domain-general central executive are driving the hypothesized
working memory/anxiety relations (14, 16) due to anxiety
negatively affecting attentional control (33). Specifically, Moran
(16) found similar magnitude relations between anxiety and
performance on visuospatial (d = -0.41) and phonological (d =
-0.34) working memory tasks in a large meta-analysis of both adult
and child samples. Based on this similarity, Moran (16) posited that
overall anxiety was likely to be associated with the variance shared
between visuospatial and phonological working memory tasks (i.e.,
domain-general central executive).

In contrast, others have argued that the short-term memory stores
are implicated in specific, separable dimensions of anxiety (20, 34):
physiological arousal and cognitive worry (35-37). Physiological
arousal (ie., anxious arousal) refers to somatic symptoms and
arousal such as hypervigilance, increased heart rate, sweating,
dizziness, and somatic tension (35). Cognitive worry (ie., anxious
apprehension) on the other hand refers to worry and rumination
about negative events that may happen in the future (35). Some
evidence suggests that arousal may be uniquely associated with
visuospatial memory tasks and worry may be uniquely associated
with phonological memory tasks (20, 38). The importance of
examining these two dimensions of anxiety and their relations with
working memory has been highlighted (39). For example, evidence
suggests that physiological arousal and engagement with visuospatial
memory tasks involve similar right prefrontal and right posterior
parietal brain regions (i.e., asymmetric dependency). It is hypothesized
these shared brain regions result in disruption of visuospatial short-
term memory processes due to competition for limited neural
resources (20, 34). Similarly, worry and engagement with
phonological memory tasks both involve regions in the prefrontal
cortex and left-hemisphere verbal processing circuits that may lead to
competition for cognitive resources (20, 36). Notably however, worry
may be more readily regulated than arousal by top-down processes
when needed to meet the demands of high cognitive load tasks (20,
40). Despite overlap in reliance on certain prefrontal systems between
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physiological arousal/visuospatial tasks and cognitive worry/
phonological tasks, there is also evidence for engagement of
separable shared systems between the two pairs (20, 41). Although
these studies reflect methodological refinements including
differentiating between anxiety dimensions and assessing multiple
working memory modalities, no studies have fractionated
performance on multiple working memory tests into the central
executive, and visuospatial and phonological short-term
memory subsystems.

Based on this evidence, Moran (16) proposed a model in which
greater anxiety is related to impairments in each of the three
working memory components. Specifically, the model proposes
that common anxiety (i.e., shared variance between arousal and
worry) predicts domain-general attentional control (i.e., central
executive working memory), whereas variance specific to worry
and arousal predict phonological and visuospatial short-term
storage capacity, respectively. Importantly, however, Moran (16)
called for studies to examine these hypotheses within the same
study because the conclusions were based on inferences from
comparisons across different studies. Given the emphasis on
distinct dimensions of anxiety in the literature, the shared
variance between arousal and worry (common anxiety) is not
clearly defined, but could represent temperamental characteristics,
attentional biases, or aspects of emotion regulation and cognitive
control that are shared between these constructs (42-44). The
Moran (16) review emphasized the need for a latent-variable
approach to isolate unique variance associated with each
construct of this model, a method that had not been used in
studies prior to their meta-analysis or since then, to our
knowledge. Indeed, Gustavson and Miyake (39) highlighted the
importance of taking the multifaceted nature of both working
memory and anxiety into account when investigating and
characterizing the relation between working memory and anxiety.
This is the approach taken in the current study.

Co-occurring anxiety and ADHD

In addition to the need for increased specificity in examining
relations between the subcomponents of both working memory and
anxiety, accounting for the role of co-occurring psychopathology is
also important (27). In particular, anxiety commonly co-occurs
with ADHD (11), as approximately 25% of children with ADHD
have co-occurring anxiety and vice versa (11, 45). The comorbidity
of anxiety and ADHD presents a critical consideration for
understanding relations between anxiety and working memory
given that working memory difficulties are very common in
ADHD (31). Estimates suggest that the majority of children with
ADHD have a deficit in this area (i.e., 65-85%; 12, 13, 31, 46).

Research using latent variable methods suggests that working
memory impairments in ADHD are largely driven by deficits in the
central executive, rather than the two short-term memory storage
systems (1, 31). For example, Kofler et al. (31) found that the central
executive, but neither of the short-term memory systems, was
uniquely associated with ADHD symptom severity. However,
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although short-term memory deficits do not appear to underlie
ADHD symptomology (31), there is nonetheless evidence that
children with ADHD demonstrate greater visuospatial than
phonological short-term memory impairments. Findings further
suggest that phonological short-term memory tends to be intact in
most children with ADHD (31, 47, 48). Overall, experimental and
theoretical work has implicated central executive working memory
deficits as a causal factor in ADHD symptom expression (e.g., 49, 50).
Thus, examining the role of co-occurring ADHD in the relations
between working memory and anxiety is critical, particularly when
examining these associations in pediatric populations.

Interestingly, theoretical work predicts that anxiety is related to
working memory impairment above and beyond what can be
accounted for by ADHD (21, 22, 51). However, empirical studies
that have specifically taken ADHD diagnostic status or symptoms
into account when evaluating the relations between anxiety and
working memory in youth have yielded highly mixed results (22, 28,
52-54). Importantly, however, none of these studies were able to
consider the multi-component nature of working memory or the
multiple dimensions of anxiety (16). In addition, to our knowledge,
the majority of these studies used tests that have been criticized for
poor construct validity and are likely better tests of short-term
memory and/or gross neuropsychological functioning rather than
working memory (for reviews, see 29, 30, 55). Given that the ADHD
and anxiety literatures have both emphasized the importance of
these methodological considerations, addressing these limitations is
crucial to advancing our understanding of the associations between
the multidimensional/multi-component anxiety and working
memory constructs. Further, the extent to which these
hypothesized anxiety/working memory relations are also
detectable in children with co-occurring ADHD remains an open
empirical question that the current study is well positioned
to address.

Current study

Taken together, previous research paints a mixed picture
regarding the association between anxiety and working memory,
including evidence for small impairments or small strengths in
working memory for children with greater anxiety, or no
association between the two. The mixed literature may be
accounted for by several proposed mechanisms that are evaluated
in the current study, including the multiple components of working
memory, multiple dimensions of anxiety, and the high rates of co-
occurrence between pediatric anxiety and ADHD.

First, as reccommended by Moran (16), bifactor modeling based
on eight indicators from two criterion working memory tests (each
with 4 distinct memory load conditions) was employed to obtain
latent estimates of the domain-general central executive, as well as
domain-specific phonological and visuospatial short-term storage
systems (e.g., 31, 48). This method was used to address concerns
about the limited interpretability of single ‘working memory’ tasks
as reflecting specific cognitive processes (16, 34). Second, the
current study evaluated the extent to which latent estimates of the
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physiological arousal and cognitive worry manifestations of anxiety,
as well as the variance shared between the two (i.e., common
anxiety), have differential associations with each of the three
working/short-term memory components. Lastly, given the high
co-occurrence between anxiety and ADHD, and the well-
documented working memory deficits in children with ADHD
(e.g., 31), the current study examined whether any detected
working memory/anxiety associations differed between children
with versus without ADHD.

We hypothesized that greater common anxiety would be
associated with impairments in the domain-general central
executive (16). We also expected that higher levels of cognitive
worry would be associated with impaired phonological short-term
memory and greater physiological arousal symptoms would be
associated with worse visuospatial short-term memory (16, 20,
34). No specific hypotheses regarding whether these relations
differ for children with versus without ADHD were offered given
the paucity of prior research. However, differential associations in
children with versus without ADHD seem most likely between
anxiety components and central executive working memory given
evidence of larger central executive working memory deficits in
ADHD compared to short-term memory functioning (31).

Method
Participants

The sample included 340 children between the ages of 8 and 13
years (M = 10.31, SD = 1.39; 144 female participants: Table 1) from
the Southeastern U.S. recruited through community resources for
participation in a clinical research study of the neurocognitive
mechanisms underlying pediatric attention and behavior
problems. The Florida State University IRB approved the study
prior to and throughout data collection, and parents and children
gave informed consent/assent. Sample ethnicity consisted of 229
White Non-Hispanic or Latino (67%), 46 Black or African
American (13%), 37 multiracial (11%), 23 Hispanic or Latino
(7%), and 5 Asian (2%) children. None of the children presented
with gross neurological, sensory, or motor impairment; non-
stimulant medications that could not be withheld for testing; or
history of seizure disorder, psychosis, or intellectual disability.

Group assignment

Children and caregivers completed a comprehensive
psychoeducational evaluation that included detailed parent semi-
structured clinical interviewing using the Kiddie Schedule for
Affective Disorders and Schizophrenia for School-Aged Children
(K-SADS; 56). The K-SADS (2013 Update) facilitates differential
diagnosis according to symptom onset, course, duration, quantity,
severity, and impairment in children and adolescents based on DSM-5
criteria (6). Its psychometric properties are well established, including
interrater agreement of .93 to 1.00, test-retest reliability of .63 to 1.00,
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and concurrent (criterion) validity between the K-SADS and
psychometrically established parent rating scales (56). This semi-
structured clinical interview was supplemented with parent and
teacher rating scales from the Behavior Assessment System for
Children (BASC-2/3; 57) and ADHD Rating Scale for DSM-IV/5
(ADHD-4/5; 58). Our standard assessment battery also included
norm-referenced child internalizing disorder screeners, and
additional standardized measures were administered clinically as
needed to inform differential diagnosis and accurate assessment of
comorbidities (e.g., semi-structured child clinical interviews,
additional testing). A psychoeducational report was provided to
caregivers; participating children selected a small toy (<$5) from a
prize box.

Children that met all of the following criteria were included in the
ADHD group (n = 197): (1) DSM-5 diagnosis of ADHD combined (n
= 132), inattentive (n = 57), hyperactive/impulsive (n = 6), or other-
specified (n = 2) presentation by the directing clinical psychologist and
multidisciplinary team based on the K-SADS and differential diagnosis
considering all available clinical information indicating onset, course,
duration, and severity of ADHD symptoms consistent with the
ADHD neurodevelopmental syndrome; (2) borderline/clinical
elevations on at least one parent and one teacher ADHD subscale
(ie., >90" percentile); and (3) current impairment based on parent-
report. Children with any current ADHD presentation specifiers were
eligible given the instability of ADHD presentations (e.g., 59). Several
children with ADHD also met criteria for common comorbidities
based on this comprehensive psychoeducational evaluation, including
67 anxiety disorder (34%), 12 depression (6%), 17 oppositional-defiant
disorder (9%)', and 18 autism spectrum disorder (9%). To improve
generalizability given that comorbidity is the norm rather than the
exception for children with ADHD (60), these children were retained
in the sample. Further, 50 children with ADHD (25%) met diagnostic
criteria for a learning disorder. 47 children (24%) with ADHD were
prescribed psychostimulant medication, which was withheld >24
hours for neurocognitive testing.

The non-ADHD group comprised 143 consecutive case control
referrals who did not meet ADHD criteria and included both
neurotypical children and children with psychiatric disorders
other than ADHD. The non-ADHD group was deliberately
recruited to include children who were, and were not, diagnosed
with clinical disorders other than ADHD to control for the presence
of these diagnoses in the ADHD group. This allows us to draw
stronger conclusions about processes implicated in ADHD
specifically as opposed to processes that may appear to be
impaired in ADHD due to the confounding influence of co-
occurring conditions. Thus, participants in this group included
neurotypical children (57%) and children with anxiety (31%),
depressive (8%), and autism spectrum (10%) disorders.
Neurotypical children had normal developmental histories and
nonclinical parent/teacher ratings and were recruited through
community resources. 10 children without ADHD (7%) met

1 As recommended in the K-SADS, oppositional-defiant disorder (ODD)
was diagnosed only with evidence of multi-informant/multi-

setting symptomes.

Frontiers in Psychiatry

10.3389/fpsyt.2025.1536942

diagnostic criteria for a learning disorder. The ADHD and
non-ADHD groups did not differ significantly in the proportion
of children with clinical disorders other than ADHD (anxiety,
depression, ASD; p >.56); however, the ADHD group had higher
proportions of ODD and learning disorder as expected (p<.001).

96 non-ADHD participants underwent identical evaluations to
the ADHD group. Due to funding constraints, the remaining 47
non-ADHD participants (33%) completed abbreviated evaluations
that included parent BASC-3 and ADHD-RS-5, a 1 to 2-subtest IQ
screener (described below), and detailed developmental, medical,
educational, and psychiatric histories. Neurotypical children that
received the abbreviated evaluation did not differ from the full
evaluation neurotypical subgroup in terms of child-reported anxiety
symptoms, age, IQ, SES, and sex (all p>.07).

Procedure

Children completed the working memory tasks as part of a
larger battery of neurocognitive testing that involved 1-2 sessions of
approximately three hours each. All tasks were counterbalanced to
minimize order effects. Children received brief breaks after each
task and preset longer breaks every 2-3 tasks to minimize fatigue.
For all testing, performance was monitored at all times by the
examiner, who was stationed just outside of the testing room (out of
the child’s view) to provide a structured setting while minimizing
performance improvements associated with examiner demand
characteristics (61).

Measures

Socioeconomic status and global intellectual
functioning

Hollingshead SES was estimated based on caregiver(s)’
education and occupation (62). In addition, children were
administered either a 4-subtest (full evaluation) or a 1-2 subtest
(abbreviated battery) Short-Form of the WISC-V (63, 64).

Working memory tasks

The Rapport et al. (65) computerized phonological and
visuospatial working memory test and administration instructions
are identical to those described in Kofler et al. (13). Reliability and
validity evidence includes high internal consistency (o = .82-.97;
66); 1- to 3-week (r =.76-.90; 67) and 10-week (r = .73-.84; 30) test-
retest reliability; and expected magnitude relations with working
memory updating and complex span tasks (r = .61-.69; 68). Each
working memory test consisted of six trials at each set size (3-6
stimuli/trial), administered in randomized/unpredictable order as
recommended (e.g., 69), yielding 24 total trials per task. Five
practice trials were administered before each task (80%
correct required).

For the phonological working memory task, children were
presented with a series of jumbled numbers and a capital letter. The
letter never appeared in the first or last position of the sequence to
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TABLE 1 Sample and demographic variables.

Non-
Variable ADHD Cohen'sd p Pl_\?:?]i;e Obtained Range Skewness Kurtosis
(N=143)
M SD ADHD Non-ADHD ADHD Non-ADHD ADHD  Non-ADHD

Sex (%Male/Female) 63/37 50/50 - 0.02 - - - - - - -
Ethnicity (% B/A/W/H/M) 16/0/69/6/9 10/4/65/8/14 - 0.016 - - - - - - -
Age 10.12 1.39 1057 | 1.34 0.33 0.003 8.10-13.50 8.10-13.34 8.29-13.37 0.58 0.37 -0.75 -0.83
SES 4753 | 1016 = 4679 | 12.16 -.07 0.544 11-66 21-66 11-66 0.5 -0.57 -0.33 -0.03
IQ 101.36 | 149 10589 | 129 0.32 0.003 73-151 73-138 73-151 0.06 0.06 0.7 0.64
ADHD Symptoms

BASC-2/3 Parent ATT T-Score 68.58 | 697 | 5671 | 10.83 -1.35 <001 10-120 48-86 36-81 04 0.15 0.55 -0.78

BASC-2/3 Parent HYP T-Score 69.45 | 1261 | 5612 | 1149 -1.1 <001 10-120 42-102 38-91 0 0.92 -0.37 0.83
Anxiety

Diagnosis (%Yes/No) 34/66 31/69 - 0.623 - - - - - - -

MASC-2 Self-Report Total T-Score  55.84 | 10.63 = 5454  9.66 -0.13 0.249 40-90 40-87 40-81 043 0.17 -0.28 -0.74
Working Memory Task Performance

Phonological Set Size 3 2.62 0.44 283 | 024 0.58 <.001 0-3 1.32-3.00 1.83-3.00 12 1.72 0.69 2.71

Phonological Set Size 4 3.19 0.66 366 | 034 85 <001 0-4 1.17-4.00 2.70-4.00 0.7 -0.89 -0.05 -0.05

Phonological Set Size 5 3.55 0.92 427 | 063 0.9 <001 0-5 .82-5.00 2.20-5.00 0.4 123 022 11

Phonological Set Size 6 3.13 1.18 3.98 1.15 073 <.001 0-6 33-5.67 .90-6.00 -0.24 -0.55 043 -0.18

Visuospatial Set Size 3 1.92 0.66 24 0.48 0.8 <.001 0-3 .17-3.00 .83-3.00 -0.59 -1.07 025 1.09

Visuospatial Set Size 4 231 091 304 071 0.87 <.001 0-4 .17-4.00 .83-4.00 -0.25 -0.83 -0.69 0.21

Visuospatial Set Size 5 238 1.04 3.21 0.97 0.81 <001 0-5 33-4.83 .50-5.00 0.2 04 -0.83 -0.35

Visuospatial Set Size 6 2.13 1.03 3.16 1.14 0.96 <001 0-6 33-5.18 67-5.67 0.81 -0.09 0.48 -0.62

‘le 32 ysiep

[SSIRVFETM I

A, Asian; ATT, Attention Problems; B, Black or African American; BASC-2/3, Behavior Assessment Scale for Children, 2" or 3" edition; H, Hispanic or Latino; HYP, Hyperactivity; IQ, WISC-V short-form IQ score, fluid reasoning index score, or one-subtest screener;
MASC-2, Multidimensional Anxiety Scale for Children, ond edition; M, Multiracial; SES, Hollingshead SES total score; W, White Non-Hispanic or Latino. Cohen’s d effect sizes are interpreted as small = .20; medium = .50; large = .80.
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minimize potential primacy and recency effects and was
counterbalanced across trials to appear an equal number of times in
the other serial positions (i.e., position 2, 3, 4, or 5). Children were
instructed to verbally recall numbers in order from smallest to largest,
and to say the letter last (e.g., 4H62 is correctly recalled as 246H). For
the visuospatial working memory task, children were shown nine
squares arranged in three offset vertical columns. A series of 2.5 cm
diameter dots (3, 4, 5, or 6) were presented sequentially in one of the
nine squares during each trial, such that no two dots appeared in the
same square on a given trial. All dots presented within the squares
were black with the exception of one red dot that was counterbalanced
across trials to appear an equal number of times in each of the nine
squares, but never presented as the first or last stimulus to minimize
potential primacy and recency effects. Children reordered the dot
locations (black dots in serial order, red dot last) and responded on a
modified keyboard. Partial-credit unit scoring (i.e., stimuli correct per
trial) was used to index overall working memory performance as
recommended (70), computed separately for the phonological and
visuospatial working memory tests. Higher scores reflect better
working memory.

Anxiety symptoms

The Multidimensional Anxiety Scale for Children 2nd Edition
Self-Report (MASC-2; 71) was completed by children to assess
symptoms related to anxiety disorders. Child self-reported anxiety
was utilized as our primary indicator of anxiety due to prior work
demonstrating that child report of anxiety appears to show greater
associations with neurocognitive functions than parent report (54,
72) and appears to be more sensitive to early symptom emergence
than parent report (73). The MASC-2 consists of 50 items (4-point
Likert scale) and has demonstrated high internal consistency
(0=.92) and 1- to 4-week test-retest reliability (r=.89; 71). Higher
raw scores reflect greater quantity/severity of anxiety symptoms.

Given our goal of assessing two dimensions of anxiety (i.e.,
cognitive worry and physiological arousal), we examined the
MASC-2 item pool to determine if there was a sufficient number
of items falling into each subdomain. The 10 items on the
Obsessions and Compulsions scale were excluded given that
Obsessive-Compulsive and Related Disorders are now classified
separately from Anxiety Disorders in the DSM-5 and DSM-5-TR.
To this end, the remaining 40 items were judged to fall into one of
four categories using an empirically driven rational approach (48,
74). After reviewing definitions of cognitive worry and physiological
arousal from the published literature (35-37), the 7 judges (CM, FG,
EC, SC, MT, JO, MG) independently determined whether each item
reflected (1) cognitive worry, (2) physiological arousal, (3) both, or
(4) neither/unclear. Items judged to belong to each category are
shown in Table 2. Fleiss’ kappa was computed to test the interjudge
reliability of our classification of each item into these categories (75)
using the R functions fleissm.kappa (from package irr; 76). Fleiss’
kappa for more than two raters (77) indicated substantial agreement
between raters, ¥ = .77, p <.001. Internal consistency for the
rationally-derived physiological arousal and cognitive worry
subdomains was acceptable in the current sample (©=.81-.84,
0=.78-.80).
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Descriptively, 11 items each were judged to fall in the cognitive
worry and physiological arousal categories, 1 item was judged to fall
in both categories, and 17 items were judged to fall in neither of the
categories. There was 100% agreement for 26 of the 40 items. Of the
remaining items, 6 of 7 judges (86%) agreed for 5 items, and 5 of 7
judges (71%) agreed for 6 items. These minor discrepancies were
resolved via consensus by the first and senior authors (CM, MK)
based on category definitions derived from prior literature. Finally,
there were 3 items with low agreement (Table 2), which we
therefore classified as Neither/Unclear.

Bifactor models

Bifactor modeling was used to build latent estimates of the
domain-general and domain-specific components of both
anxiety and working memory. The current study followed
recommendations for bifactor models by Eid et al. (78). As
required to properly fit the bifactor models and interpret the
general factors, one or more indicators must load onto the
general factor but not onto any specific factor (79). These
indicators are called ‘reference facets’ or ‘reference domains’ and
define the meaning of the general factor (i.e., common anxiety,
central executive working memory). The general factors were
modeled as uncorrelated with each specific factor, and the specific
factors were modeled as uncorrelated with each other, based on the
assumption that two distinct sources of variance contribute to an
individual’s score on any given item/trial (i.e., variance attributable
to the general factor and to a specific factor). This method allows for
maximal discrimination between constructs in our bifactor models
to provide reliable variance attributable to both domain-general
(common anxiety; central executive working memory) and domain-
specific (cognitive worry and physiological arousal; phonological
and visuospatial short-term memory) processes (78).

Anxiety

The anxiety bifactor-(S-1) model was selected to build
latent estimates of domain-general common anxiety and two
domain-specific anxiety dimensions (cognitive worry and
physiological arousal) based on the evidence reviewed above. To
that end, the 22 MASC-2 items described above were modeled to all
load onto a general factor (i.e., common anxiety) and a subset of 11
items each loaded onto the specific factors (i.e., cognitive worry,
physiological arousal). Additionally, a total score of the 17 MASC-2
items that were judged to be neither cognitive worry or
physiological arousal was created and served as the reference facet
to define the meaning of the general factor (in this case, common
anxiety). See Figure 1 for a visual depiction of the anxiety bifactor-
(S-1) model.

Working memory

The working memory bifactor-(S-I-1) model was selected to
build latent estimates of the domain-general central executive
working memory and the two domain-specific short-term
memory systems (phonological, visuospatial) based on the
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TABLE 2 Item-level judgments for hypothesized cognitive worry and physiological arousal factor structure.
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Cognitive Worry/ Physiological Arousal/ Neither/ Inter-judge Skewness = Kurtosis
Paraphrased Item Content Anxious Apprehension Anxious Arousal Both Unclear Agreement (K =7) Mean (SD) (SE) (SE)
3. worry about people laughing X 100% 1.36 (1.13) 0.20 (0.13) -1.34 (0.26)
4. scared when parents go away X 86% 1.29 (1.11) 0.26 (0.13) -1.28 (0.26)
7. going away to camp scares me X 100% 0.83 (1.05) 0.95 (0.13) -0.46 (0.26)
10. afraid other kids will make fun X 100% 1.18 (1.14) 0.44 (0.13) -1.24 (0.26)
14. getting called on in class X 100% 0.96 (1.08) 0.68 (0.13) -0.93 (0.26)
16. afraid people will think I'm stupid X 100% 0.85 (1.09) 0.93 (0.13) -0.57 (0.26)
22. worry what people think of me X 100% 1.11 (1.10) 0.47 (0.13) -1.16 (0.26)
29. doing something stupid
or embarrassing X 100% 1.32 (1.13) 0.22 (0.13) -1.34 (0.26)
30. scared riding in car/bus X 71% 0.37 (0.74) 2.00 (0.13) 3.21 (0.26)
32. nervous to perform in public X 86% 1.66 (1.21) -0.21 (0.13) -1.52 (0.26)
33. scared of bad weather, the dark,
heights, animals, or bugs X 86% 1.26 (1.10) 0.32 (0.13) -1.23 (0.26)
1. tense/uptight X 100% 1.09 (0.87) 0.28 (0.13) -0.80 (0.26)
6. trouble getting breath X 100% 0.81 (0.93) 0.84 (0.13) -0.37 (0.26)
8. shaky/jittery X 100% 1.02 (0.92) 0.47 (0.13) -0.74 (0.26)
12. dizzy/faint feelings X 100% 0.80 (0.97) 0.92 (0.13) -0.31 (0.26)
15. jumpy X 100% 1.34 (1.14) 021 (0.13) 137 (0.26)
18. pains in chest X 100% 0.82 (0.92) 0.81 (0.13) -0.37 (0.26)
24. heart races/skips beats X 100% 0.70 (0.86) 0.99 (0.13) 0.03 (0.26)
27. restless/on edge X 86% 1.04 (1.08) 0.58 (0.13) -1.01 (0.26)
31. sick to my stomach X 100% 1.02 (0.97) 0.48 (0.13) -0.89 (0.26)
34. hands shake X 100% 0.83 (0.95) 0.85 (0.13) -0.36 (0.26)
37. hands feel sweaty/cold X 100% 1.03 (1.06) 0.60 (0.13) -0.95 (0.26)
2. asks for permission X 100% 2.31 (0.84) -1.10 (0.13) 0.53 (0.26)
5. eyes open for danger X 71% 1.99 (1.07) -0.57 (0.13) -1.05 (0.26)
9. stay near mom/dad X 100% 2.04 (0.97) -0.60 (0.13) -0.77 (0.26)

(Continued)
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TABLE 2 Continued

Cognitive Worry/ Physiological Arousal/ Neither/ Inter-judge Skewness = Kurtosis
Paraphrased Item Content Anxious Apprehension Anxious Arousal Both Unclear Agreement (K =7) Mean (SD) (3] (SE)
11. obey parents and teachers X 100% 2.49 (0.82) -1.67 (0.13) 2.16 (0.26)
13. check things out first X 100% 1.78 (1.02) -0.39 (0.13) -0.96 (0.26)
17. light on at night X 100% 1.23 (1.24) 0.37 (0.13) -1.51 (0.26)
19. avoids going places without family X 86% 1.39 (1.06) 0.12 (0.13) -1.20 (0.26)
20. feels strange, weird, or unreal X 43% 0.67 (0.92) 1.21 (0.13) 0.41 (0.26)
21. do things other people will like X 100% 1.67 (1.04) -0.33 (0.13) -1.04 (0.26)
23. avoids watching scary movies/
T.V. shows X 100% 1.56 (1.20) -0.11 (0.13) -1.52 (0.26)
25. stay away from things that upset me X 71% 2.03 (1.06) -0.74 (0.13) -0.75 (0.26)
26. sleep next to someone in family X 100% 1.20 (1.13) 0.39 (0.13) -1.26 (0.26)
28. do everything exactly right X 100% 1.94 (1.01) -0.65 (0.13) -0.65 (0.26)
35. make sure things are safe X 71% 1.91 (1.02) -0.52 (0.13) -0.90 (0.26)
36. trouble asking kids to play X 71% 0.98 (1.15) 0.69 (0.13) -1.05 (0.26)
38. shy X 71% 1.39 (1.07) 0.10 (0.13) -1.23 (0.26)
39. trouble making up mind X 57% 1.44 (1.11) 0.03 (0.13) -1.35 (0.26)
40. upset over thought of getting sick X 43% 0.81 (0.98) 0.94 (0.13) -0.30 (0.26)
Internal Consistency ®=.84; 0=.80 »=.81; 0=.78 - 0=.74; 0=.71

Consensus judgments across 7 judges of items from the MASC-2 as reflecting (1) cognitive worry/anxious apprehension, (2) physiological arousal/anxious arousal, (3) both, or (4) neither/unclear. Item content is paraphrased. The 10 items on the Obsessions and

Compulsions scale were excluded. Descriptive statistics of each item for the current sample are also depicted.
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FIGURE 1

Bifactor-(S-1) model of common anxiety (general factor), and cognitive worry and physiological arousal (specific factors). Standardized loadings are

shown. Significant loadings are bolded (all p<.05). Age, sex, and SES are controlled for but not depicted for clarity.

Baddeley (9) model. In this model, shared variance across working
memory tasks with different stimulus modalities (i.e., phonological
vs. visuospatial) is attributed to domain-general working memory
central executive, whereas unique variance associated with each task
is attributed to a domain-specific short-term memory system (i.e.,
phonological and visuospatial ‘storage/rehearsal’ subsystems; for
review, see 31).

The working memory bifactor-(S1-1) model used identical
procedures as Kofler et al. (31). All 8 indicators (visuospatial and
phonological memory set sizes 3, 4, 5, 6) were modeled to load onto
the general factor (i.e., central executive working memory) and a
subset of indicators were also modeled to load onto a specific
short-term memory factor (i.e., phonological or visuospatial).

Frontiers in Psychiatry

To ensure that the general factor reflected domain-general central
executive working memory, we selected 2 reference facets: one
phonological and one visuospatial (80). Following Kofler et al.
(31), we chose set size 3 from both tasks given that central
executive demands remain relatively constant despite increasing
set size (9, 49)%. See Figure 2 for a visual depiction of the working
memory bifactor-(S-I-1) model.

2 Use of different set size reference facets did not change the pattern and
interpretation of results from the bifactor model based on a subset of the

current sample (31).
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FIGURE 2

Bifactor-(S:1-1) model of central executive working memory (general factor) and short-term memory (phonological and visuospatial specific factors).
Standardized loadings are shown. Significant loadings are bolded (all p<.001). Age, sex, and SES are controlled for but not depicted for clarity

Transparency and openness

We report how we determined our sample size, all data
exclusions (if any), all manipulations, and all study measures. The
study was not pre-registered; however, all measure inclusion/
exclusion decisions and analytic plans were made a priori, prior
to accessing the data. A complete correlation matrix is included to
allow replication (Supplementary Table 1); data/code are available
upon reasonable request by emailing the corresponding author.
Data were analyzed via structural equation modeling (SEM) using
the R package lavaan (81) as implemented in JASP v0.18.3 and
R v4.3.3.

Data analysis overview

Age, sex, and SES were included as covariates in all models.
First, the anxiety and working memory bifactor models were built
that both included a general factor (common anxiety; central
executive working memory), as well as specific factors (cognitive
worry and physiological arousal; phonological and visuospatial
short-term memory). Model fit was evaluated by comparing these
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models to 1-factor anxiety and 1-factor working memory models
with no specific factors.

Next, we used structural equation modeling to determine if there
were differential associations across anxiety dimensions with the three
working memory processes. We created a structural model including
each anxiety component (i.e.,, common anxiety, cognitive worry, and
physiological arousal) and each working memory component (i.e.,
central executive, visuospatial and phonological short-term memory)
and evaluated correlations between the factors.

Finally, we examined the extent to which any detected relations
between anxiety and working memory components differed for
children with versus without ADHD using multigroup analysis. In
other words, we tested whether the model fit was significantly
degraded when the covariances between the anxiety and working/
short-term components were constrained to equality across the
ADHD and non-ADHD groups by comparing the fit between the
constrained and unconstrained models using the chi-square
difference test (Ax2). Lower chi-square values indicate the
preferred model (82).

For all confirmatory models, absolute and relative fit were
tested. Adequate model fit is indicated by comparative fit index
(CFI) and Tucker-Lewis index (TLI) >.90, and root mean square
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error of approximation (RMSEA) <.10. For the working memory
and anxiety bifactor measurement models, omega total (®), omega
subscale (ms), explained common variance, and the percentage of
uncontaminated correlations were also computed. Omega total ()
and omega subscale (ws) index the reliability of the general factor
(working memory central executive, common anxiety) and specific
factors (phonological and visuospatial short-term memory,
cognitive worry and physiological arousal) by providing estimates
of the proportion of variance attributable to sources of common and
specific variance, respectively; values >.70 are preferred (83).
Explained common variance (ECV) indicates the proportion of
reliable variance explained by each factor. The percentage of
uncontaminated correlations (PUC) is used to assess potential
bias from forcing unidimensional data into a multidimensional
(bifactor) model. When general factor ECV >.70 and PUC >.70, bias
is considered low and the instrument can be interpreted as
primarily unidimensional (i.e., the increased complexity of the
bifactor structure is likely not warranted; 84). Construct
replicability (H) values >.80 suggest a well-defined latent variable
that is more likely to be stable across studies (85).

Power analysis

A series of Monte Carlo simulations were run using the package
simsem (86) in R (version 4.3.3) to estimate the power of our
proposed bifactor models according to the steps outlined in Bader
et al. (87). For the proposed working memory bifactor model, we
hypothesized general factor loadings (i.e., central executive) of .60
and specific factor loadings (i.e., phonological and visuospatial
short-term memory) of .40 based on studies using a subset of the
current study’s sample (31, 88). Given these parameters and our
sample size of n = 340, 5,000 simulations indicated that there was an
acceptable convergence rate (99.46%), negligible relative bias (below
.03 for all loadings and explained common variance), and very high
power to detect significant parameters (above .98 for all loadings).

For the anxiety bifactor model, we hypothesized general factor
loadings (i.e., common anxiety) of .60 and specific factor loadings
(i.e., cognitive worry and physiological arousal) of .30 based on
previous work using similar analyses with child anxiety measures
(89-91). Given these parameters and our sample size of n = 340,
5,000 simulations indicated that there was an acceptable
convergence rate (97.68%), negligible relative bias for all loadings
and explained common variance (below .03), and high power to
detect significant parameters (above .93 for all loadings).

Power to detect correlations above r = .30 between the two
bifactors was then estimated using the R package semPower (92)
given the highly mixed literature regarding anxiety and working
memory (22, 28, 52-54). Given the hypothesized bifactor
parameters specified above, o-level of .05, and power (1-8) = .80,
a sample size of 331 is required to detect correlations above r = .30
between the two bifactors. Thus, our sample of n=340 is powered to
detect clinically relevant associations between components of the
working memory and anxiety bifactor models.
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Results
Preliminary analyses

All raw data were screened for univariate outliers, defined as
values three standard deviations above or below the mean for the
ADHD and non-ADHD groups separately. Outliers were corrected
to the next most extreme value in the sample (0.30% and 0.12% of
data points affected for ADHD and non-ADHD groups,
respectively). Missing data were imputed using expectation
maximization based on all available data and were determined to
be missing completely at random (Little’s MCAR test: ° = 1014.30,
p >.99). This affected 0.20% of data points. Sample demographics
are shown in Table 1. Parent ADHD ratings were significantly
higher for the ADHD relative to non-ADHD group as expected.
The ADHD and non-ADHD groups did not significantly differ
from one another on child report of anxiety symptoms. In contrast,
the non-ADHD group was slightly older (M=10.57 vs. 10.12;
p=.003), less likely to be male (p=.01), and had slightly higher IQ
scores (M=105.89 vs. 101.36; p=.004), but did not differ from the
ADHD group in terms of SES. IQ was not included as a covariate
based on compelling statistical, methodological, and conceptual
rationale against covarying IQ when investigating cognitive
processes in ADHD (93), and because IQ appears to reflect, in
part, an outcome rather than a cause of executive function/cognitive
control abilities (e.g., 94). In other words, covarying IQ would
preclude conclusions regarding executive functioning/cognitive
control by fundamentally changing our primary predictor
variables, and remove significant variance associated with our
predictors and outcomes of interest (93).

Primary analyses

Bifactor measurement models
Anxiety bifactor model

First, we created a 1-factor anxiety measurement model in
which all 22 cognitive worry and physiological arousal indicators,
and the total score variable comprised of items that were classified
as falling in neither of these categories, loaded significantly onto the
domain general anxiety factor (8 = .31-.71, all p <.001). However,
this model did not show adequate fit (Table 3). Next, we built the
anxiety bifactor (S-1) model by adding the cognitive worry and
physiological arousal specific factors to the 1-factor measurement
model. This model included the domain-general anxiety (general
factor) and the domain-specific cognitive worry and physiological
arousal factors (specific factors). As shown in Figure 1, all 22 items
loaded significantly onto the general factor (all p <.001), and all 11
physiological arousal items loaded significantly onto their
hypothesized factor (all p <.01). The cognitive worry items
showed more variability, with four items not significantly loading
onto the cognitive worry specific factor (see Figure 1). This indicates
that these four items (7, 30, 32, 33) do not measure cognitive worry
(no true score variance on cognitive worry) after controlling for
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TABLE 3 Model fit statistics.

RMSEA

Model CFl TU o SRMR y2Idfl A% [dfl o s ECV PUC H
(90% Cl)
Bifactor Measurement Models
Anxiety Single Factor .71 .68 07 07 850.20 [296] - - - - -
(.07-.08) p <.001
Anxiety Bifactor 93 .92 04 04 393.50 [268] 456.70 89 84 .60 (CA) 57 87 (CA)
(.03-.05) p <.001 [28] (CW) 21 (CW) 71 (CW)
p <001 79 (PA) .19 (PA) 64 (PA)
WM Single Factor .83 78 13 .07 263.52 [41] - - - - - -
(11-.14) p <001
WM/STM Bifactor 95 .90 .08 04 98.59 [29] 164.93 88 .78 (PH) .70 (CE) 68 .85 (CE)
(.07-.10) p <001 [12] 82 (VS) .19 (PH) .56 (PH)
p <.001 11 (VS) 36 (VS)
Anxiety = WM/STM Model
93 92 04 05 696.11 [472] - - - - - -
(.03-.04) p <001
ADHD/Non-ADHD Multigroup Models
Unconstrained .89 .87 .05 .06 1279.36 [944] - - - - - -
(.04-.05) p <.001
Constrained 89 87 .05 06 1289.36 [953] 10.01 [9]
’ ’ (.04-.05) : P <.001 p=235 N B B N B

CFI, comparative fit index; ECV, explained common variance; H, construct replicability; PUC, percentage of uncontaminated correlations; RMSEA, root mean square error of approximation;
SRMR; STM, short-term memory; TLI, Tucker-Lewis Index; WM, working memory; ®, omega total; ms, omega subscale; CA, common anxiety; CE, central executive; CW, cognitive worry; PA,

physiological arousal; PH, phonological short-term memory; VS, visuospatial short-term memory.

their association with general anxiety (80). As noted below, study
results were unchanged in sensitivity analyses that removed these
four items.

This model showed excellent fit and model fit was significantly
improved relative to the 1-factor anxiety measurement model (Ax2
[28] = 456.70, p <.001). The proportion of uncontaminated
correlations and explained common variance were both <.70,
supporting the multidimensionality of the data (PUC = .57, ECV
= .60; 84, 85). Reliability was high for the general factor ( = .89)
and both specific factors (ws =.79 - .84). Thus, the anxiety bifactor-
(S-1) model was retained for subsequent analyses. Of note however,
construct replicability (H) values for the specific factors were lower
than recommended values (Table 3), highlighting the importance of
additional studies utilizing these methods.

WM/STM bifactor model

We then created a 1-factor working memory measurement
model in which all 8 indicators loaded significantly onto the
domain general working memory factor (f = .51-.77, all p <.001).
However, this model did not show adequate fit (Table 3). Next, we
built the working/short-term memory bifactor (S:I-1) model by
adding the visuospatial and phonological short-term memory
specific factors to the 1-factor measurement model. As shown in
Figure 2, this model included the domain-general central executive
(general factor) and the domain-specific phonological short-term
memory and visuospatial short-term memory factors (specific
factors). This model showed excellent fit, all indicators loaded
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significantly onto their hypothesized factors (all p <.001), and
model fit was significantly improved relative to the I-factor
working memory measurement model (Ay2 [12] = 164.93, p
<.001). The proportion of uncontaminated correlations and
explained common variance were both less than or equal to .70,
supporting the multidimensionality of the data (PUC = .68, ECV =
.70; Rodriquez et al., 2016; 85). Reliability was high for the
general factor (0 = .88) and both specific factors (s = .76 - .85).
Thus, the working/short-term memory bifactor-(S-I-1) model
was retained for subsequent analyses. As with the anxiety
bifactor model, construct replicability (H) values for the specific
factors were lower than recommended values (Table 3) and indicate
the need for additional studies measuring and evaluating
these constructs.

Structural model: associations between anxiety
and WM/STM components

We then created the structural model with the three anxiety
components and three short-term/working memory components
(see Figure 3). The model showed excellent fit as shown in Table 3.
Results indicated that greater common anxiety was significantly
associated with worse phonological short-term memory (r = -.22, p
=.01), but not central executive working memory (r = .14, p = .10)
or visuospatial short-term memory (r = -.16, p = .18). Cognitive
worry and physiological arousal were not significantly associated
with any of the short-term/working memory components (all
p >.36).

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1536942
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Marsh et al. 10.3389/fpsyt.2025.1536942
Cognitive r=.03,p=.73 Phonological
Short-Term
Worry Memory
Common Central
Anxiety Executive
Physiological Visuospatial
Arousal o Short-Term
Memory
FIGURE 3

Correlations between bifactor-(S-1) model of common anxiety (general factor), and cognitive worry and physiological arousal (specific factors), and
bifactor-(S-1-1) model of central executive working memory (general factor) and short-term memory (phonological and visuospatial specific factors).

Age, sex, and SES are controlled for but not depicted for clarity.

ADHD/Non-ADHD multigroup analysis

Finally, we repeated the model above using a multigroup model
(ADHD, Non-ADHD) to test the extent to which the results hold for
children with and without ADHD. The unconstrained multigroup
model resulted in fit indices slightly below adequate levels (Table 3; CFI
= .89, TLI = .87, RMSEA = .05). Model fit was similar across the
ADHD (CFI = .89, TLI = .87, RMSEA = .05) and non-ADHD groups
(CFI = .90, TLI = .88, RMSEA = .05). Constraining the covariances to
be equal for both groups did not significantly worsen the overall model
fit (Ax2 [9] = 9.72, p = .37), indicating that cognitive worry,
physiological arousal, and common anxiety were associated
approximately equally with each of the short-term/working memory
components for both children with ADHD and without ADHD.

For completeness, we also conducted tests for metric and scalar
invariance, which are reported in the Supplementary Materials (see
Supplementary Appendix A). Briefly, there was evidence for scalar
invariance, but only partial metric invariance due to minor
differences across groups in loadings for specific phonological set
sizes that did not impact the pattern or interpretation of results.
Comparison of group means on the latent variables indicated that
the ADHD group demonstrated worse central executive working
memory (d=1.03, p <.001), as well as phonological and visuospatial
short-term memory (d=.73, p <.001; d=.66, p = .002, respectively),
abilities relative to the non-ADHD group. The groups did not differ
on any of the anxiety factors (all p >.30).

Sensitivity analyses
Overall, our primary findings indicate that cognitive worry and

physiological arousal were not associated with any of the working/
short-term memory components, but greater common anxiety was
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associated with worse phonological short-term memory. Next, we
conducted sensitivity analyses to probe the extent to which the
pattern of results reported above was impacted by our a priori
decisions to (a) include age, sex, and SES as covariates and (b) retain
the four MASC-2 items that failed to load onto the cognitive worry
factor. First, we repeated the primary analyses without including age,
sex, and SES as covariates. The model continued to demonstrate good
fit (CFI = .94, TLI = .93, RMSEA = .04). Greater common anxiety
continued to be significantly associated with worse phonological short-
term memory (r = -.26, p = .005) and all other relations remained non-
significant. Next, we repeated the primary analyses after removing the
four items that failed to load onto the cognitive worry domain (CFI =
94, TLI = .93, RMSEA = .04). Consistent with the primary analyses,
greater common anxiety continued to significantly predict worse
phonological short-term memory (r = -.22, p = .01) and all other
relations were non-significant.

Discussion

The current study evaluated several possible explanations for the
mixed findings regarding associations between anxiety and working
memory in children, including the multi-component nature of
working memory, multiple dimensions of anxiety, and high co-
occurrence between pediatric anxiety and ADHD. Bifactor
modeling was used to establish latent estimates of domain-general
(central executive working memory; common anxiety) and domain-
specific (phonological and visuospatial short-term memory; cognitive
worry and physiological arousal) working/short-term memory and
anxiety. Structural models were then used to evaluate relations
between the latent factors, with sensitivity analyses probing the
impact of our oversampling of children with ADHD, selection of
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covariates, and decision to retain non-significant items in the anxiety
bifactor model. Overall, the current study suggests that greater
common anxiety is associated with moderately lower phonological
short-term memory (r = -.22 to -.26). In contrast — and inconsistent
with our hypotheses and theoretical models (16) — cognitive worry
and physiological arousal were not uniquely associated with any of
the working/short-term memory components.

Interestingly, we found that it is the variance shared between
cognitive worry and physiological arousal (i.e., common anxiety) that
significantly predicts difficulties in phonological short-term memory.
This finding extends prior work that found working memory
impairments in children with greater anxiety (22-24) and indicates
that the phonological short-term memory storage system may be
particularly vulnerable to disruption by anxiety-related thoughts,
feelings, and behaviors. That is, greater anxiety may interfere with
the temporary storage of phonological information in a variety of
ways including competition for neural resources and interference
from anxiety-related processes (16), increased dual-processing
demands (1, 15), and depleted filtering efficiency (14, 17).

By using bifactor modeling to parse apart the primary
components of the working memory/short-term memory system,
we were able to address the possibility that prior findings of relations
between anxiety and performance on phonological or visuospatial
working memory tasks were driven by the central executive rather
than either short-term memory system specifically. Our results
contrast with the model of working memory and anxiety proposed
by Moran (16), in which cognitive worry is related to phonological
working memory and physiological arousal is related to visuospatial
working memory, whereas domain-general central executive is
associated with domain-general common anxiety. Inconsistent with
this hypothesis, the latent cognitive worry and physiological arousal
factors did not significantly predict any of the latent short-term/
working memory components in the current study. Further, our
finding that anxiety is related specifically to reduced phonological
short-term memory stands in contrast with theoretical models
suggesting that the central executive should be most vulnerable to
the effects of anxiety (14, 16, 33). That is, we did not find evidence
that anxiety is associated with the attentional control processes that
are part of the central executive components of working memory (1,
9), but rather the more basic capacity to temporarily store
phonological information. The phonological short-term memory
system has been found to be more dissociable from central
executive working memory processes than the visuospatial system
(9, 95), further emphasizing that anxiety may be interfering with
processes other than attentional control. Past work has suggested that
worry may interfere with phonological storage due to verbal
rumination creating dual-processing demands and competition for
neural resources (14, 20, 36). While consistent with the current
findings, previous studies have been unable to fractionate anxiety
and working memory into their component parts. Thus the extent to
which prior findings can specifically inform our understanding of
cognitive worry and physiological arousal may be limited given their
shared variance as demonstrated herein.

These results also contrast with studies suggesting unique
associations with each of these anxiety dimensions (20, 34, 39).
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Interestingly, however, the current findings are consistent with the
meta-analytic results from Moran (16), which did not find empirical
support for unique predictions from specific domains. This finding
was interpreted at the time to be attributable to methodological
limitations of the included studies. In light of the current findings,
however, it appears likely that specific anxiety subcomponents may
not be associated with specific working memory subcomponents — at
least for clinically evaluated children. For example, Gustavon and
Miyake (39) examined both worry and physiological arousal with
separate measures, leaving the possibility that anxiety characteristics
shared across these two domains may best account for associations
with working memory. Similarly, experimental manipulations of
threat-induced anxiety, such as those used by Shackman et al. (34)
and Vytal et al. (20) provide a useful paradigm for evaluating causal
effects of anxiety in the moment but face similar challenges in parsing
apart what is shared versus unique between the anxiety dimensions.

Interpreting what the shared variance between cognitive worry
and physiological arousal represents is challenging because most
literature focuses on characteristics that distinguish the two anxiety
dimensions rather than on their commonality (20, 35, 36, 96, 97).
However, some research has proposed temperamental characteristics
as cutting across the domains, particularly avoidance temperament or
behavioral inhibition (44). These temperaments reflect a tendency
toward inhibited behavior that is guided by the possibility of a
negative event (98). Consistent with this hypothesis, many of the
MASC-2 items judged to reflect neither physiological arousal nor
cognitive worry reflected avoidance behaviors and the sum of these
items served as the reference facet. As a result, it seems reasonable to
conclude that our anxiety general factor reflects avoidance/inhibition,
which is a common component of anxiety that is present in both
cognitive worry and physiological arousal (44, 99, 100). Research
focusing on neural regions that are involved in both cognitive worry
and physiological arousal has also provided insight into shared
processes between the two dimensions. For example, Castagna and
colleagues (42) found that greater cortical thickness in neural regions
associated with perceived salience of threat stimuli and cognitive
control aspects of emotion regulation was related to high levels of
both cognitive worry and physiological arousal. Similarly, a study
utilizing event-related potentials as a metric for neural processing
found that individuals with elevated physiological arousal and
cognitive worry both showed an attentional bias to emotional
stimuli (43). These shared neural correlates suggest that heightened
processes related to regulation and/or appraisal may be common to
both cognitive worry and physiological arousal. Future research will
be needed to further characterize domain-general anxiety given our
findings that features of anxiety common to both cognitive worry and
physiological arousal appear to be implicated in phonological short-
term memory processes.

The current study indicated that there were no significant
differences in the relations between anxiety and working/short-
term memory components for children with versus without ADHD.
That is, common anxiety, cognitive worry, and physiological
arousal were associated approximately equally with each of the
short-term/working memory components for both groups. Thus,
our results do not support the hypothesis that anxiety may further
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impair working memory abilities above and beyond ADHD (21, 22,
51). By the same token, our results were also not in line with the
opposite hypothesis that anxiety may buffer against executive
function deficits in ADHD through increased effort, greater
recruitment of cognitive resources, and/or increased cortical
arousal (21, 22, 101-103). Instead, our findings add to this mixed
body of literature and suggest that even when anxiety and working
memory are fractionated into domain-general and domain-specific
components, children with and without ADHD do not exhibit
differential associations among these constructs. The mixed
literature regarding anxiety and working memory in pediatric
ADHD spans a variety of operational definitions of anxiety (e.g,
22, 28, 102, 104) including varied measurement and informant.
However, it will be important for future studies to evaluate if the
present study results using child self-report of anxiety to fractionate
anxiety into multiple components extend to parent report of child
anxiety given additional substantive information provided by
multiple informants about child psychopathology and high
frequency of informant discrepancies (105).

Consistent with prior literature (31, 46), children with ADHD
exhibited large magnitude impairments in central executive working
memory relative to children without ADHD, whereas visuospatial
and phonological short-term memory deficits were larger than
expected based on prior literature (12, 31, 47). In contrast, the
ADHD and non-ADHD groups did not differ in their levels of
cognitive worry, physiological arousal, or domain-general anxiety.
However, these results likely reflect, at least in part, our recruitment
strategy that emphasized inclusion of clinical controls in addition to
typically developing children. Indeed, these results suggest that our
recruitment strategy was successful because the two groups did not
differ in their anxiety levels, which is consistent with the relatively
equal proportion of anxiety diagnoses across groups (approximately
one-third of children in each group were diagnosed with an anxiety
disorder). Future research with larger samples of neurotypical
children as a separate comparison group would provide more
clarity regarding the extent to which there may be higher levels of
specific dimensions of anxiety in children with ADHD compared to
the general population (106). Of course, such an approach would
ideally be considered in the context of the limited generalizability of
‘pure’ ADHD groups given that co-occurring conditions are the
norm rather than the exception for these children (60).

Limitations and future directions

The current study has several strengths, including a large,
carefully phenotyped sample of children, bifactor modeling to
fractionate domain-general and domain-specific components of
anxiety and working memory, and the ability to account for the
potential impact of the common co-occurrence between ADHD
and anxiety. At the same time, the following limitations should be
considered when interpreting results. First, the need to fractionate
domain general and domain specific factors was highlighted by the
poor fit of the single factor working memory and anxiety models,
good fit for the bifactor models, and evidence supporting the
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multidimensionality of both item sets. Further, every latent factor
was comprised of at least three significant indicators and showed
high reliability. However, the construct replicability (H) values for
the specific factors fell below optimal levels, suggesting that future
studies may benefit from including additional items when modeling
these constructs. Relatedly, our operationalization of cognitive
worry and physiological arousal was constrained to the item pool
from the MASC-2, which was not developed specifically to measure
these dimensions and thus may not have fully captured all aspects of
these constructs. Future studies would benefit from developing/
utilizing measures designed to specifically differentiate anxiety-
related arousal versus worry and/or include a broader sampling
of items.

In addition, the current study evaluated trait anxiety, whereas
other studies have examined anxiety experienced during the
cognitive tasks themselves (i.e., state anxiety; 20, 34). Thus, it is
possible that our findings would have differed if we had used an
anxiety induction experiment. However, meta-analytic evidence has
suggested that relations between anxiety and executive functions do
not differ significantly when based on state (induced) versus trait
anxiety (16, 25). Nonetheless, future studies may benefit from dual
dissociation designs that systematically manipulate working
memory demands and state anxiety levels to provide further
clarification about the nature and directionality of any detected
relations between subcomponents of working memory and anxiety.
Studies evaluating both state and trait anxiety in the context of the
multicomponent nature of both anxiety and working memory are
also needed to determine the mechanisms that may be underlying
these relations. For example, Gustavson and Miyake (39) outline
two possibilities that may underlie any observed relations between
anxiety and working memory: a) the trait effects of anxiety may
actually be the result of state anxiety processes elicited during the
working memory tasks, or b) cognitive processing may actually
difter based on trait-level variability in anxiety.

The current study utilized bifactor modeling to fractionate
working memory into component factors across two separate
tasks. Central executive working memory, phonological and
visuospatial short-term memory, were modeled as uncorrelated to
allow for maximal discrimination between each of these constructs
(78) due to the study’s aim to examine unique associations between
working memory components and multiple dimensions of anxiety.
However, given that these distinct processes work in conjunction
with one another on any given working/short-term memory task
(9), extension of the current findings to additional working memory
tasks and performance metrics is needed to further evaluate the
robustness of working memory/anxiety relations. We used working
memory tasks that assessed reordering processes. In addition to
reordering, models of central executive working memory have also
highlighted continuous updating and dual-processing (1, 107).
Future research utilizing working memory tasks that assess these
additional processes are needed to determine if results from the
current study extend beyond tasks engaging reordering processes.
Additionally, performance on our working memory tests is based
on accuracy (i.e., stimuli correct per trial), whereas it is possible that
working memory efficiency (i.e., response speeds) may be more

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1536942
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Marsh et al.

vulnerable to the effects of anxiety than working memory accuracy
(14, 39) due to the motivational effects of anxiety (108). That is,
individuals with high anxiety may put forth increased effort to
compensate for reduced working memory capacity, resulting in
slower but just as accurate performance (14, 108). Similarly, it is also
possible that different levels of anxiety may facilitate rather than
impair working memory processing, although this may be unlikely
given a recent, relatively large study that tested this hypothesis in a
subset of the current sample and did not find support for a
curvilinear relation between anxiety and working memory (28).

Conclusion

Taken together, the current study found that higher levels of
domain-general anxiety — but not domain-specific components of
anxiety including cognitive worry and physiological arousal - are
associated with reduced phonological short-term memory abilities.
In contrast, none of the anxiety factors were associated with central
executive working memory or visuospatial short-term memory.
Given that this was the first study to fractionate both working
memory and anxiety into their primary components, these results
suggest that prior findings linking anxiety with working memory
difficulties may be driven specifically by the interfering effects of
anxiety on the temporary storage of phonological information.
Interestingly, this pattern was observed equally for children with
and without ADHD, suggesting that the findings were not driven by
our oversampling for children with ADHD and are not specific to
children who have difficulties with working memory as is commonly
observed in ADHD samples (12, 13, 31, 46). For practitioners, these
findings suggest that the presence of anxiety should be carefully
considered when selecting and interpreting neuropsychological
testing batteries, as features of anxiety that cut across both
cognitive worry and physiological arousal may specifically disrupt
short-term memory capacity for verbal information. Similarly,
parents and teachers working with children experiencing various
forms of anxiety may need to provide visual aids and break down
tasks when information is presented verbally, as these children are
likely to experience disruptions to their short-term ability to
remember this information.
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