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Abstract

The parent-report Strengths and Difficulties Questionnaire (SDQ) is a widely used child and adolescent mental health
screening tool. However, challenging environments, such as public health crises, may influence the construct validity of
measures. To assess this, we examine SDQ measurement invariance, internal consistency, convergent and discriminant
validity, composite, test—retest, and interrater reliability across parents from the United Kingdom (n = 9,001) and Japan
(n = 365). We replicate the five-factor structure, which held across children’s age, gender, and between parent- and
adolescent-report. We provide new evidence of SDQ invariance for special educational needs (SEN), across 6- and
I-month reporting windows, over different periods of restrictions, and between English (UK) and Japanese versions.
Taken together, our findings suggest that parents interpreted the SDQ items in similar ways to pre-pandemic norms. Yet
relatively low reliability of the conduct and peer relationship subscales, in particular, indicates a need for caution and scale
revisions, especially when used for screening and diagnosis.
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The parent-report Strengths and Difficulties Questionnaire
(SDQ; R. Goodman, 1997,2001) is a widely used screening
tool for assessing mental health symptoms in 4- to 18-year-
old children and has been translated into nearly 80 lan-
guages. It captures emotional symptoms, conduct problems,
hyperactivity/inattention, peer relationship problems, and
prosocial behaviors. Several large reviews (e.g., Kersten
et al., 2016; Stone et al., 2010) have shown that the SDQ’s
structure is generally reliable and demonstrates measure-
ment invariance across informants, developmental stages,
and both clinical and community settings. However, evi-
dence from cross-cultural studies is more mixed (Stevanovic
et al,, 2017). While adolescent self-report SDQ studies
across countries often support only partial or configural
invariance (Essau et al., 2012; Ortuio-Sierra et al., 2015),
especially when languages or cultural contexts differ sub-
stantially (Sourander et al., 2024; Stevanovic et al., 2015),
much less is known about the parent-report version.
Evidence from multi-ethnic samples in Germany (Runge &
Soellner, 2019) and the Netherlands (Mieloo et al., 2013)
suggests partial support for the five-factor structure, albeit
with some item- and subscale-level variation. This disparity

is likely to reflect a combination of logistical, conceptual,
and systemic factors, as parent-report data can be harder to
collect cross-nationally and adolescent self-reports are
often prioritized for their sensitivity to internalizing symp-
toms. Recent multi-country work also underscores the lim-
ited availability of parent-report measures that are
meaningfully comparable across cultures (e.g., McMahon
et al., 2025). Publication bias likely adds to the gap, with
studies on parent-report invariance remaining unpublished
when results are weak or inconclusive (c.f., [oannidis, 2014;
Putnick & Bornstein, 2016). As a result, the literature likely
underrepresents variability in how parents from different
cultures interpret and report child behavior. Such
cross-cultural evaluations are particularly important but
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lacking for ensuring that symptom structures are interpreted
consistently across linguistically and culturally distinct con-
texts, such as between individualistic Western countries and
collectivist East Asian settings like Japan, especially when
the SDQ is used in international research or global mental
health monitoring.

The SDQ has been particularly instrumental in assessing
child and adolescent mental health symptoms during public
health crises, including natural disasters, such as earth-
quakes (e.g., Usami et al., 2014), bombings (e.g., Kerns
et al.,, 2014), and the COVID-19 pandemic! (Bussiéres
et al., 2021; Guzman Holst et al., 2023; Hu & Qian, 2021;
Vizard et al., 2020). However, such crises may not only
affect the levels of children’s socio-emotional symptoms,
but also how those behaviors are perceived and rated by
others, potentially altering the construct validity and reli-
ability of measurement tools like the SDQ. For instance,
during public health crisis, the parent-report item “Rather
solitary, tends to play alone” or the adolescent-report item
“I am usually on my own” may represent limited opportuni-
ties for socializing rather than internal states such as with-
drawal or loneliness. This phenomenon, known as “response
shift” (Little, 2013; Oort, 2005), occurs when changes in
environmental context alter the meaning of item responses,
even if underlying symptom severity has not changed.
Empirical work, using alternative measures, supports this
concern. Olino et al. (2021) found that while measures of
anxiety symptoms in adolescents and young adults remained
stable from pre- to during the COVID-19 pandemic, mea-
sures of depression and intolerance of uncertainty were not
psychometrically invariant over time. Yet, formal psycho-
metric investigations of the SDQ during a public health cri-
sis are scarce. In particular, measurement invariance testing,
which is necessary to ensure that the comparisons across
different groups or timepoints are meaningful and unbiased,
is still rarely conducted in psychological studies more
broadly (Maassen et al., 2023).

Existing Evidence of SDQ Factor
Structure During a Public Health

Crisis

To our knowledge, only three studies so far have evaluated
the structural properties of the parent-report SDQ during a
public health crisis (all within the context of COVID-19
pandemic) and none have replicated the original five-factor
structure without substantial modifications. Kai Yee et al.
(2022) analyzed data from Malaysian parents of 9- to
11-year-olds collected during the pandemic in 2020 (exact
timing not specified). They found that the five-factor struc-
ture, identified in previous studies, only partially satisfied
the criteria for acceptable model fit even after the removal
of two poorly loading items (“steals from home, school, or

elsewhere”; “gets along better with adults than with other

children”) and that internal consistency was low for the peer
problem subscale. Foley et al. (2023) used data collected
between April and July 2020 (i.e., the early months of the
pandemic) to evaluate the cross-cultural measurement
invariance of the parent-report SDQ for 3- to 8-year-old
children across six countries: Australia, China, Italy,
Sweden, the United Kingdom, and the United States. After
the removal of three items due to low endorsement (“bullied
by other children”; “fights with other children”; “steals
from home or school”), their five-factor model reached a
good model fit and achieved partial cross-cultural scalar
invariance across countries. They found that this modified
scale yielded acceptable composite reliability across sub-
scales. More recently, Sapin et al. (2024) examined data
collected later during the pandemic (Spring 2021) from par-
ents of 3- to 17-year-old children and young people in
France. They found support for the five-factor model of the
SDQ when using Exploratory Structural Equation Modeling
(ESEM), where cross-factor loadings of five items across
conduct and hyperactivity/inattention scales were allowed.
Yet, confirmatory factor analysis (CFA) models, that do not
allow cross-factor loadings, showed poor model fit across
five-, three-, or second-order factor structures. Their five-
factor model in ESEM reached scalar invariance across
range of characteristics, including parental gender, educa-
tion, anxiety, depression, and psychiatric history, as well as
child age and gender. It also achieved acceptable test-retest
reliability across the subscales when compared with data
collected in Autumn 2022. They found mostly acceptable
composite reliability across subscales, although it was low
for the conduct problem subscale. Together, these pan-
demic-based studies indicate that the parent-report SDQ
may require item or model modifications to achieve accept-
able fit under crisis conditions, but also raise the question of
whether observed differences reflect contextual effects of
the pandemic, true shifts in symptom structure, or limita-
tions in cross-cultural measurement invariance.

Outstanding Questions

The COVID-19 pandemic presents a unique test case for
evaluating the SDQ’s psychometric integrity under large-
scale, real-world contextual change. It raises the question of
whether standard measures of mental health, such as the
SDQ, remain psychometrically sound when the child’s
environment changes dramatically through the loss of sup-
port structures, disrupted social relationships, restricted
school and leisure activities, and ongoing stress and uncer-
tainty about the future. This is especially relevant as the
SDQ is often used to track changes in mental health symp-
toms over time, compare different demographic groups,
informants, or countries, and assess intervention outcomes.
Measurement invariance provides a framework for evaluat-
ing whether such comparisons reflect true variation in
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underlying constructs rather than artifacts of measurement
(Van De Schoot et al., 2015; Widaman et al., 2010). Metric
invariance assesses whether items relate to their latent con-
structs in the same way across conditions; scalar invariance
evaluates whether individuals with the same underlying
level of difficulties receive comparable item scores; and
strict invariance tests whether item-specific measurement
error varies systematically across groups or contexts.
Despite its widespread use, several important gaps remain
in the formal psychometric assessments of SDQ during a
public health crisis.

First, it is still unclear whether the SDQ measures the
same construct across time, especially during major societal
disruptions such as the COVID-19 pandemic. Across differ-
ent periods of public health restrictions, such as lockdowns,
school closures, or relaxed distancing measures, children’s
experiences and social environments changed substantially.
These contextual shifts may have influenced how behaviors
were expressed, perceived, and reported. As a result, longi-
tudinal studies must account not only for “true” develop-
mental or situational change but also for potential changes
in how items are interpreted over time (Little, 2013; Oort,
2005). For instance, the SDQ item “picked on or bullied by
other children” is designed to capture peer victimization,
which is typically observable in school or social settings.
Yet, during lockdowns or remote schooling compared with
the periods of no restrictions, such behavior may have been
far less visible (or altogether absent), leading to underre-
porting or reinterpretation of the item. In such cases,
observed score differences might reflect contextual reinter-
pretation (e.g., shifts in metric or scalar properties) rather
than actual change in the underlying construct. Longitudinal
invariance testing is needed to examine whether the rela-
tionships between latent constructs and the observed items
used to measure them remain stable across changing condi-
tions (Widaman et al., 2010).

Second, it is unclear how the SDQ constructs hold across
different SDQ versions that have different reporting win-
dows. The SDQ has two different formats that differ in the
length of period that symptoms are reported on; the stan-
dard SDQ asks the respondent to report over the past 6
months, whereas the reference period for the follow-up ver-
sion is 1 month to increase the chance of detecting change.
While the two versions differ in intended temporal focus,
they are designed to assess the same underlying constructs
using the same items. These versions are also often used
interchangeably in practice, particularly in longitudinal
studies and post-intervention assessments in treatment con-
texts. However, variation in recall periods can influence the
frequency and severity of symptoms reported (e.g., scalar
non-invariance) and may threaten the comparability of
measurements over time. Prior research suggests that
changes in timeframe can undermine longitudinal invari-
ance in other mental health questionnaires (e.g., PHQ-8;

Mocehring et al., 2021). While multiple pre-pandemic stud-
ies have demonstrated that the factorial structure of the
parent-reported SDQ is longitudinally invariant across chil-
dren’s ages (DeVries et al., 2017; Murray et al., 2021; Sosu
& Schmidt, 2017; Toseeb et al., 2022), it remains unknown
whether changes in the SDQ’s reference period affect tem-
poral stability of its factorial structure.

Third, the pandemic disproportionately affected children
with special educational needs (SEN), who consistently
showed markedly elevated levels of emotional, conduct,
and hyperactivity/inattention symptoms (Oakes et al., 2023;
Waite et al., 2021). It remains unknown, however, whether
the SDQ functions equivalently for children with and with-
out SEN during times of crisis. Limited pre-pandemic evi-
dence suggests five-factor measurement invariance for
parent-reported SDQ symptoms in children with and with-
out SEN (DeVries et al., 2018) and between community and
broader clinical samples (Smits et al., 2016). However,
some researchers have questioned the SDQ’s structural
validity for certain neurodivergent populations, such as
autistic adolescents, even outside of pandemic conditions
(Turcan et al., 2024). In this study, we define SEN accord-
ing to parental report of formal identification under U.K.
educational guidelines (Department for Education &
Department of Health and Social Care, 2014), which include
a range of neurodevelopmental, learning, and emotional-
behavioral difficulties affecting child’s learning or access to
educational facilities. Understanding whether the SDQ
operates consistently across these groups of children is
needed for ensuring equitable assessment and valid inter-
pretation of group differences.

Fifth, age and gender are central axes along which chil-
dren’s mental health symptoms often vary and not just in
prevalence, but also in how behaviors are interpreted by
adults. For instance, externalizing behaviors may be consid-
ered more normative at younger ages or more tolerated in
boys than girls, which may influence how parents respond
to SDQ items. Importantly, pre-pandemic research suggests
that the parent-report SDQ demonstrated good reliability,
validity, and measurement stability across age and gender
groups (DeVries et al., 2017; Murray et al., 2021; Sosu &
Schmidt, 2017; Toseeb et al., 2022), indicating minimal
bias in typical conditions. However, the COVID-19 pan-
demic introduced shifts in children’s routines and develop-
mental opportunities (e.g., social play, classroom
engagement), which may have altered how certain behav-
iors are perceived across age and gender lines. Therefore,
re-establishing measurement invariance across these groups
is essential to ensure that observed differences in symptom
levels reflect true variation rather than shifts in how under-
lying levels of difficulties are interpreted (e.g., scalar non-
invariance). Without this step, developmental or
gender-related comparisons risk being confounded by bias
in how behaviors are measured and interpreted.
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Furthermore, discrepancies between parent-reported
(Creswell et al., 2021) and adolescent-reported (Knowles
et al., 2022) SDQ changes during the pandemic point to the
need for interrater measurement invariance assessments.
Such evaluations are necessary to determine whether
observed differences reflect an actual mismatch of symp-
tom perception or discrepancies in the questionnaire itself
(Olino et al., 2018). Concerns have also previously been
raised about the reliability of the parent-reported conduct
problems and peer problems subscales (Ribeiro Santiago
et al., 2022). Moreover, even prior to the pandemic, Booth
et al. (2023) found that five-factor measurement invariance
between parent and adolescent reports did not hold, indicat-
ing that the SDQ may function differently across infor-
mants. To date, however, the SDQ psychometric properties
during the pandemic have only been investigated for paren-
tal reports, with no interrater comparisons conducted.

Finally, to ensure that psychometric properties of the
parent-report SDQ are globally stable and can be used
across different cultures, invariance assessments are needed
(Matsumoto & Van de Vijver, 2010). While the five-factor
structure of the Japanese version of the parent-reported
SDQ has been previously validated within Japan (Matsuishi
et al., 2008; Shibata et al., 2015), these efforts have largely
focused on internal consistency and model fit within that
single cultural context, without direct comparison to the
English-language original. Yet, even carefully translated
items can take on different meanings in different cultural
contexts (Stevanovic et al., 2017). Moreover, marked cul-
tural differences between collectivistic societies like Japan
and more individualistic Western countries (e.g., the United
Kingdom) may influence how behaviors such as peer con-
flict, social withdrawal, or emotional expression are inter-
preted by parents (Tashiro & Shaw, 2020). These cultural
dynamics may affect both item functioning and latent con-
struct definitions, which corresponds to potential violations
of metric and scalar measurement invariance. Indeed, for
adolescent self-report, prior cross-national studies have fre-
quently found only partial or configural invariance when
cultural or linguistic contexts diverge significantly (e.g.,
Sourander et al., 2024; Stevanovic et al., 2015). However,
far fewer studies have examined whether the parent-report
SDQ is similarly affected (e.g., Mieloo et al., 2013; Runge
& Soellner, 2019) and none did so for Japan. Direct mea-
surement invariance testing between the U.K. and Japanese
versions offers a necessary step toward evaluating the
global structural validity of the scale, particularly when
comparing symptom levels or evaluating outcomes of
global public health crises.

External Validity Within the SDQ
Nomological Network

Beyond structural and cross-group validity, psychometric
evaluations also consider reliability and external validity. In

particular, it is essential to consider whether widely used
measures, such as the SDQ, maintain their expected rela-
tionships with other indicators of child mental health during
a public health crisis. Establishing convergent validity
requires that SDQ subscales correlate strongly with mea-
sures that assess similar constructs (e.g., emotional symp-
toms with psychological distress), whereas discriminant
validity requires that these associations are stronger than
correlations with conceptually distinct constructs (Campbell
& Fiske, 1959). Prior work generally shows that emotional
symptoms are strongly associated with general indicators of
psychological distress (e.g., Essau et al., 2012). In contrast,
conduct problems and hyperactivity/inattention reflect
externalizing behaviors and should demonstrate weaker
associations with distress-based measures, consistent with
the well-established distinction between internalizing and
externalizing domains (Krueger & Markon, 2006). Prosocial
Behavior is conceptually orthogonal to distress and is
expected to correlate negatively with measures of psycho-
logical distress (e.g., Zhang et al., 2023). Peer Problems
may fall between these domains, reflecting partial overlap
with internalizing symptoms via social withdrawal or inter-
personal strain (Achenbach et al., 2017). Multi-informant
research further shows that ratings of the same SDQ sub-
scale across informants (e.g., parent-adolescent emotional
symptoms) generally yield stronger convergence than rat-
ings of different subscales across reporters (e.g., Hill &
Hughes, 2007). Together, these patterns outline a clear
nomological network against which convergent and dis-
criminant validity of the SDQ can be evaluated.

Present Study

The main goal of the present study was to examine the fac-
tor structure and measurement invariance of the parent-
report SDQ. We also set out to assess relevant reliability
and validity indicators, including those situated within the
SDQ’s expected nomological network. To achieve that, we
have leveraged the parent- and adolescent-reported data
during the COVID-19 pandemic from the Co-SPACE longi-
tudinal survey in the United Kingdom (March 2020-July
2021) and parent-reported data from the CORONA x
CODOMO study in Japan (February-March 2021).
Specifically, we aimed to:

1. Replicate the five-factor structure of the parent-
report SDQ scale.

2. Assess whether the measurement invariance of SDQ
constructs differed between-participants across chil-
dren’s demographic characteristics, including age,
gender, and SEN.

3. Investigate whether measurement invariance held
over time across the questionnaire versions (base-
line and follow-up) and across different periods of
restrictions (lockdown and no restrictions).
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4. Assess whether the SDQ constructs differed between
raters (parents or adolescents) and across cultures
(the United Kingdom or Japan).

5. Report on internal consistency, composite reliabil-
ity, convergent and discriminant validity, as well as
test-retest and interrater reliability  across
subscales.

Method
Study Design and Participants

We report how we determined our sample size, all data
exclusions, all manipulations, and all measures in the study.
The main study sample was drawn from the UK-based lon-
gitudinal, but not nationally representative, “COVID-19:
Supporting Parents, Adolescents and Children during
Epidemics” (Co-SPACE) study. Parents and carers (hereaf-
ter known as “parents”) of children and young people aged
between 4 and 16 years and their 11- to 16-year-old adoles-
cents who lived in the United Kingdom were eligible to take
part. In total, 9,208 parents took part (i.e., reached at least
the questionnaire section of the survey) between April 17,
2020, and July 31, 2021. Of this group, 207 were excluded
during the data cleaning as they were suspected to be “bots,”
were participating in an intervention trial (the “SPARKLE”
trial; Kostyrka-Allchorne et al., 2021), were missing “base-
line” survey data, or were missing any of the SDQ items
(for information on attrition see Table S1). Thus, the final
full sample consisted of 9,001 parents who took part in the
Co-SPACE study at least once. This sample was further
divided into five independent subsamples for the interrater,
cross-cultural, longitudinal restrictions, different SDQ ver-
sions, and multi-group measurement invariance assess-
ments (Figure 1 and Table 1). The multi-group measurement
invariance subsample was then used to devise three further
propensity score matched (using Matchlt package in R; Ho
et al., 2011) subsamples for the assessment of group mea-
surement invariance across child age, child gender, child
SEN status.

In addition to the main UK-based study sample, data
for cross-cultural measurement invariance was drawn
from the Japan-based CORONA x CODOMO study. This
involved a serial cross-sectional design online survey
which collected data on children’s mental health and social
experiences from parents/guardians of 0- to 17-year-old
children or 6- to 17-year-old children in Japan. The survey
was hosted via the National Center for Child Health and
Development website and ran seven times between April
30, 2020, and December 31, 2021. The current study uti-
lizes data from 365 parents who took part in the fifth wave
of the survey (February 19 to March 31, 2021) that col-
lected parental reports of SDQ.

Ethical approvals for the studies were provided by the
University of Oxford Medical Sciences Division Ethics
Committee (R69060) and the institutional review board of
the National Center for Child Health and Development
(2020-21).

Procedure

Participants in the United Kingdom were invited to com-
plete a monthly online survey on the Qualtrics platform. All
parents provided informed online consent at the beginning
of their first (i.e., baseline) survey, which they could com-
plete at any point between April and July 2021. Additional
parental informed consent, followed by informed assent
from the young person, was obtained for the adolescent sur-
vey. Parents with multiple children were asked to choose one
child that they would report on each time. The adolescent
survey was completed immediately after the parental survey
(i.e., parents were asked to pass the device to their child for
them to complete their own self-report section). A link to the
follow-up survey was sent via email to each parent once a
month after they had completed their baseline survey. From
December 2020, participants were offered the chance to win
a £50 voucher in return for their participation.

Measures

As outlined earlier, the Strengths and Difficulties
Questionnaire (SDQ) is a brief mental health screening
questionnaire for 4- to 18-year-old children (R. Goodman,
1997, 2001). It comprises 25 items across five subscales,
assessing conduct problems, hyperactivity/inattention,
emotional symptoms, peer relationship problems and pro-
social behavior. Items are rated on a 3-point Likert-type
scale ranging from 0 (“not at all”) to 2 (“certainly true”),
with positively worded items in the difficulties subscales
reverse-coded. Subscale scores can be obtained by sum-
ming the responses in each of the subscales (range: 0-10).
The total difficulties score can then be obtained by sum-
ming scores on conduct problems, hyperactivity/inatten-
tion, emotional symptoms, and peer relationship problems
(range: 0—40), with a higher score indicating greater diffi-
culties. In contrast, for the prosocial subscale, higher scores
indicate greater prosocial behavior. As is a standard
requirement for the SDQ), at the first assessment (i.e., base-
line) the participants are asked about symptoms over the
last 6 months, but at follow-up assessments they are asked
only about the preceding month. Parent, teacher, and self-
reported versions of the scale exists in many different lan-
guages. The current paper focuses primarily on the
parent-reported English (UK) version of the SDQ, but also
the adolescent self-reported version in English and the par-
ent-reported version in Japanese to address specific
research questions.
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Initial Co-SPACE sample
(N=9208)

RERTGVED ‘BOTS’, those actively in the ‘SPARKLE’ trial, and those missing
v ‘Baseline’ data (n=14).

Eligible sample

(N=9194)
REMOVED » Those with missing data on any SDQ items (n=193). >
Full sample Responsiveness sub-sample (n=5387):
(N=9001) at least two participations.
5 / Interrater sub-sample (n=1360):
REMOVED
v\ participants with available parent-adolescent response pairs.
CORONAXxCODOMO
sample(Japan N=365)
\ATCHED
Cross-cultural sub-sample (UK n=365):
REM@ —————————————— *| matched on date, age group, gender, SEN, single adult household, siblings,
economic, and employment status.
Longitudinal [restrictions] sub-sample (n=1473):
REM0V> —————————————— those with participation during both, Lockdown 1 [Mar-Jul'20] and period
of no restrictions [Mar-Jul'21].
Longitudinal [SDQ version] sub-sample (n=2473):
REM@ —————————————— " those with completed Baseline and Follow-up versions of the SDQ
questionnaire.

Multi-group sub-sample
(n=3392).

Age sub-sample (n=2306):
adolescents and children, matched on date, gender, SEN, single adult
household, siblings, economic, and employment status.

Gender sub-sample (n=3242):
girls and boys,matched on date, age group, SEN, single adult household,
siblings, economic, and employment status.

SEN sub-sample (n=1144):
SEN and no SEN, matched on date, age group, gender, single adult
household, siblings, economic, and employment status.

Figure 1. A Flowchart Depicting Data Processing Steps Including Cleaning and Subsampling.
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Adolescents in the study additionally completed the
Kessler Psychological Distress Scale (K6; Kessler et al.,
2002), a brief six-item self-report measure of non-specific
psychological distress over the past 30 days. Items assess
symptoms such as nervousness, hopelessness, restlessness,
and feeling worthless, and are rated on a 5-point Likert-type
scale ranging from 0 (“none of the time”) to 4 (“all of the
time”). Total scores range from 0 to 24, with higher scores
indicating greater psychological distress. The K6 has dem-
onstrated strong reliability and validity across adolescent
populations (e.g., Mewton et al., 2016) and has also been
used to assess changes in young people’s mental health dur-
ing the pandemic (e.g., Ferro et al., 2021).

In addition, parents reported on a number of socio-
demographic variables (see Supplemental materials: Table
S3). We used information on child age (primary-school-
aged [4-10] or secondary-school-aged [11-17]), gender
(girl or boy), and SEN status (SEN or no SEN) for multi-
group comparisons. SEN status was based on parent report
and reflects formal educational classifications in the United
Kingdom and school-based support categories in Japan (see
Supplemental materials: Table S3, for operational defini-
tions). Other information on whether they lived in a single
adult household (single adult or not single adult), presence
of siblings (1 or more sibling or no siblings), household’s
economic status (below average or average or above), and
parent’s employment status (employed or unemployed)
were used for sample description (Table 1) and matching
(Figure 1) purposes.

Data Analysis

First, confirmatory factor analysis (CFA) on the full
available sample (see Figure 1) was conducted to deter-
mine the factorial structure of the SDQ in the current
sample. To achieve this, we compared the original five-
factor first-order structure proposed by Goodman
(1997) and broader five-factor second-order structure?
(A. Goodman et al., 2010).

Second, the best fitting structural model was used to test
measurement invariance across and within groups.
Specifically, we conducted three multi-group measurement
invariance assessments to determine if the measurement
invariance of constructs at baseline held between-partici-
pants across children’s demographic characteristics,
including age (primary-school-aged [4-10] or secondary-
school-aged [11-17]), gender (girl or boy), and SEN (SEN
or no SEN). We then conducted two longitudinal measure-
ment invariance tests to assess whether measurement
invariance held within-participants across the question-
naire versions (baseline and follow-up), as well as at differ-
ent periods of restrictions (periods of lockdowns
[March—July 2020] and no restrictions [March—July 2021]).
We tested longitudinal measurement invariance using a

single-group correlated uniqueness CFA model. As the
same participants were assessed at two timepoints in each
model, the SDQ items from each timepoint were modeled
as separate observed variables. Separate latent factors were
also specified for each timepoint and correlations were
allowed between the same latent constructs across time. To
account for the repeated-measures structure, we specified
correlated residuals between matching items across time-
points. Two more measurement invariance assessments
were then carried out to determine if measurement invari-
ance was present between raters (parents and adolescents)
and across countries (the United Kingdom or Japan).
Correlated uniqueness (i.e., residual covariances) were
also included for the same items in the interrater models.

For each of these assessments, the extent of measure-
ment invariance was evaluated iteratively as configural
invariance (i.e., varying factor loadings), metric invariance
(i.e., equal factor loadings), scalar invariance (i.e., equal
intercepts), and strict invariance (i.e., equal residuals). As
full scalar or strict invariance is rare (Putnick & Bornstein,
2016; Robitzsch & Liidtke, 2023), the possibility of partial
invariance was assessed, if needed. Decisions about which
item parameters to freely estimate were guided primarily by
previous studies that have adopted partial invariance
approaches in SDQ measurement (e.g., Foley et al., 2023;
Kai Yee et al., 2022; Ortufio-Sierra et al., 2015) as well as
by inspection of modification indices and observed differ-
ences in factor loadings across groups.

Finally, we examined common validity, reliability, as well
as convergent and discriminant validity coefficients for each
subsample based on the best fitting factorial model. We used
Cronbach’s alpha (o) to assess internal consistency, omega-
hierarchical (w,) coefficients to evaluate multidimensional
composite reliability, and intraclass correlations (ICC) to
assess test—retest or interrater reliability, when applicable. In
line with previous systematic reviews (Bergstrom & Baviskar,
2021; Stone et al., 2010), internal consistency and composite
reliability measures were evaluated for acceptability against
the criteria of .60 to .70 as acceptable, .70 to .80 as sufficient,
and above .80 as good. Subscale ICC values were evaluated
against the criteria of .50 to .75 as acceptable and above .75
as good (Koo & Li, 2016). To examine external convergent
and discriminant validity of parent SDQ reports, we evalu-
ated how each parent-reported SDQ subscale related to an
external measure of psychological distress (the adolescent
self-reported K6) and to corresponding adolescent-reported
SDQ subscales in the interrater subsample. We first com-
puted Pearson correlations () between each parent-reported
SDQ subscale and the K6 to assess whether subscales showed
the expected association patterns with general psychological
distress (e.g., strong positive correlations for emotional
symptoms, weaker and/or negative correlations for external-
izing and prosocial subscales). We then examined correla-
tions between parent- and adolescent-reported SDQ subscales
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to provide additional evidence of convergent validity for the
SDQ itself (e.g., parent-reported—adolescent-reported emo-
tional symptoms). Discriminant validity was evaluated by
comparing these convergent associations to correlations
involving theoretically distinct constructs, including (a) het-
ero-trait correlations between parent-reported SDQ subscales
and the K6 (e.g., parent-reported conduct problems with K6)
and (b) hetero-trait correlations among parent-reported SDQ
subscales (e.g., parent-reported emotional symptoms with
parent-reported conduct problems).

The statistical analyses were conducted in R (version
4.4.1; R Core Team, 2024). CFA models were estimated
using cfa function in lavaan (version 0.6.16; Rosseel, 2012)
with weighted least square mean and variance adjusted
(WLSMYV) estimator suitable for ordinal variables. Internal
consistency and composite reliability coefficients were esti-
mated using the semTools package (Jorgensen et al., 2022),
intraclass correlations coefficients were produced via the
psych package (Revelle, 2023), and differences between
overlapping correlations were tested using Steiger’s method
for dependent correlations via the cocor package
(Diedenhofen & Musch, 2015). The overall model fit was
determined using the comparative fit index (CFI), the root
mean square error of approximation (RMSEA), and stan-
dardized root mean square residual (SRMR). Cut-off values
for CFI =.950, RMSEA <.060, and SRMR <.080 were
interpreted as indicating good model fit (Kline, 2015),
while cut-off values for CFI =.900, RMSEA <.080, and
SRMR <.080 indicated acceptable fit (Marsh et al., 2004).
Due to their sensitivity to sample size, chi-square statistics
were reported but not used to test model fit (Cheung &
Rensvold, 2002). Instead, comparative model fit change
indices were utilized. However, there is no universal con-
sensus on optimal fit indices or cut-off values for detecting
invariance, as these depend on factors such as sample size,
number of comparisons, and model complexity (see Putnick
& Bornstein, 2016). Following Rutkowski and Svetina
(2013), we thus applied more liberal criteria (ACFI =.020,
ARMSEA >-.030, and ASRMR >-—.030 for evaluating
metric invariance to reduce the likelihood of over-detecting
trivial loading differences, particularly given the increased
sensitivity associated with conducting multiple tests across
subsamples. For scalar and strict levels, where intercept and
residual constraints can have a more substantial impact on
model fit and the interpretation of latent means, we adopted
stricter cut-offs of ACFI =.010, ARMSEA >-.020, and
ASRMR >-.015 (Chen, 2007).

Results

Replication of the Five-Factor Structure of the
Parent-Report SDQ Scale

The original five-factor first-order structure yielded good
model fit (CFI = .953, RMSEA = .057, SRMR = .058) and
the broader five-factor second-order structure resulted in

acceptable fit (CFI = .947, RMSEA = .060, SRMR =
.061). While the more constrained second-order model did
not substantially reduce model fit compared with the first-
order model, convergence for it could not be achieved in
multi-group assessments and thus measurement invariance
is reported for first-order model only. All items in the model
loaded significantly onto their expected factors (ps < .05)
with factor loadings ranging between .35 and .77 (Figure 2).
Means and standard deviations for different subscales per
subsample are available in Table S4 and Table S5.

Assessment of Whether the Measurement
Invariance of SDQ Constructs Differed Between-
Participants Across Children’s Demographic
Characteristics, Including Age, Gender, and SEN

Measurement invariance (Table 2; Models a-c) was first
assessed for the U.K. parent-report SDQ asking about
child’s mental health symptoms over the last 6 months
across four propensity-matched subsamples (Figure 1). We
examined whether models could be constrained depending
on child’s age (primary-school-aged [4-10] or secondary-
school-aged [11-17]), gender (girl or boy), and SEN status
(SEN or no SEN). Acceptable model fit for the five-factor
model was generally found across the multi-group invari-
ance subsamples (Configural models in Table 2). Neither
metric (ACFI = .020, ARMSEA > —.030, ASRMR >
—.030), nor scalar or strict (ACFI = .010, ARMSEA >
—.020, and ASRMR > -.015) invariance constraints
resulted in significant reduction in model fit indices indicat-
ing that full psychometric measurement invariance was
achieved across participants regardless of child’s age or
gender. Full strict invariance could not be achieved across
reporting on children with and without SEN status (ACFI =
.011) due to CFI change just exceeding the pre-set cut-off
(ACFI = .010). However, release of the group constraints
on the residuals of a single item (item 12: “Often fights with
other children or bullies them”) sufficiently improved the
model fit and achieved partial strict invariance.

Investigation of Whether Measurement
Invariance Held Over Time Across the
Questionnaire Versions (Baseline and Follow-Up)
and Across Different Periods of Restrictions

We also assessed whether measurement invariance could
be achieved over time within-participants in two indepen-
dent subsamples (Table 2, Models d-e). Specifically, we
examined whether model constraints could be imposed
across the baseline and follow-up versions of the U.K. par-
ent-reported SDQ that ask about child’s mental health
symptoms either over the preceding 6 months during their
first participation, or the preceding month during their next
participation. We then evaluated whether measurement
invariance remained the same over time between first
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Figure 2. SDQ Factor Structure and Estimates for the Final Five-Factor First-Order Model in the Full Sample of U.K. Parents (n =
9,001).

Note. “i01”-“i25” = SDQ Item | to Item 25; “emt” = Emotional Symptoms; “cnd” = Conduct problems; “hpr” = Hyperactivity/ inattention; “per” =
Peer relationships; “prs” = Prosocial behavior.



12

Assessment 00(0)

Table 2. Goodness-of-Fit Indices for Multigroup and Longitudinal Invariance Models.

Model df Ny? p CFl ACFI RMSEA ARMSEA SRMR ASRMR
a. Age invariance

Configural 530 .949 .063 .064

Metric 550 33.55 .029 947 .002 .062 <.001 .065 -.001

Scalar 570 327.99 <.001 942 .005 .063 -.001 .067 -.002

Strict 595 94.92 <.001 941 .001 .063 .001 .068 -.001
b. Gender invariance

Configural 530 936 .064 .065

Metric 550 19.91 464 935 .001 .063 .001 .066 -.001

Scalar 570 48.88 <.001 935 <.001 .062 .001 .066 <.001

Strict 595 65.63 <.001 .934 .001 061 .001 .067 -.001
c. SEN invariance

Configural 530 9l 074 .076

Metric 550 56.54 <.001 .901 .009 .075 -.001 .079 -.002

Scalar 570 60.34 <.001 .899 .002 .074 .001 .080 -.001

Strict 595 221.35 <.001 .888 0l1 .076 -.002 .088 -.009

Strict? 594 185.90 <.001 .890 .009 .076 -.001 .086 -.006
d. Long: B vs FU®

Configural 1,105 .955 .053 .055

Metric 1,130 30.02 224 .955 <.001 .052 .001 .055 <.001

Scalar 1,155 136.11 <.001 .955 <.001 .052 <.001 .055 <.001

Strict 1,180 48.04 .004 .955 <.001 .051 .001 .055 <.001
e. Long: L vs E®

Configural 1,105 977 .043 .048

Metric 1,130 73.65 <.001 974 .002 .044 -.001 .050 -.002

Scalar 1,155 173.12 <.001 974 .001 .044 <.001 .050 <.001

Strict 1,180 47.88 .004 974 <.001 .044 <.001 .051 -.001
f. Interrater®

Configural 1,105 960 .044 .048

Metric 1,130 140.81 <.001 .955 .006 .047 -.003 .052 -.003

Scalar 1,155 1,546.90 <.001 942 012 .053 -.005 .057 -.005

Scalar® 1,154 1,265.20 <.001 .945 010 .052 -.004 .056 -.004

Strict® 1,178 362.73 <.001 941 .003 .053 -.001 .060 -.004
g. Cross-cultural

Configural 530 .905 .073 .081

Metric 550 54.31 <.001 894 011 .076 -.003 .086 -.005

Scalar 570 224.29 <.001 .880 014 .079 -.003 .090 -.004

Scalar? 569 17437 <.001 .884 .0l0 .078 .002 .089 .003

Strict 594 155.48 <.001 873 .0l0 .080 -.002 .094 .005

Note. Metric invariance is accepted if ACFl = .020, ARMSEA > -.030, and ASRMR > -.030, while scalar and strict invariance are accepted if ACFl =

.010, ARMSEA > -.020, and ASRMR > -.015.

2tem |12 residuals vary between raters. ® Items correlated over time or over raters. © ltem 2 intercepts vary between raters. ¢ Item 21 intercepts vary

between countries.

national lockdown [March—July *20] and a year later when
restrictions were fully released [March—July *21]). Good
model fit for the five-factor structure was found in config-
ural models for both longitudinal subsamples. Neither met-
ric, scalar, nor strict invariance constraints resulted in a
significant reduction in model fit indices, indicating that
full psychometric measurement invariance was also
achieved within-participants over time regardless of SDQ
version or period of restrictions.

Assessment of Whether the SDQ Constructs
Differed Between Raters (Parents or

Adolescents) and Across Cultures (the United
Kingdom or Japan)

Two more subsamples were utilized to examine whether
interrater and cross-cultural invariance could be achieved

(Table 2, Models f-g). For the interrater analysis, measure-
ment invariance was assessed for all available
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parent-adolescent report pairs. A cross-cultural comparison
was conducted by combining parent-report SDQ data from
Japan and propensity matched parent-reports from the
United Kingdom. Good configural model fit was achieved
for the interrater model and acceptable configural fit was
achieved across cultures. Metric invariance constraints did
not result in significantly poorer model fit in either of the
subsamples and, thus, could be imposed. However, full sca-
lar and strict invariance could not be achieved for either
parent-adolescent pairs (ACFI = .012) or across the United
Kingdom and Japan (ACFI = .014) due to CFI change
exceeding the pre-set cut-off (ACFI =.010). Instead, minor
model re-specifications were implemented based on modi-
fication indices to achieve partial scalar and strict invari-
ance. In the interrater subsample, the intercepts and residuals
between scores of the item 2 were allowed to vary between
raters (parent version: “Restless, overactive, cannot stay
still for long”; adolescent version: “I am restless, I cannot
stay still for long”). In the cross-cultural subsample, the
intercepts and residuals between scores of the item 21
(“Thinks things out before acting”) were allowed to vary
between participants in the United Kingdom and Japan.

Report on Internal Consistency, Composite
Reliability, Convergent and Discriminant Validity,
as Well as Test—Retest and Interrater Reliability
Across Subscales

Internal consistency and composite reliability of the SDQ was
assessed for the U.K. parent reports across the full sample and
multi-group subsamples, for adolescent self-report, and for
Japanese parent reports (Table 3). In addition, test—retest reli-
ability was examined in longitudinal subsamples and interra-
ter reliability was estimated for parent-adolescent dyads.
Convergent and discriminant of parent-reported SDQ was
examined via correlations with adolescent self-reported K6
scale and adolescent-reported SDQ in an interrater sample.

Parent-Report in the U.K. Sample. Overall, Cronbach’s alpha
(o) indicated acceptable to good internal consistency across
subscales in the full sample (o: .68—.80). Internal consis-
tency was relatively similar across age (Primary a.: .68—.81;
Secondary a: .70-.82), gender (Girls a: .67-.80; Boys o
.67-.80), and SEN (Yes a.: .66—.78; No a.: .61-.78) subsam-
ples. Omega-hierarchical indicated that composite reliabil-
ity was sufficient to good across subscales in the full sample
(w,: .70-.82). It was acceptable to good across age groups
(Primary o,: .66—.81; Secondary ,: .65-.82), for boys (»,:
.67-.82), and for children with SEN (w,: .66-.81), but
slightly lower for girls (®,: .64—.79). For children without
SEN, most subscales also reached acceptable to sufficient
reliability (m,: .68-.77), but composite reliability for the
peer relationship subscale was poor (m, = .51).

Test—retest reliability of hyperactivity/inattention sub-
scale was good across different periods of restriction (ICC
= .75) and between different reporting windows of the
SDQ (ICC = .76). Peer relationship subscale test-retest
reliability was acceptable across restriction (ICC = .74) and
good between SDQ versions (ICC = .78). Conduct prob-
lems (ICC: .71-.72), emotional symptoms (ICC: .67—.74),
and prosocial behaviors (ICC: .71-.74) subscales all showed
acceptable test-rest reliability in both longitudinal samples,
respectively.

Patterns of correlations supported the external conver-
gent and discriminant validity of the parent-reported SDQ
(Table 4). As expected, parent-reported emotional symptoms
showed the strongest correlation with adolescent-reported
psychological distress on the K6 (» = .57), whereas K6 cor-
relations with conduct problems, hyperactivity/inattention,
peer relationships, and prosocial behavior were weaker and
in the theoretically expected directions. This was confirmed
by Steiger’s overlapping-correlation tests (zs = 8.79-20.92,
ps < .001; see Supplemental materials: Table S6). Parent—
adolescent agreement also demonstrated strong mono-trait
convergence (rs = .54—.67), and these correlations consis-
tently exceeded hetero-trait cross-informant associations (zs
= 8.09-16.59, ps < .001). Together, the correlation matrix
(Table 4) and comparison tests (Supplemental materials:
Table S6) suggest that parent-reported SDQ subscales
showed stronger relationships with conceptually aligned
constructs, such as adolescent distress and matching adoles-
cent SDQ subscales, than with unrelated traits.

Adolescent-Report in the U.K. Sample. Cronbach’s alpha (a)
indicated acceptable to sufficient internal consistency across
all adolescent self-reported subscales (o.: .62—.78). Compos-
ite reliability was good for hyperactivity/inattention (w, =
.84) and emotional symptoms (w, = .83) subscales, suffi-
cient for peer relationship (o, = .71) and prosocial behavior
(o, = .79) subscales, and acceptable for the conduct prob-
lem (w, = .65) subscale. Interrater reliability between par-
ents and adolescents was acceptable (ICC = .65).

Parent-Report in the Japanese Sample. Cronbach’s alpha (o)
also indicated acceptable to sufficient internal consistency
across all subscales (o.: .60—.79) in the Japanese version of the
SDQ. Similarly, omega-hierarchical indicated acceptable to
sufficient composite reliability across subscales (o, .66—.78).

Discussion

The main aim of the current study was to evaluate the factor
structure and measurement invariance of the parent-report
SDQ during a global public health crisis, the COVID-19
pandemic. We replicated the original five-factor structure,
which fully held across children’s age and gender groups
and was partially achieved between groups of children with
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Table 3. Internal Consistency (o) and Composite Reliability (m,) of SDQ Five-Factor Model per Reporter and Child Characteristics.

Hyperactivity/ Conduct Emotional Peer Prosocial
inattention problems symptoms relationships behavior
Sample o oy, o oy, o oy, o y, o (oN
Parent reports UK
Full sample
.80 .82 .70 .70 79 79 .68 .70 77 .75
Age
Primary 8l 8l .70 .66 .78 8l .68 73 77 .76
Secondary .80 .82 .70 71 .82 .80 72 .65 77 75
Gender
Boys .80 .82 .68 .69 .76 79 .67 .67 .76 .75
Girls .78 .78 .70 .68 .80 79 .67 .64 75 73
SEN
No .78 77 .70 .70 .78 74 61 Sl 73 .68
Yes .76 79 73 .66 .76 8l .66 74 .78 .78
Adolescent reports UK
.78 .84 .62 .65 .78 .83 .65 72 .69 79
Parent reports Japan
77 77 .60 .66 79 .78 61 .66 .68 .76

or without SEN. We were able to establish longitudinal
measurement invariance across parent-reported SDQ stan-
dard baseline and follow-up versions and over different
periods of restrictions, as well as partial measurement
invariance between parent- and adolescent-report and
English (UK) and Japanese versions of the SDQ. The five
SDQ subscales showed acceptable to good internal consis-
tency and composite reliability across subsamples, although
composite reliability for the peer relationship subscale in
the sample of children without special educational needs
was poor. The subscales also yielded, at least, acceptable
test—retest reliability across different SDQ reporting win-
dows and different periods of restrictions, as well as accept-
able convergent and discriminant validity and interrater
reliability between parents and adolescents, including the
expected pattern of strong mono-trait associations and
weaker hetero-trait relationships within the SDQ’s nomo-
logical network.

Unlike the previous studies that have investigated the
SDQ factorial structure during the pandemic, our findings
replicated the original five-factor structure without requir-
ing any item removals or model modifications. Both the
original (R. Goodman, 1997) and broader second-order
structure (A. Goodman et al., 2010) yielded a good model
fit in the current study indicating that both structures could
be applied to the data. However, the measurement invari-
ance of the latter structure could not be assessed due to non-
convergence issues, and it is therefore possible that this
structure could have varied over time, across groups, report-
ers, or countries. In contrast, the five-factor structure of the
SDQ showed measurement invariance across age

and gender groups. This aligns with pre-pandemic research
suggesting that the parent-report SDQ is a reliable, valid,
and stable measure of emotional and behavioral symptoms
in children (4- to 10-year-olds) and adolescents (11- to
16-year-olds), as well as across girls and boys (DeVries
et al., 2017; Murray et al., 2021; Sosu & Schmidt, 2017,
Toseeb et al., 2022). Taken together, these findings indicate
that parents interpreted SDQ items in broadly the same way
during the pandemic as in typical conditions, in contrast to
earlier pandemic studies that reported weaker fit or required
structural modifications (e.g., Kai Yee et al., 2022; Sapin
et al., 2024).

Differences between the present findings and other
pandemic studies may have occurred due to variations in
language versions, cultural contexts, or modeling
approaches rather than genuine instability in SDQ con-
structs. For instance, pandemic studies using the French
(Sapin et al., 2024) and Malaysian (Kai Yee et al., 2022)
parent-report versions of the SDQ encountered model-fit
challenges or required item-level modifications. This
aligns with pre-pandemic findings from adolescent-report
studies across European (Essau et al., 2012; Ortufio-Sierra
et al., 2015) and Asian (Sourander et al., 2024) countries
showing that SDQ item functioning can vary across par-
ticular languages and cultural settings. Yet, these varia-
tions are difficult to distinguish from potential pandemic
related effects, given that Foley et al. (2023) was the only
study that included the original English version of the
SDQ in their cross-country comparisons but did not report
model fit across countries before they modified the scale
for acceptable fit. These considerations underscore the



*(PoYy3oW-0.1933Y/31e13-0.1933Y)) SIUDIDIS0D AIPIBA JUBUIWIIDSIP }BIM SIOUSP SIN|BA
49420 || “(POYIDW-OUOW/ABII-04313Y) SIUDIDIY0D AJPI[EA JUBUIWILIDSIP SUOIIS SIBDIPUI SUOIIE[SLI0D PIZIDI[E)| "SUONE|D.I0D (POYISW-0.1913Y/1IBl1-0UoW) JUSZISAUOD JUasada. pjoq ul sanfep 310N

L0~ 0§’ 69 6€ 6€ €T- L€ LS e ve ss2.s1p [€2180|0YdAsd
93| JUSISA|OpY
- 0¥'- 80— g&- YA 148 £T- 8l'— €€ - £T- JOIABYD(q [BI20S0.d
- Ly e 43 LT~ 9 ¥ 6T og’ sdiysuone|a. 493y
- 8T or’ vl= LE LY’ 124 o€’ swoldwAs [euonowsy
- £S LE—- LT 74 9’ b swajqo.d 1onpuor
uonuaneul
— [T- 8T s¢ I €9 JAnanoesadAy
OQs usdsajopy
— - 9T~ 65— 68— OIABY3q |BI>0SO.d
— 8y’ (i a 8¢ sdiysuoneau 49y
— 0y i swoldwAs [euonowy
— 15 swajqo.d 3onpuo’
uoljualjeul
— /AianoesedAH
Qs uaJeq
JolAeyaq sdiysuonea. swoldwiAs swa|qoud uonuaneul Jolaeyaq sdiysuonea. swoldwAs swa|qo.d uonuaneul el
[e1>0s0ud 199( [euozowy 12npuo) JAnAnoeIadAH [e1oso.y 199( [euonnowy 12npuod JAuAnoesadAH
OQds usdssjopy Qs ey poyIs|y

‘93| pa1ioday-1usdssjopy pue ‘DS parioday-1usdsajopy ‘DS parioday-1uaJed Suowy SUONE|DIIOD) POYIBWNRIN|-ABIN|NL ‘b S]qeL

15



16

Assessment 00(0)

need for careful attention to both linguistic and contextual
influences when interpreting cross-study variability in
SDQ structure during the pandemic.

Our findings also indicate that the parent-reported SDQ
is as suitable for children with SEN as it is for children
without SEN, showing no strong evidence that its psycho-
metric performance is poorer in one group than the other.
This conclusion is supported by partial strict invariance and
acceptable internal consistency and composite reliability
across SEN status groups, in line with the limited previous
research showing measurement invariance across these
groups for the self-reported SDQ in German young people
aged 11 to 12 years old (DeVries et al., 2018). While our
SEN group included children formally identified under edu-
cational guidance in the U.K. sample and within school-
based support categories in Japan, it is important to
acknowledge that this is a heterogenous group and as such,
we should remain cautious about the applicability of these
findings to specific neurodivergent populations. Notably,
Turcan et al. (2024) found poor factorial fit for parent-
reported SDQ for autistic English adolescents; however,
consistent with our findings, their supplementary analyses
showed improved and adequate model fit when the SDQ
3-point Likert-type response scale was treated as categori-
cal rather than continuous (i.e., using WLSMV estimator).
This suggests that the SDQ structure may remain valid for
some neurodivergent groups under appropriately specified
models, though factorial validity may vary across specific
diagnoses.

While our current findings indicate that the factor struc-
ture of the parent-reported SDQ remained consistent across
all of our measurement invariance assessments, the reliabil-
ity of the subscales was generally suboptimal. This implies
that subscale items might not always reflect the same con-
struct. The conduct and peer relationship subscales, in par-
ticular, demonstrated only acceptable internal consistency
and composite reliability results. Consistent with previous
research indicating problems with the conduct subscale
(Foley et al., 2023; Kai Yee et al., 2022; Sapin et al., 2024),
item 22 (“steals from home or school”) had the lowest fac-
tor loading and lowest endorsement (7.9%) in our study. It
is possible that this reflects COVID-19-related restrictions
on face-to-face interactions, which may have limited chil-
dren’s opportunities or motivation to engage in and, in turn,
parents’ opportunities to observe particular behaviors.
However, it is important to note that similar subscale-level
validity and reliability scores have commonly been found in
pre-pandemic SDQ assessments (see Stone et al., 2010)
including its original psychometric evaluation (R. Goodman,
2001). Indeed, when assessed, most studies evaluating SDQ
psychometric properties have considered internal consis-
tency and/or composite reliability of .60 as acceptable (Kai
Yee et al., 2022; Matsuishi et al., 2008; Stone et al., 2015;

Woerner et al., 2004). Yet, while values as low as .70
(Nunnally, 1978) or .60 (Hair et al., 2011) may be accept-
able for exploratory research during scale development,
higher reliability (e.g., .80 for basic research and .90 applied
settings) is recommended (Lance et al., 2006). This is espe-
cially important given the widespread use of the SDQ. Due
to its brevity, availability of norms, and accessibility, it is
used not only in research, but also in clinical and social care
settings. Therefore, although our findings support the use of
the parent-report SDQ during the COVID-19 pandemic,
including with children with SEN and in Japanese contexts,
they also align with the recent calls to revise the SDQ and
to use it cautiously in clinical practice, especially for screen-
ing and diagnostic purposes (Kankaanpda et al., 2023;
Turcan et al., 2024).

Our findings also provide new evidence showing mea-
surement invariance longitudinally across the standard
baseline and follow-up versions of the parent-reported SDQ
and across the different stages of the pandemic-related
restrictions, as well as across parent and adolescent infor-
mants. Multiple pre-pandemic studies to date have investi-
gated and confirmed that factorial structure of the
parent-reported SDQ is time invariant across children’s
ages (DeVries et al., 2017; Murray et al., 2021; Sosu &
Schmidt, 2017; Toseeb et al., 2022). Yet whether the report-
ing window of the SDQ that is used has potential effects on
the factorial structure of the scale has not been addressed.
Current findings of longitudinal strict invariance and
acceptable test—retest reliability suggest that factor struc-
ture, intercepts, loadings, and residuals were invariant
across the baseline and follow-up versions of the SDQ
despite their differences in the length of reporting period.
Similarly, strict invariance and acceptable test—retest reli-
ability was also found between parental reports during the
first national lockdown (March—July °20) and a year later
when restrictions were fully released (March—July ’21).
Partial interrater invariance was also found between parent
and adolescent informants suggesting that SDQ constructs
were meaningfully consistent between parental reports and
adolescent reports during the pandemic. This suggests that
previously reported variations in SDQ symptom levels over
the pandemic (Creswell et al., 2021) are likely to reflect a
true change in parental perception of their children’s mental
health symptoms rather than changes in construct
perception.

We also provide novel insights into global stability of the
parent-reported SDQ as our findings established partial
measurement invariance across the English (UK) and
Japanese versions. The SDQ has been originally developed
in the United Kingdom and translated into nearly 80 lan-
guages including Japanese. This version has been validated
within Japan and has been found to have a five-factor struc-
ture as expected (Matsuishi et al., 2008; Shibata et al.,
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2015). Yet, any group comparisons based on measures that
were validated in different cultural contexts separately may
yield spurious differences that occur due to differences in
factor intercepts or loadings rather than observed means
(Chen, 2008). “Japanese collectivism” has been suggested
to underlie the markedly different experience of the COVID-
19 pandemic in Japan in comparison to more individualistic
Western countries, such as the United Kingdom (Tashiro &
Shaw, 2020), which could also lead to different perceptions
of child mental health symptoms between countries. Yet,
our findings of partial strict invariance are reassuring in that
regard by showing that sufficient measurement invariance
is present to allow for cross-cultural comparisons between
the United Kingdom and Japan.

Limitations and Constraints on Generality

The generalizability of the current findings should be inter-
preted in light of several limitations. First, as the Co-SPACE
project was started in response to the COVID-19 pandemic,
pre-pandemic SDQ psychometric properties could not be
examined in the current sample. However, we showed
strict longitudinal measurement invariance between paren-
tal reports during the first national lockdown and when
restrictions were fully released in 2021. Furthermore, the
current findings of five-factor structure and measurement
invariance between reporters and across child age, gender,
and SEN groups align with pre-pandemic research.
However, it is still possible that more enduring shifts in
parental expectations, children’s social development, or
the expression of symptoms could have taken place from
pre- to during- and post-pandemic that could affect SDQ
construct perception but would have not been captured in
the current analysis. For example, behaviors such as social
withdrawal may have become more normalized due to sus-
tained remote learning, social isolation, and altered rou-
tines. Post-pandemic, parents might report these behaviors
as less concerning than they would have prior to 2020.
Second, the current study only investigated parent-report
SDQ measurement invariance for children with and with-
out SEN as two groups. Given that Turcan et al. (2024)
found poor factorial fit for SDQ in autistic adolescents,
future studies should further examine whether and how the
SDQ factorial structure may vary across different types and
co-occurrences of special educational needs. Third, the pri-
mary study sample from the United Kingdom was based on
the convenience sampling resulting in WEIRD (i.e., west-
ern, educated, industrialized, rich, and democratic) bias
with over-representation of middle and high-income par-
ents from White British backgrounds. A relatively small
sample of participants was available to assess measure-
ment invariance of the Japanese SDQ version. Acceptable
partial invariance was achieved between the United
Kingdom and Japan subsamples that were propensity

matched on date of participation and demographic infor-
mation, but nether multi-group nor longitudinal or interra-
ter invariance could be assessed in the Japanese sample
separately. Furthermore, SEN status was based on parent
report, reflecting formal identification under U.K. educa-
tional guidance in the U.K. sample, and school-based sup-
port categories in Japan. Therefore, further research is
needed to establish whether current findings of the mea-
surement invariance across age, gender, SEN groups, par-
ent and adolescent raters, different versions of the SDQ
and different stages of the pandemic based on the U.K.
sample would fully apply to the Japanese version of parent-
reported SDQ. Moreover, criterion validity could not be
assessed in the current study due to the lack of diagnostic
or clinical outcome data, largely stemming from the con-
straints of online data collection during the COVID-19
pandemic. This limits our ability to evaluate how well SDQ
scores predict clinically significant outcomes. Finally,
teacher reports were not collected and assessed in the cur-
rent study despite pre-pandemic research that indicates
high validity and reliability of teacher reported SDQ (A.
Goodman et al., 2010). Given the increased frequency of
the online learning and common changes in teacher-to-
class allocation during the pandemic, it is likely that the
psychometric properties of the teacher-report SDQ version
may have been affected more than the parent-report, but we
were not able to explore this.

Conclusion

Taken together, our results suggest that the parent-report
SDQ is generally a reliable and structurally valid measure
for capturing changes in child and adolescent mental health
during public health crises, such as the COVID-19 pan-
demic, although it is not without limitations. This study
replicated the original five-factor structure of the parent-
reported SDQ during the COVID-19 pandemic without
any modifications and full longitudinal measurement
invariance was established for the data collected during the
height of restrictions and when restrictions were lifted.
This suggests that any the public health crisis-related con-
struct changes to this version of the SDQ, if present, were
not substantial enough to undermine the factorial structure
in this study. Our findings further suggest that parents
interpret the SDQ items in similar ways to pre-pandemic
norms irrespective of their child’s age, gender, and SEN
status, 1- or 6-month reporting period, or English and
Japanese language versions of the questionnaire. However,
we note that the reliability of the parent-reported SDQ, in
particular conduct and peer relationship, was quite low
across our samples. Low reliability of these subscales is in
line with previous pre-pandemic estimates, but it indicates
a need for caution and scale revisions, especially when
used in clinical practice for screening and diagnosis.
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Notes

1. The World Health Organization declared COVID-19 a Public
Health Emergency of International Concern (PHEIC) on
January 30, 2020, and characterized it as a global pandemic
on March 11, 2020, with the emergency phase ending on May
5, 2023 (Burki, 2023).

2. A five-factor second-order structure of the SDQ further
extends the original five-factor structure and assumes an
additional second-order level of latent factors representing
two further SDQ subscales. In this model, hyperactivity/ inat-
tention and conduct factors further load on an externalizing
second-order factor and emotional and peer relationship first-
order factors load onto an internalizing second-order factor,
while the prosocial behavior subscale remains as a first-order
factor.
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