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Abstract

The Strengths and Difficulties Questionnaire (SDQ) is the most widely used mental health screening instrument for children
and adolescents. It is a short questionnaire including 25 items that can be answered by parents, teachers or children. There
are two studies which report norms for the German SDQ parent version. They do not include children younger than 6 years.
Moreover, whether the German SDQ parent version is measurement invariant across age has not yet been investigated. The
absence of measurement invariance across age would support the use of age-specific norms that are not yet available for
the German SDQ parent version. We used data of the German Health Interview and Examination Survey for Children and
Adolescents (KiGGS), a nationally representative survey including 14,835 children aged 3—17 years, to assess measurement
invariance of the German SDQ parent version across the full age range. Multi-group confirmatory factor analysis revealed
that the hyperactivity and emotional symptoms subscales are not comparable between children of different ages. This sup-
ports the use of age-specific norms for these two subscales and for the total SDQ. We used methods of centile estimation to
smoothly model the centiles of the SDQ total score and the subscale scores in dependence on age. These age-specific centiles
reflect the developmental course of SDQ problems in children (including preschoolers) and adolescents living in Germany.
They can be used to identify children and adolescents with abnormal behaviour, while accounting for the developmental
course of emotional and behaviour problems.

Keywords Strength and Difficulties Questionnaire (SDQ) - Parent report - Sex- and age-specific norms - Reference curves -
National norms - Screening instrument

Introduction An appropriate reference group might be a group of per-

sons with similar demographic characteristics, such as age,

The identification of mental health problems in children and
adolescents poses several challenges on mental health and
research professionals. One important criterion of mental
health problems, amongst others, is that they are charac-
terised by a deviation from an appropriate reference group.
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sex and cultural background (e.g., [1, 2]). It is important
that screening instruments are validated in nationally repre-
sentative samples in different age groups and for both boys
and girls before they are used for identifying mental health
problems.

The Strengths and Difficulties Questionnaire (SDQ) is
one of the most widely used mental health screening instru-
ments for children and adolescents, and has been translated
into over 60 languages [3, 4]. It comprises the five sub-
scales emotional symptoms, peer problems, conduct prob-
lems, hyperactivity/inattention and prosocial behaviour. The
SDQ was originally developed for children and adolescents
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of ages 4—17 years. An early-year version of the SDQ for
children of age 2—4 years was developed in 2014." The
evaluation can be done by parents and teachers of children
and adolescents aged 2—17 years (parent/teacher version)
or by the children themselves if they are 11 years or older
(self-report version). The SDQ parent version (SDQ-P) is
the most widely used version [5].

Epidemiological studies showed that psychopathological
abnormalities are prevalent in about 10-20% of children and
adolescents [6]. Many countries have national norms that
were derived from nationally representative samples (for
a review, see [5]). Some authors accounted for potential
sex and age differences. Based on the norms, cutoff scores
defining a normal range for the SDQ total sum score can be
derived for the screening of mental health problems. Due to
prevalence estimates between 10% and 20%, the 80th and
90th centiles of nationally representative samples have been
frequently used as cutoff scores for defining clinically rel-
evant behaviour. More recently, Goodman et al. proposed
using the 80th, 90th and 95th centiles as cutoffs for defining
the scores as ‘close to average’ (< 80th centile), ‘slightly
raised’ (80th—90th centile), ‘high’ (90th-95th centile) and
‘very high’ (> 95th centile) [7]. Such information could be
used to interpret the severity of abnormality.

The German SDQ-P has been tested and validated in five
studies [8—13]. Two of the studies were based on clinical
samples comprising children aged 6—18 years with ADHD
[8] and children aged 5—17 years with any psychiatric diag-
nosis [9]. The three remaining studies examined commu-
nity samples that were considered nationally representative.
Norms of the German SDQ-P stem from Woerner et al. and
are based on parents’ reports of approximately 1000 children
aged 6-16 years [12, 13]. These norms have been confirmed
by Rothenberger et al. in a sample of approximately 2500
parents of 7-16-year-old children [11]. However, there are
no studies examining preschoolers, limiting the generalis-
ability of the results to children of 6 years or older. The
availability of German norms for preschoolers is inevitable
because preschoolers are not yet able to report on their men-
tal health and parents’ or carers’ reports are the main source
of information (for a review, see [14]).

Emotional or behaviour problems might express differ-
ently depending on a child’s age [1, 2]. The behaviour of
an 11-year-old might be of clinical relevance, although the
same behaviour might be normal at the age of, say, 3 years.
Therefore, because the SDQ-P can be applied to the wide age
range from 2 to 17 years, developmental differences in the
phenotype of emotional or behaviour problems might arise.

! The original SDQ differs from this early-year version in the word-
ing of three items (two items of the behaviour problem subscale and
one item of the hyperactivity subscale; see http://www.sdqinfo.org).
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This would prohibit any comparisons of (subscale) scores
for children of different ages. Further, it raises the concern
that younger children are reported systematically more or
less frequently of showing abnormal behaviour than older
children, if norms of older children are used (e.g., [15]).
Examination of measurement invariance of the SDQ across
age is, therefore, of crucial importance and if the German
SDQ-P is not measurement invariant across age, age-specific
norms are required. If measurement invariance can be shown
in contrast, normal ranges (usually defined by centiles of a
reference population) are constant across different ages and
there is no need for age-specific reference values.

Woerner et al. reported that for children and adolescents
aged 6-16 years scale scores are unrelated to age, except
for the hyperactivity/inattention subscale for which younger
children had slightly higher scores than older children and
adolescents [12, 13]. The authors concluded that the dif-
ferences in the German SDQ-P across age groups have
shown to be negligible. Rothenberger et al. obtained similar
results for children and adolescents aged 7—16 years [11].
Again, younger children had significantly higher hyperactiv-
ity scores than older children and adolescents. In addition,
younger children had slightly higher SDQ total scores and
lower prosocial behaviour scores than older children. This
suggests that developmental processes should be taken into
account at least for some subscales. However, their inves-
tigations are limited to children of age 6—16 years and do
not reveal the developmental course of SDQ problems from
preschool to school-aged children. Within their preschool
sample, Klein et al. obtained no age differences between 3-
and 5-year-olds [10]. In addition, they compared SDQ scale
means of their 3—5-year-olds with the scale means of the
German representative sample of 6—16-year-olds of Woerner
et al. [12, 13]. Despite the lack of representativeness and
comparability, Klein et al. attribute differences between the
samples to age rather than other factors, leading to conclu-
sions that are in conflict with the available literature [10]:
The authors concluded that for 3—5-year-olds prosocial
behaviour and hyperactivity scores were higher and peer
problem scores were lower than in 6—16-year-olds. Holling
et al., in contrast, showed that 3—6-year-olds and 14—17-year-
olds had lower problem behaviour than 7—-13-year-olds [16].

In all the studies, either Spearman correlation analysis
or classical statistical tests and descriptive analysis were
performed [12, 13]. While the former tests for the exist-
ence of any monotone relationship between the SDQ total
score and age, the latter assesses whether the central ten-
dency (like mean or median) is different across age groups.
Although addressing interesting questions, neither type of
analysis answers the question of whether the SDQ operates
the same way for all age groups (i.e., if the SDQ is measure-
ment invariant).


http://www.sdqinfo.org
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We used data of the German Health Interview and Exami-
nation Survey for Children and Adolescents (KiGGS) [17],
to address the following goals: (1) to replicate the original
scale structure of the German SDQ-P in the whole sample,
to validate the German SDQ-P across the whole age range,
including preschool children, (2) to assess whether the Ger-
man SDQ-P is measurement invariant across the full age
range, and (3) to provide norms that are age-specific if meas-
urement invariance cannot be shown and not age-specific if
measurement invariance can be shown. All analyses are per-
formed separately for boys and girls because of substantial
sex differences in problem behaviour [3, 16, 18].

Methods
Study design and sample

The German Health Interview and Examination Survey for
Children and Adolescents (KiGGS) is a nationally represent-
ative cross-sectional health interview and examination sur-
vey for children and adolescents that took place in Germany
from May 2003 to May 2006 [17]. The KiGGS Study was
approved by the Charité/Universitdtsmedizin Berlin Ethics
Committee and the Federal Office for the Protection of Data,
and was conducted according to the Declaration of Helsinki.
Details on the objective, study design and sampling strategy
were described elsewhere [19-21].

Participants were sampled based on a complex two-stage
sampling procedure, with 167 sample points from an inven-
tory of German communities stratified according to the BIK
classification system. Data on sociodemographic character-
istics as well as parameters related to physical, psychologi-
cal and social health were obtained from 17,640 children
and adolescents for the entire age range from 0 to 17 years.
Among those, 14,835 children were 3 years or older.

Instruments

The Strengths and Difficulties Questionnaire (SDQ) is a
widely used screening instrument for emotional and behav-
iour problems, and also contains a subscale on prosocial
behaviour. It consists of 25 items positively or negatively
worded, thereby assessing both strengths and difficulties.
In the SDQ-P, the items are rated by parents as untrue (cor-
responding to a score of 0), somewhat true (score of 1) or
certainly true (score of 2). They can be grouped into four
problem subscales and one competence subscale, each com-
prising five items with sum scores ranging from O to 10. The
four problem subscales assess conduct problems, hyperactiv-
ity/inattention, emotional symptoms and peer problems. The
competence subscale assesses prosocial behaviour. The total
difficulties score is composed of the scores of the problem

subscales only and thus ranges from 0 to 40, with larger
scores suggesting greater problem behaviour.

Statistical analysis

Derivation of SDQ subscale scores in the presence
of missing data

If the parent answered three or more items of a given sub-
scale, the respective subscale score was derived. Current
practice consists in imputing the scores of items that were
not answered using the mean score of the subscale, if no
more than two answers per subscale are missing. For exam-
ple, if a parent rates the first three items of a subscale with
1, 0 and 1, but does not rate the other two items of the sub-
scale, the scores for these two items are imputed by the value
0.667 (=[1+0+ 1]/3). This gives a subscale score of 3.333
(=140+1+40.667+0.667). If the items of all other sub-
scales are answered, one obtains a real-valued SDQ total
score.

Note that the derivation is slightly different from the
original algorithm provided at http://www.sdqinfo.org.
Real-valued scores are rounded to the nearest integer (see
http://www.sdqinfo.org). Rounding the score to the nearest
integer, however, introduces a bias. In the example above,
the value 3.333 is rounded to 3, which leads to an underes-
timation of the child’s problem score. Moreover, according
to the implementations provided at http://www.sdqinfo.org,
the SDQ total score is computed from the rounded subscale
scores. This might be a problem. For example, if 3.333 is
the subscale score of all four subscales, the derived SDQ
total score is 12 (=3 + 3+ 3 +3), although the value 13 (»
3.333+3.333+3.333+3.333) would be more appropriate.
This introduces an additional bias. For this reason, we did
not round any values to the nearest integer.

Confirmatory factor analysis (CFA) for replicating
the five-factor structure of the SDQ-P

CFA was used to evaluate the five-factor structure of the
SDQ, based on the sample population for which all 25 items
of the SDQ were answered. The analysis was performed both
for the total sample population and separately for boys and
girls. Diagonally weighted least squares (WLSMYV) estima-
tion was used to account for the ordinal scale of the items
[22]. There are several criteria for assessing model fit, such
as the chi-square statistic or fit indices. Since the chi-square
statistic depends on sample size, it is likely that in large
population-based samples, even very small improvements
in model fit might become significant [23]. This is why the
chi-square statistic was not used for assessing model fit.
Instead, model fit was assessed using the Bentler compara-
tive fit index (CFI; [24]), the Tucker—Lewis index (TLI),
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where CFI and TLI> 0.90 signifies acceptable fits and > 0.95
signifies good fits, respectively, and the root mean square
error of approximation (RMSEA), where an RMSEA <0.08
indicates an acceptable model fit and < 0.05 a good model fit
[25]. Model fit was considered acceptable if CF1>0.9 and
TLI>0.9, and RMSEA <0.08. All fit indices were computed
from the scaled chi-square statistic (therefore, termed ‘scaled
CFT’, etc.).

Multi-group confirmatory factor analysis (MGCFA)
for assessing measurement invariance across age

MGCFA was used to assess measurement invariance of the
SDQ across age. A categorisation of the sample into the
following age groups was performed: 3—4 years, 5-6 years,
7-8 years, 9-10 years, 11-12 years, 13—14 years and
15—17 years. This categorisation is a trade-off between suf-
ficient sample sizes per age group and homogeneous groups.
With this categorisation, the numbers of subjects in each age
group within girls or boys were not below 900 and are thus
sufficiently large for MGCFA.? At the same time, the pooling
of two (three, resp.) adjacent ages to form homogeneous age
groups is considered to be acceptable.

First, the proposed five-factor model (termed baseline
model), in which factor loadings and thresholds varied
freely over age groups, was assessed based on fit indi-
ces. Configural invariance was assumed if this model had
acceptable model fit. Note that the SDQ contains categorical
items that are evaluated on an ordinal scale (answer format:
untrue, somewhat true, certainly true), and invariance test-
ing with continuous and categorical items differs. Accord-
ing to Muthén and Muthén, in the presence of categorical
item responses, thresholds and loadings should be varied in
tandem since the item characteristic curves depend on both
parameters [27] (see also [28] for the MGCFA methodology
with categorical item responses). Thus, weak invariance test-
ing is appropriate for continuous but not for categorical item
responses and was not applied for this reason.

If configural invariance held, strong measurement invari-
ance was assessed by comparing the baseline model to a
more constrained model (termed strong invariance model),
in which all items’ factor loadings and thresholds were
held equal across age groups. Strong measurement invari-
ance was not established if the difference in the models’
CFI indices (ACFI) exceeded 0.01 [29, 30]. Note that this
is a tolerant criterion and more strict criteria for declaring
measurement non-invariance were proposed. Meade et al.,
for example, proposed declaring measurement non-invar-
iance if ACFI>0.002, which has greater power to detect

2 Kline [26], for example, suggests a minimum of 100 subjects per
group.
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non-invariance if it is present but also bears a higher risk
to falsely declare measurement non-invariance [31]. In this
study, we used the less strict criterion (ACFI>0.01) for
assuming measurement non-invariance because we want to
minimise the risk of incorrectly declaring the SDQ being
measurement non-invariant.

If the difference in CFI indices was larger than 0.01
(i.e., strong measurement invariance cannot be assumed),
we assessed whether it suffices to constrain the factor load-
ings and thresholds not for all but only for a few items, usu-
ally referred to as partial strong measurement invariance.
Partial strong measurement invariance would indicate that
specific items function differently on children of different
ages but others do not. To identify items for which measure-
ment invariance cannot be assumed, we tested for each item
i whether the strong invariance model has a significantly
worse fit than a (partial strong invariance) model in which
the factor loadings and thresholds are held constant over
all age groups, except for the loadings and thresholds of
item i that were allowed to freely vary over the age groups.
Items with small p values (or equivalently, large score test
statistics) can be considered as items for which the constraint
of equal loadings and thresholds should be released. We,
therefore, first sorted the items according to their p values
or equivalently, according to their score test statistics. Then,
starting from the strong invariance model, we repeatedly fit
a number of models, each time releasing the constraint for
one additional item, until we obtained a model which had
not a substantially worse fit than the baseline model (i.e.,
ACFI<0.01).

In contrast to the derivation of centile curves (described
in the following paragraph), we did not use weighting fac-
tors for (MG)CFA since we do not report any numbers or
percentages from these analyses that are supposed to be rep-
resentative for the population in Germany.

Centile curves for deriving age-specific norms

The LMSP method of centile estimation was used to model
centiles of the SDQ total score in dependence on age [32].
This method assumes that for a given age, there is a trans-
formation of the form

_ (}[(%)—1] ifv 0
S = llog(m> ifv=0 ’
"

[

such that the transformed SDQ total score, ’8_56, follows a
standard power exponential distribution with power param-
eter > 0. The SDQ score is then said to have a Box—Cox
power exponential distribution with parameters y, o, v and
7 relating to the location, scale, skewness and kurtosis,



European Child & Adolescent Psychiatry (2020) 29:123-136 127
Table 1 Results of MGCFA Population ~ Model CF'  ACFIY TLP ATLIY RMSEA® ARMSEA®
for assessing measurement
invariance across age groups in Boys Configural invariance ~ 0.925 - 0.915 - 0.049 -
a specified population Strong invariance® 0908 0017 0907  0.008 0.051 —0.0020
Partial strong 0916  0.009 0.914 0.001 0.050 —0.0002
invariance® (items
worries, distractible)
Girls Configural invariance ~ 0.918 - 0.907 - 0.047 -
Strong invariance® 0.898  0.020 0.897 0.009  0.049 —0.0020
Partial strong 0.910  0.008 0.908 —0.001 0.046 0.0003

invariance® (items
somatic, worries,

restless)

4Comparable fit index
>Tucker—Lewis index

“Root mean square error of approximation

dDifference in CFI, TLI and RMSEA, respectively, of the baseline model (all parameters estimated freely)
and the model with constraints (equal factor loadings and thresholds for all age groups)

¢(Partial) strong measurement invariance is assumed if ACFI<0.01

respectively [32]. Each of the four parameters y, o, v and 7
were modelled as smooth non-parametric functions of the
exact age. The scores of the subscales take values between 0
and 10, and were assumed to follow a zero-adjusted gamma
distribution. Worm plots [33] and Q statistics testing normal-
ity of residuals within age groups [34] were used as diag-
nostic tools to identify possible inadequacies of the fit. In
addition, the smoothed centiles were also compared with
their empirical counterparts. A weighting factor was used
for modelling centiles to correct for deviations in the sample
from the population structure in Germany (as on 31 Decem-
ber 2010) with respect to age and region (East/West/Berlin).

Statistical software

All analyses were conducted with the statistical software R,
version 3.3.0. CFA and MGCFA models were fit using the
function cfa in the R package lavaan (version 0.5-22; [35]).
Partial measurement invariance was assessed based on the
results of the function lavTestScore of the same package.
For modelling the centiles of the SDQ scores, the R package
gamlss (version 5.0-2) and relevant functions therein were
used [36].

Results

Factor structure and measurement invariance
across age groups

SDQ data from 13,423 completed questionnaires (i.e., no
missing items; 6810 boys and 6613 girls) were used for
assessing the factor structure and measurement invariance.

The fit of the five-factor models in the overall study popula-
tion and within boys and girls was not optimal, and yielded
CFI and TLI values below 0.9 (results not shown). The mod-
ification indices for all three models suggested that there
is strong residual correlation between the items restless
and fidgety of the hyperactivity/inattention subscale. After
accounting for residual covariance between these items, the
fit considerably improved and yielded acceptable values with
CFI=0.912, TLI=0.900, RMSEA =0.051 for the overall
study population, CFI=0.917, TLI=0.905, RMSEA =0.053
for boys and CF1=0.912, TLI=0.900, RMSEA =0.050 for
girls. The path diagrams for the three models including the
factor loadings, thresholds and (co)variances are shown in
Online Resource 1.

The models for boys and girls were subsequently specified
in the framework of MGCFA to test for configural invariance
across all age groups within boys and girls. The configural
invariance models yielded an acceptable fit; CFI=0.925,
TLI=0.915 and RMSEA =0.049 for boys and CFI=0.918,
TLI=0.907 and RMSEA =0.047 for girls (Table 1). This
suggests that the proposed five-factor structure of the Ger-
man SDQ-P is appropriate for the complete age range,
3-17 years.

The strong measurement invariance models (i.e., models
with equal item loadings and thresholds across age groups)
yielded a substantially worse fit for both boys and girls. The
differences in CFI (ACFI) exceeded the threshold 0.01. This
suggests that the SDQ is not measurement invariant across
age groups.

Partial strong measurement invariance was assessed by
testing the strong invariance model against a model in which
the factor loadings and thresholds of an item may vary freely
across age groups. An overview of the score test statistics
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Table 2 Items sorted by

Population Item Subscale Total score test statistic* p value

the score test statistic (in

descending order) for assessing Boys Worries® Emotional symptoms 293.7601 <0.001

partial strong measurement Distractible® Hyperactivity/inattention 282.9750 <0.001

invariance Fidgety Hyperactivity/inattention 253.6173 <0.001

Restless Hyperactivity/inattention 233.6245 <0.001

Obeys Conduct problems 165.1607 <0.001

Attends Hyperactivity/inattention 133.8711 <0.001

Somatic Emotional symptoms 133.6529 <0.001

Afraid Emotional symptoms 121.8226 <0.001

Oldbest Peer problems 109.6697 <0.001

Fights Conduct problems 105.1847 <0.001

Reflective Hyperactivity/inattention 102.0722 <0.001

Helpsout Prosocial behaviour 86.1732 <0.001

Bullied Peer problems 81.3483 <0.001

Tantrum Conduct problems 79.9153 <0.001

Clingy Emotional symptoms 73.0902 <0.001

Steals Conduct problems 68.8376 <0.001

Lies Conduct problems 57.6251 <0.001

Shares Prosocial behaviour 48.9003 <0.001

Kind Prosocial behaviour 33.9919 0.013

Caring Prosocial behaviour 29.5748 0.042

Unhappy Emotional symptoms 28.8386 0.050

Popular Peer problems 27.4548 0.071

Considerate Prosocial behaviour 25.0722 0.015

Loner Peer problems 24.5483 0.017

Friend Peer problems 8.3839 0.972

Girls Somatic® Emotional symptoms 307.3938 <0.001

Worries® Emotional symptoms 225.8184 <0.001

Restless’ Hyperactivity/inattention 195.3168 <0.001

Afraid Emotional symptoms 190.7193 <0.001

Fidgety Hyperactivity/inattention 164.4548 <0.001

Distractible Hyperactivity/inattention 161.2687 <0.001

Obeys Conduct problems 139.1569 <0.001

Clingy Emotional symptoms 126.8454 <0.001

Shares Prosocial behaviour 102.4874 <0.001

Helpsout Prosocial behaviour 90.9688 <0.001

Bullied Peer problems 85.4670 <0.001

Steals Conduct problems 80.9283 <0.001

Oldbest Peer problems 77.6675 <0.001

Reflective Hyperactivity/inattention 77.6178 <0.001

Attends Hyperactivity/inattention 54.1608 <0.001

Lies Conduct problems 53.0535 <0.001

Fights Conduct problems 50.2452 <0.001

Considerate Prosocial behaviour 44.6674 <0.001

Tantrum Conduct problems 41.7017 <0.001

Friend Peer problems 33.1839 0.016

Popular Peer problems 29.1721 0.046

Loner Peer problems 26.8320 0.008

Unhappy Emotional symptoms 24.3841 0.143

Kind Prosocial behaviour 22.0147 0.231

Caring Prosocial behaviour 21.3789 0.261

*The score test was used to compare the strong invariance model to a partial strong invariance model with
the factor loadings and thresholds varying freely over the age groups for the specified item and equal fac-
tor loadings and thresholds for all other items [6 (no. freely varying factor loadings)+ 12 (no. freely vary-
ing thresholds)=18 degrees of freedom; df]. For the first item of each subscale, loadings are fixed to 1 to
achieve identifiability, thus df=12 for these items. Large test statistics suggest that the item’s factor loadings
and/or thresholds differ between age groups and that the item is thus not measurement invariant across age

®Ttems for which factor loadings and thresholds were freed in the final chosen partial strong invariance model
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and p values of all 25 items is given in Table 2. For boys, the
strongest evidence against measurement invariance (i.e., the
largest test statistic, or equivalently the smallest p value) was
obtained for the item worries of the emotional symptoms
subscale and items distractible, fidgety and restless of the
hyperactivity/inattention subscale. For the item distractible,
there was a non-linear change in the thresholds (see figure
in Online Resource 2): The thresholds decreased within
childhood and then increased again showing that 3—6 and
15-17-year-olds are less likely to become distracted than
7—-14-year-olds. The item worries is less often endorsed by
parents of younger children (3—10 years) since thresholds
decrease constantly during these ages (Online Resource 2).
The thresholds for the item fidgety were larger for older boys
(results not shown). This shows that parents of younger chil-
dren endorse this item more than parents of older children
or adolescents. Releasing the equality constraints for the
items worries and distractible yielded an acceptable partial
strong invariance model with CFI=0.916, TLI=0.914 and
RMSEA =0.050. This model was not substantially worse
than the baseline model (ACFI=0.009 <0.01; see Table 1
and Online Resource 2 for details). Partial strong measure-
ment invariance can thus be established for boys.

For girls, the biggest problems were observed also for
items of the emotional symptoms subscale (somatic, wor-
ries, afraid) and the hyperactivity/inattention subscale
(restless, fidgety), as these items yield the largest score test
statistics (see Table 2). An inspection of the age-group-
specific thresholds for the items worries and somatic shows
that parents of older children and adolescents are more
likely to report that their child worries or has headaches,
stomach-aches and sickness, respectively, than parents of
younger children (see figure in Online Resource 2). Par-
ents of younger children, in contrast, are more likely to
report that their child has many fears or is easily scared
(item afraid; results not shown), is constantly fidgeting or
squirming (item fidgety; results not shown) and is restless
or overactive (item restless; Online Resource 2). Relax-
ing the equality constraints for the three most problematic
items, somatic, worries and restless, yielded a partial strong
invariance model that was not substantially worse than the
baseline model (CFI=0.910, TLI=0.908, RMSEA =0.046;
ACFI=0.008 <0.01; cf. Table 1). Partial strong invariance
can, therefore, be established also for girls.

To conclude, the five-factor structure of the SDQ can be
validated in all age groups. The SDQ and the subscales are
thus applicable also in children younger than 6 years that
have not been investigated in studies on the German SDQ-P
so far. The results obtained from MGCFA for both boys and
girls suggest that strong measurement invariance cannot
be assumed for the emotional symptoms subscale and the
hyperactivity/inattention subscale, while for the other three
subscales, measurement invariance might be assumed. This

supports the use of age-specific norms at least for the emo-
tional symptoms subscale and the hyperactivity/inattention
subscale. Age-specific norms should also be used for the
total difficulties score since this is the sum of the subscale
scores.

Age-specific norm values for the SDQ total
difficulties score

The data of completed questionnaires (n=13,423; 90.5%)
and incomplete questionnaires with no more than two miss-
ing items per subscale (n=1054; 7.1%) were used to derive
age-specific reference values for the German SDQ-P. This
makes up 97.6% of all questionnaires. Only 2.4% (n=358
in total; 165 girls; 193 boys) of the questionnaires had to be
excluded from the computation of reference values due to
too many incomplete items.

The age-specific Sth, 10th, 20th, 50th, 80th, 90th, 95th
centile curves for the SDQ total difficulties score are shown
in Fig. 1 separately for boys and girls. The concrete values
for the 50th, 80th, 90th and 95th centiles of the SDQ total
difficulties score are specified in Table 3 for children of age
3-17.

Figure 1 supports a dependency of the centiles on age.
In particular, the upper centiles that are commonly used for
defining abnormal behaviour show a strong dependency on
age, and the dependency is stronger for higher centiles. The
upper (i.e., 80th, 90th, 95th) centiles have their maxima at
about 10 years for both boys and girls. This implies that a
total difficulties score of 17, for example, is more indicative
for abnormal behaviour for a 17-year-old boy than it is for a
10-year-old boy because about 10% of the 10-year-old boys
score equal or higher than 12, while only about 5% of the
17-year-old boys have such a high or an even higher score.
Or using the notation of Goodman et al., for the 10-year-old
the SDQ score of 17 is considered high (90th-95th centile),
while for a 17-year-old the same score is considered very
high (>95th centile) [7].

The median and the lower centiles do not show any differ-
ences during childhood. For boys, the median score is con-
stantly high at 8.5 up to the age of 13 years, gets smaller with
increasing age and has its minimum for 17-year-olds with
about 67 points. For girls, the median slightly decreases
from approx. 8 to 7 at the beginning of a girl’s lifetime, from
6 to 13 years it is constant at 7 and then slightly decreases at
about 1 score. The lower (i.e., 5th, 10th, 20th) centiles show
a similar dependency on age.

Age-specific norm values for subscales
We computed the 80th, 90th and 95th centiles of the sub-

scales since these centiles are frequently used for screen-
ing children and adolescents with hyperactivity/inattention
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Fig. 1 Age-specific norm values a
for the total difficulties score
of the German SDQ-P. The
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problems, conduct problems, emotional problems, peer
problems or deficits in prosocial behaviour, respectively. In
addition to those, the median score (50th centile) was com-
puted in order to assess changes of the central tendency with
age. The age-specific centiles for the five subscale scores are
shown in Fig. 2 separately for boys (a, c, e, g, i) and girls
(b, d, f, h, j).

The results for the emotional symptoms subscale and
the hyperactivity/inattention subscale suggest the use of
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age-specific norms for these two subscales as differences in
the centiles over age can be observed for the two subscales
(Fig. 2a—d). Concrete values of the age-specific 50th, 80th,
90th, 95th centiles are given in Table 4. Note that differ-
ences in the 80th, 90th and 95th centiles are remarkable,
while the median does not vary that much with age. There
is a tendency of higher scores around the age of 10 years,
in particular for the emotional symptoms subscale. In
girls, higher scores are again reached in late adolescence,
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Table 3 Age-specific

Age (in years) Boys Girls

norm values for the SDQ

total difficulties score of the P50 P80 P90 P95 P50 P8O P90 P95

German SDQ-P for boys and

gitls 32 8.46 12.44 14.73 17.09 8.41 12.49 14.77 16.76
42 8.34 12.50 14.74 16.96 7.87 11.89 14.10 16.02
5 8.27 12.66 14.92 17.08 7.39 11.39 13.57 15.46
6 8.28 12.99 15.38 17.63 7.08 11.13 13.37 15.32
7 8.30 13.36 15.91 18.31 6.98 11.19 13.59 15.71
8 8.36 13.76 16.50 19.09 7.01 11.47 14.10 16.48
9 8.44 14.16 17.09 19.85 7.11 11.84 14.69 17.30
10 8.48 14.32 17.32 20.17 7.18 12.06 15.00 17.69
11 8.48 14.18 17.18 20.06 7.17 12.06 14.96 17.58
12 8.39 13.85 16.79 19.66 7.07 11.86 14.64 17.13
13 8.22 13.48 16.38 19.24 6.92 11.58 14.25 16.60
14 7.93 13.07 1591 18.74 6.76 11.42 14.03 16.31
15 7.51 12.56 15.32 18.05 6.62 11.28 13.89 16.17
16 7.11 12.06 14.77 17.46 6.45 11.07 13.67 15.93
17 6.79 11.69 14.34 16.94 6.29 10.91 13.46 15.65

Values were taken from smoothed centile curves (cf. Fig. 1) based on the LMSP method. SDQ scores are
regarded being ‘close to average’ if they are equal or smaller than the 80th centile (P80), ‘slightly raised’ if
they lie between the 80th and 90th centiles (P80-P90), ‘high’ if they lie between the 90th and 95th centiles
(P90-P95) and ‘very high’ if they exceed the 95th centile (P95)

“Not based on the early-year version of the SDQ-P

while for boys the centiles are steadily smaller with age.
The centiles for the hyperactivity/inattention subscale are
smaller for ages above 10 years. In contrast to the peak
at about 10 years observed for the emotional symptoms
subscale, the centiles for the hyperactivity/inattention sub-
scale remain nearly the same for 3—10-year-olds, for girls
the highest scores are even obtained for 3-year-olds.

In contrast to the emotional symptom and the hyper-
activity/inattention subscales, the differences in the sub-
scales on conduct problems, peer problems and prosocial
behaviour are rather small (Fig. 2e—j, Online Resource 3).
In particular, there are hardly any differences for the con-
duct problem subscale, suggesting that scores of the con-
duct problem subscale are comparable across different age
groups. Very small differences across age can be observed
in the upper centiles for the peer problem subscale and the
prosocial behaviour subscale. Note that the ‘jump’ of the
median to exactly zero in Fig. 2h is an artefact which arises
from the fact that a mixed discrete—continuous distribution
(zero-adjusted gamma distribution) was used. Changes in
the centiles of the peer problem subscale were similar for
boys and girls but slightly more remarkable for girls than
for boys. The upper centiles for girls take slightly smaller
values from 3 up to approx. 6 years, increase from 6 to
11 years and decrease again. The same can be observed for
boys, but the changes in the centiles are smaller. Note that
we inverted the scores of the prosocial behaviour subscale:
higher scores obtained on this subscale indicate worse

prosocial behaviour. For the prosocial behaviour subscale,
the centiles first slightly decrease from 3 to approx. 9 years
and then increase again.

Table 5 shows the norm values not specific to age for the
subscales on conduct problems, peer problems and proso-
cial behaviour, respectively. Note that the subscales have a
limited number of values (cf. Online Resource 3). Thus, it
is common that there are no values that exactly correspond
to the 80th, 90th, and 95th centiles, as was already noted in
other papers (e.g., [12, 13]). In some cases, there is even a
large deviation between the exact centiles and the 80th, 90th,
and 95th centiles, as seen from Table 5.

Discussion

With the present study, we validated the five-factor struc-
ture of the German SDQ-P across the entire age range of
3—17 years. Our results are in accordance with prior stud-
ies on the validation of the factor structure for the German
SDQ-P, namely that the German SDQ-P can be used for
children and adolescents [11-13]. Since we were the first
to also include children younger than 6 years from a nation-
ally representative sample, we additionally conclude that the
SDQ and the subscales can be derived from parent ratings of
preschoolers, as the study by Klein et al. on a small regional
sample has suggested [10].
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SDQ scores are often interpreted irrespectively of the
child’s age. The underlying assumption is that identical
scores represent the same level of the construct measured
by the SDQ for children of different ages. Both MGCFA
and centile curves revealed that the SDQ is not measurement
invariant across age, although the factor structure could be
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confirmed across the entire age range of the present study.
The results of this study help with identifying children with
abnormal behaviour and rating the severity of abnormal-
ity, while explicitly taking the developmental course of
SDQ problems into account. For example, we showed that
no more than 5% of the 4-year-old boys in Germany are
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Table 4 Age-specific norm values for the emotional symptoms subscale and the hyperactivity/inattention subscale of the German SDQ-P for
boys and girls

Age (in years)  Emotional symptoms Hyperactivity/inattention

Boys Girls Boys Girls

P50 P80 P90 P95 P50 P80 P90 P95 P50 P80 P90 P95 P50 P8O0 P90 P95

3? 098 254 349 417 139 271 372 455 350 551 667 761 337 549 658 777
42 1.03 266 3.67 439 146 284 391 479 344 548 667 762 316 524 630 746
5 .11 282 390 466 151 291 402 492 340 549 671 769 299 503 607 721
6 1.17 296 4.09 490 155 295 407 498 341 557 683 786 289 491 593 7.06
7 121 3.05 424 509 161 304 417 511 346 569 699 805 285 48 592 705
8 124 319 447 539 170 322 444 544 354 582 715 823 284 491 59 711
9 127 338 479 580 181 347 481 592 358 58 725 834 282 492 598 715

10 132 351 500 607 18 360 501 6.17 356 587 722 830 278 486 591 7.07
11 1350 351 498 6.04 185 361 504 622 353 580 711 818 271 471 573 6.84
12 1.30 338 477 579 179 351 490 6.06 349 570 699 803 261 452 548 654
13 1.19 323 457 555 171 334 467 577 340 557 682 7.83 247 431 523 6.25
14 1.01  3.06 438 533 166 326 457 565 326 534 654 752 231 410 499 597
15 077 287 416 508 1.66 331 465 576 307 506 620 713 216 390 477 572
16 054 270 395 484 169 340 480 596 290 482 591 678 201 374 458 551
17 042 262 383 469 170 348 491 6.09 276 461 565 649 191 363 446 538

Values taken from smoothed centile curves (cf. Fig. 2a—d). SDQ subscale scores might be regarded being ‘close to average’ if they are equal or
smaller than the 80th centile (P80), ‘slightly raised’ if they lie between the 80th and 90th centiles (P80-P90), ‘high’ if they lie between the 90th
and 95th centiles (P90-P95) and ‘very high’ if they exceed the 95th centile (P95)

*Not based on the early-year version of the SDQ-P

Table 5 Norm values (not age-specific) for the conduct problems subscale, the peer problems subscale and the prosocial behaviour subscale of
the German SDQ-P for boys and gitls

Subscale Boys Girls

P50 P80 P90 P95 P50 P80 P90 P95

Conduct problems 2.00 (63.3)> 3.00(81.1)" 4.00(91.8)° 5.00(96.4)° 1.67(47.9)® 3.00(87.2)° 3.75(87.4)° 4.00 (95.0)°
Peer problems 1.00 (56.9)>  3.00(86.3)° 4.00(93.3)° 5.00(96.9° 1.00(62.4)® 2.00(80.0° 3.75(90.0)° 4.00 (95.4)°
Prosocial behaviour*  2.00 (53.5)°  4.00(86.1)>  4.00 (86.1)°  5.00(95.0)> 1.67 (45.0)° 3.00(82.8)> 4.00(92.4)° 5.00(97.4)°

SDQ subscale scores might be regarded being ‘close to average’ if they are equal or smaller than the 80th centile (P80), ‘slightly raised’ if they
lie between the 80th and 90th centiles (P80-P90), ‘high’ if they lie between the 90th and 95th centiles (P90-P95) and ‘very high’ if they exceed
the 95th centile (P95)

#The prosocial behaviour subscale was inverted such that lower values indicate better prosocial behaviour

Exact centiles, i.e., the (weighted) fraction of participants with subscale score not exceeding the reference value

expected to have an SDQ total score exceeding 16.96 (95th  behavioural constructs and outcomes for subgroups [and]
centile). A 4-year-old boy with an SDQ total score of 18,  Their conclusions could translate into guidelines for inter-
say, could accordingly be rated as having a clinically relevant ~ vention that are inappropriate for some clients” [28]. We,
behaviour that is abnormal for boys of that age. Being aware  therefore, strongly encourage the use of age-specific norms
of those differences across age groups is critical. Without  for the SDQ total difficulties score, as well as for the emo-
knowledge of differences in the SDQ scales between age  tional symptoms subscale and the hyperactivity/inattention
groups, services might be denied to children of specific ages  subscale. Norms that are not specific to age might be used
because their SDQ scores are below a clinical cutoff despite ~ for the other three subscales since these were shown to be
high levels of impairment [28]. Further, as was noted by =~ measurement invariant across age.

Bowen and Masa “Researchers might draw erroneous con- Note that the KiGGS study population is far larger than
clusions about relationships among social, emotional, or  that of most of the existing studies which derive norms for
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the SDQ or assess psychometric properties of the SDQ [5].
The number of subjects of each age is sufficiently large in
KiGGS for investigations on measurement invariance across
the complete age range. The present study allows detailed
analyses on measurement invariance of the German SDQ-P
across all ages, from early childhood to late adolescence,
as well as the establishment of age-specific norms. This
is in contrast to the existing studies [5]. Neither of these
studies covered the complete age range from 3 to 17 years.
The focus on a narrow age range prevents an assessment
of SDQ measurement invariance across the complete age
range. Further, the existing studies did not include a large
number of subjects of the same age, such that children of
different ages were allocated to an age group. In particu-
lar, age groups that cover a wide age range might be too
heterogeneous and differences within age groups (e.g., in
norm values) are concealed. Rothenberger et al., for exam-
ple, reported no differences across age from their results of
MGCFA in contrast [11]. In their MGCFA, they subsumed
children aged 7-10 years in one group and children of age
11-16 years in another group. The centile curves we have
derived show that there are considerable differences within
each of the two age groups. Further, our studies show that
centiles do not increase or decrease linearly with age but
that there is a non-linear change with a “peak” at the age
of around 10 years indicating that the variability of SDQ
scores is largest for children at the age of around 10 years.
Younger or older children have narrower normal ranges in
contrast. These findings suggest that the categorisation used
by Rothenberger et al. is too rough to detect any differences
across age since aggregated values of 7-10-year-olds and
11-16-year-olds are similar. Note that the sample from the
BELLA study which, as used in their studies, is a subsample
of our study population, supporting our theory that the dif-
ferent conclusions are not based on sample differences but
are related to the subsuming of heterogeneous groups to one
broad age group.

In principle, we might have also used centiles that are
observed in each age group as norm values. However, due
to a limited number of subjects within each year, there is a
large variation in centiles, in particular for extreme centiles
like the 95th or the 90th centiles which are of special interest
in the context of identifying children with abnormal behav-
iour. Another disadvantage of this approach is that the exact
age of survey participants would be neglected when comput-
ing centiles for each year. The reference value for a boy who
had just had his 12th birthday would ideally be derived from
children of exactly the same age, rather than from 12-year-
old boys who are just turning 13. Smoothed centile curves
account for random variations in the centiles and they reflect
changes in the course of life. Centile curves have frequently
been used in population-based studies to flexibly model the
centiles of specific variables in dependence on age. They
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have become an established tool for measurements related
to growth and development in the context of paediatrics.
To our knowledge, this method has rarely been used in psy-
chology, and in particular not in the context of age-specific
norm values for the SDQ. Note that the presented centiles
which might be used as cutoff values for identifying children
with clinically relevant behaviour do not require the subscale
score or SDQ total score to be an integer. In the presence of
incomplete questionnaires, we recommend comparing real-
valued scores to the centiles since real-valued scores are
more precise.

When using age-specific norms, one should, however, be
aware that the categorisation of SDQ scores as abnormal
(90th percentile) or borderline (80th percentile) is based on
the prevalence of mental health problems of 10-20% for
children and adolescents, and stems from the entire age
range rather than from specific age subgroups. Goodman
advises using cutoffs based on knowledge of the prevalence
in the general population [3]. Further, he notes that it “may
be appropriate to adjust cutoffs for age and gender” ([3],
p- 585). Age-specific prevalence rates based on nationally
representative samples have, however, not been reported so
far, and our nationally representative sample does not allow
estimating the prevalence of mental health problems in a
reliable way. Future studies are needed to address this issue.
In their latest manuscript on this issue, Goodman et al. pro-
posed using the 80th, 90th and 95th centiles as cutoffs for
defining the scores as ‘close to average’ (< 80th centile),
‘slightly raised’ (80th—90th centile), ‘high’ (90th—-95th cen-
tile) and ‘very high’ (> 95th centile) instead of categorising
individuals as abnormal [7]. This categorisation does not
depend on the prevalence of psychopathological abnormal-
ities. It is thus applicable in populations with a different
prevalence of psychopathological abnormalities, such as
boys and girls or children of different ages. We, therefore,
recommend using this interpretation of SDQ scores as long
as there is no knowledge on the age-specific prevalence of
mental health problems.

Conclusion

We used data from a large nationally representative survey
(KiGGS) for providing norm values and validating the Ger-
man parent version of the SDQ (SDQ-P) across the complete
age range. For the first time, evidence was provided that
the German SDQ-P is a valid screening instrument also for
preschoolers. Moreover, we showed that for neither boys
nor girls the SDQ-P is measurement invariant across age.
Results from both MGCFA and centile curves showed that
the absence of measurement invariance is attributable to a
different answer behaviour to some items of the emotional
symptoms subscale (item “worries” for both boys and girls
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and item “somatic” for girls) and the hyperactivity/inatten-
tion subscale (item “distractible” for boys and “restless” for
girls). For screening mental health problems, we, therefore,
propose using age-specific norms and cutoff values for the
SDQ total difficulties score and for the subscales on hyper-
activity/inattention and emotional symptoms. In contrast
to that, we propose using generic norms and cutoff values
for the subscales on conduct problems, peer problems and
prosocial behaviour since these subscales were shown to be
measurement invariant across age. Norm values for the SDQ
and its subscales were derived from data of a large nation-
ally representative sample and are provided along with this

paper.
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