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Abstract

Background: Assessing the early development of children at a population level in educational settings, may be
useful for public health and policy decision making. In this study, we evaluated the psychometric properties and
the contextual appropriateness of a German language version of the Early Development Instrument (EDI), a survey-
based instrument originally developed in Canada, which assesses developmental vulnerability for children in
preschool settings.

Methods: Sixty preschool teachers from six preschool organizations (22% of organizations contacted) in three cities
in southwest Germany participated. They administered a German version of the EDI (GEDI) to 225 children (51% of
eligible children). We assessed internal consistency, test-retest and interrater reliability. Preschool teachers assisted in
determining face-validity by reviewing item coverage and comprehensibility. Exploratory factor analysis (EFA) was
used to evaluate convergent validity. Concurrent validity was measured using correlations and agreements (Bland-
Altman plots) between GEDI and other validated instrument scores. Additionally, we compared associations
between GEDI domain scores and sociodemographic characteristics with similar associations in EDI studies
worldwide.

Results: GEDI domains showed good to excellent internal consistency (0.73 < a > 0.99) and moderate to good test-
retest and interrater reliability (0.50 to 0.81 and 048 to 0.71, respectively [p-value < 0.05]). Face validity was
considered acceptable. EFA showed a factor structure similar to the original EDI. Correlations (range: 0.32 to 0.67)
and agreements between GEDI scores and other German language instruments suggested good external reliability.
Scoring within the lowest 10th percentile was strongly associated with age.

Conclusions: Our psychometric assessment suggests good reliability and consistency of the GEDI. Differences in
the age distribution of children, pedagogical objectives and educational system features of German preschools
require future work to determine score thresholds indicative of vulnerability. Aside from dropping selected items
from the original EDI that were inconsistent with features of the German educational system, the distribution of
values in the language and cognitive development domain also suggested that context-specific cut-offs must be
established for the German version. Such efforts are needed to account for relevant contextual differences between
the educational systems.
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Background

Early childhood health and development sets the foun-
dation for health and well-being in later life [1-3].
Therefore, public health should ensure the healthy de-
velopment of all children. However, due to differences in
biological factors and environmental conditions, not
all children develop at the same rate or in the same
sequence. Hence, it is important to be able to detect
relevant physical, socioemotional, or cognitive delays,
and to differentiate between “real delays” and “devel-
oping in an slightly alternative chronology” starting
no later than age three, when intervention may be
most effective [4, 5].

In Germany, population-level measures to detect chil-
dren at developmental risk and to enable early support-
ive interventions are limited. First, a required annual
school entry health examination is performed on all chil-
dren planning to enter school. However, this examin-
ation includes the administration of few, if any,
standardized tests such as the Stengths and Difficulties
Questionnaire (SDQ) [6] or the Social-Paediatric Devel-
opmental Screening for School Entry Health Examina-
tions (Sozialpddiatrisches Entwicklungsscreening fiir
Schuleingangsuntersuchungen — [SOPESS]) [7]. Add-
itionally, the timing of this examination at or after age
four reduces opportunities for early intervention and
fails to account for continually evolving social and
emotional competencies. Second, a variety of non-
validated measurements are routinely used for docu-
menting child development in German preschools, a
setting with a 90% attendance rate for children be-
tween the ages of 3 and 6 years [8]. The choice of in-
strument often depends on the preferences of
preschool directors or those of preschool organiza-
tions, complicating efforts to generate a standardized
assessment of child development on a population
level [9, 10]. Moreover, the few validated instruments
currently available (e.g, SDQ [11], Dortmunder
Entwicklungsscreening fiir den Kindergarten 3-6 R
[DESK] - Dortmund developmental screening for pre-
school [12]) have limited utility as population-based
tools for detecting at-risk children. For example, some
fail to assess key developmental domains while others
are relatively lengthy and less efficient as they cover
secondary developmental domains (e.g., music and
arts) or include time-consuming tasks that may place
a considerable time burden on those performing the
assessment.

Preschool is an ideal setting for assessing early child
development. Besides providing substantial access to the
target population, teachers in preschools have close daily
contact with children similar to that of parents and are
thus well positioned to assess their development reliably
[13, 14]. In addition, given that many preschools in
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Germany are organized at the municipal level, a
preschool-based approach could offer valuable public
health guidance for communities.

In the international literature, several instruments to
measure development quantitatively in the preschool
setting have been reported [15-23]. One of the most
well-established instruments that allows population-level
data aggregation and can be used as a community-level
surveillance instrument is the Early Development Instru-
ment (EDI) [24—-26]. The psychometric characteristics of
this survey-based tool have been demonstrated in its
country of origin [27] and in a variety of international
settings [24—26, 28]. Until recently, a German language
version of the EDI has not been available. Therefore, the
objective of this study was to evaluate the psychometric
properties and to analyze the contextual appropriateness
of a new German version of the EDI (GEDI) for use in
German preschool settings.

Methods

Setting and subjects

We tested the psychometric properties and contextual ap-
propriateness of the GEDI in southwest Germany. As pre-
schools in Germany are administered through a variety of
mechanisms including private, community-, local govern-
ment- and faith-based organizations, we recruited schools
by contacting the individual responsible at each
organization. Recruitment took place from December 2015
to June 2016, with invitations extended by email or tele-
phone to 27 preschool organizations throughout the north-
ern portion of the federal state of Baden-Wiirttemberg
(population ca. 11 million). Ultimately, six organizations
took part in our study. Of these, three were located in a
small city (population ca. 30,000) participating in a larger
project to promote health and well-being [29] (http://www.
ein-gutes-jahr-mehr.de), and three were located elsewhere
in two additional cities. A total of nine preschools belong-
ing to these organizations with 444 children and 60
teachers were available for participation in the study. Inclu-
sion criteria for participating teachers in each preschools
were having established a relationship with an eligible child
for at least 1 month, having sufficient German language
knowledge, and having taken part in a training session
prior to the assessment. Eligibility criteria for the children
to whom the GEDI was administered included age 3 to 6
years, absence of special needs and parental consent. Sixty
teachers from nine preschools completed the GEDI for 225
children (51% of eligible children). Our reporting is based
on an extension of the STROBE Statement [30].

Assessment of early childhood development using the
EDI

The EDI consists of 103 items (administration time: 10—
20 min) and provides detailed information on five key
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developmental domains: Physical Health & Well-being
(PHY) (13 items), Social Competence (SOC) (26 items),
Emotional Maturity (EMO) (30 items), Language and
Cognitive Development (LAN) (25 items) and Commu-
nication and General Knowledge (COM) (8 items).
Twenty-six supplemental items assess information on
the preschool, on sociodemographic characteristics of
the child (e.g., immigration status, primary language),
past health or special needs, and on the type of care
arrangement before entering preschool (e.g., previous
enrollment in a nursery, use of an au pair). To maximize
standardization in administering the GEDI in preschools,
all participating teachers (N =60) underwent in-person
training on the content, aims and use of the instrument,
similar to procedures used in the development of the
original EDI.

The items of the original EDI [31] are rated using 2-
point yes/no questions or 3-point scales (often/very true,
sometimes/somewhat true, and never/not true; very
good/good, average, poor/very poor). Following proce-
dures outlined in the original report [31], we recoded all
items for the GEDI-validation data set on a scale of 0 to
10. Mean GEDI scores were calculated for each of the
five domains, with higher scores indicating better devel-
opment. Domain scores were excluded from analyses if a
child had three or more missing values for items within
a given domain [31]. We did not exclude complete cases
because of missing data and followed the same approach
to desctibing our sample as in the original EDI calidation
paper. In the absence of a normative German sample to
establish valid cut-offs, and in line with the original EDI
procedures, children who scored lower than the 10th
precentile in at least one of the five domains were pre-
liminarily categorized as “vulnerable” in terms of school
readiness [32]. However, we were aware that German
children scoring below the 10th percentile cut-off might
not be vulnerable per se, given the differences between
the Canadian and the German educational systems and
examined this possibility in an analysis described below.

Instrument translation process

With the permission of the EDI authors, the GEDI was
created through a translation process by the research
team and English native speakers consulted for the
study, with back translation conducted by a second, in-
dependent native English-speaking expert linguist [33].
Differences between the original and back translation
versions were discussed until consensus was reached be-
tween the translators, back translators and members of
the original Canadian EDI research team.

Instrument modification
To provide an accurate and meaningful translation, it
was necessary to replace three of the 26 supplemental
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items due to a lack of applicability in the German con-
text. These included assessment of class type, aboriginal/
indigenous status and ethnicity. These items were re-
placed with items to assess group structure, immigration
status and country of origin. As the organizational struc-
ture and pedagogical objectives of German preschools
vary significantly, we included four additional items po-
tentially associated with early childhood development:
overall educational goals of the preschool, German as a
second language, the availability of additional educa-
tional resources (i.e., language skills, art and music in-
struction, physical activity), and categories for the length
of the daily stay at the preschool (up to 5 hours, fige to
7 hours, greater than 7 hours). These characteristics
were not reported in the results of the current study, but
are rather mentioned for the sake of completeness. Four
indicators of socioeconomic status (SES) included in the
original EDI (i.e., family income/wealth indicator, paren-
tal education, emploment and siblings) were moved to a
separate parental survey used to more extensively assess
sociodemographic factors as well as the health and fam-
ily background of the children.

Assessment of sociodemographic factors

The measurement was adapted from the standard socio-
economic Index [34] (see Table 5) consisting of three
components: family income, maternal education, and
parental employment. Consistent with federal standards
for reporting poverty and wealth and the recommenda-
tions for reporting on social cohesion in Europe, house-
hold income was determined according to need [34-36].

Psychometric evaluation
Reliability was assessed through checks of internal item
consistency, test-retest response and interrater reliability.
Internal consistency of items within each of the five do-
main scales of the GEDI was tested using Cronbach’s
alpha. Domain intercorrelations were assessed using
Pearson correlation coefficients. To establish test-retest
reliability, preschool teachers were asked to complete
the GEDI for a second time for a subset of randomly se-
lected children (7 = 29) after a two-week interval. To es-
tablish interrater reliability, preschool teachers were
instructed on how to randomly select a subset of chil-
dren (n=27) and the GEDI was completed after an
interval of 2 weeks by a different teacher also acquainted
with the child for at least 1 month. For both assess-
ments, we confirmed that the child’s data from the first
and second measurement time and from both assessors
agreed by comparing the following unchanging demo-
graphic variables: date of birth, gender, and special needs
status.

The validity of the GEDI was explored in several ways:
1) Content validity was assessed using a face-validity
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approach through qualitative interviews with preschool
teachers. 2) Concurrent validity was assessed by compar-
ing Pearson correlation coefficients and by plotting dif-
ferences using Bland-Altman plots [37] between the
mean GEDI scores and those of other previously vali-
dated instruments including the SDQ [11] and the DESK
3-6 R [38, 39], administered concurrently (see below). 3)
Convergent validity was assessed using exploratory fac-
tor analyses (EFA). 4) External validity was assessed
through comparison of correlations between GEDI
scores and sociodemographic parameters of our sample
with those of previous studies using the EDL

Face-validity was determined following consultation
with three preschool teachers, one of whom participated
in our study and two who worked at non-participating
preschools. Each rated the GEDI in five areas on a 5-
point ordinal scale ranging from very bad/low to very
good/high regarding the comprehensibility of items, ad-
equacy of examples provided in the items, adequacy of
item coverage for key developmental domains, balance
of effort and information utility, and usefulness in day-
to-day work.

To assess concurrent validity, we collected data from
the same individuals using two existing instruments cur-
rently applied in some German preschools: the SDQ and
the DESK 3-6 R.

sDQ

The SDQ is a brief, internationally standardized instru-
ment for screening at the individual level consisting of
25 items assessing social skills and emotional maturity in
five domains: emotional symptoms, conduct problems,
hyperactivity/inattention, peer relationship problems,
prosocial behavior. It has been widely used in both clin-
ical and community settings throughout the world [11,
40-42]. The SDQ was completed by preschool teachers
for all participating children. As the SDQ domains are
conceptually close to the EDI domains “social compe-
tence” and “emotional maturity”, we expected significant
associations and agreement between corresponding
GEDI and SDQ domains.

DESK 3-6

The DESK was developed in Germany for monitoring
children’s individual developmental behavior in pre-
school during their daily routine, including direct per-
formance tasks [39]. It covers developmental domains
comparable to the GEDI, but is available in age-specific
questionnaires and includes group performance tasks
that result in administration time of at least 40 min per
child. Given this feature, teachers in our study were
instructed in selecting a random subsample of six to
nine children per preschool depending on time availabil-
ity (desired n of completed assessments=72). We
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expected significant associations and acceptable agree-
ment between corresponding GEDI and DESK domains,
despite methodological differences between the two
instruments.

We interpreted the size of a correlation coefficient ac-
cording to Hinkle et al. [43] (0.0 to 0.3 negligible; 0.3 to
0.5 low; 0.5 to 0.7 moderate; 0.7 to 0.9 high; 0.9 to 1.00
very high).

We used EFA to evaluate convergent validity. As the
main domain structure of the original EDI [31] mirrors
what is known from early developmental psychology [44,
45], we chose to define these five domains as given la-
tent factors and examined the structures of the subfac-
tors within these. Moreover, a promax rotation was
performed to assess correlation in the extracted factors.
To define the number of subfactors within the main do-
mains, the Kaiser criterion (eigenvalues >1.0) was used.

For assessing potential external validity, we determined
the distributions of the GEDI scores in our sample using
kernel density plots and compared 10th percentile values
with figures reported in the original EDI validation
study. Moreover, we conducted logistic regressions
assessing domain scores and odds ratios of the German
sample for scoring in the lowest 10th percentile with re-
gard to SES, German as second language, immigrant sta-
tus, and sex to be able to draw conclusions on the
similarity of our figures compared to those from other
countries.

Data management and analysis

To ensure data quality, a 10% random sample of data
was selected by the research team and re-entered by a
commercial data entry service, resulting in an error rate
of 0%. Additionally, congruence of responses given by
teachers and parents was confirmed for the child’s date
of birth, gender, country of origin, and first language.

To meet the requirement for normality in creating
Bland-Altman plots and to enable cross-measure com-
parisons, we transformed scores for the GEDI (sub-)do-
mains and the corresponding SDQ-/DESK-domains (the
outcome variables) into z-scores. To determine whether
additional transformation of the scores was necessary,
we assessed the distribution of differences between the
measures using ladder-of-powers histograms [46, 47].
Bland-Altman plots were then generated using the Stata
“-concord” command for all comparisons [48]. Each
graph plots the mean of the measures against the differ-
ence between the measures. In each plot, the middle
horizontal line represents the mean difference between
the measures while the outer lines indicate 95% confi-
dence intervals for agreement [49]. The association be-
tween each of the GEDI comparisons with SDQ and
DESK was examined (i) by considering the mean differ-
ence and (ii) the scattering of dots around this line in
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relation to the latent trait continuum on the x-axis.
Bland-Altman plots, generated to enable subgroup ana-
lyses by age group (3 years, 4 years, 5 to 6 years), are
presented in the appendix (Additional file 1).

All statistical analyses were conducted using the statis-
tical software package STATA (Ver. 13.1 for Mac, Stata-
Corp LP, College Station, TX).

Results

Recruitment

The recruitment process is presented in Fig. 1. Reasons
for lack of participation in some preschool organizations
included a shortage of staff or the subjective perception
of the EDI as a deficit-oriented instrument. Some pre-
school teachers also noted that involvement in the devel-
opment of a population-based instrument for primary
use in research and policymaking was not a strong mo-
tivator for participation. Indeed, some individuals felt
the need for an instrument to assess individual children
was more important. Due to time constraints, participa-
tion in retest- and interrater reliability testing was lim-
ited to four preschools and completion of the validated
DESK survey for assessment of concurrent validity took
place in seven of the nine recruited preschools.

Sample description

All children to whom the GEDI was administered (N =
225) were additionally assessed with the SDQ. For sev-
eral reasons, 34 children were excluded from analyses
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(see Fig. 1) leaving 191 children (85%) in the analytic
sample. The DESK was administered to a subgroup of
39 children (17%) (age three: n = 14, age four: n = 15, age
five: n =7, age six: n = 3) in seven preschools.

The average age of children in the analytic sample was
4.72 years (SD 1.05; range: 3 years to 6 years, 9 months;
age three (n=58; 30.4%), age four (n=60; 31.4%), age
five (n=43; 2.5%), age six (n=30; 15.7%)). Forty-nine
percent of the analytic sample was female, and 2.6, 49.2
and 40.3% had a low, middle or high SES, respectively.
Eighteen percent spoke German as a second language.

Reliability of the GEDI
Descriptive statistics (means, standard deviations, and
internal consistency coefficients) for the five domains of
the GEDI are presented in Table 1, along with the de-
scriptive statistics reported in parentheses for the ori-
ginal sample used in the development of the EDI [50].
Cronbach’s alphas for each domain of the GEDI were
generally very good (>0.8). Only the domain PHY
showed lower, but acceptable internal consistency (0.69).
Test-retest reliability analyses from 18 children and
interrater reliability analyses from 19 children did not
yield statistically significant differences between the first
and second measurements nor between teacher one and
two for any of the GEDI domains. Pearson correlations
suggested moderate to high test-retest reliability ranging
from 0.50 to 0.81 (p <0.05) and interrater reliability ran-
ging from 0.48 to 0.71 (p < 0.05).

Number of organizations
that were contacted

Number of participating

Number of eligible
children in the

Number of children
participating in the
GEDI study

participating preschools

Excluding 34 children:
n =5 with missing data or a ,,don‘t know* response to the special needs
assignation variable
n = 28 with special needs assignation,

n =1 under the age of three

Number of children

included in the
GEDI analyses

Fig. 1 Recruitment Process — Flow Chart
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Table 1 Comparison of mean GEDI domain scores with those from the EDI Normative Sample

Domain (number of items) N M (Normative Sample®) SD (Normative Sample®) a (Normative Sample®)
Physical Health and Well-Being (13) 189 8.78 (8.74) 129 (1.11) 0.69 (0.84)
Social Competence (26) 191 8.17 (8.20) 149 (1.82) 0.91 (0.96)
Emotional Maturity (30) 188 7.54 (7.99) 140 (1.56) 0.89 (0.90)
Language and Cognitive Development (25) 184 531 (8.28) 238 (1.91) 0.93 (0.93)
Communication and General Knowledge (8) 191 8.06 (7.65) 2.17 (2.04) 0.88 (0.94)

GEDI German version of the Early Development Instrument

“Descriptive statistics drawn from the “gold standard” normative sample (N> 124.000 < 125.218) of the EDI (from Janus and Duku 2004: Normative Data for the
Early Development Instrument). Data courtesy of the Mannheim Institute of Public Health

Validity of the GEDI

Content validity

Preschool teachers rated the comprehensibility of items
on average as 4.0 (SD 1.65), adequacy of examples pro-
vided in the items on average as 4.3 (SD 1.81), and
coverage of all relevant developmental domains as 4.0
(SD 1.65), each on a 5-point ordinal scale.

Concurrent validity

Table 2 highlights associations between SDQ and DESK
scores and corresponding GEDI scores. In general, SDQ
domains demonstrated small negative correlations with
the two GEDI domains SOC and EMO (-0.32 and -
0.47; p-values < 0.001), indicating a positive association

in the construct, due to the wording of the SDQ items.
Moreover, we found small to moderate positive correla-
tions between corresponding DESK and GEDI domains
(0.35-0.67; p-values < 0.05).

Agreement between methods

The Bland-Altman method requires normally distributed
differences  between  measures.  Ladder-of-power
histograms for differences between variable pairs showed
approximate normality, indicating that further trans-
formation was not needed. We created plots for domain
pairs, in which we expected to observe agreement with
each other and with regard to the latent construct.
Moreover, we assessed mean differences in plots by

Table 2 Concurrent validity: Correlations between GEDI, SDQ and DESK domain scores

GEDI PHY SOC EMO LAN COM

SDQ (n =184 to 191)
Emotional symptoms —043%%* —0.25%%* —0.37%%* -0.11 —0.28***
Conduct problems —-017** —0.32%** —0.34%%* -0.14* -0.15%
Hyperactivity/inattention —0.28*** —043%%* —047%* -017% —0.23***
Peer relationship problems —0.34*** —0.35%** —0.35%%* -0.06 —0.25%**
Prosocial behavior 0.14* 0.13 0.05 0.12 0.1

DESK (n =39)
FMQ?P< 0.38* 0.27 03 0.29 0.28
GMO?P< 0.35% 043** 032 0.36* 0.28
SZK* -0.15 —0.31 -0.59 0.11 -0.02
S7veP 0.25 0.39 0.34 0.18 0.47*
SZI° -0.44 -0.50 -0.50 0.05 -0.44
AKN® -0.06 023 -032 -046 021
KSp? 05 0.5 0.15 0.24 0.55
KOG® 0.12 040 0.14 0.67* 0.38
BKS® 0.00 0.14 —-0.79%* 0.05 0.18
BKM*© -0.08 0.04 -0.71% -0.02 -022
SPKP< 0.02 0.34 0.18 0.37 0.47*

GEDI German version of the Early Development Instrument, SDQ Strengths and Difficulties Questionnaire, DESK Dortmund developmental screening for preschool 3
to 6 years, PHY physical health and well-being, SOC social competence, EMO emotional maturity, LAN language and cognitive development, COM communication
and general knowledge, FMO fine motor skills, GMO gross motor skills, SZK social competence, SZV social behavior, SZI social interaction, AKN attention and
concentration, KSP cognition and language, KOG cognition, BKS basic competence literacy, BKM basic competence numeracy, SPK language and communication
Numbers in bold indicate the correlations between corresponding GEDI and DESK domains

3.year-olds (n = 14), ®4-year-olds (n = 15), °5- to 6-year-olds (n = 10)
* p<0.05; ** p < 0.01; ** p<0.001
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different age groups (3, 4, and 5 to 6 years of age) and
for the overall sample (Table 3). The overall bias (mean
difference) was close to zero for most comparisons ex-
cept for domain pairs FMO/PHY_3 in three- and five- to
six-year-olds, in GMO/PHY_3 in four- and five- to six-
year-olds, and in SZK/EMO _1 and AKN/EMO_4 in
four- and five- to six-year olds. The table also shows that
mean differences for GEDI/SDQ domain pairs predom-
inantly range below zero in younger children (three- and
four-year-olds) and above zero in five- and six-year-old
children in our sample. For the GEDI-DESK-domain
pairs, we could not observe a consistent pattern in the
mean differences. Age-specific plots are provided in the
appendix (Additional file 1).

Plots A to E in Fig. 2 show dispersion in the extent of
agreement between GEDI and SDQ domain score pairs.
Generally, we observed good and acceptable agreement
in all plots, particularly at the highest end of the latent
trait continuum, as points were more tightly clustered
around the mean difference line. In the midsection of
plots A, B and C and in the lower section of plots D and
E, we noted greater dispersion indicating poorer agree-
ment for children with average and lower abilities,
respectively.

Plots A to E in Fig. 3 demonstrate dispersion in the
extent of agreement between GEDI and DESK domain
score pairs. Aside from a few outliers, we observed gen-
erally good and acceptable agreement in all plots,
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particularly at the highest end of the latent trait con-
tinuum, where points were more tightly clustered
around the mean difference line. We noted strong agee-
ment at the lowest end of plot A. In the midsection of
plot B, we observed greater dispersion indicating poorer
agreement for children with average abilities.

Convergent validity

Several differences were noted when comparing results
from the EFA of the GEDI with those from the original
EDI report [51] (Table 4): The GEDI, for example, had
smaller factor loadings in the main domains PHY, SOC,
and EMO, and larger loadings in the main domain LAN
and COM. Nevertheless, in all but two of the main
domains (PHY and LAN), we found similar factor and
subdomain headings. In the main domains PHY and
SOC, some items with very small loadings were retained
as their content was considered to be strongly related to
either physical health or social competence (hungry, is
independent in washroom habits most of the time, shows
an established hand preference, is able to solve day-to-
day problems by him/herself, is able to follow one-step in-
structions). In contrast, because the item sucks thumb/
finger in the main domain PHY had a very small factor
loading and its content was considered more closely re-
lated to the domain EMO [52], it was excluded. Add-
itionally, a factor analysis of the domain PHY excluding
this item resulted in a two factor model explaining a

Table 3 Concurrent validity: Mean differences between selected GEDI and SDQ/DESK domain pairs®

Mean difference [95% limits of agreement]

Domain pairs Age groups
SDQ/GEDI 3 4 5&6 overall

n=58 n=60 n=73 N=188-191
peers/SOC_1 -0.13 [-2.32 to 2.06] -0.16 [-1.87 to 1.55] 0.24 [-1.57 to 2.05] 0.003 [-1.92 to 1.93]
peers/EMO_1 -0.33 [-2.91 to 2.24] -0.24 [-2.73 to 2.26] 0.52 [-1.45 to 248] 0.017 [-243 to 2.46]
prosocial/EMO_1 -0.24 [-2.92 to 2.44] -0.31 [-2.82 to 2.21] 0.50 [-2.29 to 3.29] 0.019 [-2.74 to 2.78]

conduct/EMO_3
hyper/EMO_4

0.07 [-1.65 to 1.8]
-0.08 [-1.81 to 1.65]

-0.12 [2.46 t0 2.23]
-0.10 [-1.99 to 1.78]

DESK/GEDI 3 4

n=14 n=12-15
FMO/PHY_3 -0.49 [-2.58 to 1.59] 0.03 [-1.81 to 1.87]
GMO/PHY_3 0.17 [-12.11 to 2.45] -047 [-2.52 to 1.58]
SZV/SOC_1 -0.12 [-2.05 to 1.81] 0.29 [-1.95 to 2.52]
KOG/LAN_1 - -0.36 [-2.35 to 1.63]
SPK/COM - -0.06 [-2.08 to 1.97]

0.03 [-1.70 to 1.76]
0.15 [-1.52 to 1.82]

5&6
n=10
0.66 [-1.46 to 2.79]
048 [-1.48 to 2.45]

0.38 [-1.58 to 2.34]

-0.003 [-1.94 to 1.94]
0.003 [-1.76 to 1.77]

overall
N=13-39

0.004 [-2.14 to 2.15]
0.004 [-2.20 to 2.21]
0.067 [2.01 to 2.14]
-0.398 [-2.33 to 1.53]
0.121 [-1.84 to 2.09]

GEDI German version of the Early Development Instrument, PHY_3 gross & fine motor skills, SOC_1 overall social competence with peers, EMO_T1 prosocial and
helping behavior, EMO_3 aggressive behavior, EMO_4 hyperactive and inattentive behavior, LAN_1 basic literacy, COM communication and general knowledge,
SDQ Strengths and Difficulties Questionnaire, peers peer relationship problems, prosocial prosocial behavior, conduct conduct problems, hyper hyperactivity/
inattention, DESK Dortmund developmental screening for preschool, FMO fine motor skills, GMO gross motor skills, SZK social competence, SZV social behavior, SZI
social interaction, AKN attention and concentration, KOG cognition, SPK language and communication, - no observations for the age group in this DESK domain,
N.B. Mean differences for comparisons with fewer than five observations are not included

“Mean differences were standardized using z-score transformation
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Fig. 2 Bland-Altman plots showing agreement between GEDI and corresponding SDQ domain score pairs. The metric for both x- and y-axes in
each graph is the z-score for mean domain scores and the difference between scores, respectively
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Fig. 3 Bland-Altman showing agreement between GEDI and corresponding DESK domain score pairs. The metric for both x- and y-axes in each
graph is the z-score for mean domain scores and the difference between scores, respectively

higher proportion of the variance compared with the
model including the item. Therefore, our analysis sug-
gested the presence of 15 rather than 16 factors

(subdomains) across the main domains. We elected to
alter the subdomain headings for the domain LAN from
the one used in the original report of the EDI, as we felt
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Table 4 Summary of the exploratory factor analyses
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Domain Factor EDP?

GEDI

subdomain label
N of items
(range)

internal consistency (a)

PHY physical readiness for school work
1 4
(0.640-0.773)
0.715

physical independence
2 4

(0.401-0.657)

0256

gross & fine motorskills
3 5
(0.763-0.897)
0918
N item total 13

SOC overall social competence with peers
4 5
(0.576-0.754)
0.862

respect and responsibility
5 8

(0.623-0.823)

0.921

independence and adjustment
6 9

(0.504-0.778)

0911

readiness to explore new things
7 4
(0.677-0.892)
0.863
N item total 26

EMO prosocial and helping behavior
8 8
(0.777-0.881)
0.944

subdomain label
N of items
(range)

internal consistency (a)

physical well-being and readiness for school work
6 (2 items < 0.3)

(0.206-0.628)

0.565

physical development and gross & fine motor skills
6 (1 item < 0.3)

(0.251-0.797)

0.759

12

overall social competence with peers
5(7 item < 0.3)

(0.235-0.796)

0.754

respect and responsibility
8

(0.394-0.786)

0813

independence and adjustment
9 (1 item < 0.3)

(0.295-0.831)

0.854

readiness to explore new things
4

(0.591-0.857)

0.758

26

prosocial and helping behavior
9

(0.354-0.843)

0.88
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Table 4 Summary of the exploratory factor analyses (Continued)

(2020) 20:339
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Domain Factor EDP® GEDI
anxious and fearful behavior anxious and fearful behavior
9 8 7
(0.513-0.822) (0.402-0.804)
0.808 0.784
aggressive behavior aggressive behavior
10 7 8
(0.542-0.795) (0.401-0.737)
0.862 0.836
hyperactive and inattentive behavior hyperactive and inattentive behavior
11 7 6
(0.559-0.833) (0.430-0.789)
0.921 0.834
N item total 30 30
LAN basic literacy basic literacy and numeracy / resources to learn those abilities are
provided in German preschools
12 8 9
(0.043-0477) (0.495-0.886)
0.751 0.899
interest and memory interest and curiosity in basic literacy and numeracy
13 5 8
(0.383-0.757) (0.404-0.786)
0.779 0.834
complex literacy skills cognitive abilities
14 6 6
(0.541-0.766) (0.397-0.728)
0.808 0.735
basic literacy and numeracy complex literacy skills / resources to learn those abilities are not
provided in German preschools
15 7 3
(0.409-0.749) (0.706-1.004)
0.802 0.836
N item total 26 26
CcoM communication skills communication skills
16 8 8
(0.279-0.924) (0.525-0.829)
0931 0877

PHY physical health and well-being, SOC social competence, EMO emotional maturity, LAN language and cognitive development, COM communication and
general knowledge
?Janus et al. 2005: Early Development Instrument: Factor structure, sub-domains and multiple challenge index
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Fig. 4 Density plots for all GEDI main domains “density” specifies the kernel function for use in calculating the kernel density estimate. The default
kernel is the Epanechnikov kern; the broken line represents the cut-off of the lowest 10th percentile calculated using the study sample of the GEDI; the
continous line represents the cut-off of the lowest 10th percentile from the report of the sample used to develop the EDI

the items underlying the factors in our EFA did not Distribution of our sample

refere to language and cognitive abilities per se, but ra-  The kernel density plots (Fig. 4) for each domain illustrate
ther to the availability of resources in German pre- the underlying distribution of the data. In the domains
schools to facilitate development of those abilities. PHY, SOC, and COM, the majority of children (>50%)
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Table 5 External validity: GEDI domain scores and odds ratios* by selected characteristics

n/N (%)” aOR¥ [95% CI]
German as a second language
yes 15/34 (44.1) 3.22¥ [1.38, 7.50]
no 41/157 (26.1) 1

n within lowest 10th percentile / N full sample (%)
Immigrant status

yes

no
n within lowest 10th percentile / N full sample (%)
Age

3years

4 years

5years

6 years
n within lowest 10th percentile / N full sample (%)
Sex

male

female
n within lowest 10th percentile / N full sample (%)
SES-Index’

low

middle

high

n within lowest 10th percentile / N full sample (%)

56 /191 (29.3)

12/30 (40) 2.59% [1.06, 6.34]
43/159 (27.0) 1
55 / 189** (28.8)

3.22 [1.07,9.71]
21/60 (35) 271190, 8.19]
6/43 (13.95) 077 [21, 2.83]
5/30 (16.67) 1

56 /191 (29.3)

24/58 (41.4)

98/191 1
93/191 0.74"0.37, 1.48]
56 /191 (29.3)

2/5 (40.0) 260 [.32, 21.34]
28/94 (29.8) 1.28 [63, 2.57]
20/77 (26.0) 1

50/ 176* (28.4)

*for preschool children scoring in the lowest 10th percentile in at least one of the five domains
'SES-Index: Components included net family income (dividing the sum of net income through the sum of the family’s members’ weighting), maternal education,
and parental employment, each component can take values up to seven, and the total SES-Index ranges between 3 and 21 and is categorized as follows: low: 3—

8, medium: 9-14, high: 15-21
*16 of 191 children were missing data from the parental survey
** Two children provided no data for this variable

a) p <0.05; b) using 10%-cut-offs calculated using the study sample of the GEDI; # adjusted for age

scored in the upper range of the latent trait continuum (>
8.5). With regard to EMO, more than 50% of children
scored above 7.6 and children in the top 10th percentile
scored above 9.0. Only the domain LAN did not show a
similar distribution, with 50% of children scoring in the
lower half of the latent trait continuum (<5).

Regarding the cut-off of the lowest 10th percentile, we
found similarities between the German and original
sample cut-offs in all domains except LAN (Fig. 4).

Sociodemographic characteristics

Table 5 shows that girls in our sample were less likely to
score within the lowest 10th percentile compared to
boys (odds ratio [OR] 0.74, p-value >0.05). It also indi-
cates that children who learned German as a second lan-
guage were more likely to score within the lowest 10th
percentile compared with children who were native
German speakers (OR 3.22, p-value < 0.05). Independent
from gender, younger children were more likely to score

within the lowest 10th percentile (OR for three-year-
olds compared to six-year-olds: 3.22, p-value < 0.05). Fi-
nally, although the number of children from families
with low SES was small, they did not have significantly
greater odds of scoring within the lowest 10th percentile
compared with children from families with a high SES.

Discussion
Summary of main results
In this study, we were able to demonstrate good reliabil-
ity and confirmed several aspects of validity for the
GEDL

Specifically, we observed excellent internal consistency
and moderate to good test-retest and interrater reliabil-
ity. Moreover, we confirmed face validity by conducting
expert interviews with preschool teachers. Additionally,
our findings suggest that most items included in the
GEDI are valid indicators for key developmental do-
mains. Testing the GEDI against validated instruments
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currently in use in Germany showed good correlations
between corresponding domains. Bland-Altman plots
overall revealed good and acceptable agreement between
GEDI and SDQ/DESK-measured domains of child devel-
opment, respectively. However, some variation in agree-
ment existed across the distribution of scores and
between age groups, with the GEDI underestimating
scores in younger age groups and overestimating in
older age groups. In addition, associations between
GEDI scores and specific characteristics such as SES and
sex were comparable to previous work [24, 26, 28, 32,
53], suggesting good convergent validity. Lastly, our
density plots displayed left-skewed distributions of GEDI
scores across domains, as might be expected. Scores in
the lowest 10th percentile were largely similar between
the German and the original EDI in all domains except
LAN.

Reliability of items

Although internal consistency was generally good, some
exceptions indicate a need for careful consideration.
Two domains in particular should be given a closer look:
PHY and LAN.

In terms of content, it might be that the domain PHY-
contains more than a single latent variable; however, the
original item structure of the EDI, which we used as a
template, treated this as one domain. Within this do-
main, four items loaded below 0.3.: (i) the loading for
Sucks thumb/finger was near zero and the item-total cor-
relation was quite low (a =0.077). Similarly, the original
EDI report [51] as well as a report from Hagquist et al.
(2013) showed poor loading (0.401) of this item in factor
analyses and identified it as the most poorly fitting item
in the domain [54]. Excluding this item from our ana-
lyses, however, did not result in significantly higher in-
ternal consistency as the item response category used by
92% of our sample was “never or not true”. One poten-
tial explanation for the latter finding is that the vast ma-
jority of children in our sample came from families with
a higher SES, a setting which might provide greater
emotional stability [55]. Given that theories of develop-
mental psychology consider this item reflective of
emotional conditions in children such as anxiety or de-
pression [52, 56], we recommend shifting the item to the
domain EMO. Similarly, three items within the domain
PHY showed a lack of variablity in responses: (ii) child
arrives hungry, (iii) is independent in washroom habits
most of the time, and (iv) shows an established hand
preference. We attribute this to selection issues in our
study, with the majority of our sample coming from
higher SES households. Previous work suggests that chil-
dren in high-SES families have more of the resources
needed to support their positive development than those
from lower SES households [57]. Correlations between
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SES and child development in our study are to be inter-
preted with caution, however, and future studies imple-
menting the GEDI or an adaptation of it should ensure
that children from diverse social backgrounds are
sampled.

While many studies show that a secure and organized
parent-child attachment is positively associated with the
social, emotional and cognitive skills of children [58],
only a few items that relate to these skills exist in the
GEDI and the EDI as originally reported. Thus, includ-
ing additional items in the GEDI covering aspects of fa-
milial support may, as others have suggested [59],
improve the GEDIL

According to our interpretation, the poor performance
of three items within the LAN domains across all age
groups (is able to read complex words, is able to read
simple sentences, and is able to write simple sentences
[response of “never or not true” in almost all cases [96,
96, 97% respectively]]) might be related to differences in
the structure and learning objectives in German versus
Canadian preschools. As the context in which the ori-
ginal instrument was developed, Canadian preschools
focus from the outset on promoting advanced language
and math skills, whereas German preschools emphasize
free play during preschool time and introduce children
to basic numeracy and literacy skills only in the last year
for the oldest children. Advanced reading and writing
abilities do not represent pedagogical aims in German
preschools, which may explain why children have neither
developed nor are expected to have these skills before
the first grade in elementary school. A previous study
[54] from Sweden, where preschools take a similar ap-
proach to that of Germany [60], reports similar results
for two of the items mentioned. Moreover, children en-
rolled in German preschools typically range from 3 to 6
years of age (mean of our sample 4.7), while the age
range for children participating in the sample used to
develop the original instrument was higher (4 years, 11
months to 6years, 4 months) [50]. This would suggest,
therefore, that preschool children in Germany would be
even less likely to show these competencies. Therefore,
these items might have to be excluded in order to
produce a reliable, contextually appropriate instrument
documenting early development and vulnerability in
Germany.

Validity assessment

Our content validity results and a factor structure very
similar to that reported in the original study [31] under-
score one of the key tenets of developmental psychology
- that children’s development is universal [44]. Thus,
most of the GEDI items seem to be transferable to chil-
dren across industrialized countries.
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Significant negative correlations between two domains
of the SDQ (i.e., SOC and EMO) with comparable do-
mains in the GEDI indicate acceptable concurrent valid-
ity. Significant positive correlations of GEDI domains
with corresponding DESK domains (all p-value <0.05)
indicate good validity in younger children who com-
prised a majority of the subsample (74%, n=29),
whereas older children had very low and in some cases
negative correlations in half of the corresponding DESK
domains (5/11). We attribute this either to the small
sample size of older children, or to the fact that those
DESK domains mainly include group performance tasks
while GEDI items are based on teacher report [39].

Results from Bland-Altman plots show good to mod-
erate agreement between the GEDI and SDQ/DESK,
though with some variation aross the distribution of
scores. This was expected, as the measures capture con-
structs that are similar but not identical. For SDQ,
agreement values are derived from the total sample. Ac-
ceptable agreement only in the highest scores of GEDI-
SDQ domain pairs might be related to scorings in the
higher ranges of the latent constructs as shown in the
density plots. Furthermore, based on the mean differ-
ences, preschool teachers tended to underestimate youn-
ger children’s development (age groups 3 and 4 years)
and to overestimate older children’s development (age
groups five and 6 years) with the GEDI compared to as-
sessments applying the SDQ. This finding suggests that
GEDI assessment in Germany should be administered
using age-specific questionnaires. In the small subsample
in which DESK was administered, we found similar re-
sults, except for domain pair GEMO/PHY_3, where the
mean difference for three-year-olds was near zero and
for four-year-olds was almost half a standard deviation
below zero. This inconsistency might be attributed to
methodological discrepancies and should be interpreted
with caution. Taken together, these findings suggest that
further adaptation will be necessary for future use of the
GEDI, especially for enabling valid measurement of de-
velopment in middle and lower score ranges of the la-
tent construct.

Despite a factor structure very similar to the one re-
ported for the EDI [51] (16 instead of 15 factors/subdo-
mains), we observed loadings that were generally lower.
This might be due to a smaller sample size of and to a
younger mean age in our sample. Therefore, a future
study to confirm convergent validity of an adapted GEDI
should try to achieve a larger sample and a more uni-
form age distribution.

Sample distribution compared to representative data

The density plots reveal distributions as expected in the
domains PHY, SOC, EMO and COM. For the domain
PHY (also containting items that cover the general state
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of health and motor abilities of children) our results are
in line with national statistics on the general health sta-
tus of children in this age range [61], in which 57.1, 38.6
and 4.3% report having a very good, good or poor health
status, respectively. Another nationally representative
study reported, that 5 to 11% of preschool children have
noticeable problems in their motor development [62].
This statistic is consistent with findings in our sample,
in which a majority of children (>90%) scored in the
upper range of the specific latent trait continuum (right-
skewed distribution).

Further, around 17% of children in Germany are af-
fected by psychological health issues [61, 63]. This in
consistent with our results from domains SOC and
EMO, in which approximately 75% of our sample scored
higher than 8.7 and 6.8, respectively.

For COM, only 10% scored below 5 in our sample, a
finding consistent with representative monitoring data,
in which 3 to 16% of children showed difficulties in the
development of communication skills such as vocabu-
lary, speech comprehension, articulation, and oral
fluency [64].

For the domain LAN, the picture is different: If we
had used the score threshold applied in the report of the
original EDI, 50% of the children would have scored
below 5 and would have been identified as vulnerable.
Report from previous study conducted in Germany,
however, suggests that only 20.7% showed deficits in lan-
guge and cognitive development [12]. We interpret this
as a lack of contextual appropriateness of several items
in the domain LAN, as discussed previously.

Opportunities and barriers of the current version of the
GEDI

Our results show that the GEDI was acceptable in the
German preschool setting, most items were valid and
thus, with further adaptations the GEDI promises to
offer a useful tool for monitoring child development at
the popoulation level in Germany [31]. In terms of de-
tecting developmentally delayed children, one of the big-
gest advantages of the GEDI is that it is designed for
teacher proxy reports, which makes assessment inde-
pendent from parental availability related to language
barriers or other factors. Moreover, the instrument al-
lows the preschool teacher to reflect on the development
of the individual child. If concerns regarding develop-
ment delay arise from the GEDI assessment, preschool
teachers are well-positioned to determine the relevance
of the issue for a specific child in question given their
own professional capacity.

Cut-off scores to determine vulnerability rates for
German preschoolers would have to be generated with a
contextually appropriate version of the GEDI adapted to
the context in the ways we describe.
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In fact, previous studies on the EDI in other countries
[24-26, 28] computed vulnerability rates by classifying
children in their study population as developmentally
vulnerable if they scored in the lowest 10th percentile in
at least one domain. In these countries, the age ranges of
children in preschools were somewhat narrower (4—6
years), or they assessed only children from one age
group, making comparison with the original EDI sample
easier.

Taken together, to establish vulnerability cut-off scores
that are contextually appropriate for the German system,
the adaptation of the GEDI has to account for both (i)
the pedagogical objectives of the German preschool
context and (ii) age-appropriateness.

Limitations of our study and future directions

We provide the first evidence of the reliability and valid-
ity of a German translation based closely on the inter-
nationally renowned EDI instrument. Despite this
strength, we acknowledge several limitations to our
work. While psychometric evaluations of existing instru-
ments do not require representative samples, for ex-
ample, a selection bias in our sample makes it difficult
to derive reference values and describe child develop-
ment at the population level. In Germany, a legal re-
quirement exists for active instead of passive consent
from children or their parents [65]. While similar selec-
tion biases exist in other studies [66, 67], the net result
is that participation is greatest among higher SES par-
ents. However, to be useful as a population-based meas-
ure, future data should be anonymized and routinely
collected in preschools.

While most of our measurements reflected moderate
to high reliability, long intervals between the first and
second measurement points of our test-retest and inter-
rater reliability check are also a limitation of our study.
These were related to the competing time demands of
preschool teachers. Nevertheless, correlation values be-
tween test and retest were moderate to high, indicating
good consistency of data over time. With regard to in-
ternal consistency, we followed the recommendations of
the COSMIN checklist [68] and were able to show good
Cronbach’s alpha values similar to those of the devel-
opers [32]. Nevertheless, Cronbach’s alpha has some
limitations in assessing the internal consistency of latent
variables [69].

While we performed a comprehensive EFA [68], the
sample size impeded conducting a confirmatory factor
analysis. Moreover, given our small subsample of chil-
dren assessed with the DESK, we were not able to draw
any definitive conclusions on concurrent validity using
the DESK. However, using the SDQ as a comparison for
the GEDI domains “social competence” and “emotional
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maturity” in the whole
correlations.

In order to develop an adapted, contextually and age-
appropriate version of the GEDI, we suggest the applica-
tion of Item Response Theory (IRT) [70]. This method
has been used for adapting the Swedish [54] and
Australian [71] versions of the EDI and may also be suit-
able for a successful adaptation of the GEDI. We expect
IRT analysis to result in a shorter instrument, including
only those items with a high information value for age-
specific latent trait scopes. This could increase the
feasibility of the GEDI for population monitoring in
Germany.

sample exhibited good

Conclusion

The results of this study give empirical, data-driven
guidance towards adapting and refining the GEDI for
population monitoring in Germany. With further devel-
opment, it should be possible to use a version of the
GEDI with even stronger psychometric properties for
area-wide monitoring of child development. Anonymous
monitoring using an adapted, contextually appropriate
GEDI in the preschool setting would have substantial
reach into the target population, provide support to
teachers in identifying problem areas, and at the same
time facilitate target-oriented decision-making in public
health policy.
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