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Abstract 

Background Early childhood self-regulation (SR) is key for many health- and education-related outcomes 
across the life span. Kindergarten age is a crucial period for SR development, and within this developmental window, 
potential SR difficulties can still be compensated for (e.g., through interventions). However, efficient measurement 
of SR through brief, comprehensive, and easy-to-use instruments that identify SR difficulties are scarce. To address this 
need, we used items of an internationally applied kindergarten teacher questionnaire—the Early Development Instru-
ment (EDI) – to develop and validate a specific SR measurement scale.

Methods The psychometric evaluation and validation of the selected SR-items was performed in data collected 
with the German version of the EDI (GEDI), in two independent data sets – (a) the development dataset, with 191 
children, and b) the validation dataset, with 184 children. Both included three- to six-year-old children and contained 
retest and interrater reliability data. First, three independent raters—based on theory—selected items eligible to form 
a SR scale from the two SR-relevant GEDI domains "social competence" and "emotional maturity". Second, exploratory 
and confirmatory factor analysis using structural equation modeling examined the item structure across both data 
sets. This resulted in a defined SR scale, of which internal consistency, test–retest and interrater reliability, cross-valida-
tion, and concurrent validity using correlation and descriptive agreements (Bland–Altman (BA) plots) with an existing 
validated SR-measuring instrument (the Kindergarten Behavioral Scales) were assessed.

Results Confirmatory factor analysis across both data sets yielded the best fit indices with 13 of the GEDI 20 items 
initially deemed eligible for SR measurement, and a three-factor structure: a) behavioral response inhibition, b) cogni-
tive inhibition, c) selective or focused attention (RMSEA: 0.019, CFI: 0.998). Psychometric evaluation of the resulting 
13-item-GEDI-SR scale revealed good internal consistency (0.92), test–retest and interrater reliability (0.85 and 0.71, 
respectively), validity testing yielded stability across populations and good concurrent validity with the Kindergarten 
Behavioral Scales (Pearson correlation coefficient: mean 0.72, range 0.61 to 0.84).

Conclusions The GEDI contains 13 items suitable to assess SR, either as part of regular EDI developmental monitor-
ing or as a valid stand-alone scale. This short 13-item (G)EDI-SR scale may allow early detection of children with SR dif-
ficulties in the kindergarten setting in future and could be the basis for public health intervention planning. To attain 
this goal, future research should establish appropriate reference values using a representative standardization sample.
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Introduction
Self regulation (SR) is a fundamental developmental 
skill impacting a child’s performance and health across 
the lifespan [1, 2]. It describes the ability to adapt one’s 
thoughts, feelings, and behavior to the demands of a par‑
ticular situation in order to optimally pursue personal 
goals [3]. Moreover, SR refers to processes that enable us 
to maintain optimal levels of emotional, motivational, 
and cognitive arousal. It […] overlaps substantially with 
inhibitory control, a core dimension of executive func-
tions [4].

From a medical, psychological and pedagogical per-
spective, good SR skills are considered a protective fac-
tor regarding mental [5–7] and physical health [8] and 
have been found to longitudinally predict health, suc-
cess in professional and private life, satisfaction with 
life and social equity in adulthood [1].

Accumulating evidence in the last two decades sug-
gests that more and more children from school age to 
adolescence have difficulties in regulating their behav-
iors [9]. For example, the prevalence of behavioral and 
psychological problems related to SR in kindergarten 
and primary school has been steadily increasing [2, 10–
12]. This not only presents challenges for the daily work 
of teachers [13–15], but studies also suggest that these 
problems persist into adolescence with a 50% chance 
[16], resulting in a high societal burden and possible 
medical costs [17, 18].

With the window for promoting children’s SR skills 
opening years before entering school, early identifica-
tion of children with SR difficulties combined with 
early intervention e.g. in kindergarten seems key from a 
public health perspective. As SR development depends 
on environmental factors and experiences [19–21] 
(besides biological maturity), interventions that change 
the environment and experiences have the potential to 
effectively support child SR development [22–24]. Cur-
rent systematic reviews have shown effectiveness of dif-
ferent SR promoting interventions in early childhood 
education and care environments (ECECs) [23, 24]. 
Other studies showed that supportive environmental 
factors such as high-quality teacher–child interaction 
[25] are positively associated with SR development in 
children. This suggests that a public health approach 
combining the efficient identification of children with 
SR difficulties early on with the implementation of 
effective interventions in the kindergarten setting has a 
high potential.

To identify vulnerable children, valid measurement of 
SR in kindergartens is necessary. As SR skills are part 
of psychological and social-emotional child develop-
ment, questionnaires that are used to assess the lat-
ter might be promising. These include the Behavioral 
and Emotional Rating Scale (BERS, 26 items, domains: 
behavioral self-control, emotional self-control) [26], the 
Child Behavior Checklist (CBCL, 33 items, domains: 
emotionally reactive, attention problems, aggres-
sive behavior) [27], the Child Behavior Questionnaire 
(CBQ, 12 items, domains: attentional focusing, inhibi-
tory control) [28], the Child Behavior Rating Scale 
(CBRS, 17 items, domains: self-regulation, social/inter-
personal skills) [29], Conners’ rating scale – teacher 
form (CTRS, 28 items, domains: conduct problems, 
day-dreaming inattention, anxious fearful, hyperactiv-
ity) [30], the Devereux Early Childhood Assessment 
(DECA, 8 items, domain: self-control) [31], Social 
competence and behavior evaluation—preschool edi-
tion (SCBE, 20 items, domains: anger-aggression, social 
competence) [32], the Social Competence Scale (SCS, 
13 items, domains: prosocial behavior, emotion regula-
tion) [33], the Strengths and difficulties questionnaire 
(SDQ, 25 items, domains: emotional symptoms, con-
duct problems, hyperactivity/inattention, peer relation-
ship problems, prosocial behavior) [34, 35], and the 
Behavior Rating Inventory of Executive Function—Pre-
school Version (BRIEF-P, 63 items, domains: inhibition, 
attention shift, emotional control, working memory, 
planning/organizing) [36]. Although many instruments 
might be available to measure SR skills, the most 
important ones were suggested to be the CBQ, BRIEF, 
CBCL and SDQ [37]. However, from a public health 
perspective, all of these are too comprehensive and 
long (e.g. number of items for SR measurement = 12, 26 
23, 25, respectively) for screening purposes, and do not 
feature SR as a separate construct.

Several of these questionnaires also exist in German, 
e.g. the SDQ or the BRIEF-P [38]. Furthermore, addi-
tional questionnaires exist that were developed in the 
German context and are primarily used in Germany, 
such as the Kindergarten Behavior Scales (VSK, 49 
items, domains: anxiety, hyperactivity and inattention, 
aggressive behavior, emotional dysregulation, social 
competence, emotional knowledge/empathy, self-reg-
ulation) [39], the Organizing Education in Kindergar-
ten screening (BIKO, 33 items six domains: willingness 
to cooperate with educational staff, integration into 
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the group, problem behavior towards peers, prosocial 
behavior towards peers, play and task behavior, regu-
lation of emotions) [40, 41], the Dortmund Develop-
mental Screening for Kindergarten (DESK 3–6 R, 45 to 
50 items depending on age, domains: fine motor skills, 
gross motor skills, social competence, social behavior, 
social interaction, attention and concentration, cogni-
tion and language, cognition, basic competence literacy, 
basic competence numeracy, language and commu-
nication) [41] or the questionnaire Competencies and 
Interests of Children (KOMPIK, 158 items across 11 
domains: motor skills, social and emotional behavior, 
motivation, language and early literacy, maths, science, 
music, design, health, well-being, and social relation-
ships) [42].

While these instruments meet scientific standards, 
they are all longer and quite time-consuming (mini-
mum 40 items, while the DESK even contains perfor-
mance tasks over and above questionnaire items, which 
requires even more time and a suitable physical envi-
ronment in kindergartens). In addition, most of them 
do not feature SR as a separate construct and are far too 
comprehensive (e.g. measure development or behavio-
ral issues in general), which reduces their suitability as 
efficient SR screening tools in the kindergarten envi-
ronment and also might explain why they failed to gain 
wide use in Germany.

To move the field of developmental monitoring and 
public health intervention planning in kindergartens in 
Germany forward, we previously adapted the interna-
tionally widely used Canadian Early Development Instru-
ment (EDI) [43] to the German context and published 
the German version of the EDI (GEDI) [44]. The EDI is a 
valid and reliable teacher 103-item questionnaire assess-
ing a child’s ability to meet age-appropriate development 
expectations in five domains (see below), developed by 
Magdalena Janus and colleagues at the Offord Center 
for Child Studies at McMaster University, Ontario. The 
instrument was designed as a screening and develop-
mental monitoring tool [45–49]. It serves to collect data 
on the development of 3- to 6-year-old children in all 
relevant developmental domains [50]. In Canada and 
other countries, the EDI is integrated into a public health 
monitoring and intervention planning approach, which 
results in a tailored implementation of interventions in 
kindergartens to support child health and development.

Based on the features described above, the EDI could 
provide an optimal basis to develop a brief, but psycho-
metrically sound and fully questionnaire-based screen-
ing instrument to detect SR difficulties in kindergarten 
children. In addition, the worldwide use of the EDI would 
allow to assess SR as part of the regular EDI monitoring 
in kindergartens in many countries.

Therefore, this study assesses whether it is possible 
to develop a valid scale measuring SR by recombining 
items of the theoretically relevant EDI domains "social 
competence" and "emotional maturity". The following 
research questions guide our study:

a) Can existing items from the (G)EDI be selected 
based on solid theoretical and conceptual considera-
tions and recombined to form a valid (stand-alone) 
SR scale?

b) Does the resulting (G)EDI-SR scale have adequate 
psychometric properties and validity?

Methods
Recruitment, data collection and sample description
The present study collected data with the (G)EDI 
teacher questionnaire [43, 44] in two independent data 
sets – (a) the development dataset, with 191 children, 
collected in June 2016 to pilot the EDI in Germany in 
three different towns, with more details on recruit-
ment and psychometric features published elsewhere 
[44], and b) the validation dataset, with 184 children, 
collected in fall 2021, in kindergartens in a small town 
in the South-West of Germany (population approx. 
15.000), which intended to use the GEDI as the starting 
point for a community-based early childhood preven-
tion strategy. In both data collections, teachers com-
pleted the full GEDI and the VSK-SR subscale for all 
participating children. The precondition to fill out the 
GEDI was that the teachers knew the children for at 
least one month, had sufficient command of the Ger-
man language, and took part in a training session prior 
to the assessment. The previous training ensured that 
all teachers had the same level of knowledge about the 
instrument, its purpose and completion.

All data were collected electronically and given an 
individual pseudonym by the teachers to match first and 
second surveys to the same child with a 100% degree of 
accuracy.

Eligibility criteria for the children to whom the GEDI 
was administered comprised age 3 to 6  years, the pres-
ence of written informed parental consent and the 
absence of special needs. Table  1 displays descriptive 
characteristics for both samples and provides the num-
ber of eligible and finally participating children and 
teachers. Ethical approvals for both data collections were 
granted by the Ethics committee of the Medical Faculty 
Mannheim, Heidelberg University (development sample: 
2015-640N-MA; validation sample: 2016-588N-MA). 
The teachers’ participation was taken as an implicit con-
sent to participate in our study.
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Study design – overview
In a first step, the selection of GEDI items that theoreti-
cally map to SR was performed, which resulted in eligible 
GEDI-SR items. To assess the construct and dimensions 
of the eligible GEDI-SR items (see beneath), we used the 
development dataset, resulting in a first GEDI-SR scale. 
The GEDI data from the two independent samples were 
then used to cross-validate the item and factor structure 
of the GEDI-SR scale from the development data set to 
the validation data set. In a next step, using the validation 
data set, the GEDI-SR scale was compared with the VSK-
SR items to assess concurrent validity of the GEDI-SR 
scale. Moreover, our reliability analyses used data from 
repeated retests of the GEDI within the validation sam-
ple. In the following, measurements and related statisti-
cal analyses for the different steps of the study design are 
presented in more detail.

Measurements
The GEDI as basis for SR scale development
The GEDI, like the original EDI, is a kindergarten teacher 
questionnaire to assess early childhood development in 
the following domains: “physical health and well-being" 
(13 items), "social competence" (26 items), "emotional 
maturity" (30 items), "language and cognitive devel-
opment" (25 items), and "communication and general 
knowledge" (8 items) based on accumulated teacher 
impression and observation (and not on performance 
tasks). As a public health tool, the (G)EDI can be helpful 

in several ways: e.g. for teachers to create optimal learn-
ing opportunities tailored to individual child develop-
mental profiles, for school boards and ministries to plan 
resource allocations to kindergartens (e.g. child-teacher 
relation) and to describe specific intervention needs 
in kindergartens which could be used for public health 
monitoring and planning (including to convince funders 
of intervention projects) [51].

The validation of the GEDI in the German context 
across the original five main domains demonstrated 
excellent internal consistency (0.73 < α > 0.99), moderate 
to good test–retest and interrater reliability (0.50 to 0.81 
and 0.48 to 0.71, respectively [p-value < 0.05]), and good 
concurrent validity with other developmental instru-
ments (range: 0.32 to 0.67) (details see [44]).

However, focus groups with teachers after the first 
data collection in Germany revealed a need to provide 
age-specific ratings (the original instrument is applied to 
5-year old children in their preschool year, while in Ger-
many kindergartens serve children from the age of 3 to 
6). Using item response analyses, appropriateness of age-
related information content and redundancies (e.g. some 
items from the original 103 items that did not provide 
additional content for specific age groups) were resolved, 
which thereby led to an overall shortening of the GEDI 
as compared to the EDI. The age-adjusted, age-specific 
and shorter GEDI contains different numbers of items, 
depending on the age group: n = 69 for 3–4  year-olds, 
n = 65 for 5-year-olds, and n = 61 for 6-year-olds. In the 

Table 1 Characteristics of development and validation samples

a 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
b n = 22 due to an affirmative answer to the special needs question, n = 3 under the age of three

SES = socioeconomic status

N development sample (%) N validation sample (%)

Eligible (invited) Children 444 385

Kindergartens 9 6

Teachers 60 75

Participating Children with parental consent 225 (51) 209 (54)

Kindergartens 9 (100) 6 (100)

Teachers 60 (100) 33(44)

Cases excluded upon reasons 34a (15) 25b (12)

Cases in dataset 191 (43) 184 (48)

mean age (range; SD) 4.27 (3 to 6; 1.05) 4.25 (3 to 6; 0.94)

n 3 years 58 (30) 46 (25)

n 4 years 60 (31) 65 (35)

n 5 years 43 (23) 55 (30)

n 6 years 30 (16) 18 (10)

Gender (female) 49% 51%

German second language 18% 7%

SES low/middle/high 2,6/49,2/40,3% -
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present study, only the items of the SR-relevant domains 
of the GEDI, "social competence" (n = 15 and 16 items for 
3–4- as well as 5–6-year-olds, respectively) and "emo-
tional maturity" (n = 21 items for all age groups), were 
considered and analysed.

The VSK as measure to assess concurrent validity
Besides the GEDI we applied the SR subscale of the Ger-
man Kindergarten Behavioral Scales (Verhaltensskala für 
den Kindergarten = VSK-SR) [39] to assess concurrent 
validity. The VSK comprises 49 items in seven domains: 
anxiety, hyperactivity and inattention, aggressive behav-
ior, emotional dysregulation, social competence, emo-
tional knowledge/empathy, self-regulation). The VSK-SR 
scale entails five items, with an internal consistency 
of = 0.79: waits for his or her turn, performs activities he 
or she does not like, wants things immediately, considers 
the consequences of his or her own actions, finishes tasks. 
The concurrent validity of the VSK-SR subscale was 
assessed with the SDQ [35] and proved to be moderate 
(-0.67, p-value < 0.001) and thus acceptable [52].

Selection of items: Assessing eligibility and selecting 
SR‑mapping GEDI items
We used a theory-based approach to identify items that 
might be relevant for the development of a SR scale. As 
a theoretical basis, we used a widely accepted categoriza-
tion system of SR [4]. It considers SR as a multidimen-
sional latent construct, including three closely related 
sub-dimensions: a) cognitive inhibition, which means 
the inhibition of thoughts and memories, b) selective 
or focused attention, or c) response inhibition: self-
control/discipline. With these definitions in mind, three 
independent raters who were professionally familiar 
with early childhood development (childhood educa-
tion, occupational therapy, developmental psychology) 
assessed all items within the GEDI domains of "social 
competence" and "emotional maturity”, which deemed 
relevant as these skills are closely related to SR skills [53]. 
Each item was labeled each as either 0 (not mapping to 
SR) or 1 (mapping to SR). Subsequently, they assigned 
the items mapping to SR to the three sub-dimensions of 
SR. Interrater agreement was assessed using kappa-sta-
tistics. Inconsistencies were resolved through discussion 
including a third independent rater until consensus was 
reached. This process resulted in items eligible to form 
the new GEDI-SR scale.

Statistical analyses
Operationalization and  categorization of  responses 
in  the  GEDI‑SR scale Like in the original EDI, we 
retained three-point Likert scales for the GEDI (coding: 
often/very true = 10, sometimes/somewhat true = 5, and 

never/not true = 0) [43]. Higher mean scores indicated 
better development. Children were excluded from analy-
ses in a domain if ≥ 30% of values were missing [20]. In 
the absence of a normative German sample to establish 
valid cut-offs, and in line with the original EDI proce-
dures, children who scored lower than the 10th percentile 
in the ensuing GEDI-SR scale were preliminarily deemed 
as “vulnerable” in terms of SR [54].

Descriptive analysis of  the  two data sets We initially 
compared descriptive statistics of the development and 
validation datasets (sample size, mean age, distribution 
and scorings at  10th, 25ths,  50th and  75th percentile) using 
kernel density plots to reveal differences that might fur-
ther help to explain potential inconsistencies in struc-
tured equation modeling (SEM).

Assessment of  construct and  dimensions of  the  eligible 
GEDI‑SR items: Psychometric evaluation We first per-
formed an exploratory and confirmatory factor analysis. 
Using the development dataset, we applied the meas-
ure of sampling adequacy (MSA, < 0.5 unsuitable, ≥ 0.6 
usable, > 0.8 good [55]). To test the hypothesis regarding 
the factor structure among the eligible GEDI-SR items, 
we conducted an exploratory factor analysis using struc-
tural equation modeling (maximum-likelihood method). 
The comparative fit index (CFI, > 0.95) [56] and the root 
mean squared error of approximation (RMSEA, < 0.05) 
[57–60] served as goodness-of-fit indicators of the model. 
To avoid overfitting, we tested the model fitted with the 
development dataset by recalculating the same model 
using the validation dataset. We aimed to replicate the 
main structured equation modeling composition of the 
model (confirmatory factor analysis). Since we were still 
in the exploration stage, we adjusted correlations among 
items in the validation dataset where necessary in favor of 
a better model fit.

Reliability testing of  the  GEDI‑SR scale We assessed 
internal consistency (Cronbach’s alpha) of the GEDI-SR 
scale resulting from the confirmatory factor analysis and 
used intraclass correlation coefficients (ICC) to assess 
test–retest and interrater reliability (0.5 = poor, 0.5 to 
0.75 = moderate, 0.75 to 0.9 = good, and > 0.9 = excellent 
[61]. We asked teachers to repeat the GEDI for a randomly 
selected subset of children (n = 72; 3 children per age 
group) after two weeks. ICCs indicate the strength of the 
correlation of the GEDI-SR scores between the two meas-
urement time points. The higher the ICC value, the better 
the correlation between T1 and T2 and the better the cor-
responding reliability. Additional plausibility checks using 
invariant demographic variables (birth quarter, gender) 
ensured the accuracy between T1 and T2 data.
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Concurrent validity testing of  the  GEDI‑SR scale We 
assessed concurrent validity by means of Pearson corre-
lation coefficients and plotting differences between the 
mean GEDI-SR and VSK-SR scores using Bland–Altman 
(BA) plots for each age group. BA plots are graphical rep-
resentations that can be used to compare two measure-
ment methods by analyzing the agreement between these: 
a difference plot combined with calculation of the two 
(upper and lower) limits of the differences between the 
methods (the so-called 95% limits of agreement). The x 
axis shows the mean of the results of the two methods 
([A + B]/2), whereas the y axis represents the absolute dif-
ference between the two methods ([B—A]) [62, 63]. The 
closer the points in the plot are aligned around the line of 
mean difference (line centered at zero of the y-axis), the 
better the agreement. A good agreement is to be inter-
preted as good concurrent validity.

To meet the requirement for normality [64, 65], we 
used the Stata commands gladder and qladder and 
selected the closest to normal distribution. To enable 
cross-measure comparisons in BA plots, GEDI-SR and 
VSK-SR scores were transformed into z-scores. BA plots 
were generated using the Stata command concord [66]. 
The association between the two measures was examined 
by (i) considering the mean difference and (ii) the scatter-
ing of dots around the mean difference line in relation to 
the latent trait continuum on the x-axis.

All analyses were conducted using Stata (StataCorp. 
2015. Stata Statistical Software: Release 15. College Sta-
tion, TX: StataCorp LP.).

Results
Results of the item selection process
The theory-based item selection resulted in a list of 20 
eligible GEDI-SR items (Table  2). In the selection pro-
cess, a moderate kappa of 0.5 between the three raters 
could be achieved.

Assessment of construct and dimensions of the eligible 
GEDI‑SR items: Psychometric evaluation
The measure of sampling adequacy analysis amounted 
to MSA = 0.9. Exploratory factor analysis with the 
development sample revealed three highly significant 
(p-value < 0.001) interrelated factors (Table  3). The 
explanations in the right column of this table show that 
the loadings and allocations of the eligible items to the 
factors are theory-based and comprehensible. The con-
tents of all items with loadings higher than or equal to 
0.4 could be transparently assigned to the correspond-
ing factors. Four items with loadings below 0.4 had too 
general a wording and their content did not necessarily 
refer to the ability to self-regulate. Therefore, they were 
removed from consideration leaving us with 16 of the 

initially 20 eligible items. Based on the theoretical back-
ground, the ensuing three factors were labeled as: 1) 
behavioral response inhibition; 2) cognitive inhibition; 3) 
selective or focused attention.

Confirmatory factor analysis with the development 
dataset using structured equation modeling revealed 
highly significant correlations at the factor and item 
level. Three items loaded below 0.6 and were therefore 
excluded from the final model (Table 4) leaving us with 
13 items of the initially 20 eligible items. The good model 
fit (RMSEA: 0.029, CFI: 0.993) is presented in Table  4, 
resulting in a 13-item SR scale to be tested further.

Cross‑validation: confirmatory analysis using 
the validation dataset
We tried to replicate the GEDI-SR scale model using the 
validation dataset. This cross-validation yielded similar 
results (RMSEA: 0.019, CFI: 0.998) (Table 4.), confirming 
the 13-item scale within a three-factor model structure.

Table 2 GEDI items to develop a self-regulation scale selected 
on a theoretical basis

Original GEDI‑
Domain

Items
Would you say that this 
child…

Social competence qc2 Has the ability to get 
along with peers

qc5 Follows rules and instructions

qc7 Demonstrates self-control

qc9 Demonstrates respect 
for adults

qc10 Demonstrates respect for chil-
dren

qc11 Accepts responsibility 
for actions

qc12 Listens attentively

qc14 Completes work on time

qc15 Works independently

qc16 Takes care of school materials

qc17 Works neatly and carefully

qc24 Is able to follow class routines 
without reminders

Emotional maturity qc37 Gets into physical fights

qc42 Can’t sit still, is restless

qc43 Is distractible, has trouble 
sticking to any activity

qc44 Fidgets

qc46 Has temper tantrums

qc47 Is impulsive, acts with-
out thinking

qc48 Has difficulty awaiting turn 
in games or groups

qc50 Is inattentive
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Table 3 Factor loadings and theory-based explanations resulting from exploratory factor analysis with the development dataset

Note: aItem excluded from subsequent analysis (structured equation modeling and BA-Plots)

Item numbers in bold: Items corresponding with VSK-SR items: Waits for his or her turn (qc5), Performs activities he or she does not like (qc11), Wants things immediately 
(qc48), Considers the consequences of his or her own actions (qc11, qc47), Finishes tasks (qc14, qc43)

Variable Would you say that this child… Factor1 Factor2 Factor3 Uniqueness Theory based explanation

qc10 Demonstrates respect for children 0.7440 0.4707 Requires to inhibit emotions and behavior

qc9 Demonstrates respect for adults 0.6693 0.4933 Requires to inhibit emotions and behavior

qc37 Gets into physical fights 0.6625 0.6026 Requires to regulate emotions and needs a cer-
tain motivation to regulate behavior

qc47 Is impulsive, acts without thinking 0.6237 0.5022 Impulsivity is the inability to regulate emotions 
and behavior. If someone is planned, then he 
can regulate his emotions and act in a self-
controlled manner

qc5 Follows rules and instructions 0.5344 0.6048 Requires the ability to motivate oneself 
to adapt and to inhibit "rebellious" emotions 
and behave accordingly

qc11 Accepts responsibility for actions 0.4134 0.4878 Requires the ability stand up for own mis-
takes to resist the impulse to be offended 
and "run away". This requires to regulate 
emotions and behavior by being honest 
and not offended

qc7a Demonstrates self-control  < 0.4 0.6445 Can mean anything and does not separate well. 
The item is not worded accurately enough

qc46a Has temper tantrums  < 0.4 0.8090 You can throw tantrums for very different rea-
sons. However, this does not necessarily mean 
that one has a bad SR

qc15 Works independently 0.7598 0.4631 to be able to work independently, I have to be 
able to remember things and stay on task

qc17 Works neatly and carefully 0.7359 0.3816 to be neat and careful, I need to be able 
to structure myself and my thoughts

qc14 Completes work on time 0.7344 0.4662 To stay on schedule, I also need to be able 
to stay on task and focus my thoughts on what 
I’m doing

qc24 Is able to follow class routines with-
out reminders

0.5504 0.6140 Requires the ability to remember things 
and also be able to recall it again

qc12 Listens attentively 0.5315 0.4751 Requires the ability to block out disturbing 
thoughts and memories

qc16 Takes care of school materials 0.5002 0.4667 Requires to be careful and not destroy anything 
on purpose. Requires the ability to suppress 
the impulse to destroy, which is sometimes 
perceptible, and behave appropriately and in a 
controlled manner

qc2a Has the ability to get along with peers  < 0.4 0.7658 Too many things in one item. Doesn’t 
have to be SR ability if someone can get 
along with another kid

qc44 Fidgets 0.7379 0.4575 Fidgeting and being restless and physically 
active doesn’t necessarily mean that a child 
is not able to concentrate, but certainly often 
goes hand in hand with it

qc43 Is distractible, has trouble sticking to any 
activity

0.7372 0.4048 Requires the ability to concentrate and focus 
attention

qc42 Can’t sit still, is restless 0.7171 0.4387 These children have difficulties to focus their 
attention

qc50 Is inattentive 0.6705 0.4803 These children can’t concentrate and selec-
tively focus their attention

qc48a Has difficulty awaiting turn in games 
or groups

 < 0.4 0.6657 Awaiting turn requires patience and waiting 
is different from attention and concentration
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Comparison of the 13‑item GEDI‑SR scale’s descriptive data 
across the datasets
Overall, descriptive statistics and age-specific kernel 
density plots for development and validation samples 
(Table  5, Fig.  1) illustrate the underlying distribution of 
the data. The mean value of the 10% cut-off in the sam-
ples ranged from 5.00 in the development data set to 5.42 
in the validation data set, respectively. The graph shows 
the similarly skewed distribution in both datasets except 
for 3- and 4-year old children, whose percentile values 
partially differ from each other up to 1.4 points.

Internal consistency, test–retest and interrater reliability 
results
Internal consistency (range: 0.89 < ⍺ > 0.92), overall 
test–retest ICC (0.85, 95%-CI: 0.71 to 0.93), and overall 
interrater ICC (0.71, 95%-CI: 0.43 to 0.89) of the 13-item 
GEDI-SR scale were good (Table  6). For test–retest and 
interrater reliability we obtained 27 (38%) retest pairs 
and 26 (36%) interrater pairs (children at least 3  years 
old, without special needs). The interval between T1 and 
T2 ranged from 6 and 9 to 30 and 22 days, respectively. 
Attempting to balance between "include as many pairs 
as possible" and "the interval between T1 and T2 should 
be as close to 14 days as possible" we only included pairs 
with a time interval between 13 and 15 days (n = 25 and 
17 pairs). Due to a large score difference between T1 and 
T2 in some pairs, retest ICCs could not be calculated for 
6-year-olds and interrater ICCs could only be calculated 
for 3-year-olds. Therefore, we only report the overall 
ICCs in Table 6.

Concurrent validity
Table  7 shows the results from assessing concurrent 
validity. With one exception, correlation coefficients indi-
cate strong, statistically significant positive linear corre-
lations in all age groups (range: 0.61 to 0.84). Limits of 
agreement are furthest apart for 6-year-olds and closest 
for 5-year-olds (Table 8.). Figures 2 A to E illustrate the 
extent to which the paired variables match. The more 
dispersed scatter of points around the mid-section in Fig-
ures A, B, C, and E reveal that the poorest agreement is 
for children with average SR skills. Children with lower 
average SR skills (scores <  − 1 on the x-axis) and those 
with higher average SR skills (scores > 1 on the x-axis) 
tend to be underestimated with the GEDI-SR scale com-
pared to the VSK-SR scale. In plot D (5-year-olds), dots 
are clustered more tightly around the line of mean dif-
ference in the mid-section of the x-axis, indicating good 
agreement between the GEDI-SR and VSK-SR scales in 
the latent trait section, where the vast majority of chil-
dren scored. For children with extreme values around -3, 
the plot shows a larger measurement error to the extent 

that the GEDI-SR scale underestimates children in the 
lower latent trait range.

Discussion
The aim of the study was to identify items eligible for SR-
measurement within the (G)EDI domains "social com-
petence" and "emotional maturity" by a theory-based 
selection process, and therefrom develop a GEDI-SR 
scale and assess its dimensions, psychometric properties 
and validity.

We identified 20 original (G)EDI items eligible for 
measuring SR. Starting with these 20 items, we used 
exploratory factor analysis to assess constructs and 
dimensions using the development dataset. Cross-val-
idation with both datasets using confirmatory factor 
analysis was successful and resulted in a 13-item, three-
factor GEDI-SR scale model with excellent goodness of 
fit indices for measuring SR in kindergarten children. 
The GEDI-SR scale’s internal consistency, test–retest 
and interrater reliability, stability across populations as 
well as concurrent validity with the VSK-SR scale were in 
the good to excellent range, which qualifies the scale for 
screening or monitoring purposes. Since all items of this 
SR scale are inherent to the (G)EDI, SR can now be effi-
ciently measured when administering the (G)EDI, with-
out the need for applying an additional SR assessment 
instrument. Alternatively, given high reliability and valid-
ity, the newly developed, short GEDI-SR scale could also 
be administered as stand-alone scale.

Development of the GEDI‑SR scale and its constructs 
and dimensions
The sequence of theory-based selection process and 
a subsequent quantitative analysis of constructs and 
dimensions of the resulting eligible SR-items across two 
independent data sets was successful to reduce the initial 
20 items to a very short scale of 13 items to measure SR 
in a valid way. The internal consistency of this scale was 
high (⍺ 〜 0.90).

The 13 items of the resulting SR scale revealed large 
correlations at the factor and item level, which indicates a 
multicomponent latent construct. The three factors of the 
GEDI-SR scale found empirically correspond perfectly to 
the theoretical basis of Diamond’s conceptual model on 
SR [33], which underlines the scale’s validity. It consists 
of the “core” components of SR 1) behavioral response 
inhibition; 2) cognitive inhibition; 3) selective or focused 
attention (Diamond 2013). A child scoring high on these 
domains will find it easier to a) meet teachers’ expecta-
tions, as teachers expect children to behave appropri-
ately with regard to their school readiness and show SR 
by treating people and things well, by being able to sit 
still and to listen when needed [67]. Such children will 
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show b) responsible behavior by following rules, taking 
responsibility for their actions, and being mindful of the 
materials and furniture at the kindergarten; c) concentra-
tion being able to conduct activities independently and 
calmly, e.g. completing painting and handicrafts carefully 
and on time, and to have an appropriate attention span. 
Children with high levels of SR may be expected to show 
d) conscientiousness, for example being careful with play 
materials.

The exploratory factor analysis led to omission of four 
items from the eligible SR-item selection. These encom-
pass items such as “demonstrates self-control”, “has tem-
per tantrums”, “has the ability to get along with peers” 
and “has difficulty awaiting turn in games or groups”, 
which -based on face-validity- might actually relate to 
the concept of SR. It is therefore not fully clear why the 
exploratory factor analysis suggested omission. The most 
probably hypothesis is that these items capture other 
behavioral domains distinct from the 13-items represent-
ing SR. Likewise, the structural equation modeling failed 
to support the inclusion of the items “gets into physical 
fights”, “is impulsive, acts without thinking” and “is able 
to follow class routines without reminders” – although all 
three investigators initially considered them to be appro-
priate and relevant items to measure SR. This however 
does not seem unusual: Also other studies on the devel-
opment of theory- or literature-based questionnaires 
have shown that theoretically relevant items are dropped 
after factor analytic steps [68, 69]. Authors have argued 
that this might be due to the wording of some items not 
being appropriate to reflect the latent construct for which 
they were actually included.

Reliability assessment
The 13-item GEDI-SR scale showed favorable reliability, 
both with respect to internal consistency as well as the 
results from structural equation modeling and re-test 
analyses. Yet, we must acknowledge some limitations 
regarding test–retest and interrater reliability. First, due 
to the COVID-19 pandemic and difficult organizational 
conditions in kindergartens, we received significantly 
fewer pairs of data than intended. With three pairs only 
for 6-year-olds, calculation of ICCs was not possible as 
was the calculation of interrater ICCs for 4- to 6-year-
olds. We therefore only present overall values and recom-
mend age-specific reliability analysis in a future study.

Concurrent validity
We assessed concurrent validity by comparison to the 
VSK-SR scale. The VSK-SR scale tends to focus behav-
ioral inhibition, namely patience, adaptability, and per-
severance skills, whereas the GEDI-SR scale reflects 
cognitive inhibition and selective/focused attention with 
slightly different dimensions (concentration, diligence, 
and adherence to rules). Given this difference, the degree 
of agreement in terms of Pearson’s correlation coefficient 
was good. However, despite good overall concurrent 
validity results, the additional Bland–Altman analysis 
revealed that the two scales ((G)EDI-SR versus VSK-SR) 
differed for extreme values of SR. It thus remains uncer-
tain whether the VSK-SR overestimates the extremes or 
the GEDI-SR underestimates deviations from the mean. 
Therefore, a future study might want to re-investigate the 
agreement of the GEDI-SR scale and another instrument 
available in German language, such as the SDQ.

Table 5 Descriptive statistics for both the development and validation datasets

Participant information GEDI‑SR scale scores

Age N Mean SD Min Max 10th 25th 75th

development sample

 3 58 7.60 1.62 3.08 10 5.00 6.92 8.85

 4 60 7.52 2.02 3.08 10 4.42 6.54 9.23

 5 43 8.28 1.53 4.62 10 5.77 7.31 9.62

 6 30 8.68 1.60 2.69 10 6.92 8.08 9.62

 overall 191 7.90 1.78 2.69 10 5.00 6.92 9.23
validation sample

 3 46 7.26 2.31 2.08 10 3.75 5.83 9.58

 4 65 8.26 1.84 2.08 10 5.83 7.50 9.58

 5 55 8.44 1.98 2.08 10 5.42 7.50 10

 6 18 8.96 1.36 5.42 10 7.50 7.92 10

 overall 184 8.13 2.03 2.08 10 5.42 7.08 10
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Fig. 1 Kernel Density plots of distribution for both the development and validation datasets
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Comparison of reliability and validity results with those 
of other SR instruments
Regarding its psychometric properties and validity, the 
GEDI-SR scale shows values comparable (or even supe-
rior) to those of other instruments used to measure SR in 
the international and national context, as exemplified and 
quantified in Table  9. For example, the GEDI-SR scale 
compared to the other instruments shows very good 
internal consistency. Test–retest reliability seems even 
better than that of the CBQ or SDQ.

Moreover, our results confirm the good psychomet-
ric properties of the original (G)EDI and show that the 
"Social Competence" and "Emotional Maturity" scales 
of the EDI have been developed very well with regard to 
the selection and formulation of items. Building on this 
excellent work of the Canadian developers, we were now 
able to develop a reliable and valid SR scale that is inher-
ent to the (G)EDI and thus does not require additional 
time for SR-assessment.

Public health implication
Given good psychometric characteristics, high validity 
and reliability of the (G)EDI-SR scale, our work is the 
precondition for a public health monitoring process, 
which could take GEDI-SR as part of the (G)EDI or as 
a stand-alone scale as a starting point for intervention 
implementation, both at the individual child as well as 

the population level. The newly developed GEDI-SR 
might be specifically relevant to those countries already 
monitoring child development in kindergartens using 
the EDI at scale (e.g., Australia [45]). However, to lever 
its use as a potential public health screening instru-
ment, in a next step, age-specific standardized cut-
offs should be established in a representative sample 
(standardization sample) [70]. After the establishment 
of valid cut-off values, each country using the EDI for 
developmental monitoring could efficiently screen for 
SR difficulties in this early age and use the screening for 
tailored implementation of SR-promoting interventions 
in kindergartens at a public health scale.

Strengths and limitations
To our best knowledge, this is the first study to define 
and validate a short SR scale within the widely used 
EDI. Although other short SR subscales exist (e.g. in 
the VSK-SR or the CBRS) and might be theoretically 
usable, our scale might be very efficient from a public 
health perspective as its items are part of and included in 

Table 6 Reliability of the GEDI-SR scale

age N Cronbach’s alpha

Internal consistency 3 y 46 0.92

4 y 65 0.9

5 y 55 0.92

6 y 18 0.89

overall 184 0.92

N (pairs) ICCs (CI)
Test–retest reliability

across age groups
25 0.85 (0.71 to 0.93)

Interrater reliability 17 0.71 (0.43 to 0.89)

Table 7 Pearson correlation between the GEDI-SR scale and the VSK-SR scale

Note: VSK „Kindergarten Behavioral Scales “, GEDI  German version of the Early development instrument, SR Self-regulation, *** p = 0.000

GEDI‑SR scale

3 years 4 years 5 years 6 years Overall

VSK subdomain SR 3 years 0.72***

4 years 0.70***

5 years 0.84***

6 years 0.61**

overall 0.75***

Table 8 Concurrent validity: Mean differences between GEDI-SR 
scale and VSK-SR scale

Note: SD Standard deviation, CI Confidence interval, *** = p < 0.001; a values have 
a slightly negative tendency, which only becomes apparent after the fourth 
comma position

Age‑group N Difference 
Average /
Mean difference

SD 95%‑Limits 
of agreement

Concordance 
correlation 
coefficient
Pearson’s r 
(95%‑CI)

3 years 46 -0.000a 0.75 -1.47 to 1.47 0.72*** (0.54 
to 0.83)

4 years 65 -0.000a 0.77 -1.52 to 1.52 0,70*** (0.55 
to 0.81)

5 years 55 0.000 0.56 -1.11 to 1.11 0,84*** (0.74 
to 0.90)

6 years 18 -0.000a 0.92 -1.8 to 1.8 0.58** (0.17 
to 0.82)

overall 184 0.000 0.71 -1.38 to 1.38 0.75*** (0.68 
to 0.81)
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the administration of the EDI or GEDI. In addition, the 
costly purchase of e.g. the VSK (which is not open access) 
and the necessary, separate scoring methodology make 

the use of a separate SR scale potentially challenging 
for teachers and public health researchers, especially if 
compared to the (G)EDI assessment, which would allow 

Fig. 2 Bland–Altman plots and agreement between the GEDI-SR and VSK-SR scales’ 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. The line centered at zero of the y-axis marks the mean 
difference
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developmental and SR assessment at once and is available 
free of charge.

In terms of item selection for the GEDI-SR scale, we only 
achieved a moderate agreement between raters, which 
underscores the difficulty to distinguish SR from other 
constructs such as social competence or emotional matu-
rity. Despite the agreement and consensus regarding the 
theoretical basis, the only moderate agreement might also 
be explained by the raters’ different professional perspec-
tive and background (psychology, occupational therapy, 
pedagogy), e.g. bringing about different preferences for 
wordings and deviating operationalizations. However, reas-
suringly, the results of our exploratory and confirmatory 
factor analyses and structured equation modeling suggest 
that the selected items represent the latent construct SR.

Although we were able to include two independ-
ent data sets, we are aware that both might be affected 
by selection bias, according to their geographic location 
(e.g. potentially containing lower numbers of children 
from families with low socioeconomic status). As we 
did not collect the SES of the children’s families we can-
not assess representativeness of the samples. Hence, our 
data cannot readily be generalized to specific subgroups 
of interest, for example children from parents with 
recent migrant background and lower socio-economic 
or educational status. Moreover, 6-year-old children are 
underrepresented in both datasets. We found differing 
percentile values for lower age groups, but we attribute 
these to a higher inter- and intra-individual variability of 
developmental maturity [71].

In addition, we did not establish reference values in a 
representative data set. However, given the successful 
replication of the structured equation modeling with the 

validation dataset, we were at last able to demonstrate the 
stability of the model across populations. Last, at this stage 
and without a standardized sample, we are currently unable 
to determine the predictive validity of the GEDI-SR scale.

Conclusion
Thirteen items in the (G)EDI can be recombined to a reli-
able and valid (G)EDI-SR scale, which can be used either 
as a stand-alone scale or as part of regular developmen-
tal monitoring using the EDI or GEDI in kindergartens. 
Through using the SR scale as part of (G)EDI kindergar-
ten monitoring, kindergartens with higher percentages of 
children with SR difficulties could be identified and inter-
ventions implemented in a tailored way. Future research 
collecting data with the GEDI-SR in a representative sam-
ple could provide appropriate age- and domain-specific 
standardized cut-offs that would enable an adequate eval-
uation of area-wide population-based data.
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Psychometric 
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SDQ  Strengths and difficulties questionnaire
SES  Socioeconomic status
SR  Self-regulation
VSK  Verhaltenssalen für das Kindergartenalter (Kinergarten Behav-

ior Scales)
VSK-SR  VSK self-regulation scale
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