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Abstract

Over the past decades, the demand for scientific research to link theory and practice so that
innovative solutions can be developed through research has steadily increased (Klees & Tillmann, 2015;
Sandoval & Bell, 2004). In this context, the design-based research (DBR) approach was developed, which
examines the research object and the research setting from multiple perspectives through a cyclical-
iterative process (Shavelson et al., 2003; Reinmann, 2005). The connection between research and
practice is not only relevant for school contexts, but also for early childhood education (Schéfers &
Wegner, 2021a). Therefore, the project “Kleine BegInNa” utilizes the DBR approach. A preliminary
examination revealed that early promotion has a great influence on the children's later school
performance, yet that there is not any test to survey their competences. However, this is essential in order
to be able to offer appropriate support. In the prototyping phase, a scientific talent test for pre-school
aged children was developed. This test was validated in several cycles in the assessment phase (Schifers &
Wegner, 2022a). The last validity test for the elicitation of the internal structure by an exploratory factor
analysis shows that both the loadings and the screeplot, output one factor. This one factor solution
explains 43.56% of the variance. This may be the “scientific talent” factor, which needs to be verified in
further studies and by confirmatory factor analysis. While Reinmann (2022) has established
comprehensive standards for science and methodology in DBR, we also focus on what extent conventional
quality criteria for qualitative and quantitative research can be applied to a DBR approach.
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given cause for concern and fostered the desire
to reform the school landscape (Gundlach,
2003). Nevertheless, innovation is not the first
term to be associated with school-related
development (Asbrand, 2009). Oftentimes, the
only innovations implemented in schools are
ideas from politics and economy, rather than
from educational research (Dehmel, 2018;
Reinmann, 2005). Thus, Reinmann (2005)
justifiably raises the question of whether
educational research remains merely an
institution that evaluates innovations but does
not itself generate innovative approaches to
solutions.

Ann Brown (1992) was the first scientist
who tried to combine theory and practice
(Anderson & Shattuck, 2012), because “an
effective intervention should be able to migrate
from our experimental classroom to average
classrooms operated by and for average students
and teachers, supported by realistic
technological and personal support” (Brown,
1992, p. 143). Over the course of the subsequent
years, more and more researchers addressed this
focus and DBR was established as a
methodological research approach (McKenney &
Reeves, 2013). Shavelson and colleagues (2003)
coined a generally accepted definition of this
particular research method: “Such research,
based strongly on prior research and theory and
carried out in educational settings, seeks to trace
the evolution of learning in complex, messy
classrooms and schools, test and build theories
of teaching and learning, and produce
instructional tools that survive the challenges of
everyday practice” (p. 25).

Thus, the aim of this approach is to
generate innovative solutions to educational
problems relevant to practice as well as to draw
findings relevant to science (Klees & Tillmann,
2015; Lehmann-Wermser & Konrad, 2016;
Schmiedebach & Wegner, 2021; Schifers &

Wegner, 2021a; Weiser, 2020). Neither
educational research nor educational practice
should be restricted (Lagemann, 2002).
Consequently, the gap between research and
practice should be reduced (Euler & Sloane,
2014; Mintrop, 2019; Reinmann, 2005). For this
purpose, actors from practice who can provide
scientifically relevant insights for action-
oriented research (Grasel, 2010; Sandoval &
Bell, 2004) are involved in this iterative research
process (Hahn et al., 2019), by describing the
prevailing conditions in the research field
(Moller, Kleickmann & Trobst, 2009).

Design-Based Research Approach in the
Project “Kleine BegInNa”

As can be seen from the explanations on
DBR, the approach mostly includes the school as
an educational institution and practical actor.
However, education is equally imparted in the
pre-school sector (MSB & MKFFI, 2018). In
Germany, pre-school education constitutes the
first stage of the educational system (Seyda,
2009). Thus, it is of particular relevance to
develop innovative approaches for early
education. Studies that demonstrate that early
promotion of science education has a sustainable
impact on children's cognitive abilities (e.g.,
Anders et al., 2018, Claessens & Engels, 2013;
Guo, Piasta & Bowles, 2015, Morgan et al., 2016;
Sackes, 2013), support this conclusion.

For this reason, the project "Kleine
BegInNa — smalls ones gifted in natural
sciences" was founded in 2019 following a DBR
approach at “OZHB” (Osthushenrich-Center for
Gifted Research at the Faculty of Biology) at
“Bielefeld University” (Schéfers, 2023; Schafers
& Wegner, 2021b; Wegner et al., 2020). The
focus of this project is on science education and
promotion of scientific competences in early



childhood (e.g., Schifers & Wegner, 2020b;
2021c¢; 2022c¢). By following the DBR approach,
the research objectives of the project were
determined. These steps will be focused on in
the following.

Preliminary Research (Research
Question of the Project)

A systematic literature review was
conducted in the project “Kleine BegInNa” as
preliminary research in order to assess the
effects of science promotion in early education
and to highlight conditions for the successful
implementation of such programs (Schifers &
Wegner, 2020a). In this step of DBR, thus, the
current situation is identified after firstly
defining the problem (Schmiedebach & Wegner,
2021). The analysis showed that children who
received science support benefited both
cognitively (Lehmann, Rademacher & Miiller,
2016; Reichelt, 2014; Steffensky et al., 2012;
Windt, 2011) and socially (Lehmann,
Rademacher & Miiller, 2016; Windt, 2011). This
was manifested in higher performance, which
they were able to retrieve in the short term and
in the long term after the support offers, as well
as in their positive behavior during group work.
The better the support was adapted to the
children's competences, the more positive the
effects were (Klemm et al., 2019). However, it
was also pointed out that there was no
comprehensive scientific talent test that
measures the children's prior knowledge in pre-
school (Carstensen, Lankes & Steffensky, 2011;
Nolke, 2013; Steffensky, Lankes & Carstensen,
2012; Ziegler & Hardy, 2015).

Furthermore, the success of the
promotion was closely related to the
competences of the pedagogical professionals in
the daycare centers, who often show a high need
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for further training in the field of sciences
(Bruns, 2014; Fischnaller, 2012; Kauertz & Gierl,
2014; Klemm et al., 2019; Schuler, 2013). Thus,
a review of the relevant literature supported the
need to develop a scientific talent test as well as
in-service training for educational professionals
with a focus on science education (Schifers &
Wegner, 2020a).

Prototyping Phase (Test Instrument)

As a next step, a scientific talent test was
developed as a prototype that measures the
children's competences relevant to science in the
prototype phase (Schafers & Wegner, 2021b;
Schifers & Wegner, 2022b). For this purpose,
the term scientific competence was defined for
the context of the project. Additionally, a
theoretical basis for the scientific talent test was
chosen.

Scientific Competences

Since there is only a little known so far
about the field of science competences in pre-
school education (Anders et al., 2018), general
explanations of the concept of competence will
be given first and then transferred to the field of
natural sciences. The term competence describes
a person's ability to do something (North,
Reinhardt & Sieber-Suter, 2018). Long before
the competence-oriented educational plans were
introduced in school education in Germany
(Kiinzli, 2010), Chomsky (1973) recognized the
relevance of competence acquisition and
elevated competence to a key qualification.
However, until today scientists do not agree on
the exact definition of competence (Erpenbeck &
Rosenstiel, 2003).

A widely accepted definition is provided
by Weinert (2001), who defines competence as
the cognitive abilities and skills that individuals
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possess or can learn in order to develop
problem-solving strategies. Based on the
American Association for the Advancement of
Science (AAAS; 2009) and the PISA Consortium
Germany (2007), the National Educational
Panel Study (NEPS) has combined this
definition with the concept of scientific literacy
to obtain a specific definition of competence in
the field of science (Hahn & Schops, 2019).
According to their approach, scientific
competence is composed of content-related
(content areas: substances, development,
interaction and systems) and process-related
(nature of science and process for generating
scientific knowledge) components, which
collectively form the foundation for building
scientific competence (Hahn et al., 2013).

Additionally, the IPN - Leibniz Institute
for Science and Mathematics Education has
already established a definition of scientific
competence based on the PISA Consortium
Germany (2007; IPN, n.d.). In terms of the
scientific-literacy approach, scientific
competence is divided into three sub-
competences that lead to the acquisition of
scientific ways of thinking and working;:

e Identifying and formulating
questions that can be investigated
and answered scientifically,

e Describing and explaining scientific
phenomena, and

e Interpreting scientific evidence
(IPN, n.d.; Schéfers & Wegner,
2022b).

However, the focus is not only on
scientific knowledge, but also on the nature of
science and the promotion of positive affective
characteristics, such as the emotional experience
of, curiosity about, and pleasure in scientific
phenomena, as well as the development of a
sense of responsibility for the use of knowledge.

For early childhood education, Steffensky (2017)
differentiated the scientific ways of thinking and
working into smaller sub-competences, which
also form sub-competences of the scientific
process of gaining knowledge: Asking questions;
Hypothesizing; Observing; Measuring; Planning
and conducting investigations; Comparing,
arranging and classifying; Analyzing,
interpreting, concluding and generalizing data;
Arguing; Using models; Documenting. These
competences need to be promoted at a lower
level in pre-school already. Thus, a scientific
talent test for pre-school should assess these
competences (Schifers & Wegner, 2022b).

CHC-Theory of Cognitive Abilities as a
Model for the Scientific Talent Test

To cluster such competences which are
relevant for science, the CHC-theory of cognitive
abilities was used as a theoretical basis (Schéfers
& Wegner, 2021b). The CHC-theory is a theory
synthesis by Cattell (1963), Horn (Horn, 1991,
Horn & Blankson, 2005), and Carroll (1993),
taking intelligence as a hierarchical construct
and subdividing intelligence into different
general and specific abilities (Flanagan & Dixon,
2013; Mickley & Renner, 2019). This theory was
chosen on the one hand because it is a highly
accepted scientific theory (Baudson, 2012) and
on the other hand because there is a strong
connection between intelligence and competence
(Preckel & Holling, 2006). Thus, the
competences according to Steffensky (2017)
were classified within the intelligence model, so
that the following general abilities were
identified for the scientific talent test (Schafers &
Wegner, 2022b):

e  Fluid intelligence

¢ Quantitative knowledge
e Visual processing

e Long-term retrieval

e Processing speed
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Scientific Talent Test

The scientific talent test is a single test
in which the above-mentioned ability areas that
are relevant for scientific talent are measured in
seven subtests. Due to the age of the children,
the test is not a paper-pencil test, but rather a
series of riddles, experiments, and hands-on
experiences in which the children's answers are
recorded and evaluated on a protocol sheet. The
test sessions of the children are conducted by
researchers of the project “Kleine BegIn-Na”,
who were extensively trained in advance.
Further information with more detailed in-sights
into the test instrument can be found in other
publications of the project (Schifers & Wegner,
2022a; Schifers & Wegner, 2022b; Schifers et
al., 2023).

Assessment Phase (Study Design)

According to the DBR approach, the first
two phases were followed by the assessment
phase in the project “Kleine BegInNa”, in which
the scientific talent test was piloted in several
research cycles from 2019 to 2022. The first
version of the test instrument was initially
piloted with a small sample (N = 7) in July 2019,
as it is appropriate to conduct the first
evaluation and revision based on the results of a
small group (Scheersoi & Tessartz, 2019). Based
on the evaluation of the testing, experiences
during the testing, and feedback from
pedagogical professionals, changes and revisions
were made until early 2020, before the adapted
instrument was piloted in a larger study. During
this cycle, it became apparent that, in addition to
the quantitative recording of children's cognitive
performance, a more qualitative investigation of
the children’s behavior was also relevant for
interpreting the results. Thus, after the second
cycle, an observation sheet was developed to be
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used during the test (Schéfers et al., 2020). The
combination of a scientific test and observation
sheets was used in the third research cycle. In
total, data from N = 247 children are available.
At the same time, the scientific talent test was
already tested for the classical quality criteria of
quantitative research with partial samples
(Schéfers & Wegner, 2022a). In addition, the
internal structure has already been determined
by exploratory factor analysis (Schéfers et al.,
2023) with a small sample. In order to make a
valid assumption about the internal structure,
the exploratory factor analysis has to be repeated
with the whole sample. Therefore, the next
research cycle is presented below, which focused
on the question:

To what extent does exploratory factor analysis
reveal an internal structure within the scientific
talent test?

Solution (Results)

As a solution, an exploratory factor analysis was
conducted involving the complete data set in
order to determine the internal structure of the
scientific talent test and thus to determine what
the test instrument measures.

The requirements for conducting an exploratory
factor analysis were tested by Bartlett's test and
the Kaiser-Meyer-Olkin Measure of Sampling
Adequacy (KMO). The Bartlett’s test confirms
whether the constructs correlate with each other
or not (Backhaus et al., 2021). The KMO
indicates whether the data are suitable for
exploratory factor analysis, with cut-off values
set by Kaiser and Rice (1974) and considered
performable above a value of 0.5. Both Bartlett’s
test (chi-square (21) = 380.498, p < .001) and
the Kaiser-Meyer-Olkin Measure of Sampling
Adequacy (KMO = .816; classified as good)
showed that an exploratory factor analysis can
be performed with the variables included.
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Following the suitability check, a principal
component analysis with direct-oblimin-rotation
was performed. This method was chosen
because the included factors correlated with
each other (Field, 2018). As can be seen from the
screeplot figure (see figure 1), the principal
component analysis identified one factor that
has an eigenvalue greater than 1.0. The one-
factor solution could explain 43.56% of the total
variance.
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components of the scientific talent test, which
were the basis for the test development, could
apparently not be identified by the test
instrument. Thus, children who perform well on
one subtest are likely to perform well on the
other subtests. Conversely, it can be assumed
that children who perform less well on one
subtest will also perform lower on the other
subtests.

Eigenvalue

Screeplot

Factor

This indicates that all subtests
seem to contribute to the description of
scientific talent without differentiating
between individual scientific competences.
This in turn can be explained not least by
the fact that the child's brain only develops
over the course of primary school and that
individual ability areas can rarely be
distinguished from one another before the
age of six (Biittner, 2017).

However, it should be noted that
the screeplot can only be interpreted

Figure 1. Screeplot of principal component analysis
(SPSS-output).

The individual dimensions included in
the analysis contribute equally to the
explanation of the total variance. Furthermore,
the component matrix showed that the
individual components could all be clearly
assigned to factor 1, since the loadings of the
components on factor 1 were at least 0.609. The
communalities as well as the factor loadings can
be seen in the combined table 1 (see Appendix).

Discussion

Since only one factor had a higher
eigenvalue than 1.0 and in the screeplot clearly
only one factor was above the bend, it can be
assumed that only one factor was explained by
the scientific talent test. This factor may be the
“scientific talent” of the children. The individual

meaningfully when the sample size is
greater than N = 300. Thus, the results of the
analysis with the existing sample of the study are
a tendency and a clear indication, but the result
should also be checked for larger sample sizes.
Furthermore, what remains debatable about the
study is that no demographic data except the age
of the children were included in the analysis of
the results. On the one hand, this increases
comparability, but on the other hand, it does not
account for differences in performance due to
language problems or a low ability to
concentrate.

Overall, as a solution in the DBR
approach, the scientific talent test can be
accepted as a valid test instrument. However,
this is not the final step in the process of DBR.
Since it is an iterative and cyclical process, this
instrument can be used in further research
cycles with stakeholders from research and
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practice and can be investigated for different
target groups. In addition, the scientific talent
test can also create another field of research by
integrating the test instrument into training
programs for educational professionals. In this
process, the training offers can also be
evaluated. The constant revision and repeated
implementation then correspond to the DBR
approach.

Discussion of Quality of Research Based
on Design-Based Research Approach

As can be deduced from the previous
chapters, the DBR approach pursues a twofold
goal: on the one hand, the highest possible
benefit for practice should be derived from the
designed interventions, and on the other hand,
the interventions should generate theoretical
insights for science (Reinmann, 2022). Thus, the
quality of implementation must be determined
on both levels. However, there are currently
hardly any commonly accepted standards for the
DBR approach to assess the quality of DBR
research (Bakker, 2018; Hoadley, 2004;
Tulodziecki, Herzig & Grafe, 2014). Standards
are defined as scientific claims that ensure or
improve the quality of research (Reinmann,
2022). In contrast, quality criteria are the
operationalized tools to measure quality and
survey compliance (Gerhold et al., 2015).

Objectivity, reliability and validity are
often referred to as 'classical’ quality criteria of
scientific research, which is certainly plausible,
since research should always be unbiased and
factual, as well as dependable and binding
(Reinmann, 2022). However, the three quality
criteria are characteristics that are strongly
related to ideal empirical research in the natural
sciences (Bortz & Doring, 2006) and thus can
rarely serve as standards for questions in
educational science (Reinmann, 2022).
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Beyond these three criteria, there are
several other standards for scientific quality that
can be applied to research, such as
appropriateness, replicability, or transferability
(just to name a few; Reinmann, 2022). However,
even these are difficult to apply because they
cannot be clearly separated and there is no
agreement on how to verify these criteria (ibid.).
Thus, for DBR research in particular, the
question arises:

What standards can be applied in DBR
to determine the quality of the research
approach and design?

For this purpose, Reinmann (2022), in
her debate about standards in DBR research and
the role of design in this tension, establishes two
levels on which standards in DBR research
should be based. As the term DBR suggests, she
distinguishes between the levels of scientificity
and design appropriateness to do justice to the
focus of research and practice and to reflect the
comprehensive character of the DBR approach.
Table 2 (see Appendix) presents an overview of
the suggested quality criteria for DBR research
according to Reinmann (2022) and gives a brief
definition for each of them.

By focusing both science and design
aspects, the evaluation of the quality of research
in the sense of DBR can be successful. Even if
the comparison of individual criteria (such as
systematicity and openness or generalizability
and context sensitivity) creates certain tensions,
balancing these tensions constitutes one of the
benefits of DBR (Reinmann, 2022).

Conclusion and Outlook

In conclusion, the research principle of
DBR does not constitute a panacea or an all-
purpose solution for all problems in educational
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research (Schmiedebach & Wegner, 2021), but
the strong link between theory and practice as
well as the inclusion of many actors involved in
the process can create a higher degree of
understanding for the research field and thus
also stimulate the development of innovative
solutions. This is demonstrated not least by the
introduced project “Kleine BegInNa”, which
follows a DBR approach with its methodological
orientation (Schifers & Wegner, 2021b).
However, just as DBR is more than just the
addition of research and practice, it is also
complex in terms of assessing the quality of DBR
research. With her list of possible quality criteria
for this research approach, Reinmann (2022)
has shown how complex DBR needs to be
thought of and that it is more than just applying
the classical quality criteria of empirical social
research. For this reason, the presented project
must be evaluated by using the quality criteria of
DBR. This also entails potential revisions and
further development regarding its quality in
further research cycles.
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Appendix

Table 1. Communalities for the elucidation of the total variance and component matrix.

21

Communalities for elucidation of total variance Component matrix
Initially Extraction Component 1

Subtest 1 1.000 357 .613

Subtest 2 1.000 458 677

Subtest 3 1.000 521 722

Subtest 4 1.000 374 611

Subtest 5 1.000 553 743

Subtest 6 1.000 371 .609

Subtest 7 1.000 397 630

Notes: Due to the single-factor solution, no rotation is necessary.

Table 2. Possible standards of DBR research according to Reinmann (2022).

Standards at the level of...

... Scientificity

... Design Appropriateness

Systematicity

DBR activities should be more systematic in both
theory and design than activities conducted in
educational practice without research. In addition,
knowledge derived from research and design should
be more systematically represented by the DBR
approach than knowledge acquired in action practices

without research (cf. p. 7-8).

Future relevance

Through DBR, interventions should be created and
implemented to design future educational offers and
to adapt empirical research and theoretical approaches
to them. (cf. p. 12).

Perspectivity

According to the DBR approach, there is often a high
level of involvement of the researchers. This
involvement in the research process should thus be

consciously handled and reflected (cf. p. 8-9).

Openness

In DBR, being open to unexpected results is of great
importance, as the research process might lead away
from initial goals and questions. This can then be
deliberately integrated into the research cycles.
However, strategies are needed to handle the dynamic

course of research (cf. p. 12).
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Incompleteness

Research and science produce new knowledge, yet
this knowledge is not fixed, absolute knowledge, but
rather constitutes assumptions. Thus, for DBR, it is
important that research is recognized as an unfinished

process that tends to produce prospective knowledge
(cf.p. 9).

Context Sensitivity
For DBR, one of the main foci is the context, as this is
the

interventions. Thus, the theory, empiricism as well as

relevant for designing and implementing
the design activities should be adapted to the context
as well as to the actors in a particular setting (cf. p. 12-

13).

Generalizability

Through research, conclusions should be made that
are not only valid for the investigated sample, but that
are also transferable to other groups and contexts.
Therefore, DBR should produce results that can be
generalized. Furthermore, it should be shown how
these findings can be applied under which conditions

in other situations (cf. p. 9).

Saturation
The

characteristic aspect of the DBR approach. However,

iterative-cyclical research process is a
it should be continuously observed when a cycle in
theory, empiricism and design has been finished for
the moment in order to connect further cycles or to
determine the next steps in the research process (cf. p.
13).

Transparency

To ensure traceability and transparency in DBR,
decisions regarding theoretical and empirical aspects
as well as design should be made transparent. This
also includes a coherent justification of key aspects
without getting lost in details (cf. p. 10).

Knowledge Diversity

Different forms of knowledge should be implemented
in the DBR process: research should involve different
theoretical, empirical, and design sources that
integrate different types of knowledge. These should

be related to each other (cf. p. 13).

Publicity

Because DBR findings are relevant to practice and
research, the findings should be made publicly
available in appropriate forums (or firstly establishing
such forums and opportunities for publications),
taking the intended audiences into account (cf. p. 10).

Normativity

Decisions regarding the values and the target should
be actively included and justified in the DBR research
process. If something changes during the research

process, it can be modified and adjusted (cf. p. 14).




