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ABSTRACT

We present a teacher professionalization project for promoting elementary school teachers’ diag-
nostic competencies in recognizing their students’ potential in STEM subjects. Teacher professio-
nalization is fostered through the teachers’ personal involvement in the development of subject-
specific diagnostic materials as well as through continuing training on the fundamental knowledge
needed to detect and support gifted students. On the basis of the Talent Development in
Achievement Domains (TAD) framework, we reached a common working theory of talent and its
development in mathematics and science for elementary school-aged students based on the
available scientific evidence and approved by teachers. We share a multidimensional, dynamic
view of talent development that includes abilities, personality traits, and skills. We describe how our
working theory and diagnostic materials can foster teachers’ diagnostic competencies as well as
talent discovery and promotion in order to foster students’ development of creative productivity in
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STEM fields.

Introduction

Diagnosing students’ abilities and learning needs is
a crucial task of teachers both in general
(Pellegrino, 2014) and for the identification of
talent in science, technology, engineering, and
mathematics (STEM) specifically (Siegle & Powell,
2004). For one, assessments by teachers inform
their teaching methods and educational designs.
Talented students in particular have been found to
require substantially differentiated learning envir-
onments with curriculum and teaching that pro-
vide appropriate pace, depth, and breadth
(Knopfelmacher & Kronborg, 2003; Kronborg &
Plunkett, 2013; Maker & Schiever, 2010; Pierce &
Adams, 2004). In addition, assessments by teachers
influence students’ development because they can
lead to certain expectations, which in turn influence
further development (Jussim & Harber, 2005;
Wang et al., 2018). Teachers’ diagnostic competen-
cies are therefore of high practical relevance. The
current paper describes a cooperative project
between elementary school teachers and educa-
tional researchers that aims to address some of the

challenges in diagnosing STEM talent in students.
The aim of this project is to promote the diagnostic
competencies of elementary school teachers in
STEM subjects (i.e., mathematics and science).

In the following, we first provide background
information on STEM talent and its development
as well as on teachers’ diagnostic competencies. We
then present the project, which comprises the
development of a common working theory of talent
development in STEM, the development of diag-
nostic material based on this working theory, and
its formative evaluation in the school context. Due
to the focus of the special issue on eminence, we
describe the construct of creativity and its relation
to achievement in more detail, as creativity is cri-
tical to eminence (Subotnik et al., 2011). Finally,
we discuss how the promotion of teachers’
diagnostic competencies supports the development
of student talent in STEM. Here, we again focus on
the promotion of creativity and its contribution to
the development of talent. Overall, the present
paper presents an example of a research-practice
partnership (Yurkofsky et al., 2020) that aims to
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improve talent development in STEM in elemen-
tary school students by supporting teachers’ diag-
nostic competencies in diagnosing STEM talent in
students.

Talent development and STEM talent

Talented students are those students whose per-
formance is above average in one or more achieve-
ment domains. These students successfully
transformed their potential into above-average
performance levels within a complex developmen-
tal process with numerous influences, including
learning opportunities (Subotnik et al., 2011).
Most generally, talent development can be
defined as the development of a person’s potential
for achievement into actual achievement.
According to the Talent Development in
Achievement Domains (TAD) framework
(Preckel et al.,, 2020), there are four successive
levels, with the first two being most relevant for
talent development in STEM in elementary school.
(1) Aptitude describes the constellation of factors
that are predictive of an individual’s positive
development of achievement or future perfor-
mance. (2) Competence refers to a cluster of
related and systemically developed abilities,
knowledge, and skills that enable a person to act
effectively in a situation with multiple options. (3)
Expertise refers to a high level of consistently
superior achievement. (4) Transformational
achievement refers to levels of accomplishment
that go beyond expertise by generating creative
responses or interpretations that require breaking
domain boundaries, combining different domains,
or creating new questions.

The TAD framework conceptualizes talent
development as dependent on multiple factors
with a focus on person-related variables (i.e., abil-
ities, personality traits, and acquired skills). These
person-related variables (i.e., predictors of talent
development) partly vary by domain. We therefore
outline the empirical evidence for domain-specific
predictors of talent development in STEM. Table 1
summarizes empirical evidence, mainly taken from
meta-analyses and literature reviews, for abilities,
personality traits, and acquired skills that correlate
positively with the development of achievement
and creative productivity in STEM fields.

Due to space limitations, we cannot discuss each
variable listed in Table 1 in detail. Rather, we point
readers to the original sources and focus on creativ-
ity as one example. The role of creativity in talent
development has mainly been investigated in cross-
sectional studies. A recent meta-analysis by Gajda
et al. (2017) included cross-sectional studies pub-
lished since the 1960s and revealed an average cor-
relation of r = .22 with academic achievement. Gajda
et al. (2017) found that this rather weak relation
between creativity and academic achievement was
moderated by several factors. First, verbal creativity
tests showed higher relations with academic achieve-
ment than non-verbal tests. Second, the relation was
higher for middle school students than for primary
school students. Moreover, the relation was weaker
for high school and tertiary students compared to
middle school students. This latter finding might be
explained by the increasing domain-specificity in
higher education, which was not considered by
most of the studies included in the meta-analysis
(Gajda et al., 2017). Third, the relation between
creativity and achievement was higher when using
standardized achievement tests rather than grade
point averages (GPAs). Freund and Holling (2008)
found that the relation between creativity and GPA
varied strongly between different classrooms. This
could be because some teachers appreciate creative
thinking and acting in their classrooms, whereas
others do not. In general, the relevant literature
indicates that teachers prefer to teach highly intelli-
gent rather than highly creative students, as their
unusual questions and answers or their liveliness
may disrupt the class (Krampen, 2019). With respect
to longitudinal studies, there is no evidence yet that
creativity is a causal factor in predicting later aca-
demic achievement. Nevertheless, some findings
document that people identified as creative during
their school years tend to become creative and pro-
ductive adults (Runco et al., 2010; Torrance, 1972).

These illustrative findings for creativity help to
demonstrate some important aspects with regard to
talent development. Even if relations between
a construct and achievement are weak in the early
stages of talent development, this construct might
increase in its importance later on. That is, low corre-
lations at one level of talent development do not
necessarily indicate that the construct is not impor-
tant. In addition, the importance of a construct also
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Construct Definition Evidence/Findings

Abilities

General Understanding complex ideas, adapting effectively to the School grades in science and math show the strongest
Intelligence environment, learning from experience, engaging in various relationship with intelligence of all subjects (r = .42; Roth et al.,

forms of reasoning, and overcoming obstacles by thought
(Neisser et al., 1996)

Abilities relating to solving problems in 2D and 3D space,
including visualization, spatial relations, mental rotation, and
spatial orientation (Maresch, 2018)

Abilities relating to reasoning with numbers, mathematical
relations, and operators (Schneider & McGrew, 2012)

Abilities relating to dealing with verbal concepts, including
performance on vocabulary, verbal reasoning, and text
comprehension tests (Thurstone, 1964)

Spatial Abilities

Numerical
Abilities
Verbal Abilities

Number Sense Elementary intuitions about quantity, including the rapid and
accurate perception of small numerosities and the ability to
compare numerical magnitudes, count, and comprehend

simple arithmetic operations (Berch, 2005)

Memory Abilities relating to storing, consolidating, and retrieving
information over a certain period of time (Schneider & McGrew,
2012)

Creativity New, meaningful changes in thoughts, work products, and actions

that emerge in the interaction between a person and their
environment (Gajda et al., 2017; Sternberg, 1999)
Working Memory  The ability to encode, maintain, and manipulate information that
is in one’s immediate awareness (Schneider & McGrew, 2012)
Processing Speed  The ability to quickly perform simple and repetitive cognitive
tasks (Schneider & McGrew, 2012)
Personality Traits
Conscientiousness Big 5 personality trait associated with reliability, dependability
and striving to achieve (Poropat, 2014)

Interest or The motivational propensity accounting for play, exploration, and
Intrinsic learning behaviors that do not require external reinforcements
Motivation (Deci & Ryan, 1985; Hunt, 1965)

Investment Traits  Personality traits causing individuals to seek out and enjoy
opportunities for effortful cognitive activity (Von Stumm et al.,
2011)

Beliefs about one’s ability to produce specific levels of

performance that affect one’s life (Bandura, 2010)

Academic Self-
Concept and

Self-Efficacy
Achievement Goals that focus on the demonstration of competence
Goals (performance goals) or the development of a competence
(mastery goals) (Elliot, 1999)
Attentional Spontaneously focusing on numerosity, patterns, or relations in
Preferences play or everyday activity (Hannula & Lehtinen, 2005; McMullen
etal, 2017)
Skills

Subject-Specific
Knowledge and

Knowledge of facts, technical language, technical procedures, and
procedural knowledge in the respective field of study

Skills

Self-Regulatory The ability to exercise control over one’s own thoughts, feelings,
Skills and behaviors (Robson et al., 2020)

Behavioral Actively participating in lessons and classroom activities (Putwain
Engagement et al, 2018)

2015)

Higher spatial abilities are associated with later attainment in the
math-science domain (Lubinski & Benbow, 2006)

High levels of numerical ability are needed to excel in math-
science career tracks (Lubinski & Benbow, 2006)

In elementary school there is already a substantial relationship
between reading competencies and scientific reasoning (Mayer
et al.,, 2014) and mathematical achievement (r = .55; Singer &
Strasser, 2017)

Number sense is associated with higher mathematical
competencies (r = .30; Schneider et al., 2017)

Greater short-term memory for mathematical content in
mathematically talented children (Myers et al., 2017)

The relationship between creativity and academic achievement is
modest but significant. This effect is larger for middle school
students than for elementary students (r = .19; Gajda et al.,
2017)

Higher working memory is associated with higher mathematical
performance (r = .43; Allen et al., 2019) and higher science
achievement (Yuan et al., 2006).

Higher processing speed is associated with higher mathematical
competencies (Myers et al., 2017)

Conscientiousness is the Big Five personality dimension that
shows the strongest association with academic performance
(r = .43; Poropat, 2014)

Intrinsic motivation is a good predictor for achievement in math
and science subjects (d = .61; Taylor et al., 2014)

In primary education, openness shows the second highest
association with academic performance of all Big Five
dimensions (r = .37; (Poropat, 2014)

Academic self-concept predicts academic achievement in all
domains (r = .24; Huang, 2011)

Mastery goals are the most adaptive goals for achievement in
adolescence, performance-avoidance goals are the least
adaptive (Scherrer et al., 2020)

Preschool spontaneous focusing on numerosity (Rathé et al.,
2016) and spontaneous focusing on relations (McMullen et al.,
2017) are predictive of later mathematical competencies.

Knowledge acquisition is relevant to mathematical attainment
(Geary, 2013) and the development of scientific thinking
(Zimmerman, 2007)

The association between self-regulation and academic
performance is especially high for science disciplines (d = .37; Li
et al., 2018)

Behavioral engagement is associated with academic achievement
(r=.27; Lei et al., 2018)

Effects sizes were included where available. No effect sizes were provided when no meta-analytic evidence was available (e.g., narrative reviews).

depends on the context, e.g., how much one’s teacher
values and supports it. Therefore, it is of utmost
importance that teachers know what comprises
potential in a certain domain to be able to adequately
support relevant student traits.

In sum, the TAD framework (Preckel et al.,
2020) and related research has shown that talent
discovery and development is a long process. Talent
development leading to outstanding performance
and sometimes transformational achievement
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depends on interactions between individuals and
the environment (Subotnik et al, 2018;
Ziegler, 2005). The foundation of talent trajectories
includes abilities, personality traits, and skills that
are modifiable by education. In addition to one’s

potential in a particular domain, talent develop-
ment also requires specific types of environments

(e.g., knowledgeable teachers) and specific types of
responses to environmental pressures (e.g., persis-
tence, engaging in deliberate practice). Well-
established abilities, personality traits, and skills
enable individuals to persevere on demanding
talent development paths despite setbacks, anxiety,
and lack of support (Olszewski-Kubilius et al,
2016). Furthermore, the movement from aptitude
to competence requires increasing commitment to
intentional learning, study, and practice in areas of
interest and talent (Olszewski-Kubilius et al., 2016).

To pave the way for young people to specialize in
their field, increased interest and talent in a specific
domain should always be valued and supported by
teachers. Without an accumulation of all of these
interacting factors, talent development is not likely.

Hence, this is where teachers and their diagnostic
competencies come into play.

Teachers’ diagnostic competencies

Beginning in the 1980’s with Schrader and
Helmke’s (1987) assertion that accurately judging
students’ abilities is a vital factor in differentiated
instruction, diagnostic competencies are now
regarded as a core aspect of teachers’ expertise
(e.g., Baumert & Kunter, 2006; Van Ophuysen,
2010; Weinert et al., 1990). At first, diagnostic
competence was defined as the ability to judge
students’ performance level correctly. Later on,
Spinath (2005) showed that the accuracy of tea-
chers’ judgments is not determined by a single abil-
ity and therefore suggested avoiding the term
“diagnostic competence” as a single competence
related only to accurately judging students’ charac-
teristics. Judging the requirements of learning
materials is also essential for initiating successful
learning processes in the classroom, and therefore
the construct of diagnostic competence also needs
to include the accurate estimation of the difficulty
of tasks and materials (McElvany et al., 2012).
Hence, teachers with high diagnostic competencies

are able to judge the demands of learning tasks as
well as students’ potential, knowledge, perfor-
mance, and other school-related behavior, and to
use this information to adapt their teaching accord-
ingly. Meta-analyses document the size of relations
between teachers’ assessments and the actual char-
acteristics of their students, including their cogni-
tive abilities (Machts et al, 2016) and their
academic achievements (Stidkamp et al, 2012).
Individual studies on performance assessments of
students by their teachers show that both in pri-
mary and secondary school, high-performing stu-
dents tend to be underestimated whereas lower-
performing students tend to be overestimated
(Bates & Nettelbeck, 2001; Westphal, 2016).
Potentially high-performing students, such as
highly intelligent children with only average school
performance, are rarely recognized by their tea-
chers as talented (Hanses & Rost, 1998). The same
applies to students whose potential lies in “unusual”
areas, such as girls who are talented in STEM
(Dicke et al.,, 2012). Moreover, diagnostic compe-
tencies of teachers should be conceptualized as
domain-specific (Shulman & Sherin, 2004). They
are related to the didactic knowledge of teachers in
a specific subject, to knowledge about the diagnos-
tic potential of tasks and their cognitive and impli-
cit knowledge requirements, and to teachers’
knowledge about students’ learning processes
(Baumert & Kunter, 2013).

A cooperative project to support teachers’
diagnostic competencies in STEM

In our project LUPE (acronym for Leistung
unterstiitzen, Potenziale erkennen “supporting
achievement, assessing potential”), a research
team cooperates with 23 elementary schools in
Germany over a five-year period. Currently, we
are in the third year of the project. The project is
characterized by a research-practice partnership
(RPP; Yurkofsky et al., 2020), in which the teachers
and researchers cooperate on an equal footing as
experts in their field. In educational research, sev-
eral approaches have already considered this RPP.
Such approaches are referred to as “research for
practice” instead of “research on practice”
(Schrader et al., 2020) or joint work as “improvers”
instead of distinguishing between “knowers” and
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® 3. Formative evaluation

® 1. Developement of working theory

® 2. Development of diagnostic material

limited
Researchers* involvement

extensive

Figure 1. Research-practice partnership at different stages of the project LUPE.

“doers” (Bryk, 2015). The involvement of practi-
tioners and researchers differs highly by approach.
Hence, it is useful to position the RPP on two
dimensions to illustrate the degree of involvement
of practitioners and researchers in the research
process.

In project LUPE, the involvement of practi-
tioners and researchers differs by stage (ie., 1.
development of the working theory, 2. development
of diagnostic material, and 3. formative evaluation;
see Figure 1). The active participation of practi-
tioners results in different advantages depending
on the stage of the process (Burns et al., 2011).
Initially developing a common working theory of
practitioners and researchers supports understand-
ing and acceptance. The development of diagnostic
material with extensive involvement of researchers
ensures an evidence-based approach. Extensive
involvement of both practitioners and researchers
in the practical testing and formative evaluation of
the material leads to educational outcomes that are
appropriate for the teachers’ needs and the school
context. That is, the RPP approach ensures a strong
link between research and practice, safeguarding
that the theoretically well-founded material has
also been assessed by the users as successful in
practice (Schrader et al., 2020).

Figure 2 shows the process of the RPP in
LUPE. In Stage 1, to derive a common working
theory we discussed the assumptions of the
TAD model for talent development in STEM

and the predictors and correlates of STEM
achievement (see Table 1) with the teachers of
the 23 schools in workshops. We assessed tea-
chers’ knowledge about talent development and
student-related variables that indicate potential
for STEM, compared this knowledge with
scientific evidence in a contrasting juxtaposi-
tion, and agreed on a working theory concep-
tualizing potential in STEM as
multidimensional and dynamic (for a detailed
description of this process and its results see
Mack et al.,, 2021).

In Stage 2, based on the developed working
theory, we engaged in the development of diag-
nostic materials. Together with the teachers, we
decided to develop full assessment units that
can be carried out with a whole class and
allow teachers to base their assessments not
only on task solutions but also on systematic
observations and interviews with the students.
Each assessment unit focuses on one or two
predictors of talent development in STEM that
were included in the working theory (e.g., crea-
tivity; see Table 1). This narrow focus promotes
a better observation of the respective predictor
in the students. The development of an assess-
ment unit is comprised of three parts: 1. selec-
tion of the predictor(s), 2. literature search for
task materials, 3. creation of a first draft. In
Stage 3, the first draft of the unit then enters
a formative evaluation phase (see Figure 2).
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Development of the Working Theory

Working

TAD framework
theory

Domain Predictor

Figure 2. Developmental process of the diagnostic material.

Assessment unit on creativity

In the following, the individual steps of this process
are described in more detail for the example of
creativity. We developed an assessment unit for
creativity because of its positive relation with
STEM achievement (Gajda et al., 2017) and its
prominent role in  talent  development
(Subotnik et al.,, 2011). In an extensive literature
search, we identified task material related to crea-
tivity. Together with didactics experts, we adapted
tasks and developed them into a unit. We chose
open-ended tasks that are characterized by “the
existence of more than one (preferable many
more than one) possible pathways, responses,
approaches, or lines of reasoning” (p. 3; Sullivan
et al., 2000). Figure 3 gives an example: “Dividing
Squares” is an open-ended task on figural divergent
thinking in this unit. Here, children see the empty
square (Figure 3a) and are instructed to “divide the
square into 3 equal parts; think of as many different
or unusual and new ways to do this as possible.”
The children have 20 minutes to complete the task.
Teachers can take notes in their evaluation protocol
both during and after the task. The information on
the evaluation protocol for teachers provides clues
on what characterizes creativity and how this can
become evident in student behavior (e.g., an idea
that no other student had). The evaluation protocol
includes information on: the number of ideas, the
categories assigned to the ideas, the variety of ideas,
and the originality of ideas, evaluated on 5-point
Likert scale ranging from very weak to very strong.
High creativity is characterized by children produ-
cing many, different, and original solutions.
Figure 3(b-d) show possible solutions that are dif-
ferent and differ in originality. The solutions differ
in the kind of lines used (straight and even,
Figure 3b; straight and diagonal as well as uneven,
Figure 3c; straight and curved, Figure 3d). The

Literature
search

Translation into Diagnostic Material

Adaption of
the unit

Feedback

Sttt from teachers

Formative
Evaluation

Practical
testing

originality of the solutions, indicated by the infre-
quency of their occurrence, increases from
Figure 3(b-d).

Creativity is typically assessed by open-ended
tasks, which have certain advantages for their use
in the assessment units. Open-ended tasks allow
students to choose different approaches for task
solutions, to activate their individual knowledge
and resources, and to apply solutions that they
themselves consider important for the process.
Students get the opportunity to show what they
can do and to produce new and original ideas that
no other student has had before. Teachers, on the
other hand, get the opportunity to systematically
observe individual indicators of divergent thinking
ability such as the quantity, variety, and originality
of ideas. Additionally, teachers learn how to utilize
the creativity demands embedded in the task mate-
rial and how to use this information for identifica-
tion purposes.

Open-ended tasks have proven to be effective for
the identification and promotion of STEM poten-
tial, for example, related to mathematical creativity
(e.g., R. Leikin & Lev, 2007). With the help of open-
ended tasks, it is possible to distinguish between
students with different ability levels (R. Leikin &
Lev, 2007) because they offer students the opportu-
nity to engage in accordance with their prior
knowledge and abilities (Sullivan, 2011). Students
produce results that reflect their level of competen-
cies, for instance, with regard to the complexity and
refinement of their answers (Hertzog, 1998). Low-
performing students benefit from the lower entry
threshold of open-ended tasks. In contrast, high-
performing students might enrich their answers or
go into more depth (Sullivan, 2011). Therefore,
especially in heterogeneous classes, open-ended
tasks provide useful information for identifying
and fostering talent (Hertzog, 1998).
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Figure 3. Possible solutions for “Dividing Squares” task used to observe creativity.

The complete material for the creativity unit
comprises a definition of the goals of the unit, the
classification of the predictor in this unit in our
working theory, the worksheets for the students,
the observation and evaluation protocol for tea-
chers, and explanations on the scientific back-
ground of the predictor creativity and the content
of the unit. In addition, the material contains stu-
dent examples as well as tips for differentiating the
material for students of different ability levels.

The assessment unit on creativity is currently
undergoing the formative evaluation process,
where teachers provide continuous feedback
on the material, before and after its use in
practice. The research team then revises the
material, and the teachers test the material in
practice again (see Figure 2). Throughout the
practical testing phase, the project teachers use
the material during their regular lessons, collect
student responses, and document their experi-
ences. The feedback from the teachers forms
the basis for the optimization and further
development of the material.

Discussion: Fostering talent development by
enhancing teachers’ diagnostic competencies

The understanding of talent development in
a specific domain (in project LUPE, the focus is
on STEM) is important for teachers at a practical
level to identify STEM talent in their students and
to offer appropriate educational services to them. In
this regard, our common working theory can be
used as an orientation for teachers regarding which
abilities, personality traits, and skills are important
for the promotion of talent at different stages of
elementary school. The associated assessment units
support teachers in identifying these abilities, per-
sonality traits, and skills in their students. In our
project, the teachers are personally involved in the
development and formative evaluation of the mate-
rials. In addition, they receive continuing training
on the fundamental knowledge needed to identify
and support talented students as well as on how to
use the provided materials in their classroom. Both
contribute to the teachers’ professionalization for
identifying and supporting talented students. The
cooperation with teachers in a partnership of equals
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in a RPP ensures that the materials are tailored to
the needs of the schools (The Design-Based
Research Collective, 2003). As active members of
the development process, the teachers ensure that
the materials can easily be integrated into everyday
school life. The assessment units are complete les-
sons in which all students are able to work on open-
ended tasks at their specific skill level. The units
facilitate the systematic observation of different
predictors of talent and achievement in STEM
(see Figure 4, in which we give an overview of all
constructs included). In contrast to checklists or
closed-ended talent assessments, teachers are
guided to focus on particular attributes and obser-
vable behaviors, which enhances the quality of the
assessment. Furthermore, teachers learn that abil-
ities, personality traits, and skills are expected to
change over time. To do justice to this fact, our
assessment units can be used several times over the
course of the first four years in elementary school,
making it possible to keep a development portfolio
for each student (see Figure 4).

Supporting teachers in assessing and fostering
students’ creativity

Creativity plays a central role in the develop-
ment of talent (Krutetskii, 1976; Renzulli, 1978;
Subotnik et al, 2011). It is Dboth a
predictor and outcome of talent development.
The interaction between personality traits and
environmental factors determine, to a great
extent, its development (Leikin & Pitta-

Pantazi, 2013). Teachers can use the awareness
that comes from understanding the importance
of creativity in the talent development process
to further improve their teaching. Many studies
have emphasized situational factors affecting
creativity, such as educational practices and
freedom to pursue problems (Beghetto, 2016;
Schacter et al., 2006). The first step is for tea-
chers to realize that nurturing creativity is an
essential piece of the instructional process. For
students to be willing to express their creativity,
they must feel that their ideas, especially those
that are unconventional, are welcome in the
classroom. Nickerson (1999) argued that
a balanced environment (i.e., an environment
that is both demanding and supportive) is
necessary for creativity to flourish. For an
extensive report on creativity and critical think-
ing as important learning goals, the OECD
(Vincent-Lancrin et al., 2019) worked with net-
works of schools and teachers in eleven coun-
tries to develop a set of pedagogical resources
that exemplify what it means to teach, learn,
and make progress in creativity and critical
thinking in primary and secondary school.
They pursued a similar procedure as we did,
whereby they focused on promotion instead of
diagnostics. Through examples of lesson plans,
teachers in the field gave feedback, implemen-
ted the proposed teaching strategies, and docu-
mented their work. They agreed that the
promotion of abilities like creativity can be

Grade 1 2 3 4
LUPE interview LUPE unit LUPE unit LUPE unit
Mathematics (attention) (numerical (spatial (numerical
abilities 1) abilities) abilities 2)
LUPE screening LUPE interview LUPE screening ~ LUPE unit LUPE unit

(cognitive
motivation,
self-concept,
number sense)

Gross? (interests)

disciplinary

(cognitive
motivation,
self-concept,
number sense)

(creativity 1) (creativity 2)

LUPE unit LUPE unit
(observing
ability,
creativity)

LUPE unit
(scientific
thinking 1)

(scientific
thinking 2)

Science

LUPE unit
(categorization
ability, verbal
abilities)

LUPE interview
(understanding
science)

Collection of impr

Figure 4. LUPE assessment units for year 1-4 of elementary school.

observati

products etc. in a portfolio



accomplished through tasks with high demands
on these abilities.

Teachers also need to be supported with class-
room  activities  that  foster  creativity.
Hadzigeorgiou et al. (2012) argue that science
is based on creativity and present several meth-
ods that teachers can use in science education to
foster their students creativity: Creative problem
solving (e.g., measuring the height of a building
using a barometer or tennis ball), creative writ-
ing (e.g., a day without gravity), creative science
inquiry (e.g., investigating possible factors that
might have an effect on the illumination of
a room), creating analogies to understand phe-
nomena and ideas (e.g., the phenomenon of
resonance), challenging students to find connec-
tions among apparently unrelated facts and
ideas, and mystery solving (e.g., detective work
in order to explain the disappearance of some-
thing). Open-ended tasks or project-based learn-
ing (Krajcik & Blumenfeld, 2006), which are
included in our assessment units, allow students
to activate their resources and surprise with new
and original ideas. In this regard, we also encou-
rage teachers in our project to transfer the con-
cepts introduced in our units to develop new
materials. For instance, existing school material
could be examined for diagnostic and support
potential related to creativity and the other con-
structs within our working theory.

In sum, the cooperative approach of our
project and the materials provided in our
assessment units are not only meant to contri-
bute to the discovery of talent, but also to its
promotion. Our interventions are designed to
create new beneficial routines, such as long-
term individual monitoring and support and
a focus on student resources and potential.
Even if not all students can achieve exceptional
achievements in a domain, the goal should be
to help students to make the best possible use
of their talents.

Disclosure statement

No potential conflict of interest was reported by the author(s).

GIFTED AND TALENTED INTERNATIONAL e 9

Notes on contributors

Mireille Krischler, Dr., is a postdoctoral researcher at the
University of Luxembourg in the Department of Social
Sciences. From 2018 to 2020 she worked at the University of
Trier in the Department of Psychology, Giftedness Research
and Education. She worked as a postdoctoral researcher in the
project LUPE whose main objective is to support the academic
development of (potentially) high-performing students by
promoting their teachers’ diagnostic competencies. Her main
areas of research encompass attitudes and competencies of
teachers required to work with heterogeneous student popula-
tions as well as diagnostics and promotion of students with
special educational needs with a focus on inclusion.

Elena Mack is a Ph.D. student at the University of Trier in the
Department of Psychology, Giftedness Research and
Education. She also works as a research associate in the project
LUPE whose main objective is to support the academic devel-
opment of (potentially) high-performing students by promot-
ing their teachers” diagnostic competencies. Her professional
research interests are talent development, psychological diag-
nostics, and diagnostic competencies of teachers.

Jessica Gnas is a Ph.D. student at the University of Trier in the
Department of Psychology, Giftedness Research and
Education. She also works as a research associate in the project
LUPE whose main objective is to support the academic devel-
opment of (potentially) high-performing students by promot-
ing their teachers” diagnostic competencies. Her professional
research interests are diagnostic skills of teachers, psychologi-
cal diagnostics and stereotyping of gifted pupils.

Moritz Breit is a Ph.D. student at the University of Trier in the
Department of Psychology, Giftedness Research and
Education. His research interests center on the nature and
development of cognitive ability. His current research focuses
on ability differentiation, particularly Spearman’s law of
diminishing returns. Moritz obtained his BA and MA in
Psychology at the University of Trier.

Julia Matthes is a Ph.D. student at the University of Trier in
the Department of Psychology, Giftedness Research and
Education. She also works as a research associate in the project
LUPE whose main objective is to support the academic devel-
opment of (potentially) high-performing students by promot-
ing their teachers’ diagnostic competencies. Her research
interests include need for cognition, academic achievement
and development, and diagnostic competencies of teachers.

Franzis Preckel is full professor for giftedness research and
education at the Department of Psychology of the University
of Trier, Germany. She received her doctor’s degree from the
University of Muenster, Germany, in 2002. Her areas of exper-
tise include intelligence and giftedness, talent development,
personality factors related to achievement, and psychological
assessment including test construction. In 2017, Franzis



10 M. KRISCHLER ET AL.

received the path breaker award of the AERA special interest
group on Research on Giftedness, Creativity, and Talent. She
has served as co-editor of Gifted and Talented International
and Diagnostica. Franzis has published her research in top-
ranked journals including Psychological Bulletin or
Perspectives on Psychological Science.

References

Allen, K., Higgins, S., & Adams, J. (2019). The relationship
between visuospatial working memory and mathematical
performance in school-aged children: A systematic review.
Educational Psychology Review, 31(3), 509-531. https://doi.
org/10.1007/s10648-019-09470-8

Bandura, A. (2010). Self-efficacy. In The Corsini Encyclopedia
of Psychology (4th Ed. pp. 1534-1536). Hoboken, New
Jersey: John Wiley & Sons

Bates, C., & Nettelbeck, T. (2001). Primary school teachers’
judgements of reading achievement. Educational
Psychology, 21(2), 177-187. https://doi.org/10.1080/
01443410020043878

Baumert, J., & Kunter, M. (2013). The COACTIV model of
teachers’ professional competence. In M. Kunter,
M. Baumert, J. Blum, W. Klusmann, U. Krauss, &
S. Neubrand (Eds.), Cognitive activation in the mathematics
classroom and professional competence of teachers (pp.
25-48). Springer US. https://doi.org/10.1007/978-1-4614-
5149-5

Baumert, J., & Kunter, M. (2006). Stichwort: Professionelle
Kompetenz ~ von  Lehrkriften.  Zeitschrift  Fiir
Erziehungswissenschaft, 9(4), 469-520. https://doi.org/10.
1007/s11618-006-0165-2

Beghetto, R. A. (2016). Creative openings in the social inter-
actions of teaching. Creativity. Theories - Research -
Applications, 3(2), 261-273. https://doi.org/10.1515/ctra-
2016-0017

Berch, D. B. (2005). Making sense of number sense:
Implications for children with mathematical disabilities.
Journal of Learning Disabilities, 38(4), 333-339. https://
doi.org/10.1177/00222194050380040901

Bryk, A. S. (2015). 2014 AERA Distinguished Lecture.
Educational Researcher, 44(9), 467-477. https://doi.org/10.
3102/0013189X15621543

Burns, J. C., Cooke, D. Y., & Schweider, C. (2011). A short
guide to community based participatory action research:
A community research lab guide. https://ktpathways.ca/
resources/short-guide-community-based-participatory-
action-research

Deci, E. L., & Ryan, R. M. (1985). Conceptualizations of intrinsic
motivation and self-determination. In Intrinsic motivation
and self-determination in human behavior. Perspectives in
Social Psychology. (pp. 11-40). Springer US. https://doi.org/
10.1007/978-1-4899-2271-7_2

Dicke, A.-L., Lidtke, O., Trautwein, U., Nagy, G., & Nagy, N.
(2012). Judging students’ achievement goal orientations: Are

teacher ratings accurate? Learning and Individual Differences,
22(6), 844-849. https://doi.org/10.1016/j.lindif.2012.04.004

Elliot, A. J. (1999). Approach and avoidance motivation and
achievement goals. Educational Psychologist, 34(3),
169-189. https://doi.org/10.1207/s15326985ep3403_3

Freund, P. A., & Holling, H. (2008). Creativity in the class-
room: A multilevel analysis investigating the impact of
creativity and reasoning ability on GPA. Creativity
Research Journal, 20(3), 309-318. https://doi.org/10.1080/
10400410802278776

Gajda, A., Karwowski, M., & Beghetto, R. A. (2017). Creativity
and academic achievement: A meta-analysis. Journal of
Educational Psychology, 109(2), 269-299. https://doi.org/
10.1037/edu0000133

Geary, D. C. (2013). Early foundations for mathematics learn-
ing and their relations to learning disabilities. Current
Directions in Psychological Science, 22(1), 23-27. https://
doi.org/10.1177/0963721412469398

Hadzigeorgiou, Y., Fokialis, P., & Kabouropoulou, M. (2012).
Thinking about creativity in science education. Creative
Education, 3(5), 603-611. https://doi.org/10.4236/ce.2012.
35089

Hannula, M. M., & Lehtinen, E. (2005). Spontaneous focusing
on numerosity and mathematical skills of young children.
Learning and Instruction, 15(3), 237-256. https://doi.org/
10.1016/j.learninstruc.2005.04.005

Hanses, P., & Rost, D. H. (1998). Das “Drama” der hochbe-
gabten Underachiever. “Gewohnliche” oder
“auflergewo6hnliche” Zeitschrift  Fiir
Pdidagogische Psychologie, 12, 53-71.

Hertzog, N. B. (1998). Open-ended activities: Differentiation
through learner responses. Gifted Child Quarterly, 42(4),
212-227. https://doi.org/10.1177/001698629804200405

Huang, C. (2011). Self-concept and academic achievement: A
meta-analysis of longitudinal relations. Journal of School
Psychology, 49(5), 505-528. https://doi.org/10.1016/j.jsp.
2011.07.001

Hunt, J. M. V. (1965). Intrinsic motivation and its role in
psychological development. In D. Levine (Ed.), Nebraska
symposium on motivation (Vol. 13, pp. 189-282). University
of Nebraska Press.

Jussim, L., & Harber, K. D. (2005). Teacher expectations and
self-fulfilling prophecies: Knowns and unknowns, resolved
and unresolved controversies. Personality and Social
Psychology Review : An Official Journal of the Society for
Personality and Social Psychology, Inc, 9(2), 131-155.
https://doi.org/10.1207/s15327957pspr0902_3

Knopfelmacher, S., & Kronborg, L. (2003). Characteristics,
competencies and classroom strategies of effective teachers
of gifted and talented students. In L. Kronborg & S.
Knopfelmacher (Eds.), Proceedings from the 9th National
Conference of the Australian Association for the Education
of Gifted and Talented Students, Sydney, 2002, CD Rom
(pp-91-104). Melbourne: AAEGT

Krajcik, J.S. & Blumenfeld, P. (2006). Project-based learning.
In Sawyer, R. K. (Ed.), the Cambridge handbook of the

Underachiever?


https://doi.org/10.1007/s10648-019-09470-8
https://doi.org/10.1007/s10648-019-09470-8
https://doi.org/10.1080/01443410020043878
https://doi.org/10.1080/01443410020043878
https://doi.org/10.1007/978-1-4614-5149-5
https://doi.org/10.1007/978-1-4614-5149-5
https://doi.org/10.1007/s11618-006-0165-2
https://doi.org/10.1007/s11618-006-0165-2
https://doi.org/10.1515/ctra-2016-0017
https://doi.org/10.1515/ctra-2016-0017
https://doi.org/10.1177/00222194050380040901
https://doi.org/10.1177/00222194050380040901
https://doi.org/10.3102/0013189X15621543
https://doi.org/10.3102/0013189X15621543
https://ktpathways.ca/resources/short-guide-community-based-participatory-action-research
https://ktpathways.ca/resources/short-guide-community-based-participatory-action-research
https://ktpathways.ca/resources/short-guide-community-based-participatory-action-research
https://doi.org/10.1007/978-1-4899-2271-7_2
https://doi.org/10.1007/978-1-4899-2271-7_2
https://doi.org/10.1016/j.lindif.2012.04.004
https://doi.org/10.1207/s15326985ep3403_3
https://doi.org/10.1080/10400410802278776
https://doi.org/10.1080/10400410802278776
https://doi.org/10.1037/edu0000133
https://doi.org/10.1037/edu0000133
https://doi.org/10.1177/0963721412469398
https://doi.org/10.1177/0963721412469398
https://doi.org/10.4236/ce.2012.35089
https://doi.org/10.4236/ce.2012.35089
https://doi.org/10.1016/j.learninstruc.2005.04.005
https://doi.org/10.1016/j.learninstruc.2005.04.005
https://doi.org/10.1177/001698629804200405
https://doi.org/10.1016/j.jsp.2011.07.001
https://doi.org/10.1016/j.jsp.2011.07.001
https://doi.org/10.1207/s15327957pspr0902_3

learning sciences. New York: Cambridge. https://doi.org/
10.1017/CB0O9780511816833.020

Krampen, G. (2019). Psychologie der Kreativitit: Divergentes
Denken und Handeln in Forschung und Praxis (1. Auflage).
Hogrefe.

Kronborg, L., & Plunkett, M. (2013). Responding to profes-
sional learning: How effective teachers differentiate teach-
ing and learning strategies to engage highly able
adolescents. Australasian Journal of Gifted Education, 22
(2), 52-63.

Krutetskii, V. A. (1976). The psychology of mathematical
abilities in schoolchildren. Chicago: The University of
Chicago Press

Lei, H., Cui, Y., & Zhou, W. (2018). Relationships between
student engagement and academic achievement: A
meta-analysis. Social Behavior and Personality: An
International Journal, 46(3), 517-528. https://doi.org/10.
2224/sbp.7054

Leikin, R., & Lev, M. (2007). Multiple solution tasks as
a magnifying glass for observation of mathematical crea-
tivity. In J. H. Woo, H. C. Lew, K. S. Park, & D. Y. Seo
(Eds.), Proceedings of the 3lIst international conference
for the psychology of mathematics education (Vol. 3, pp.
161-168). The Korea Society of Education Studies in
Mathematics.

Leikin, R., & Pitta-Pantazi, D. (2013). Creativity and mathe-
matics education: The state of the art. ZDM Mathematics
Education, 45(2), 159-166. https://doi.org/10.1007/s11858-
012-0459-1

Li,]., Ye, H,, Tang, Y., Zhou, Z., & Hu, X. (2018). What are the
effects of self-regulation phases and strategies for Chinese
students? A meta-analysis of two decades research of the
association between self-regulation and academic
performance. Frontiers in Psychology, 9. https://doi.org/10.
3389/fpsyg.2018.02434

Lubinski, D., & Benbow, C. P. (2006). Study of mathematically
precocious youth after 35 years: Uncovering antecedents for
the development of math-science expertise. Perspectives on
Psychological Science, 1(4), 316-345. https://doi.org/10.
1111/j.1745-6916.2006.00019.x

Machts, N., Kaiser, J., Schmidt, F. T. C., & Méller, J. (2016).
Accuracy of teachers’ judgments of students’ cognitive abil-
ities: A meta-analysis. Educational Research Review, 19,
85-103. https://doi.org/10.1016/j.edurev.2016.06.003

Mack, E., Breit, M., Krischler, M., Gnas, J., & Preckel, F.
(2021). Talent development in natural science in elemen-
tary school: A juxtaposition of research and practice.
Teaching and Teacher Education, 104, 103366. https://doi.
org/10.1016/j.tate.2021.103366

Maker, C. J., & Schiever, S. W. (2010). Curriculum develop-
ment and teaching strategies for gifted learners. Austin.

Maresch, G. (2018). Development of spatial ability: Results
from the research project geodiKon. In P. Herbst,
U. H. Cheah, P. R. Richard, & K. Jones (Eds.),
International perspectives on the teaching and learning of
geometry in secondary schools (pp. 215-230). Springer.

GIFTED AND TALENTED INTERNATIONAL 1

Mayer, D., Sodian, B., Koerber, S., & Schwippert, K. (2014).
Scientific reasoning in elementary school children:
Assessment and relations with cognitive abilities. Learning
and Instruction, 29, 43-55. https://doi.org/10.1016/j.learnin
struc.2013.07.005

McElvany, N., Schroeder, S., Baumert, J., Schnotz, W.,
Horz, H., & Ullrich, M. (2012). Cognitively demanding
learning materials with texts and instructional pictures:
Teachers’ diagnostic skills, pedagogical beliefs and motiva-
tion. European Journal of Psychology of Education, 27(3),
403-420. https://doi.org/10.1007/s10212-011-0078-1

McMullen, J., Hannula-Sormunen, M. M., & Lehtinen, E.
(2017). Spontaneous focusing on quantitative relations as
a predictor of rational number and algebra knowledge.
Contemporary Educational Psychology, 51, 356-365.
https://doi.org/10.1016/j.cedpsych.2017.09.007

Mpyers, T., Carey, E., & Szlics, D. (2017). Cognitive and neural
correlates of mathematical giftedness in adults and children:
A review. Frontiers in Psychology, 8, 1646. https://doi.org/
10.3389/fpsyg.2017.01646

Neisser, U., Boodoo, G., Bouchard, T. J., Boykin, A. W,
Brody, N., Ceci, S. J., Halpern, D. F., Loehlin, J. C,
Perloff, R., Sternberg, R. J, & Urbina, S. (1996).
Intelligence: ~ Knowns and unknowns. American
Psychologist, 51(2), 77-101. https://doi.org/10.1037/0003-
066X.51.2.77

Nickerson, R. S. (1999). Enhancing creativity. In R. J.
Sternberg (Ed.), Handbook of creativity (pp. 392-430).
Cambridge University Press

Olszewski-Kubilius, P., Subotnik, R. F., & Worrell, F. C.
(2016). Aiming talent development toward creative emi-
nence in the 21st Century. Roeper Review, 38(3), 140-152.
https://doi.org/10.1080/02783193.2016.1184497

Pellegrino, J. W. (2014). Assessment as a positive influence on
21st century teaching and learning: A systems approach to
progress. Psicologia Educativa, 20(2), 65-77. https://doi.
org/10.1016/j.pse.2014.11.002

Pierce, R. L., & Adams, C. M. (2004). Tierdless lessons: One
way to differentiate mathematics instruction. Gifted Child
Today, 27(2), 58-65. https://doi.org/10.4219/gct-2004-133

Poropat, A. E. (2014). A meta-analysis of adult-rated child
personality and academic performance in primary
education. British Journal of Educational Psychology, 84(2),
239-252. https://doi.org/10.1111/bjep.12019

Preckel, F., Golle, J., Grabner, R., Jarvin, L., Kozbelt, A.,
Miillensiefen, D., Olszewski-Kubilius, P., Schneider, W.,
Subotnik, R., Vock, M., & Worrell, F. C. (2020). Talent
development in achievement domains: A psychological fra-
mework for within- and cross-domain research.
Perspectives on Psychological Science, 15(3), 691-722.
https://doi.org/10.1177/1745691619895030

Putwain, D. W., Symes, W., Nicholson, L. J., & Becker, S.
(2018). Achievement goals, behavioural engagement, and
mathematics achievement: A mediational analysis. Learning
and Individual Differences, 68, 12-19. https://doi.org/10.
1016/j.1indif.2018.09.006


https://doi.org/10.1017/CBO9780511816833
https://doi.org/10.1017/CBO9780511816833
https://doi.org/10.2224/sbp.7054
https://doi.org/10.2224/sbp.7054
https://doi.org/10.1007/s11858-012-0459-1
https://doi.org/10.1007/s11858-012-0459-1
https://doi.org/10.3389/fpsyg.2018.02434
https://doi.org/10.3389/fpsyg.2018.02434
https://doi.org/10.1111/j.1745-6916.2006.00019.x
https://doi.org/10.1111/j.1745-6916.2006.00019.x
https://doi.org/10.1016/j.edurev.2016.06.003
https://doi.org/10.1016/j.tate.2021.103366
https://doi.org/10.1016/j.tate.2021.103366
https://doi.org/10.1016/j.learninstruc.2013.07.005
https://doi.org/10.1016/j.learninstruc.2013.07.005
https://doi.org/10.1007/s10212-011-0078-1
https://doi.org/10.1016/j.cedpsych.2017.09.007
https://doi.org/10.3389/fpsyg.2017
https://doi.org/10.3389/fpsyg.2017
https://doi.org/10.1037/0003-066X.51.2.77
https://doi.org/10.1037/0003-066X.51.2.77
https://doi.org/10.1080/02783193.2016.1184497
https://doi.org/10.1016/j.pse.2014.11.002
https://doi.org/10.1016/j.pse.2014.11.002
https://doi.org/10.4219/gct-2004-133
https://doi.org/10.1111/bjep.12019
https://doi.org/10.1177/1745691619895030
https://doi.org/10.1016/j.lindif.2018.09.006
https://doi.org/10.1016/j.lindif.2018.09.006

12 (&) M. KRISCHLER ET AL.

Rathé, S., Torbeyns, J., Hannula-Sormunen, M. M., De
Smedt, B., & Verschaffe, L. (2016). Spontaneous focusing
on numerosity: A review of recent research. Mediterranean
Journal for Research in Mathematics Education, 15, 1-25.

Renzulli, J. S. (1978). What makes giftedness? Re-examining a
definition. Phi Delta Kappan, 60, 180-184, 261

Robson, D. A., Allen, M. S., & Howard, S. J. (2020). Self-
regulation in childhood as a predictor of future outcomes:
A meta-analytic review. Psychological Bulletin, 146(4),
324-354. https://doi.org/10.1037/bul0000227

Roth, B., Becker, N., Romeyke, S., Schifer, S., Domnick, F., &
Spinath, F. M. (2015). Intelligence and school grades: A
meta-analysis. Intelligence, 53, 118-137. https://doi.org/10.
1016/j.intell.2015.09.002

Runco, M. A., Millar, G., Acar, S., & Cramond, B. (2010).
Torrance tests of creative thinking as predictors of personal
and public achievement: A fifty-year follow-up. Creativity
Research Journal, 22(4), 361-368. https://doi.org/10.1080/
10400419.2010.523393

Schrader, F.-W., & Helmke, A. (1987). Diagnostische
Kompetenz von Lehrern: Komponenten und Wirkungen.
Empirische Pidagogik, 1 (1), 27-52.

Schacter, J., Thum, Y. M., & Zifkin, D. (2006). How Much does
creative teaching enhance elementary school students’
achievement? The Journal of Creative Behavior, 40(1),
47-72. https://doi.org/10.1002/j.2162-6057.2006.tb01266.x

Scherrer, V., Preckel, F., Schmidt, I., & Elliot, A. J. (2020).
Development of achievement goals and their relation to
academic interest and achievement in adolescence:
A review of the literature and two longitudinal studies.
Developmental Psychology, 56(4), 795-814. https://doi.org/
10.1037/dev0000898

Schneider, M., Beeres, K., Coban, L., Merz, S., Susan
Schmidt, S., Stricker, J., & De Smedt, B. (2017).
Associations of non-symbolic and symbolic numerical
magnitude processing with mathematical competence: A
meta-analysis. Developmental Science, 20(3), el12372.
https://doi.org/10.1111/desc.12372

Schneider, W. J., & McGrew, K. S. (2012). The Cattell-Horn-
Carroll model of intelligence. In D. Flanagan & P. Harrison
(Eds.), Contemporary intellectual assessment: Theories, tests,
and issues (3rd ed., pp. 99-144). Guilford.

Schrader, J., Hasselhorn, M., Hetfleisch, P., & Goeze, A.
(2020). Stichwortbeitrag Implementationsforschung: Wie
Wissenschaft zu Verbesserungen im Bildungssystem beitra-
gen kann. Zeitschrift Fiir Erziehungswissenschaft, 23(1),
9-59. https://doi.org/10.1007/s11618-020-00927-z

Shulman, L. S., & Sherin, M. G. (2004). Fostering communities
of teachers as learners: Disciplinary perspectives. Journal of
Curriculum Studies, 36(2), 135-140. https://doi.org/10.
1080/0022027032000135049

Siegle, D., & Powell, T. (2004). Exploring teacher biases when
nominating students for gifted programs. Gifted Child
Quarterly, 48(1), 21-29. https://doi.org/10.1177/
001698620404800103

Singer, V., & Strasser, K. (2017). The association between
arithmetic and reading performance in school: A

meta-analytic study. School Psychology Quarterly, 32(4),
435-448. https://doi.org/10.1037/spq0000197

Spinath, B. (2005). Akkuratheit der Einschitzung von
Schiillermerkmalen durch Lehrer und das Konstrukt der
diagnostischen Kompetenz. Zeitschrift Fiir Piddagogische
Psychologie, 19(1/2), 85-95. https://doi.org/10.1024/1010-
0652.19.12.85

Sternberg, R. J. (1999). A propulsion model of types of creative
contributions. Review of General Psychology, 3(2), 83-100.
https://doi.org/10.1037/1089-2680.3.2.83

Subotnik, R. F., Olszewski-Kubilius, P., & Worrell, F. C.
(2018). The relationship between expertise and gifted-
ness: A  talent development perspective. In
D. Z. Hambrick, G. Campitelli, & B. N. Macnamara
(Eds.), (pp. 427-434) The science of expertise:
Behavioral, neural, and genetic approaches to complex
skill. Routledge.

Subotnik, R. F., Olszewski-Kubilius, P., & Worrell, F. C.
(2011). Rethinking giftedness and gifted education.
Psychological Science in the Public Interest, 12(1), 3-54.
https://doi.org/10.1177/1529100611418056

Stdkamp, A., Kaiser, J., & Moller, J. (2012). Accuracy of
teachers’ judgments of students’ academic achievement: A
meta-analysis. Journal of Educational Psychology, 104,
743-762

Sullivan, P. (2011). Teaching mathematics:  Using
research-informed strategies. Australian education review:
no. 59. Camberwell, Vic.
Educational Research

Sullivan, P., Warren, E., & White, P. (2000). Students’
responses to content specific open-ended mathematical
tasks. Mathematics Education Research Journal, 12(1),
2-17. https://doi.org/10.1007/BF03217071

Taylor, G., Jungert, T., Mageau, G. A., Schattke, K., Dedic, H.,
Rosenfield, S., & Koestner, R. (2014). A self-determination
theory approach to predicting school achievement over
time: The unique role of intrinsic motivation.
Contemporary Educational Psychology, 39(4), 342-358.
https://doi.org/10.1016/j.cedpsych.2014.08.002

The Design-Based Research Collective. (2003). Design-based
research: An emerging paradigm for educational inquiry.
Educational Researcher, 32(1), 5-8. https://doi.org/10.3102/
0013189X032001005

Thurstone, L. L. (1964). Theories of intelligence. The Scientific
Monthly, 62(2), 101-112.

Torrance, E. P. (1972). Career patterns and peak creative
achievements of creative high school students twelve years
later. Gifted Child Quarterly, 16(2), 75-88. https://doi.org/
10.1177/001698627201600201

van Ophuysen, S. (2010). Professionelle padagogisch-
diagnostische Kompetenz - Eine theoretische und
empirische Anndherung [Professional pedagogical-
diagnostic competence - A theoretical and empirical
approach]. In W. Bos, H. G. Holtappels, H. Pfeiffer,
H.-G. Rolff, & R. Schulz-Zander (Eds.), Jahrbuch der
Schulentwicklung. Daten, Beispiele und Perspektiven (pp.
203-243). Juventa.

Australian Council for


https://doi.org/10.1037/bul0000227
https://doi.org/10.1016/j.intell.2015.09.002
https://doi.org/10.1016/j.intell.2015.09.002
https://doi.org/10.1080/10400419.2010.523393
https://doi.org/10.1080/10400419.2010.523393
https://doi.org/10.1002/j.2162-6057.2006.tb01266.x
https://doi.org/10.1037/dev0000898
https://doi.org/10.1037/dev0000898
https://doi.org/10.1111/desc.12372
https://doi.org/10.1007/s11618-020-00927-z
https://doi.org/10.1080/0022027032000135049
https://doi.org/10.1080/0022027032000135049
https://doi.org/10.1177/001698620404800103
https://doi.org/10.1177/001698620404800103
https://doi.org/10.1037/spq0000197
https://doi.org/10.1024/1010-0652.19.12.85
https://doi.org/10.1024/1010-0652.19.12.85
https://doi.org/10.1037/1089-2680.3.2.83
https://doi.org/10.1177/1529100611418056
https://doi.org/10.1007/BF03217071
https://doi.org/10.1016/j.cedpsych.2014.08.002
https://doi.org/10.3102/0013189X032001005
https://doi.org/10.3102/0013189X032001005
https://doi.org/10.1177/001698627201600201
https://doi.org/10.1177/001698627201600201

Vincent-Lancrin, S., Gonzélez-Sancho, C., Bouckaert, M., de
Luca, F., Fernandez-Barrerra, M., Jacotin, G., Urgel, J., &
Vidal, Q. (2019). Fostering students’ creativity and critical
thinking. OECD Publishing. https://doi.org/10.1787/
62212c37-en

von  Stumm, S,  Chamorro-Premuzic, T., &
Ackerman, P. L. (2011). Re-visiting intelligence-
personality associations: Vindicating intellectual invest-
ment. In T. Chamorro-Premuzic, S. von Stumm, &
A. Furnham (Eds.), Handbook of individual differences
(pp. 217-241). Wiley-Blackwell. https://doi.org/10.1002/
9781444343120

Wang, S., Rubie-Davies, C. M., & Meissel, K. (2018).
A systematic review of the teacher expectation literature
over the past 30 years. Educational Research and
Evaluation, 24(3-5), 124-179. https://doi.org/10.1080/
13803611.2018.1548798

Weinert, F. E., Schrader, F.-W., & Helmke, A. (1990).
Educational Expertise: Closing the gap between educational
research and classroom practice. School Psychology
International, 11(3), 163-180. https://doi.org/10.1177/
0143034390113002

GIFTED AND TALENTED INTERNATIONAL 13

Westphal, A. (2016). Diagnostische Kompetenzen von
Lehrkrdiften. Urteilstendenzen, Zusammenhinge mit dem
Unterrichtshandeln und Entscheidungen zum
Klasseniiberspringen. Universitit Potsdam.

Yuan, K., Steedle, J., Shavelson, R., Alonzo, A., & Oppezzo, M.
(2006). Working memory, fluid intelligence, and science
learning. Educational Research Review, 1(2), 83-98.
https://doi.org/10.1016/j.edurev.2006.08.005

Yurkofsky, M. M., Peterson, A. J., Mehta, J. D., Horwitz-
Willis, R., & Frumin, K. M. (2020).
Continuous Improvement: Exploring the Complexities of
Managing Educational Change. Review of Research in
Education, 44(1), 403-433. https://doi.org/10.3102/
0091732X20907363

Ziegler, A. (2005). The actiotope model of giftedness. In
R. J. Sternberg & J. E. Davidson (Eds.), Conceptions of
giftedness (2nd ed., pp. 411-436). Cambridge University
Press.

Zimmerman, C. (2007). The development of scientific think-
ing skills in elementary and middle school. Developmental
Review, 27(2), 172-223. https://doi.org/10.1016/j.dr.2006.
12.001

Research on


https://doi.org/10.1787/62212c37-en
https://doi.org/10.1787/62212c37-en
https://doi.org/10.1002/9781444343120
https://doi.org/10.1002/9781444343120
https://doi.org/10.1080/13803611.2018.1548798
https://doi.org/10.1080/13803611.2018.1548798
https://doi.org/10.1177/0143034390113002
https://doi.org/10.1177/0143034390113002
https://doi.org/10.1016/j.edurev.2006.08.005
https://doi.org/10.3102/0091732X20907363
https://doi.org/10.3102/0091732X20907363
https://doi.org/10.1016/j.dr.2006.12.001
https://doi.org/10.1016/j.dr.2006.12.001

	Abstract
	Introduction
	Talent development and STEM talent
	Teachers’ diagnostic competencies
	A cooperative project to support teachers’ diagnostic competencies in STEM
	Assessment unit on creativity

	Discussion: Fostering talent development by enhancing teachers’ diagnostic competencies
	Supporting teachers in assessing and fostering students’ creativity

	Disclosure statement
	Notes on contributors
	References

