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Abstract

Research on teacher competence and teacher expertise has remained unintegrated in recent decades, despite the two
paradigms having common roots—a focus on teachers’ knowledge, its significance for successful teaching, and expec-
tations of teacher professionalization. In this survey paper, we identify the differences and commonalities between the two
paradigms based on long-term work in the fields and high-standard handbooks; and we explore the possibilities of integrating
and developing them further to underpin evidence-based theory development for the teaching profession. First, we describe
the development of the teacher competence paradigm, which has strongly influenced the discourse on the professionalization
of teachers in general and mathematics teachers in particular. The first conceptualizations of teacher competence focused
mainly on cognition, affect, and motivation. Further developments integrated a situated perspective on teacher competence
including teachers’ noticing as situation-specific skills to better align with teachers’ actual performance. Thereafter, we un-
fold the different perspectives developed within the general expertise paradigm, followed by specific approaches focusing
teachers. Finally, we reflect on the characteristics of the two paradigms, namely the focus on dispositions of the competence
paradigm or on performance as outstanding pedagogic practices of the expertise paradigm and on ways how to integrate
them. We close the paper with first ideas for a research program integrating both paradigms by proposing a heuristic of
teacher expertise including a competence-oriented perspective.

Keywords Expertise research - Competence research - Paradigmatic approaches - Teachers’ professional development -
Teacher professionalism - Teacher knowledge - Superior performance - Expert teachers

1 Introduction

Since the late 1990s, a growing number of empirical studies
have examined teacher education and the professional devel-
opment of teachers, rapidly expanding the field. Its growth
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ers with sufficient professionalization (Konig et al., 2025).
The discourse on teacher professionalism has largely been
influenced by two paradigms: the competence paradigm,
which focuses mainly on teachers’ dispositions (Baumert &
Kunter, 2006), and the expertise paradigm, which focuses on
teacher performance (Berliner, 2001). Both paradigms have
developed separately over the last decades but share com-
mon roots and are more closely related to each other than to
other prominent approaches to the study of the teaching pro-
fession and teacher professionalization, such as biographi-
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2023). Each paradigm has its own strengths and weaknesses
that could complement each other and help overcome certain
limitations. From this perspective the question arises how far
these approaches could benefit from integrated theoretical
development and joint empirical studies. Such studies could
support efforts to address criticism of the low effectiveness
of teacher education and professional development. A possi-
ble dialectical integration of the two research paradigms pro-
vides a dialogical way to bridge differences between them.
This approach promises to address the inadequacies of both
paradigms, such as the blind spot concerning intraindivid-
ual development processes in competence research and the
blind spot in addressing teaching and teachers’ interindivid-
ual development in expertise research. This may lead to a
metaparadigm based on a reflective, multi-paradigmatic per-
spective (Johnson, 2017).

In this survey paper based on long-term work in both
paradigms by the author group and on high-standard hand-
books, we aim to critically question the implicit assump-
tions underpinning both research paradigms and further de-
velop the discourse on quality-oriented teacher profession-
alization. In the following sections, we describe and com-
pare the two research paradigms. Thereafter, we offer reflec-
tions on a possible integration and first, preliminary ideas
for a research program based on a heuristic of teacher ex-
pertise considering a competence-oriented perspective, with
the aim of integrating the two research paradigms. We also
discuss how such a heuristic can add value to mathematics
education and teacher education in general, as well as math-
ematics teacher education specifically, showing how it may
facilitate new ways of conducting research on the teaching
profession. Although the elaborations are mainly generic,
focusing teachers and the teaching profession in general,
most empirical studies, which underpin the theoretical con-
ceptualizations have been done in the field of mathematics
education with mathematics teachers claiming some kind of
generalizability. An analysis of the subject specificity of this
discourse goes beyond the scope of this paper and needs fur-
ther research.

2 Conceptualizations of teacher competence

Research on teacher competence has developed in the last
60-70 years, with a significant increase in methodological
elaboration over the last two decades, including use of the
term “teacher competencies”, the precise meaning of which
remains quite often unclear, but can be broadly thought of
as a set of skills that a teacher is able to perform in actual
classroom situations with considerable expertise, agility, or
fluency. For example, McClelland (1973) stated, “If some-
one wants to know who will make a good teacher, they will
have to get videotapes of classrooms [...] and find out how
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the behaviors of good and poor teachers differ” (p. 8). How-
ever, Blomeke et al. (2015) claimed that the further devel-
oped international competence discourse has been charac-
terized by the “dichotomy of a behavioral assessment in
real-life situations versus an analytical assessment of dis-
positions underlying such behavior” (p. 5), strongly influ-
enced by the origins of these different approaches. The first
approach stemmed from organizational psychology and the
selection of the best (or most competent) candidates for
the job, whereas the second originated from educational re-
search and was aimed at identifying ways to foster the de-
velopment of competence. Essential to the second approach
was the identification of the characteristics underpinning a
person’s behavior and how they could be developed. Based
on the assumption that these characteristics could be fos-
tered by interventions, the relationship between educational
inputs and competence outcomes was foregrounded as a re-
search topic.

2.1 Central conceptualizations of teachers’
competence: the focus on teacher knowledge

The competence discourse—-especially fostered in German-
speaking countries—-focused largely on the dispositional
perspective but less on behavioral assessment. This dis-
course was shaped by two seminal theoretical approaches:
Shulman’s (1986, 1987) conceptualization of teacher know-
ledge and Weinert’s (2001) definition of competence. Shul-
man (1986, 1987) claimed that effective teaching requires
more than just knowing facts; it necessitates a deep under-
standing of the subject’s structure and the ability to convey
its essence to students. He introduced a foundational frame-
work for understanding teacher knowledge in which he dis-
tinguished different categories of such knowledge, three
of which were of specific importance: content knowledge
(CK), general pedagogical knowledge (GPK), and pedagog-
ical content knowledge (PCK), with the latter described as
a special amalgam of content knowledge and pedagogical
knowledge that is highly important for the professional un-
derstanding of teachers. While Shulman’s work focused on
categorizing types of teacher knowledge, this knowledge is
considered a key component within broader models of pro-
fessional competence. In competence-oriented frameworks,
such as that of Weinert (2001), knowledge is not seen as
synonymous with competence, but as one essential dimen-
sion among others, such as beliefs, motivation, and self-
regulation, that together enable professional action. Weinert
(2001) described the professional competence of teachers as
the specific ability to cope with the professional demands
of teaching including “intellectual abilities, content-specific
knowledge, cognitive skills, domain-specific strategies, rou-
tines, and subroutines, motivational tendencies, volitional
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Fig.1 Modeling competence as
a continuum (Blomeke et al.,
2015,p.7)
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control systems, personal value orientation, and social be-
haviors”. (p. 51). This approach was taken up specifically in
the German-speaking discourse on teacher professionalism.

In the field of mathematics teacher competence research,
these two seminal approaches have underpinned important
large-scale studies on teacher education and teacher profes-
sional development in Germany—Professional Competence
of Teachers, Cognitively Activating Instruction, and the De-
velopment of Students’ Mathematical Literacy (COACTIV)
project and the international comparative Teacher Education
and Development Study in Mathematics (TEDS-M) study.
In both large-scale studies conceptualizations of mathemat-
ics teachers’ competence were developed.

Within the COACTIV project, Baumert and Kunter
(2013) conceptualized competence as “the personal capac-
ity to cope with specific situational demands” (p. 27) and
distinguished between four aspects of competence (know-
ledge, beliefs, motivation, and self-regulation). Concerning
mathematics education, these domains include a deep under-
standing of school mathematics (CK), together with PCK,
defined amongst others as knowledge of students’ mathe-
matical thinking and knowledge of mathematical tasks. In
the TEDS-M study besides mathematics content knowledge
(MCK) and mathematics pedagogical content knowledge
(MPCK), general pedagogical knowledge (GPK) was in-
cluded as knowledge facets (Dohrmann et al., 2012).

Further central conceptualizations within the discourse
on teacher professionalism focused on the construct of
knowledge, the most important of which was the framework
developed by the US Mathematics Teaching and Learning to
Teach (MTLT) project based at the University of Michigan,
which defined and distinguished between different know-
ledge facets that are functional for mathematics teaching
(Ball et al., 2008). Although the previously described con-
ceptualizations share commonalities, none cover the whole
construct of teacher competence and its different compo-
nents.

2.2 Competence as a continuum: the situated turn
of the competence discourse

These cognitively oriented approaches within the compe-
tence paradigm have later been challenged by situated ap-
proaches calling for the inclusion of the social dimension
of teaching, which incorporate a turn from a perspective on
the education of individual future and practicing teachers
towards emphasizing the social dimension in teacher educa-
tion based on sociological and sociocultural theories (Kaiser
et al., 2017). This turn included the emphasis on collab-
orative learning, teacher-inquiry groups, and communities
of practice (Krainer & Llinares, 2010). However, there are
two principally different views on the conceptualization of
pedagogical content knowledge that can be distinguished,
namely “whether mathematical knowledge in teaching is lo-
cated ‘in the head’ of the individual teacher or is somehow
a social asset, meaningful only in the context of its appli-
cations.” (Rowland & Ruthven, 2011, p. 3). These differ-
ences in the kind of conceptualizations have consequences
for the investigation and analysis of PCK, namely either
component-wise, measurable outside of the classroom or
holistically, based on classroom observations (Depaepe et
al., 2013).

This situated turn within the competence discourse in-
cluding a stronger focus on teachers’ performance and class-
rooms, although knowledge has not become obsolete, led to
the development of a theoretical framework to include situ-
ated perspectives and overcome the theoretical dichotomies
of dispositions and performance by Blomeke et al. (2015).
In this framework it is asserted that “competence ultimately
refers to real-world performance, either as constituent of the
construct or as a validity criterion” (p. 6; see Fig. 1). In this
framework competence is “regarded as a process, a contin-
uum with many steps in between. [...] More specifically,
one interpretation is that competence is a continuous char-
acteristic with higher and lower levels (more or less compe-
tent)” (p. 7). Considering the situated turn in the discourse,
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the transformation of dispositions into performance within
this model is mediated by so-called teachers’ situation-
specific skills, conceptualized “as a facet of teachers’ cog-
nitions” and not equal to observable teaching behavior (see
Fig. 1). These skills are, additionally, “distinct from know-
ledge in that they represent cognitive processes prior to, dur-
ing, or following real-life performance” (Blomeke & Kaiser,
2017, p. 790). Overall, the distinguished situation-specific
skills (perception, interpretation, and decision-making) are
important cognitive skills that, in the discourse on teach-
ers and teacher education, have been conceptualized fre-
quently as teacher professional noticing referring within
this extensive discourse on a psychological-cognitive per-
spective (Konig et al., 2022; Sherin et al., 2011). These
situation-specific skills have strong connections to Schon’s
(1983) notions of reflection in action and reflection on ac-
tion, whereby, based on knowing in action, reflections lead
to practitioners’ reflective practices (known as the reflective
practitioner approach).

Blomeke and Kaiser (2017) further developed the model
of competence as a continuum, describing competencies as
“personally, situationally, and socially determined” (p. 785)
and generic attributes as influential factors that are inte-
grated into dispositions and situation-specific skills, thus de-
veloping these constructs even stronger beyond a solely cog-
nitive perspective.

The temporal dependence of the components of the
Blomeke et al.’s (2015) model remains an open question,
theoretically and empirically.

2.3 Further developments of the cognitive and
situated perspectives on competence

Empirical research has challenged conceptualizations of
teachers’ professional competence, according to which
teacher dispositions influence situation-specific skills and
teaching behavior. For example, teaching practices as indi-
cators of competence have been put in the foreground by
work on Metsépelto et al. (2021) who revised Blomeke et
al’s (2015) model and considered additional variables. In
their model, bidirectionally connected individual competen-
cies and teaching competencies influence students’ learn-
ing, well-being, and engagement outcomes. Similarly, such
a bidirectional relationship between teachers’ dispositional
factors and their situation-specific skills, was included in
a further development of this model by Santagata and Yeh
(2016) positing that “changes in competence would not be
possible if teachers did not deliberately attend to and inter-
pret practice and make decisions that create new knowledge
and new beliefs” (p. 163).

Further studies within the TEDS Research Program
(Kaiser, 2024) and the COACTIV Research Program
(Krauss et al., 2020) share commonalities in their further
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development of Blomeke et al.’s model, namely: their inclu-
sion of teachers’ instructional quality or instructional per-
formance and their strong focus on activities in the class-
room. In both approaches, the new conceptualizations in-
cluded new additional mediators between the cognitive and
situated elements of teachers’ professional competence on
the one hand and students’ learning gains on the other have
been introduced.

Another further development of the conceptualizations of
the competence construct stems from science education—
closely connected to mathematics education—is the refined
consensus model (Carlson et al., 2019), which is based
on Shulman’s (1986, 1987) knowledge typology but addi-
tionally includes the construct of tacit knowledge (Polanyi,
1966), connecting it to its application in educational prac-
tice. In this model pedagogical content knowledge (PCK)
is subdivided into different layers: collective PCK as pub-
licly held codified knowledge, personal PCK acquired from
collective knowledge, and enacted PCK described as the
knowledge necessary to plan, teach, and reflect being imple-
mented in teaching practice. Although this model is know-
ledge-oriented, like the previous approaches, it integrates
teaching practice into conceptualizations of the different
types of PCK. Tacit knowledge (described as experiential
knowledge and impressions in episodic memory) is particu-
larly important in this respect, since the enacted PCK partly
reflects tacit knowledge in action generated flexibly at the
moment of action as unarticulated knowledge (Alonzo et al.,
2019).

2.4 Empirical results regarding the
multidimensionality of the construct
competence

The construct mathematics teachers’ competence has been
described theoretically as multidimensional and the question
arises, whether this can be confirmed empirically. Based on
their extensive literature reviews, Kaiser and Konig (2019)
and Yang and Kaiser (2022) summarized the state-of-the-
art research over the last two decades on pre- and in-service
mathematics teachers’ competence and professional devel-
opment. According to their studies, empirical research con-
firmed the multidimensionality of mathematics teachers’
professional competence, as described in Blomeke et al.’s
(2015) model of competence as a continuum, and provided
evidence that MCK, MPCK, and GPK can be theoretically
and empirically separated (Blomeke et al., 2016; Krauss et
al., 2008). The results of these studies confirmed the possi-
bility of analytically examining teacher knowledge and eval-
uating the efficiency of teacher education and professional
development programs. The COACTIV study showed that
the MCK and MPCK of secondary mathematics teachers
could be separated empirically, although both dimensions of
knowledge correlated strongly (Baumert et al., 2010).
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Fig.2 Effect chain of teacher
education (Kaiser & Konig,
2019, p. 602)
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One key question addressed by the TEDS Research Pro-
gram concerned changes—either increases or decreases—
in teacher knowledge from the end of teacher education,
through teachers’ entrance into teaching, until four years
thereafter. The aim was to examine whether early ca-
reer teachers expanded their professional knowledge base
through new learning opportunities and facing challenges as
in-service teachers. A large increase was observed in their
GPK (Konig et al., 2014), a statistically significant decrease
in their MCK, but no significant change in their MPCK
(Blomeke et al., 2014). Another important result concern-
ing the relevance of practical experiences was identified: the
ranking order concerning MCK of early career teachers did
not change significantly, apart from a general decrease. In
contrast, significant changes in the ranking order of early
career teachers” MPCK and GPK were observed, indicating
that pre-service teachers who performed poorly in MPCK
and GPK at the end of their initial teacher education pro-
grams could still perform highly after four years of teaching
practice and vice versa (Blomeke et al., 2014). These results
highlight the relevance of teaching practice for structuring
teachers’ knowledge but also raise the question of how ef-
fective initial teacher education programs are for enhancing
the quality of teachers’ performance in classrooms.

2.5 The impact chain as a relationship between
teacher education and teachers’ performance

A central characteristic of the teacher competence paradigm
is the focus on the direction of the professional compe-

tence of teachers on performance, conceptualized as teach-
ing practice and instructional quality (Kaiser et al., 2017),
and students’ learning outcomes. The discourse on this is-
sue largely concerns the opportunities to learn provided by
teacher education and/or the professional development of
teachers. Among others, Kaiser and Konig (2019) consid-
ered the direction and kind of influence of teacher education
and proposed a so-called effect chain model (see Fig. 2),
conceptualizing teachers’ professional competence as a de-
pendent variable for teacher education and an explanatory
variable for processes and results in the teaching profession.

Based on their literature reviews, Kaiser and Konig
(2019) and Yang and Kaiser (2022) summarized that the
results of most current studies have aligned with the im-
pact model of teacher professionalization, which connects
opportunities to learn in teacher education or professional
development activities with students’ learning outcomes, in-
cluding instructional quality and teaching practice as fur-
ther mediators. For example, the results of the research pro-
grams of TEDS and COACTIV/COACTIV-R confirmed that
MCK, MPCK, and GPK are relevant for pre-service teach-
ers’ learning during initial teacher education (Blomeke et
al., 2010; Kleickmann & Anders, 2013). The results of anal-
yses of pre-service teachers’ learning at different stages of
teacher education highlighted the positive influence of a
higher number of opportunities to learn and practical ac-
tivities during teacher education practicums on their profes-
sional knowledge (Konig et al., 2017). Although there is no
doubt that the findings of large-scale assessments using sur-
veys and longitudinal data have expanded our understanding
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of teacher learning and professionalization as part of their
competence development, it is important to emphasize that
none of these studies confirmed deterministic or causal re-
lationships between teacher education, teacher competence,
and teaching. Instead, correlational studies in empirical ed-
ucational research relied on probabilistic assumptions, and
large-scale survey designs could not establish causal infer-
ence (Konig et al., 2025).

Despite the empirical evidence described above, the un-
derlying assumptions of these impact or effect chain mod-
els have been criticized among others by Neuweg (2001,
2014) for assuming a direct linear application of the the-
oretical knowledge acquired in teacher education to pro-
fessional teaching practices underestimating the complex-
ity of pedagogical actions and the situated nature of pro-
fessional expertise. This critique calls for a stronger inte-
gration of school practice into university education and has
been taken up in various initiatives concerning teacher edu-
cation and teacher professional development activities. It is
therefore important to account for the increasing number of
intervention studies examining teacher competence as it is
supported through teacher education and professional devel-
opment activities leading to favorable outcomes, in particu-
lar concerning instructional quality. A recently conducted
synthesis applying meta-meta-analysis strategy referring to
hundreds of empirical intervention studies provides strong
evidence for the relevance of teacher competence, in partic-
ular teacher knowledge, for the quality of teaching students
(Konig et al., 2025). In the light of these results it seems
to be timely to reflect on further improvements of teacher
education and professional development activities going be-
yond the competence paradigm and consider to include the
construct of teacher expertise and its development as a new
perspective for teacher professionalization and professional
development.

3 Conceptualizations and definitions of
teachers’ expertise

3.1 Perspectives on expertise

In this chapter, we provide an overview of the discourse
of teachers’ expertise to explain the underlying theoreti-
cal assumptions of the expertise paradigm, which need to
be understood to compare the expertise and competence
paradigms. Since the discourse seems to be quite diverse,
with hardly any consensus on how to conceptualize and de-
fine expertise in general or teacher expertise specifically,
we distinguish various perspectives within the expertise dis-
course characterized by different theoretical frameworks
and theoretical constructs based on own experience in the
field and two recent, often quoted handbooks of expertise
(Ericsson et al., 2018; Ward et al., 2020).
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The concept of expertise has evolved considerably since
its initial scientific formulations in the 1970s and 1980s; in
recent decades, the discourse on expertise has moved be-
yond static, trait-based models to dynamic, developmental,
and context-sensitive conceptualizations (Ericsson, 2018).
Contemporary theoretical approaches are based on a mul-
tidimensional conceptualization of expertise and provide in-
sights into how it is acquired, enacted, and refined.,

The perspective on expertise with a focus on individ-
ual differences in mental capacities has a long history. Ac-
cording to Ericsson (2018) the first empirical studies con-
ducted in the nineteenth century foregrounded individual
differences in general mental capacities. These differences
have not been confirmed by recent studies because exper-
tise is often domain-specific. Furthermore, differences bet-
ween experts and less proficient individuals frequently re-
flect only the attributes acquired by experts during lengthy
training. Recent studies have challenged the widely held per-
spective that 10,000 hours of deliberate practice are suffi-
cient to achieve the required expertise (Ward et al., 2020).

A more methodologically oriented perspective that
strongly influenced the historical discourse has been rooted
in introspection and used ‘“verbal report” approaches or
think-aloud procedures based on the statements of outstand-
ing people or highly accepted experts about their work. For
example, in the seminal work by de Groot (1978/1965), in-
ternational chess experts had been invited to describe their
thinking while selecting the best moves for chess positions.
This approach has been further developed by Ericsson and
Simon (1980) on verbal reports as data, in which they claim
that verbal reports are the main basis for studies with experts
as these methods have the potential to evaluate the intrain-
dividual development of knowledge structures.

Methodologically connected with these approaches is the
theoretical perspective on expertise as elite achievement re-
sulting from superior learning environment described by Er-
icsson (2018). This theoretical perspective foregrounds anal-
yses of biographical data drawn from Nobel Prize winners
and interviews with high performers in different domains.

Perhaps as the most important theoretical perspective on
expertise can be seen a knowledge and representation ori-
ented approach, sometimes called the classic expertise ap-
proach (Ward et al., 2020), which aligns well with the for-
mer perspective on expertise as skill acquisition via experi-
ence. This theoretical perspective has been grounded in cog-
nitive psychology and artificial intelligence with the aim of
uncovering the mental representations and problem-solving
strategies that distinguish experts from novices. Founda-
tional studies conducted in highly structured domains, such
as chess, physics, or problem-solving, showed that experts
are characterized by their organization of knowledge around
deep structural principles (rather than surface features), ef-
ficient retrieval structures, and the storage of chunks of in-
formation in long-term memory (Gobet & Simon, 1996). In
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particular, the concept of chunking, used as a mechanism by
chess experts to circumvent the limits of short-term mem-
ory by grouping individual units of information into struc-
tured pieces of information and patterns, shaped the dis-
course (Chase & Simon, 1973). Overall, a consensus has
been reached that expertise should be defined as the ability
to consistently perform at a high level in a specific domain,
relying on well-organized, domain-specific knowledge, effi-
cient processing, and pattern recognition (Chi et al., 1981;
Ericsson et al., 1993).

However, there has been a long-standing controversy as
to whether highly experienced experts are capable of artic-
ulating their knowledge and methods of generating actions.
Polanyi (1966) was among the first scholars to emphasize in
his work the tacit dimension of knowing and the importance
of the unconscious, intuitive, mediated parts of experts’ ac-
tions. Polanyi (1966) argued that “we can know more than
we can tell” (p. 4) and that tacit knowing is a foundational
resource for a wide range of complex skills, from tool use to
the application of the scientific method. Building on the idea
of tacit knowing, Dreyfus and Dreyfus (1986) extended their
model of the development of expertise based on traditional
phase-based theories and incorporated five stages of skill
acquisition: novice, advanced beginner, competent practi-
tioner, proficient professional, and finally, expert. Novices
were expected to progress from context-free, verbal- and
rule-based behavior to experts who recognized important
and relevant aspects of the situation and knew intuitively
how to respond. Connected to Dreyfus and Dreyfus’s (1986)
model and Polanyi’s (1966) tacit knowing is Schon’s (1983)
approach of the reflective practitioner, which emphasizes the
role of tacit knowledge and reflection-in-action. According
to this approach, expertise involves not only technical pro-
ficiency but also interpretive, context-sensitive thinking in
the face of uncertainty and complexity. Somewhat akin to
the Dreyfus-ian perspective is the situated nature of human
knowledge perspective, in which it is claimed that humans
are socially embedded and that knowledge and understand-
ing are both societally determined and socially constructed
(Collins, 2010). Acquisition of expertise takes place in this
perspective by participation in relevant social practices that
enable experiences.

Departing from the high importance of knowledge in the
expertise paradigm as it distinguishes experts from layper-
sons (Kinchin & Cabot, 2010) knowledge restructuring as
perspective has been proposed by several scholars. Know-
ledge restructuring through case processing (KR-CP) has
been developed by Boshuizen et al. (2020) and is an influ-
ential domain-general perspective on expertise development
based on the principle that knowledge restructuring occurs
through intensive case processing. This perspective holds
that expertise evolves as individuals encounter and men-
tally process authentic, complex cases, and these repeated

engagements challenge and reorganize existing cognitive
structures, facilitating deeper understanding and adaptabil-
ity. Two mechanisms of change have been distinguished:
script formation conceptualized as integrated schemas link-
ing situational cues, underlying principles, and probable ac-
tions and knowledge encapsulation conceptualized as con-
densing detailed procedural knowledge into higher-level
representations. The development of macro-concepts is im-
portant, which show a move toward more abstract and in-
tegrative concepts embedded in denser, more theoretically
oriented knowledge structures. Overall, deliberate and var-
ied case exposure, reflection, and case comparison in au-
thentic cases foster the development of expertise. Further
proposals of promoting expertise development are based
amongst others on experience-based knowledge restructur-
ing through simulation, in which repetitive practice op-
portunities are completed by adaptive and tailored instruc-
tional support by trainers covering preparation, briefing, and
debriefing phases, which finally lead to an intraindividual
knowledge restructuring going beyond pure automatization
of processes (Jossberger et al., 2022). Another stance con-
cerning knowledge restructuring as a way to develop ex-
pertise is taken by Kinchin and Cabot (2010) in their dual-
processing knowledge approach, in which they distinguish
between chains and nets as knowledge structures. Know-
ledge chains refer to linear teaching sequences and facili-
tate rote learning. To support the development of expertise
these knowledge chains need to be complemented by know-
ledge nets as a more complex form of knowledge, which
have to be connected to chains of practice. Overall, expertise
development is seen as dual processing of the two formats,
nets and chains, which emphasizes that expertise is strongly
connected to the availability of multiple representations of
knowledge.

The deliberate practice perspective developed by Eric-
sson et al. (1993) is based on the idea that expertise pri-
marily results from sustained, goal-directed, and effortful
practice over extended periods. Deliberate practice has been
distinguished from mere experience by its reliance on im-
mediate feedback, opportunities for error correction, and
focused repetition aimed at specific performance improve-
ments. This perspective highlights the role of adaptive skill
refinement over time rather than innate talent. The deliberate
practice perspective has permeated the expertise literature in
the last three decades and has been used in diverse fields,
such as soccer and clinical psychology.

Strongly connected to the deliberate practice perspective
is the perspective of defining of expertise as superior per-
formance on representative tasks, which has been proposed
and developed by Ericsson et al. (1993) over the last three
decades. Considering the limitations of a single or small
number of unique groundbreaking studies, Ericsson et al.
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(1993) proposed studying expertise with laboratory rigor us-
ing representative tasks to capture the essence of expert per-
formance in the relevant domain. Since it is possible to re-
produce the reliably superior performance of experts in a
controlled setting, the mediating mechanism should be ex-
amined by employing experiments and process-tracing tech-
niques, such as think-aloud procedures and verbal reports.
The use of representative tasks to measure expert perfor-
mance under standardized conditions permits the perfor-
mance of less skilled individuals to be compared with that
of expert performers. Experience has been shown to be im-
portant for the development of expertise, since “longitudinal
studies ... have shown that, even for the most talented in-
dividuals, a minimum of ten years of experience in a well-
established domain (ten-year rule) seems to be necessary but
not sufficient to become an expert” (Ericsson, 2018, p. 751).
However, there are differences between the domains, and the
number of years of working experience in a domain as the
only predictor of attained performance is not reliable (Eric-
sson & Lehmann, 1996). Currently, this definition of exper-
tise as reliably superior performance on representative tasks
is probably the most widely cited definition of expertise.

As already mentioned, the expert performance perspec-
tive has mainly been applied to structured domains, such as
chess, but rarely to less structured domains, such as teach-
ing and learning, amongst others due to the fact that it is
difficult for nonexperts to identify experts. A common ap-
proach has been to use experts nominated by peer profes-
sionals in the same domain, which has proven to be prob-
lematic because research has shown that people recognized
by their peers as experts do not always display superior per-
formance on domain-related tasks, even on tasks that are
central to expertise (Ericsson, 2018). However, approaches
based on this perspective have many advantages because
they can be used in controlled settings, such as laboratories,
permitting the study of the mechanisms that contribute to ex-
pert performance. In addition, using representative tasks to
measure expert performance under standardized conditions
in controlled settings allows the performance of differently
skilled people on the same tasks to be measured and com-
pared, revealing the processes that contribute to expertise.
Knowledge about these processes is extremely important
since empirical studies have shown that individuals start-
ing as beginners or active professionals can increase their
performance to an acceptable level; however, improvements
beyond this point are difficult to predict and need specific
support based on particular kinds of training tasks designed
individually, leading to the necessity of deliberate practice.

3.2 Expertise of teachers

Due to the close connection of the discourse between teacher
competence and teacher expertise and joint quantitative ori-
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entations compared to sociological and social science orien-
tations in both research paradigms, we focus in the follow-
ing sections on the currently most influential approach to ex-
pertise, defined from a performance-oriented perspective by
Ericsson (2018, p. 4). According to this definition, “expert
performance is characterized by superior reproducible per-
formance on representative tasks that capture the essence of
the respective domains.” Ericsson (2018, p. 3) also described
expertise as “characteristics, skills, and knowledge that dis-
tinguish experts from novices and less experienced people.”
The knowledge that experts develop in their domains of ex-
pertise is, according to Ericsson (2018), a particularly im-
portant difference between experts and others, emphasizing
the strong connection to the discourse on teacher compe-
tence paradigm.

However, in education the conceptualization and mea-
surement of expertise as superior reproducible performance
on representative tasks are specifically difficult, due to a
lack of public, fair competitions in Western cultures and the
domain-dependence of expertise.

Against the background of these studies, Stigler and
Miller (2018) proposed new theoretical approaches to evalu-
ating the role of expertise in teaching. They pointed out that
teaching is not an isolated activity but a complex system of
interacting elements. Moreover, teaching is both a socially
shaped activity and a cultural activity, meaning that exper-
tise in teaching probably varies across different parts of the
world. Under these conditions, they developed a model for
expert teachers in which:

Expert teachers are not defined as those who employ
a set of best practices, but instead those who (1) have
the ability to assess students’ current knowledge state
both prior to and during instruction, (2) formulate
clear learning goals, (3) consider a large number of
strategies and routines in their repertoire, (4) make
good judgments about which strategies are most ap-
propriate in any given situation, and (5) are able to
implement the strategies effectively to create learning
opportunities for students. (p. 440)

They concluded:

Although the aim of improving teaching routines is
to enable an average teacher to produce the desired
outcomes, the nature of teaching will always necessi-
tate a certain level of adaptive expertise on the part of
the teacher. Teachers must have knowledge (knowing
that), they must have skill (knowing how), and they
must have judgment — the ability to size up a situa-
tion, see its structure the way an expert physicist sees
the structure of a physics problem, and then bring the
right knowledge to bear so as to achieve the instruc-
tional goals. (p. 448).
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Based on these descriptions, Stigler and Miller (2018) pro-
posed three criteria for the identification of expert teachers:
1) experience as a proxy for expertise in comparing begin-
ning and experienced teachers, 2) studying teachers who
have been identified as experts through a process of nomina-
tion or certification, and 3) identifying expert teachers based
on student outcomes (the so-called value-added approach).

Another approach to teaching expertise based on research
on expert performance was developed at the beginning of
the discourse on teacher expertise by Sternberg and Hor-
vath (1995), who proposed conceptualizing teaching exper-
tise using a prototype approach rather than a definitional
one. This means that:

Teaching expertise can be viewed as a category that is
structured by the similarity of expert teachers to one
another rather than by a set of necessary and sufficient
features. [...] Most importantly, a prototype view pro-
vides a way of thinking about expertise that incorpo-
rates standards (such that not every experienced prac-
titioner is an expert) but also allows for variability in
the profiles of individual experts. (p. 9)

Based on a literature review of expert performance, they
identified three central dimensions in which experts differ
from novices:

The first difference pertains to domain knowledge.
Experts bring knowledge to bear more effectively on
problems within their domains of expertise than do
novices. The second difference pertains to efficiency
of problem solving. Experts do more in less time (in
their domain of expertise) than do novices. The third
difference pertains to insight. Experts are more likely
to arrive at novel and appropriate solutions to prob-
lems [...] than are novices. (p. 10)

In a further development of this work, Berliner (2001), based
on an empirical study conducted by Bond et al. (2000), de-
scribed several features of teacher expertise as expert class-
room performance consisting of a number of prototypic
characteristics, including better usage of knowledge, exten-
sive PCK, better problem-solving strategies, better adap-
tation and modification of goals for diverse learners, bet-
ter decision-making processes, more challenging objectives,
better classroom climate, better perception of classroom
events, better ability to read the cues from students, greater
sensitivity to context, better monitoring of learning, provid-
ing feedback to students, and greater respect for students.
Examining the criteria for students’ outcomes, the empiri-
cal studies reported by Berliner (2001) showed a clear rela-
tionship between teacher expertise and students’ outcomes
in terms of higher motivation, deeper understanding of the
subject matter, and higher levels of achievement.

Especially important in German-speaking countries and
other parts of Europe has been Bromme’s (1992) study,

which was closely connected to the work by Berliner. His
conceptualization of teacher expertise as situated, adaptive,
and cognitively complex has greatly shaped teacher educa-
tion research in Germany, Austria, and Switzerland and con-
ceptualizations of knowledge developed within the compe-
tence discourse. The aim of Bromme’s (1992) empirically
grounded reconstruction of teaching demands was to un-
cover the cognitive and contextual complexities of teaching
by analyzing how expert teachers operate in real classrooms,
thereby building a research-based understanding of teacher
expertise connected to the expertise paradigm based on ex-
pert performance as superior reproducible performance on
representative tasks. Bromme’s (1992) study has currently
been taken up by the German-speaking discourse on the
professionalization of mathematics teachers especially con-
cerning the relevance of task analysis to professionalization
processes (Shure et al., 2025), which may contribute to the
identification of representative tasks from the teaching pro-
fession that are important for formulating a performance-
oriented definition of expertise.

Departing from the generally stated fact that no clear con-
ception of an expert teacher currently exists, Anderson and
Taner (2023) conducted a metasummary of teacher exper-
tise based on the construct of the expert teacher prototype
described by Sternberg and Horvath (1995) and Li et al.
(2011). They used two selection criteria for participants to
qualify as experts for their metasummary: sufficient expe-
rience (five years or more) and appropriate markers, such
as social recognition and performance criteria. Overall, the
most important aspects of a prototype of teachers’ exper-
tise were as follows: knowledge base, cognitive processes,
beliefs, personal attributes, professionalism, and (most im-
portantly) pedagogic practice.

Overall, Anderson and Taner (2023, pp. 9-11) identi-
fied several key features of expert teacher cognition. Cen-
tral among these was PCK, as conceptualized by Shulman
(1987), which integrates deep subject knowledge with in-
structional expertise. Expert teachers also demonstrate a
nuanced understanding of learners—both in general devel-
opment terms and at the individual level—as well as a
strong familiarity with curricular demands. These character-
istics contribute to the context-specific nature of teacher ex-
pertise. Concerning cognitive aspects, the analyzed studies
highlighted expert teachers’ heightened classroom aware-
ness, including the ability to monitor students’ behavior and
progress in real time. Their conceptualizations of profes-
sional beliefs emphasized interpersonal relationships, valu-
ing student engagement, individualization, and the creation
of respectful and inclusive classroom climates. Expertise
was also reflected in pedagogical practices, with 39 out
of 89 themes in Anderson and Taner’s (2023) dataset re-
lating to instruction. Expert teachers are typically strategic
but flexible planners who are responsive to learners’ needs
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Table 1 Comparison of the central characteristics of competence research and expertise research

Central characteristics of teacher competence research

Central characteristics of teacher expertise research

Central construct (competence): an analytical definition consisting
of knowledge components and affective-motivational characteristics,
extended to situation-specific skills and proficiency as teachers’
long-term successful, professional practice based on practical
experience

Conceptualization of dispositions and knowledge: relatively stable
structures, conceptualized as generalizable knowledge acquired
through formal learning processes, such as university education and
professional development

Focus: identification of central interindividual teachers’
characteristics and their development in large teacher populations
with the goal of analyzing the efficiency of educational structures

Central construct (expertise): a holistic definition of reliably superior
performance on professionally representative tasks involving
domain-specific long-term practical experience and deliberate practice

Conceptualization of dispositions and knowledge: dynamic cognitive
knowledge structures based on continuous individual, situated
case-based knowledge restructuring and the encapsulation of
knowledge

Focus: identification of central intraindividual changes in teachers’
characteristics with the goal of comparing experts and novices and
explaining and supporting the development of superior teaching
performance

and curriculum goals, often adapting or supplementing stan-
dard materials. Despite their structured planning, they ex-
hibit adaptive expertise, improvising when needed during
lessons. In terms of classroom dynamics, expert teachers
foster collaborative learning through group and pair work
while balancing such learning with direct instruction and in-
dependent tasks. Their teaching aligns with constructivist
principles, linking new content to students’ prior know-
ledge, incorporating peer feedback, and promoting induc-
tive, discovery-based learning. They also supported cog-
nitive and metacognitive development, prioritizing higher-
order thinking, creativity, and meaningful understanding
over rote memorization.

To summarize, research on teacher expertise has devel-
oped in the past extensive prototypical characterizations
without linking this to work of the competence paradigm,
although many indicators for expertise have been examined
in competence-oriented empirical studies. In the following
chapter we explore the possibilities of integrating them to
underpin evidence-based theory development for the teach-
ing profession.

4 Connections between expertise and
competence research paradigms

4.1 Comparison of the two research paradigms

Through its connections with large-scale studies, the com-
petence paradigm has shaped the theoretical discourse on
teachers’ (especially mathematics teachers’) professional-
ism and the related professionalization processes. Thus, the
focus has differed from that of the detailed analyses of ex-
pertise and the kinds of knowledge distinguished as typical
of the expertise paradigm. As a result, both approaches have
developed in parallel over the last 20 years, partly resulting
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in contradictions among implicit basic assumptions and con-
ceptualizations (see Table 1). Thus, despite mutual efforts to
establish common ground, especially by Krauss (2020), who
presented the expertise paradigm as a key theoretical and
empirical approach for understanding and advancing teacher
professional development, both paradigms currently view
teachers’ professionalism and the relevant professionaliza-
tion processes from different perspectives. Undoubtedly, it
is timely to identify commonalities and contrasts between
these paradigms to unlock the hitherto unrealized potential
of integrating them.

Although Berliner’s (1988, 2001) work has substantially
influenced the discourse on teachers’ professionalization his
studies have received less attention in the theoretical concep-
tualizations and the accompanying empirical studies in the
competence paradigm. The conceptualizations developed
within the competence paradigm have implicitly been based
on assumptions regarding the structural stability of disposi-
tions, defined as knowledge and affective-motivational com-
ponents, the acquisition of learnable skills, and their di-
dactical acquisition. Researchers have focused on interindi-
vidual developments and their differences among (prospec-
tive) teachers, mainly for mathematics education. Thus, dif-
ferent models of teacher competence have been empiri-
cally supported by psychometric testing and complex re-
search designs—especially within the framework of large-
scale studies.

In expertise research approaches, such as those focusing
on reliably superior domain-specific performance based on
representative professional tasks (Ericsson, 2018), the devel-
opment of expertise as a permanent restructuring of know-
ledge conceptualized as case-based knowledge (Boshuizen
etal., 2020), and the focus on intraindividual changes in pro-
fessional practice (Ericsson et al., 2018), have been devel-
oped quite independently of competence research, mainly
focusing on observations of individuals in qualitative stud-
ies. Most studies have been conducted in structured do-
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mains, such as chess or music, where superior performance
can often be identified without prompting controversy.
Much rarer are expertise studies in less structured domains.
Regarding the teaching domain, studies have considered
prototypical descriptions of expertise based on categorical
descriptions of knowledge, attitudes/beliefs, and pedagogi-
cal practices as described above (Anderson & Taner, 2023;
Berliner, 2001; Sternberg & Horvath, 1995). Thus, integrat-
ing the expertise paradigm with the competence paradigm
is challenging due to a gap in determining the indicators of
expertise (Ericsson, 2018) and, thus, in identifying teachers’
superior performance and expertise in educational processes
(Stigler & Miller, 2018).

Table 1 contrasts the central characteristics of both
paradigms specialized for teacher competence and teacher
expertise in terms of basic underlying assumptions about
the nature of their central constructs, supporting an under-
standing of why both approaches developed separately from
each other. This comparison may serve as a starting point
for reflections how to integrate the two paradigms.

As the first approach to overcoming the dichotomy bet-
ween the dispositions and performance of teachers in the
classroom, the generic model of competence as a contin-
uum proposed by Blomeke et al. (2015) embedded in a sit-
uated turn within the competence research paradigm takes
a process-oriented view of competence. In empirical studies
referring to this and further developments of the model, the
performance of teachers is explicitly included conceptual-
ized as teaching quality and students’ learning gains.

Due to the strong situation-specific nature of expertise,
definitional approaches to describing expertise have found
little acceptance with regard to the expertise paradigm for
teachers as described above; in contrast, prototypical ap-
proaches to teachers’ expertise are again being advocated.

of expertise research

Although prototypical descriptions of expertise have
many similarities with the findings of research on teach-
ers’ professional competence (e.g., the importance of work-
related knowledge), many differences are also apparent. For
example, intraindividual developments in expertise have re-
ceived little attention from scholars due to the focus of ap-
proaches from the competence paradigm on large teacher
populations and psychometric constructs. Similarly, the
strong domain specificity of expertise, its marked individ-
ual orientation and situational dependence, and its temporal
development have posed theoretical and empirical barriers
to its conceptualization and empirical evaluation (Mulder &
Gruber, 2011). Another hurdle to integrating findings from
the expertise and competence paradigms into teachers’ de-
velopment is the problem of distinguishing experts from
novices, for which the different existing measures—such
as the length of professional experience, students’ achieve-
ments, and/or external assessments or observations of expert
teachers’ behaviors—all have distinct problems, particularly
at the normative level (Hoffman, 2023; Palmer et al., 2005;
Stigler & Miller, 2018).

In summary, research on the so-called chain of effects
from teachers’ competencies to their performance in the
classroom has followed two analytical directions: analyses
based on the competence paradigm, tracing teachers’ per-
formance in the classroom from their dispositions (from
left to right in Fig. 3), and analyses based on the expertise
paradigm, which starts from teachers’ performance in the
classroom and focuses the underpinning conditional struc-
tures (i.e., dispositions are considered flexible and unstable;
from right to left in Fig. 3).

To advance the discourse on the teaching profession by
bringing together, the competence and expertise paradigms,
the restrictions of both must be overcome. The competence
paradigm has to overcome, at least partly, its assumption of
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relatively stable dispositions and its neglect of the evaluation
of intraindividual competence/expertise development. Re-
garding the expertise paradigm, it is necessary in particular
to move from research in strongly structured domains to re-
search in the less structured domain of teaching. In addition,
the construct of representative tasks needs to be detailed for
the teaching profession as a strongly context-dependent and
situated holistic activity. However, the aim is not an amalga-
mation of the two paradigms, rather the specific strengths of
the two paradigms are to be retained, and new strengths are
to be added by stimuli from the respective other paradigm.

4.2 Proposal of a heuristic of expertise from a
competence-oriented perspective

Our analysis of state-of-the-art research showed that there
are barriers to integrating the two paradigms but also con-
siderable promise in doing so. When joined, the paradigms
have the potential to enrich attempts to support the effec-
tive development of teachers and their professionalization.
To overcome these barriers, we suggest differentiating the
simplifying assumptions of both approaches and identify-
ing a common foundation. To further this development,
we suggest the following heuristic of expertise including
a competence-oriented perspective as a first attempt (see
Fig. 4). Aligned with this heuristic are the following basic
assumptions and considerations, which are taking up central
characteristics of both paradigms and integrate them into our
heuristic:

(1) Change and development. The new multidimensional
conceptualization considers the development of abilities and
skills over time, which is important, in particular, for the
expertise paradigm, with its focus on contrasts and compar-
isons of experts and novices. In the professional competence
paradigm, the (relative) stability of competence structures is
assumed for evaluative reasons, but at the same time, the
acquisition of competencies and their further development
in teacher education and professional development are em-
phasized (Blomeke, 2025). Our new multidimensional con-
ceptualization of expertise including a competence-oriented
perspective covers temporal development of competence as
a central component for developing expertise.

(2) Focus on knowledge and its restructuring. The heuris-
tic draws on the relevance of professional knowledge of
teachers, which plays a central role in both the competence
paradigm (Blomeke et al., 2015) and the expertise paradigm
because it distinguishes experts from laypersons (Kinchin
& Cabot, 2010). However, to develop expertise, it is not
enough for knowledge to be accumulated; knowledge re-
structuring processes must also take place. This is stressed
in dual processing approaches, which hold that knowledge
is processed either linearly in chains or connected in know-
ledge nets (Kinchin & Cabot, 2010), and in the case process-
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ing approach, where script formation and knowledge encap-
sulation or the development of macro-concepts as more ab-
stracted and integrative concepts are used to bridge generic
and domain-specific approaches and generalize expertise
development across domains (Boshuizen et al., 2020). In
addition, experience-based simulation activities supported
by tailored and adaptive support can foster intraindividual
knowledge restructuring (Jossberger et al., 2022).

(3) Principle of parsimony. Following the parsimony
principle (Occam’s razor), the heuristic focuses on a selec-
tion of constructs that play key roles in both paradigms.
For example, in the model of competence as a continuum
(Blomeke et al., 2015), which includes dispositions and
situation-specific skills, the latter act as mediators from dis-
positions to performance, and our heuristic is based on these
central constructs. Considering dispositions and situation-
specific skills, teacher expertise is thus defined as an individ-
ual teacher’s reliably superior performance on tasks repre-
sentative of the teaching profession, such as planning, teach-
ing, diagnosing and reflecting on their professional practice
(Carlson et al., 2019; Ericsson, 2018), including the ability
to promote students’ learning. Finally, we propose expertise
development as a central construct conceptualized as know-
ledge restructuring over time.

(4) Usage of Pentapod principle for identifying expert
teachers. The identification of expert teachers—which is not
a common issue in the competence paradigm so far—should
be based on the criteria developed in the discourse (Blomeke
et al., 2022; Palmer et al., 2005; Stigler & Miller, 2018):
length of professional experience, high instructional quality
implemented by the teacher, high social recognition or spe-
cific roles in teacher education or professional development
institutions, high students’ learning gains. To overcome the
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equivocal results concerning the length of professional ex-
perience needed to achieve expertise (Berliner, 1988), two
criteria should be used in succession—a selection criterion
and a confirmation criterion—in line with the Pentapod prin-
ciple, according to which at least two ideally three of the five
distinct methods for the identification of experts should be
used (Hoffman, 2023).

In detail (see Fig. 4), the development of expertise from
novice to expert, including a competence-oriented perspec-
tive, should consider dispositions (knowledge and affec-
tive aspects) and situation-specific skills, conceptualized as
noticing (Kaiser et al., 2017; Konig et al., 2022), which
influence teachers’ performance (i.e., the implemented in-
structional quality). Expertise development is driven by pro-
fessional development activities, especially deliberate prac-
tice, which has proven effective in promoting expertise in
many studies (Ericsson & Harwell, 2019) and the profes-
sional context, including classroom activities. Cognitively
oriented knowledge restructuring processes can occur either
linearly in chains or connected in knowledge nets (Kinchin
& Cabot, 2010) or be case-based, using scripts or macro-
concepts (Boshuizen et al., 2020) supported by experience-
based simulations (Jossberger et al., 2022).

Although this heuristic is strongly influenced by the
expertise paradigm, elements of the teacher competence
paradigm are also important. Especially based on the com-
petence as continuum model, dispositions are highly rele-
vant, covering various kinds of knowledge, such as PCK
(Krauss et al., 2020), and beliefs should be considered as af-
fective disposition that underpins teacher competence (Voss
et al., 2011). Furthermore, situation-specific skills, includ-
ing diagnostic competence as a specific sub-competence,
and specifically teachers’ ways of dealing with student er-
rors, may be highly relevant to the further development of
the heuristic (Hoth et al., 2022; Larrain & Kaiser, 2022).
The conceptualization of superior teacher performance at
the expert level is based on the prototypical description of
expert teachers (Anderson & Taner, 2023). Since teacher
performance is strongly connected with instructional qual-
ity, which has been conceptualized and measured in both the
COACTIV and TEDS research programs covering generic
and subject-specific dimensions (Jentsch et al., 2021; Krauss
et al., 2020; Schlesinger et al., 2018), instructional quality
can serve as an indicator of superior teacher performance
from a competence-oriented perspective.

4.3 Firstideas for conceptualizations integrating
competence and expertise

Our arguments contributing to the theoretical underpinning
of the heuristic of expertise including a competence-oriented
perspective have various implications for teaching in general
and mathematics teaching specifically, teacher education,

and the professionalization of (mathematics) teachers. The
connectedness of knowledge, skills, and performance is the
common ground between the two paradigms. This is where
the shared understandings of both paradigms are concen-
trated, and there is common ground regarding the profile of
a professional teacher being an expert as well as being com-
petent. Therefore, a major implication of this joint research
program is the need for future research to link teacher know-
ledge, noticing as situation-specific skills, and performance
to each other—both theoretically and empirically. This has
been highlighted as a research desideratum based on a liter-
ature review (Scheerens & Blomeke, 2016) claiming that re-
search on teacher dispositions and knowledge facets has not
been sufficiently related to research on instructional prac-
tice and quality, thus clearly showing the need for bringing
together specific research paradigms.

One challenge of this research program will be that con-
ceptualizing, modeling, and measuring knowledge, noticing
as situation-specific skills, and performance in all their com-
plexities is highly ambitious. Blomeke et al. (2022) were
only recently able to address this challenging issue in the
context of mathematics teachers and teaching mathematics,
thus providing a possible approach to “open up the black
box” of the impact chain comprising teacher competence,
instructional quality, and student learning progress in math-
ematics. Blomeke et al.’s outstanding (2022) analysis ex-
emplifies what empirical educational research is capable of
achieving (including sampling, measuring, and other psy-
chometric issues), and may be used as a basis for future re-
search designs to facilitate findings with high relevance for
basic research related to our heuristic, with implications for
teaching and teacher professionalization.

As a long-term perspective, evidence of the relation-
ships and interdependence among knowledge, noticing as
situation-specific skills, and performance, as described in
our heuristic, has the potential to support activities to es-
tablish and clarify substantial goals for initial teacher ed-
ucation and teacher professional development, overcoming
the critique of the uselessness and inefficiency of teacher
education. On a micro level, an evidence-based understand-
ing of knowledge, skills, and performance will support cur-
riculum design. For example, methods for providing op-
portunities to learn in higher education, such as case-based
learning activities for prospective teachers using digital re-
sources, can be improved using evidence of the significant
role teacher noticing may play in instructional quality or
how it can be informed by professional knowledge (e.g., CK
or PCK). Referring to the deliberate practice approach as
important for the central perspective on teacher expertise as
stable superior performance on representative tasks in the
field, various tailored activities seem to be possible, such
as theory-connected feedback activities in school practical
activities during teacher education or professional develop-
ment courses for practicing teachers. The communities of
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practice proposed by Wenger (1998), which are prominent
in Western countries, could adopt the characteristics of the
lesson study approach (Ding et al., 2024) prominent in East-
ern contexts to underpin longstanding programs aimed at de-
veloping mathematics teachers’ expertise. On a macro level,
governance measures for teacher education programs can
be enhanced by considering fundamental research related to
our heuristic (e.g., when deciding in which order prospective
teachers should be exposed to academic coursework, profes-
sional practice, or a combination of both). Teacher education
may profit from evidence-based descriptions of what consti-
tutes the high-quality teaching future teachers should strive
for. Whereas chess or music novices quickly learn what
makes a great chess player or musician because they know
popular performers, novice teachers are rarely provided with
a vision to strive for during their teacher professionaliza-
tion processes. Generating evidence for our heuristic may be
highly relevant for future teachers in creating such a vision
of the professional teacher, as both expert and competent, to
encourage teachers to strive to achieve that proficiency level
during their careers as professional teachers.

In the long term, our heuristic may contribute to the de-
velopment of an evidence-based theory of teacher profes-
sionalization. Whereas, as this paper has shown, both the
expert and competence paradigms have convinced numerous
scholars to conduct empirical research over the decades, it is
timely now to go a step further and profile specific research
on teachers and teaching to generate excellent research on
teacher professionalism. In times of teacher shortages, dis-
ruptions, and crises in many countries worldwide, strength-
ening the professional teacher workforce and ensuring high-
quality macro-level education are more important societal
issues than ever, with great potential for fostering the sus-
tainable well-being of future generations.
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