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Abstract

Although strong references to expertise in different theoretical approaches to teacher notic-
ing have been made in the last decades, empirical knowledge about the development of
teacher noticing from novice to expert level is scarce. The present study aims to close this
research gap by comparing three different groups of mathematics teachers with different
degrees of professional teaching experience—pre-service teachers at the master’s level,
early career teachers, and experienced teachers—using data sampled in the frame of the
research program from the Teacher Education and Development Study in Mathematics
(TEDS-M). Furthermore, the construct of teacher noticing is assessed in a differentiated
way by analyzing different noticing facets. Findings confirm that three facets of teacher
noticing can be empirically distinguished—perception of important classroom events, their
interpretation, and decisions regarding further developments. The results reveal a consid-
erable increase in professional noticing between master’s students and practicing teach-
ers. However, in contrast to other studies, among examples from East Asia, a stagnation
or decrease in professional noticing between early career teachers and experienced teach-
ers could be observed. Overall, the study highlights the cultural dependency of expertise
development regarding teachers’ noticing.

Keywords Teacher noticing - Expertise development - Expert—novice comparison -
Mathematics education - Pre-service an in-service secondary mathematics teachers

During the last two decades, teacher noticing has increased in significance, particularly
in mathematics teaching and mathematics teacher education (Schack et al., 2017; Sherin
et al., 2011a). Although noticing is a common act, it is very specific to and within the
teaching profession. As Mason (2002) notes, “every act of teaching depends on noticing:
noticing what children are doing, how they respond, evaluating what is being said or done
against expectations and criteria, and considering what might be said or done next” (p. 7).
Thus, noticing poses the “primal questions of teaching” (Sherin et al., 2011b, p. 3).
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Currently, noticing is considered integral to professional teacher competency and
expertise (Kaiser et al., 2017) and seen as an essential component of teachers’ exper-
tise. It is the subject of numerous recent empirical studies, particularly in video-based
research programs (overviews can be found in Santagata et al., 2021; Stahnke et al.,
2016). Nevertheless, few studies have focused on the development of teacher noticing as
part of their expertise development. Therefore, this paper aims to describe and analyze
the development of pre-service and in-service mathematics teachers’ expertise, focus-
ing on teacher noticing by comparing master’s students in initial teacher education with
early career teachers and experienced teachers in the context of the Teacher Education
Development Studies in Mathematics (TEDS-M) research program in Germany (Kaiser
& Konig, 2019).

Despite increasing importance of teacher noticing in the educational discussion, con-
sensus on the conceptualization of teacher noticing as a construct is lacking. While some
theoretical approaches conceptualize noticing as a holistic concept (Mason, 2015), an ana-
lytical perspective on teacher noticing has gained importance in the last decade, particu-
larly in empirical research distinguishing its different facets (for an overview, see Santagata
et al., 2021). Although Sherin et al. (2011b) identify “attending to particular events” and
“making sense of events” as two central aspects of noticing, disagreement surrounds the
inclusion of a third aspect—*"“decision-making”—as described in Jacobs et al. (2010) and
the conceptualization of our research team (Kaiser et al., 2015). However, not only are
certain facets of noticing controversial but so are efforts to expand the focus of its attention
beyond an exclusive focus on children’s mathematical thinking and their strategies (Jacobs
et al., 2010) to encompass whole lessons, including attending to important classroom inci-
dents and decision-making regarding possible continuations of lessons and alternative
student-teacher interactions (Konig et al., under review). Thus, to enrich this discussion
with empirical arguments, we use our broadened conceptualization of noticing to examine
the measurement of this construct comprising three facets—perception, interpretation, and
decision-making—and test its empirical validity.

Although the necessity of teachers’ expertise in teaching is emphasized in the current
discussion, only a few empirical studies have analyzed the development of teachers’ exper-
tise and compared the noticing of novice and expert teachers. For example, early empirical
studies of expertise by Berliner (1988) and colleagues (Carter et al., 1988; Sabers et al.,
1991) demonstrated that expert teachers noticed issues concerning simultaneity, multidi-
mensionality, and immediacy at higher levels than early career novice teachers or pre-ser-
vice teachers in initial teacher education. Furthermore, expert teachers focused more on
students and important content-related aspects of teaching. A more recent study by Jacobs
et al. (2010) comparing various expertise groups of (pre-service) primary teachers indi-
cated that teachers’ growth and expertise development were decisive factors for the devel-
opment all three noticing facets with teaching experience (see also Yang et al., 2021b).

Overall, despite this important work, the question of whether these three noticing facets
of perception, interpretation, and decision-making can be separated empirically based on
quantitative data from large-scale studies remains open. Furthermore, how these three fac-
ets differ empirically across various teachers’ groups with varying professional expertise
requires further analysis. Finally, the influence of the conceptualization of teacher notic-
ing merits investigation with regard to how teachers’ noticing differs across various groups
if the focus of noticing is broadened from children’s mathematical thinking to activities
encompassing entire lessons. The present study aims to close this gap by empirically exam-
ining how different pre- and in-service teachers’ groups notice, adopting a more analytic
perspective by empirically differentiating the noticing construct into three different facets.
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1 Literature review, theoretical framework, and research questions
1.1 Literature review on expertise development in noticing

Research on teacher noticing has mainly been conducted within the last two decades and
has gained increased attention due to its focus on students and their mathematical thinking
and its relevance to quality-oriented teaching. Despite the consensus regarding the cen-
tral characteristics and aspects of teachers’ noticing, the construct has largely been concep-
tualized heterogeneously (Dindyal et al., 2021; Schack et al., 2017; Sherin et al., 2011a;
Stahnke et al., 2016). Given the extensive body of research on teacher noticing, this review
includes work that directly relates to the study described in this paper. First, theoretical per-
spectives on teacher noticing and its conceptualizations and foci are displayed, followed by
research on the development of teacher noticing.

As previously mentioned, the current discussion on teacher noticing can be character-
ized by a certain inconsistency concerning the theoretical orientation and conceptualiza-
tion of teacher noticing. To present a systematized view on the current discussion, we refer
to a classification proposed in a systematic literature survey on noticing education among
mathematics teachers with a focus on video-based programs (Santagata et al., 2021). San-
tagata et al. (2021) described four theoretical perspectives on teacher noticing.

The first perspective—called the cognitive-psychological perspective—characterizes
noticing as the underlying, subconscious mental processes in which teachers engage dur-
ing teaching or teaching observation. In their seminal paper on the promotion of teacher
noticing by video clubs, van Es & Sherin (2002) distinguished the following three facets of
teacher noticing:

(a) identifying what is important or noteworthy about a classroom situation; (b) mak-
ing connections between the specifics of classroom interactions and the broader prin-
ciples of teaching and learning they represent; and (c) using what one knows about
the context to reason about classroom interactions. (p. 573)

This approach has been further developed by several scholars. For example, Jacobs et al.
(2010) refocused the first two facets of noticing as “attending to children’s strategies” and
“interpreting children’s mathematical understandings” and included a unique third facet of
noticing, “deciding how to respond on the basis of children’s understanding” (pp. 172-173).
A similar conceptualization has been developed within the TEDS-M research program, in
which decision-making as the third facet of noticing plays an important role. However, in
contrast to Jacobs et al. (2010), the focus of the conceptualization of the TEDS-M research
program is broadened by focusing on the whole lesson under mathematics educational
and pedagogical perspectives. This construct will be elaborated in the theoretical frame-
work section (Kaiser et al., 2015; Yang et al., 2021a). The role played by specific math-
ematical content domains such as fractions, ratios, multiple representations, or functions
is only emphasized in a few studies (see, e.g., Dreher & Kuntze, 2015; Friesen & Kuntze,
2021; Ivars et al., 2020). Another stance is taken by Stockero and Van Zoest (2013) and
Stockero (2021), who foreground “in-the-moment noticing” by zooming in on pivotal
teaching moments or interruptions in the flow of lessons, which indicate opportunities to
modify instructions in order to enhance student mathematical understanding. In their most
recent paper, van Es & Sherin (2021) further developed their framework by rephrasing
and regrouping these three facets as “attending” and “interpreting.” They included a new
third facet—shaping—defined as the “act of creating interactions that provide increased
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opportunities to attend to and interpret noteworthy mathematical interactions” (p. 17); this
new facet reinforces a knowledge-driven perspective on noticing.

In the second perspective, noticing is conceptualized as situated and socially con-
structed. This socio-cultural perspective draws on the seminal work of Goodwin (1994) on
professional vision and is intertwined with the first perspective. Goodwin (1994) described
professional vision as “socially organized ways of seeing and understanding events that
are answerable to the distinctive interests of a particular social group” (p. 606), emphasiz-
ing the socio-cultural aspects of professional ways of seeing in certain professions (e.g.,
law or archaeology). Although the term “professional vision” has been adopted in several
approaches and studies, its usage does not always involve socio-cultural framing, and some
instead employ a cognitive-psychological perspective that also takes a quality-oriented
focus on noticing (e.g., Seidel & Stiirmer, 2014). More recently, theoretical conceptu-
alizations emphasizing power and equity have been developed. These are more strongly
connected with the original understanding of the professional vision of Goodwin. These
conceptualizations challenge the focus on cognition by emphasizing the material and recip-
rocal nature of noticing (Dominguez, 2019) or introducing a sociopolitical perspective in
which anti-deficit noticing shall be developed (e.g., Louie, 2018; Louie et al., 2021).

A third theoretical perspective on noticing—discipline-specific—was developed by
Mason (2011) and conceptualizes teacher noticing as a “collection of practices designed
to sensitize oneself so as to notice opportunities in the future in which to act freshly rather
than automatically out of habit” (p. 35). Although this conceptualization of noticing
attends to mental processes, differences in the cognitive-psychological perspective can be
identified as the construct of sensitized awareness of the teachers is put in the foreground,
which should “be methodical without being mechanical” (Mason, 2002, p. 61). The per-
spective by Mason (2002) is characterized by its focus on the professional development of
teachers, for which Mason (2002) developed a set of practices, including systematic reflec-
tion and recognizing, which makes this approach different than the cognitive-psychological
perspective.

The fourth perspective corresponds to the expert—novice paradigm developed by Ber-
liner (1988), which can be described as a kind of precursor to research on teacher noticing
(Lachner et al., 2016), although the noticing construct is not explicitly used in this perspec-
tive. The approach focuses similarly on the cognitive-psychological perspective on teacher
ability to attend to important elements of teaching events, create coherent interpretations,
and ignore distracting elements (Sabers et al., 1991). Overall, the processes of interpreting
classroom situations, making sense of important events, and developing connections are
described in this perspective as individual cognitive mental processes carried out by teach-
ers, revealing connections to the discourse of teacher noticing. This perspective will be
revisited during the discussion of the development of teachers noticing.

More recent work aims to overcome these different normative orientations (e.g.,
Scheiner, 2021); however, it thus far remains open just how strongly these new approaches
will influence the discussion.

Concerning the relevance of these four theoretical perspectives, Santagata et al. (2021)
report in their systematic literature survey that most studies examined (about 90%) referred
to the cognitive-psychological perspective using the term “noticing,” while the other three
perspectives played more minor roles. In line with the dominance of the cognitive-psy-
chological perspective is a more analytical view on noticing that advocates distinguishing
different facets of noticing. As Santagata et al. (2021) point out, most examined studies
in the systematic literature survey focus on the facets of attending/perceiving and inter-
preting/reasoning (about 80%), while fewer studies (about 37%) included responding/
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decision-making. Concerning the object of the study, most of the examined studies ana-
lyzed teacher noticing of student thinking (83%), followed by a focus on instructional prac-
tices and classroom discourse (57%). Mathematical topics were addressed in fewer studies
(20%). However, despite the dominance of the analytic approach, which is separating the
different facets of noticing, empirical evaluation and analysis is often based on a holistic
approach concerning the facets of noticing; that is, even if facets are distinguished, they are
not assessed separately. Only a few instruments have measured the facets of noticing sep-
arately in compliance with high psychometrical standards, namely the observer/observer
extended tool (Seidel & Stiirmer, 2014), pre-service teachers’ professional vision of inclu-
sive classrooms (PVIC) (Keppens et al., 2019), the video-vignettes developed within the
TEDS-M research program (Kaiser et al., 2015), and the instrument by Steffensky et al.
(2015).

Another stance is taken in a recent literature survey by Amador et al. (2021), who ana-
lyzed methodological approaches to support and analyze pre-service teacher noticing by
focusing on the two most currently influential theoretical frameworks on noticing devel-
opment within the US discussion. The first framework by van Es (2011) on learning to
notice mathematical thinking distinguished four levels of expertise in noticing, providing
descriptors for each. The second framework, developed by Jacobs et al. (2010) on the pro-
fessional noticing of children’s mathematical thinking, empirically described the develop-
ment of teacher noticing across different expertise groups using limited, lacking, or robust
evidence as indicators for noticing. The results of the literature survey by Amador et al.
(2021) indicated that more studies using the learning to notice framework reported positive
results regarding progress in the development of noticing compared to studies using the
professional noticing framework. However, as the effects reported in the included studies
cover different participant groups and different designs, the question of how teacher notic-
ing develops empirically remains open.

In the following, the research on the development of teacher noticing is delineated, and
the fourth theoretical perspective is described in more detail. As alluded, earlier research on
expertise and expert—novice comparisons identified important results regarding the devel-
opment of expertise in noticing, which must be taken up in current discussions, although
the construct of noticing was not explicitly used in these studies. In his seminal work,
Berliner (1988) distinguished five different stages in teacher expertise development—nov-
ices, advanced beginners, competent teachers, proficient teachers, and expert teachers.
While novices are characterized by the need for context-free rules and inflexible teach-
ing and competent teachers act rationally but only with minor flexibility, expert teacher
behavior can be described as “arational” (Berliner, 1988, p. 5), which is fluid, holistically,
and unconsciously flexible. Experience plays a crucial role in expertise development and
should be regarded as a necessary yet insufficient condition for expertise (Berliner, 2004;
Palmer et al., 2005). In empirical studies comparing novice and expert teachers, Berliner
(1988) highlighted the difficulties that novices face in interpreting classroom phenomena.
Novice teachers were unable to predict teaching and student behavior, particularly concern-
ing student errors. Further work from this research group shows a strengthened relationship
to the noticing discussion. For example, the study by Sabers et al. (1991) described the dif-
ferences between novice and expert teachers regarding the perception and interpretation of
important classroom events.

These results are confirmed more recently by the literature survey by Stahnke et al.
(2016), which suggests that novices tend to have difficulties perceiving or interpreting stu-
dent work, which apparently can be improved by video-based professional development
programs. Decision-making appears to be the most ambitious facet of noticing for novices,
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as pre-service teachers seem to have difficulties understanding student mathematical think-
ing and their solution processes in a constructivist sense.

Nonetheless, a key area of concern is that although expertise is an important reference
point in the theoretical frameworks of many studies on noticing, most current studies are
restricted to pre-service teachers and do not include practicing teachers, which means that
limited knowledge is available concerning the development of teacher expertise in noticing,
as was noted in the systematic literature survey by Santagata et al. (2021). In a more exten-
sive literature survey focusing on teacher noticing, Konig et al. (under review) indicated
that only a few of the papers reviewed included both pre-service and in-service teachers
and allowed examination of the development of teacher noticing, either in a cross-sectional
or a longitudinal way, although the researchers used different constructs and definitions
of novice and expert. Most of these few papers offered quantitative analyses of the dif-
ferences between novice and expert teachers, mainly described as pre-service and in-ser-
vice teachers. Only these few papers included in the literature survey focused explicitly on
and reported noticing progress between novice and expert teachers. The subjects covered
ranged from mathematics education (Jacobs et al., 2010) to elementary science (Meschede
et al., 2017) or physical education (Reuker, 2017) or focused on classroom management
(Gold & Holodynski, 2017). The studies clearly indicate that experts outperform novices in
professional noticing.

One of the rare exceptions concerning comparisons of experts and novices is the semi-
nal study by Jacobs et al. (2010) that provided insight into expertise development. They
compared four different expertise groups ranging from pre-service elementary school
teachers and three groups of practicing elementary school teachers that differed in terms
of their years of teaching experience and were at different stages of a professional devel-
opment program concerning children’s mathematical thinking. Video clips and written
student work were used to elicit teacher noticing of student mathematical thinking. The
participants answered prompts concerning the three identified facets of noticing, attending
to children’s strategies, interpreting children’s understanding, and deciding how to respond
based on children’s understanding. Within the study, an extensive coding manual with
indicators for the adequacy of the analysis was developed using the categories of robust,
limited, or lack of evidence. Jacobs et al. (2010) primarily identified a monotonic develop-
ment across the four groups for all three noticing facets, “indicating that increased experi-
ence with children’s thinking was related to increased engagement with children’s think-
ing on the professional-noticing tasks” (p. 181). Their findings suggest that professional
teaching experience and development programs facilitate expertise development in attend-
ing to children’s strategies and interpreting children’s understanding; however, they could
not substantiate the same hypothesis for deciding how to respond. They also reported that
“professional development seems to provide support for developing expertise in all three
component skills” (p. 182), which provides evidence for the effectiveness of continued
long-term professional development in this area, especially regarding leadership activities.

The results are confirmed by Yang et al. (2021b), who compared Chinese pre-service
and two groups of in-service mathematics teachers with different degrees of teaching expe-
rience with respect to growth in their professional noticing. Although the study differenti-
ated three facets of noticing, the facets interpretation and decision-making are joined in
the results due to the low number of items on decision-making. The study reports mean
differences in noticing across the three expertise groups that can be interpreted as a “nearly
linear growth...with significant differences identified between pre-service and experienced
teachers and only small differences between pre-service and early career teachers” (p. 29).
Furthermore, the results using differential item functioning (DIF) analyses point out that
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pre-service and early career teachers showed strengths in more reform-oriented West-
ern topics, such as cooperative learning or mathematical modeling, which they may have
learned during their university study, whereas experienced teachers showed strengths in
analyzing student mathematical thinking. They found that the three noticing facets develop
differently between the three expertise groups, with perception being better developed at
the pre-service and beginning stages of teaching in contrast to interpretation and decision-
making (which are more difficult to develop), which is aligned with the results by Jacobs
et al. (2010).

Further results regarding expert—novice comparisons of teacher noticing are reported
by other studies. For example, Dreher and Kuntze (2015) indicated that in-service teachers
more strongly appreciated the usage of multiple representations and the role of changes of
representations for fostering student understanding than pre-service teachers. Huang and Li
(2012) emphasized qualitative differences between early career teachers and highly experi-
enced teachers concerning the development of mathematical thinking and knowledge, stu-
dent participation, and teacher motivation, with more experienced teachers attaining higher
achievements.

Overall, more empirical research is needed to better understand the development of
teacher noticing and the factors influencing this development, especially the role of teach-
ing experience and expertise, its relation to the development of the different noticing facets,
and how these factors manifest in a Western context.

1.2 Context of the study and theoretical framework

As previously explained, in the last decade, the paradigmatic differences between cogni-
tively oriented frameworks on teacher competence that emphasize teacher knowledge and
situated approaches putting social and situated aspects of teaching in the foreground have
been challenged. In order to overcome these paradigmatic differences between cognitive
and situated frameworks, Blomeke et al. (2015) developed the new theoretical approach of
competence as continuum, which has become a prominent framework for teacher compe-
tencies. This approach called for situation-specific skills mediating between teacher knowl-
edge and beliefs as dispositions and teacher performance.

The current study, which is carried out within the TEDS-M research program, departs
from this discussion around these paradigmatic differences. To facilitate a better under-
standing of the context of the current study, this section briefly describes the various
studies carried out within this program (for details of the development, see Kaiser et al.
(2017)). The TEDS-M research program was initiated by the international TEDS-M study
2008, which took place across 17 countries from 2008 to 2010 and evaluated the profes-
sional knowledge of pre-service teachers for primary level and mathematics teachers for
secondary level at the end of their study (Tatto et al., 2012). TEDS-M can be character-
ized as a cognitively oriented study with a focus on the professional knowledge of pre-
service teachers referring to the well-known classification of teacher knowledge by Shul-
man (1986). Within the study, mathematical content knowledge (MCK), mathematics
pedagogical content knowledge (MPCK), and general pedagogical knowledge (GPK) in
a sub-sample of countries, including Germany, were evaluated; these knowledge domains
were complemented by affective-motivational characteristics, such as beliefs about math-
ematics and its teaching and epistemological beliefs. The standardized testing instruments
consisted mainly of multiple-choice items and a few open-ended items and were carried
out as paper-and-pencil tests. The evaluation presented strong country differences, with the
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participating pre-service teachers from East Asia achieving the best results and those from
South America and Africa receiving the lowest results in all knowledge facets. Further
analyses indicated, among others, the strong influence of opportunities to learn and back-
ground variables (Blomeke et al., 2012).

A follow-up study of TEDS-M (TEDS-FU) by German scholars further developed the
conceptualization and the instruments of TEDS-M towards a situated approach includ-
ing situation-specific skills—called teacher noticing—to compare the development of
teacher expertise from pre-service teachers to early career teachers with instruments that
more closely resembled actual classroom practices. Theoretically, the cognitively oriented
knowledge framework was enriched by additional situated facets covering perception,
interpretation, and decision-making as facets of noticing (the so-called PID model). For the
measurement of these newly developed noticing facets, a standardized measurement instru-
ment was developed based on several short video-vignettes and extensive coding manuals
using closed and open-ended items. The study was conducted from 2011 to 2014, with
voluntary participants from the original sample of TEDS-M (for a description, see Kai-
ser et al. (2015)). Among others, the study analyzed the structure of mathematics teacher
competence, distinguishing stable teacher cognitions consisting of subject-related knowl-
edge facets (MCK and MPCK) with a facet of fast error recognition and situation-specific
cognitions with general pedagogical knowledge (GPK) and noticing (PID) (Blomeke et al.,
2016). Concerning the development of mathematical and mathematics pedagogical content
knowledge, the study noted a significant decrease of MCK, which is strongly influenced
by MCK measured at the end of teacher education, and no change of the knowledge level
of MPCK with less influence of MPCK measured at the end of teacher education. These
results point to the strong impact of school practice on the development of MPCK, which
is aligned with results by the expertise research (Berliner, 1994). However, the amount of
school practice appears inconclusive, which points to the relevance of a “deliberate prac-
tice” (Ericsson et al., 1993).

The theoretical framework and the instruments of TEDS-FU have been further enriched,
among others by a situation-specific test on classroom management expertise (Konig,
2015) and instruments for the in vivo evaluation of instructional quality (Schlesinger et al.,
2018). These instruments were used in further studies, namely TEDS-Instruct and TEDS-
Validate, which included student learning gains within the entire impact model of the
TEDS-M research program. The analysis of the link between pedagogical knowledge and
situation-specific classroom management expertise, instructional quality, and secondary
student mathematics achievement indicated influences of teacher competence on instruc-
tional quality and student mathematical progress (Konig et al., 2021). Further analyses
concerning this important impact model are under review.

Finally, within the TEDS-East-West study, most of the instruments were transferred to
an East Asian context, evaluating, among others, the relation between teacher knowledge
and their professional noticing. Yang et al. (2021a) reported a stronger relation between
teacher knowledge and interpretation/decision-making facets of noticing compared to per-
ception. In another study (Yang et al., 2021b), the development of teacher noticing across
different expertise groups has been explored, reporting a nearly linear development over
the different expertise groups. This is aligned with the results by Jacobs et al. (2010). This
will be revisited in the discussion section.

In the following, our own framework on teacher noticing is described, which was
developed within the discourse outlined above. We conceptualize noticing as a set of
situation-specific skills comprising three interconnected facets: “(a) perceiving par-
ticular events in an instructional setting; (b) interpreting the perceived activities in the
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instructional setting and; (c) decision-making, either as anticipating responses to stu-
dents’ activities or as proposing alternative instructional strategies” (Kaiser et al., 2015,
p- 374); this construct is termed the “PID model” (Blomeke et al., 2015). This conceptu-
alization of noticing has specific characteristics that make it distinct from other concep-
tions, such as the original noticing approach developed by van Es & Sherin (2002), the
professional vision approach by Seidel and Stiirmer (2014), and further developments
described in the survey paper by Dindyal et al. (2021).

This distinct theoretical framework is deliberately not referring to the construct of
attending, which is the typical terminology in the noticing discussion as described
above, as this construct is strongly related to interpreting; both facets are described as
cyclical process of perception and interpretation within this discussion (Sherin et al.,
2011b). Departing from the expert—novice paradigm in which the construct perception
is widely used to describe the first phase of teacher actions in an instructional setting
and by restricting the construct to observable, discernable incidents (Berliner, 2001;
Carter et al., 1988), we conceptualize perception more narrowly as “seeing something
without or with only minor reference to interpretation.” Apart from this different con-
ceptualization of attending and interpreting in our framework, we include decision-mak-
ing as a third facet of noticing and an indispensable part of noticing as teacher actions in
classrooms are essential to their expertise (Erickson, 2011).

Our framework moves forward the focal point of many studies, which delineate as
core of their study the focus on student mathematical thinking, strategies, or reasoning
(e.g., Jacobs et al., 2010 or Sherin & van Es, 2009) or in-the-moment noticing (Stock-
ero, 2021; Stockero & Van Zoest, 2013). Decisive for our broadened understanding of
noticing is the connection between noticing and quality-oriented mathematics education
with a clear content-related orientation besides the pedagogical perspective (similarly to
Ivars et al., 2020). In detail, we consider various aspects as decisive for a comprehen-
sive understanding of teacher noticing, among others the various dimensions of instruc-
tional quality, namely classroom management, potential for students’ cognitive activa-
tion, individual learning support, and scaffolding, considering both pedagogical and
mathematical perspectives as implemented in many empirical studies (Praetorius et al.,
2018). Furthermore, in our framework, a broad range of classroom incidents is com-
bined with aspects of instructional quality, such as preventing classroom disturbances,
addressing heterogeneous groups of students, and designing individualized and collec-
tive mathematical teaching and learning trajectories. Finally, possibilities of continuing
a lesson or developing a new teaching sequences are included considering among others
subject-related misconceptions or errors of students, and possible alternative of teacher-
students’ interactions (Yang et al., 2021a).

With this comprehensive understanding of noticing, we model a broad range of
teachers’ situation-specific skills and, with reference to Blomeke et al. (2015), integrate
teacher noticing as a complement to the former cognitive-oriented and knowledge-based
framework of teacher competence, which characterizes teacher competence within the
scope of the TEDS-M research program.

Shaped by our theoretical framework of noticing and based on the shortcomings in
empirical studies on teacher noticing identified above, our study addresses the following
research questions:

1. Can the three distinguished noticing facets of perception, interpretation, and decision-
making be separated empirically using quantitative models and measured through reli-
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able scales? If yes, how are the scales representing the facets intercorrelated in this
model?

2. How do teacher noticing and its facets differ between different pre- and in-service
teacher groups with varying degrees of professional teaching experiences?

2 Methodology

Due to the complexity of our research questions, we draw our data from several studies
conducted between 2011 and 2020 that were embedded in the TEDS-M research program
to obtain a rich sample of cross-sectional data.

2.1 Sample and participants

The sample consists of three groups of pre-service and in-service secondary level math-
ematics teachers (N = 457) who participated in a survey of one of the following studies of
the TEDS-M research program:

e TEDS-FU: 2011-2014, early career teachers from all over Germany, former partici-
pants of the study TEDS-M

e TEDS-Instruct (TEDS-I): 2014-2016, practicing teachers from the federal state of
Hamburg, Germany

e TEDS-Validate (TEDS-V): 20162019, practicing teachers from three federal states in
Germany (Thuringia, Saxony, Hesse)

e TEDS-Validate-Transfer (TEDS-V-T): 2020-ongoing; students pursuing master’s
degrees in education from six German universities

To ensure that the groups were clearly distinguished by their years of teaching expertise,
the participants were divided into three groups based on their teaching experience while
also taking study affiliation into account. The master’s students from TEDS-Validate-Trans-
fer (n = 110) had no professional teaching experience' and, hence, are novices according to
the stage model by Berliner (1988). Participants with about 4.6 years of teaching practice
(8D = 0.5, range from 3.5 to 6 years) from TEDS-Follow-Up (n = 146) and taken in parts
from TEDS-Instruct and from TEDS-Validate (n = 47)—to assure a better discriminability
between the groups—constituted the group of early career teachers. According to the Ber-
liner model (1988), they can be classified as being competent at least; some may already
have attained proficiency. The third group (n = 154) comprised experienced teachers from
TEDS-Instruct and TEDS-Validate, who had on average 19.6 years of teaching experience
(8D = 10.4, range from 6.5 to 41.5 years) and therefore represented participants at the
competent, proficient, and expert levels. It can be assumed that the latter group included
more proficient and expert teachers based on their more extensive teaching practice and
reflection. As mentioned, however, experience alone is insufficient to constitute expertise
(Caspari-Sadeghi & Konig, 2018; Palmer et al., 2005; Stigler & Miller, 2018). Rather,
experience constitutes an essential factor for expertise. The distinguished groups represent

! The master’s students had not experienced any extensive teaching practice and internships in their teacher
education yet. Whether some students participated in teaching on their own was not asked and could there-
fore not be considered.
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Table 1 Characterization of the three expertise groups

Variable

Expertise groups Test of group

differences
Master’s Early career Experienced  4? (df)/odds ratio p
students teachers teachers

Sample size 110 193 154
Gender (% female) 66 58 55 3.76 (2) 152
Teaching type (% academic track) 40 52 46 6.72 (2) .035

M SD M SD M SD
Age (in years) 2457 4.08 31.68 5.50 46.00 9.54 488.36 <.001
Teaching experience (in years) --- -~ 461 50 19.64 1041 397.45 <.001
GPA (Abitur) 209 63 211 .61 - --- 21.47 742
Grade (University) --- --- 1.87 54 195 .61 91.31 <.001
Grade (induction phase) --- --- 196 .61 198 .67 48.48 .022

GPA grade point average; German grades range from 1 (best) to 4 (passed). For the test of group differences
in some cases, Fisher’s exact test was conducted, since the assumptions for a y? test were violated

at least three different stages in expertise development, and, therefore, they facilitate an
expert—novice comparison. Moreover, the comparison between the two in-service groups
may yield valuable insights into the possible impact of long-term teaching experience on
expertise development. Table 1 presents further characterization of these expertise groups,
including grades from university entrance examinations, initial teacher education and the
second phase of teacher education (so-called induction phase), the types of schools in
which the teachers were contemporarily teaching, and whether the schools were academi-
cally oriented with higher achieving students or a more comprehensively oriented track for
students of all ability levels.

2.2 Assessment instrument

The video-based test instrument used to measure teacher professional noticing limited to
secondary education was developed within the TEDS-FU study (Kaiser et al., 2015; Kaiser
et al., 2017). It comprises three scripted video-vignettes—Frog King, connected to a Ger-
man fairy tale, Box, and Solids—of around three and a half minutes in length. The video-
vignettes cover a wide range of mathematical topics (e.g., functions, surface, volume cal-
culations, and modeling), different teaching phases, and different school types and showed
lessons in the 9th and 10th grades (student age: 14—15 years). During the test, the partici-
pants first received some background information about the learning setting, the students,
the previous lessons, and the mathematical topic before watching each video-vignette. For
instance, the covered mathematical task and its solution were presented. The participants
were then permitted to watch the video-vignette simulating real classroom situations once.
Directly after watching the video-vignette, participants received open-response and closed
(Likert-type) questions, which tested their abilities in all three noticing facets—perception,
interpretation, and decision-making—with a mathematics pedagogical or general pedagog-
ical focus. In total, 77 items were included in the tests; seven of these were excluded during
scaling owing to their weak psychometric quality that rendered them unsuitable for the
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Table 2 Number of items per

cino f Noticing facet Number of rat- ~ Number of open- Number of
noticing facet ing scale items  response items items used
Perception 17 5 22
Interpretation 19 18 37
Decision-making 0 11 11

samples that were combined specifically for use in this comparative study. Thus, the test
instrument used for this study contains 70 items, 36 closed items with Likert scales, and 34
open-response items. The items focused on all three facets of noticing (see Table 2), with
the lowest number of items focusing on decision-making. The low number of decision-
making items is due to their complexity in the construction, as they must be formulated
with strong restrictions to be unambiguous. Overall, the testing lasted about 60 minutes in
total, with 15-20 minutes per video-vignette.

The test used video-vignettes rather than live observations of the participants in class-
room for two reasons. First, this way of data collecting would not have been manageable
for the intended sample size, and, second, the use of video-vignettes allows to create situa-
tions that are similar to practice, give comparable and standardized test results, and simul-
taneously present a controllable test environment and a strong connection to performance
in classroom (Hughes & Huby, 2001; Piwowar et al., 2018). Moreover, this sort of instru-
ment is partially analagous to situational judgement tests, whose functioning and validity
are well examined (Lievens et al., 2008). The research team decided to use scripted vid-
eos instead of real teaching footage to assure a density of noteworthy events and provide
impressions of a whole teaching lesson in a feasible test duration time.

An expert rating was conducted during test instrument development to determine which
answer could be regarded as correct with respect to the rating scales. A coding manual was
developed to assess the open-response items and piloted to improve its reliability and valid-
ity before it was used in TEDS-FU. For each item, the manual detailed which elements
must be present in the response to be coded as correct as well numerous example-answers
for correct and incorrect answers as well as border cases gathered in the pilot study. Fur-
thermore, the coding rules left space for minor interpretation, which facilitates a low-infer-
ent coding. Various approaches, including curricular analyses of the mathematical content
and comprehensive expert workshops, were employed to ensure the validity of the instru-
ment content and authenticity of the video-vignettes (for details, see Hoth et al., 2016; Kai-
ser et al., 2015).

The following presents three items and their coding to provide a prototypical insight
on the items used and the coding process. In the video-vignette called Solids, the lesson
concerns the calculation of the surface and volume of a church tower comprising a cylin-
drical tower and conical roof.? The students in the video-vignette calculated the surface
and volume, first individually and then in pairs, while the teacher walked through the class
helping them. An example for a closed rating scale item concerning this video-vignette
asks the participants whether most students participated in the lesson, testing the selective
perception of participants regarding classroom events. As given by the expert rating, the
correct answer is fully correct, since nearly every student is involved in the lessons. All

2 Only one video-vignette is described here, as the instrument and its video-vignettes have already been
characterized in earlier publications in detail (Kaiser et al., 2015).
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( )
A church tower is composed of a The task used (see left) can be varied in such a
cylinder and a cone sitting on it. Both way that on the one hand the question becomes
have a radius of 5 m. The cylinder more realistic and on the other hand modeling
has a height of 25 m, the height of the skills are required to complete the task.

cone is 12 m. Determine the surface
and volume of this composite body. Enter a variation of the task in question
according to these demands in keywords.

\ J

Fig. 1 Open-response example item concerning the facet decision-making

other options—partially correct, partially incorrect, and not correct at all—were coded as
incorrect. Every rating-scale item used these same four response options.

At the end of the video-vignette, the calculation of one student, which contained typical
student errors connected to the unreflective usage of the algorithms for surface calculations
of solids, is shown. Among other tasks, the study participants had to identify and describe
these errors in items concerning the noticing facet of interpretation. Two other open-
response items (see Fig. 1) challenged them to vary the task set by the teacher in such a
way that it has a stronger connection to the real world and at the same time requires mode-
ling skills to be completed. For a coding as correct for the real-world item, participants had
to change the task in such a way that it obtained extra-mathematical relevance, like speak-
ing about refurbishing the church tower. For the item concerning modeling, it was neces-
sary to include parts that deal with the transition between reality and mathematics, like a
needed simplified mathematical model, before starting to calculate. Both items would cor-
respond to the noticing facet of decision-making, as the participants had to design a suita-
ble task variation to foster certain competencies. Asking for task variation relates the tasks
to mathematics pedagogy and school practice. Moreover, mathematics pedagogical content
knowledge is required in relation to realistic task setting and mathematical modeling.

2.3 Scaling and data analysis

The data analysis comprised the following steps for all samples. First, the open-response
items were coded according to the coding manual’s rubrics. Two independent raters
coded 20% of the test booklets, which means they randomly selected 20% of participants’
response to all items, to establish intercoder agreement and ensure reliability. As Table 3
indicates, Cohen’s kappa values for intercoder agreement were good for all items (Landis
& Koch, 1977): between the four studies, the average mean ranged from .80 to .91, and the
kappa values ranged from .42 to 1.00. However, few items (four in TEDS-V and seven in
TEDS-V-T) scored an intercoder reliability below 0.61, and at least substantial agreement
(x > 0.61) was achieved for nearly every item. The displayed kappa values for TEDS-V and
TEDS-V-T were adjusted. For these studies, one (TEDS-V) and five values (TEDS-V-T)
were excluded, because these items showed poor intercoder reliability, particularly due to
low incidence of correct answers. These items were again discussed by the raters and then
coded by consensus. The final calculation of Cohen’s kappa, for which descriptive results
are provided in Table 3, excluded these items.
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Table 3 Intercoder reliability

Study Kmean Kmnin Kmax

TEDS-FU .86 .76 1.000
TEDS-I 91 .70 1.000
TEDS-V .85 42 1.000
TEDS-V-T .80 47 1.000

k=Cohen’s kappa. Intercoder agreement was investigated for all 34
open-response items and each study. Values above 0.4/0.6/0.8 indi-
cate moderate/substantial/almost perfect agreement (Landis & Koch,
1977). Values for TEDS-V and TEDS-V-T were adjusted

The data were scaled using an item response theory (IRT) approach with the software
ConQuest Version 4.5.2 (Wu et al., 1997). First, a missing response was counted as not
administered to estimate item parameters only on the basis of valid answers. Second,
missing responses were recoded as wrong answers for ability estimation.® To validate
the hypothesis that three scales for teacher noticing facets were required, a correspond-
ing three-dimensional IRT model was calculated and compared with a one-dimensional
IRT model that would not differentiate into noticing facets. To facilitate reading and inter-
pretation, ability estimates obtained through scaling analyses were linearly transformed to
a mean of 50 and a standard deviation of 10. Further analysis was conducted using chi-
square tests, Fisher’s exact test, and Scheffé post hoc tests to investigate significant differ-
ences between expertise groups. Measurement-error-free correlation analyses were carried
out within the IRT model to examine associations between the facets.

3 Results

We will now present the results in two sections, where each section addresses one of our
research questions.

3.1 Empirical separation of the facets of noticing and its association

A one-dimensional Rasch model was compared with a three-dimensional model to investi-
gate the hypothesis of three separate scales. Two established indices of fit—the ratio of chi-
square to degrees of freedom and the Akaike information criterion (AIC)—were then cal-
culated (Table 4). They revealed a significantly better fit of the three-dimensional model for
the data and confirmed the validity of separating the noticing construct into three facets.*
As Table 5 indicates, the three-dimensional model estimates the three facets with at
least acceptable reliability. The item-total correlation of this model varied between .12 and

3 Missing amount per item ranged from 2 to 16% with a mean of 5%. Open-response items showed sig-
nificantly (p < .001) more missings than rating-scale items. Participants had 5% missings on average with
a range from 0 to 48%. Master’s students displayed 10% missings on average, and early career teachers and
experienced teachers both displayed 3%. Hence, master’s students produced significantly (p < .001) more
missings than teachers.

4 For 42, ydf, and AIC, the better model is shown by a lower value. To deepen the model comparison,
additional calculations using structural equation modeling were computed and are displayed in the Appen-
dix.
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Table 4 Fit indices for both

Model Al A AT

model approaches ode i 2df ¢ ¢
One-dimensional 5,047.27 73.15 39,247
Three-dimensional 4,698.45 70.13 39,192 -55

AIC difference is relative to the one-dimensional model. The dif-
ference of the models’ deviances is significant with p < 0.001. AIC
Akaike information criterion

Table 5 Scale reliability for all

Reliabili Reliabili
three facets eliability eliability

measure
Perception Interpretation Decision-making

EAP 0.704 0.800 0.621

WLE 0.663 0.796 0.489

EAP (expected as posteriori) and WLE (weighted likelihood esti-
mates) are reliability measures provided by the software ConQuest
(Wu et al., 1997) and can be interpreted similar to Cronbach’s alpha

.50 with an acceptable mean of .31. The weighted mean square, which is part of the fit
statistics and has an expected value of 1.0, ranged from .90 to 1.10 with a mean of 1.00.
Values between .50 and 1.50 indicate a productive fit (Linacre, 2002).

The variation of item difficulty in relation to the individuals’ abilities (Fig. 2) showed
good estimation of teacher noticing abilities, although difficult items were somewhat
underrepresented.

The data illustrate that the three facets of noticing conceptualized as perception, inter-
pretation, and decision-making can be empirically separated and measured with at least
acceptable reliability for the different reliability measures (except WLE for decision-mak-
ing) using separate scales (Table 5).

Overall, the empirical results indicate substantial associations between the three facets of
teacher noticing. The latent correlations between perception and interpretation (r = 0.814)
and those between interpretation and decision-making (» = 0.815) are relatively strong and
can be evaluated as a large positive effect or association (Doring & Bortz, 2016). A medium
correlation between perception and decision-making (r = 0.462) was also identified (see
Table 6). Thus, all three measured facets can be understood as associated, which empiri-
cally supports statements regarding the interrelated character of the noticing construct in the
noticing discussion (e.g., Sherin et al., 2011b). The high correlation between perception and
interpretation emphasizes the strong connection between these two noticing facets as per-
ception is a cognitive, sense-based process, which can only be done in a limited way without
interpretation. Although efforts were made to construct items that measured only one facet,
namely perception or interpretation, it is hardly possible to adequately differentiate between
them. In addition, the strong correlation between interpretation and decision-making can be
interpreted as further justification for the inclusion of an action-related facet in the concept
of teacher noticing and the theoretical intertwining of both facets.

Overall, this means that the three facets are indeed empirically separable, although the
correlations between them are relatively high, particularly between perception and interpre-
tation as well as between interpretation and decision-making. Whether group dependency
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Each 'X' represents 3.7 cases

Fig.2 Variation of the item difficulty in relation to participants’ ability for all three scales. Figure is pre-
sented here as given by ConQuest (Wu et al., 1997). Personal ability values were transformed to M = 50
and SD = 10 afterwards. One X represents 3.7 cases. Numbers 1 to 77 represent the respective items.
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Table 6 Variance (on the
diagonal), covariance (above the

diagonal), and correlation (below Perception  Interpretation ~ Decision-making
the diagonal) for all three facets

Facet Variance/covariance/correlation

Perception 455 .329 159
Interpretation 814 359 248
Decision-making ~ .462 815 258

Correlations were effectively corrected for any attenuation caused by
measurement error

or group-specific patterns characterize the correlations was not investigated in the analyses
of this study and needs to be subject of further studies.

3.2 Development of teacher noticing across different teacher groups of expertise

To address the second research question on the differences in teacher noticing and its fac-
ets between groups of pre- and in-service teachers, a cross-sectional comparison was con-
ducted for each facet across the groups.

Significant patterns can be identified for all three noticing facets (Table 7). For all fac-
ets, significant mean differences in scores emerged as indicated by the Scheffé post hoc
test from the group of master’s students to the early career teachers, indicating a possible
increase in teacher noticing average scores. However, the mean score of the experienced
teacher group is slightly lower than that of the early career teachers but clearly higher than
that of the master’s student mean.

These results suggest that noticing skills progressed significantly from the group of
master’s students to early career teachers, demonstrating the importance of teaching prac-
tice for the development of expertise in noticing. Furthermore, stagnation at least or even
small regression is noted in the comparison of early career teacher noticing and experi-
enced teacher noticing. After nearly five years of professional teaching practice, early career

Table 7 Mean scores by expertise group and facet

Variable Expertise groups Test of group differences
MS (n = ECT (n= ET(n= Odds ratio p Scheffé post hoc test”
110) 193) 154)

Mean SD Mean SD Mean SD

Perception® 45.57 11.08 51.84 9.19 50.07 890 101.69 <.001 ET > MS, ECT > MS

Interpretation® 43.58 12.01 52.62 8.44 5099 8.45 127.90 <.001 ET > MS, ECT > MS

Decision-making® 44.04 11.21 53.11 8.36 50.27 9.29 94.46 <.001 ET > MS, ECT > MS,
ECT > ET

MS master’s students, ECT early career teachers, ET experienced teachers, SD standard deviation. For the
test of group differences, a Fisher’s exact test was conducted, since the assumptions for a ? test were vio-
lated

*M =50and SD =10

YAll given differences in the Scheffé post hoc test are statistically significant (p < .05). More statistical
information to the Scheffé post hoc test is given in the Appendix
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Table 8 Linear regression of perception, interpretation, and decision-making on teaching experience

Variable Perception Interpretation Decision-making

b p p b p p b p p
Teaching experience ~ —.14 -16 <01 -.18 -22 <.001 -.18 =21 <.001
Intercept 51.06  5.62 <.001 5190 6.13 <.001  51.85 585 <.001
R 025 048 044

teachers seem to perform better than experienced teachers with 204 years of professional
experience. However, as shown by the Schefté post hoc test, these results only were sig-
nificant for the decision-making facet. To investigate the connection between teaching
experience and teacher noticing even further, the team conducted linear regression analyses
with teaching experience as independent and each of the three noticing facets as dependent
variables using the software Mplus Version 8.6 (Muthén & Muthén, 2021). Given that the
master’s students had no regular extensive teaching practice yet, only the data of the in-
service teachers, that is, the group of early career and experienced teachers, were included.
As shown in Table 8, the regression reveals a small, statistically significant (p < .01) decline
with increasing teaching experience for all three facets (Bperception = — - 10 Binerpretation = — 22
Becision —making = — .21)°. The group of teachers with low experience was somewhat overrep-
resented, as participants of the TEDS-FU study with low experience represented a distinct
part of the sample, which violated the assumptions of the regression. A regression excluding
the group of early career teachers revealed similar significant findings.

4 Summary, discussion, and conclusions

The present study aimed to investigate two questions—whether the concept of noticing
can be assessed analytically using three facets and whether there are mean differences in
teacher noticing among different groups of mathematics teachers with different amounts of
professional teaching experience.

Concerning the first research question, the study findings highlight that noticing can
be measured analytically and it is possible to measure the three facets of noticing—per-
ception, interpretation, and decision-making—separately through reliable scales based
on the rigorous standards of quantitative educational research. However, the results high-
light that the three facets of teacher noticing are highly intercorrelated, as was suggested
theoretically in the noticing discussion. In particular, the facets of perception and inter-
pretation are strongly connected, which is not unexpected as it is difficult to perceive
without interpretation. Furthermore, the strong association between interpretation and
decision-making was anticipated as noticing has been described as a knowledge-based
construct in the literature. Decision-making has been conceptualized as developing pro-
posals for further continuations of the lesson or alternative ideas, which should be based
on a sound interpretation of the noticed situation. The construct of noticing can therefore
be divided into three different facets that are strongly connected as theoretically expected
and explainable. Furthermore, a new facet, decision-oriented, emerged, which has the

5 Scatter plots are displayed in the Appendix.
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potential to enrich the theoretical construct of noticing and offers an empirical underpin-
ning for our theoretical framework.

The second research question focused on differences in noticing among different pre-
and in-service teacher groups with different professional teaching experience and likely
also different levels of expertise. Comparisons between the different groups, ranging from
master’s students to practicing teachers with different degrees of teaching experience,
allowed us to assume a progression, which can be interpreted as evidence for the relevance
of professional teaching experience. However, the data only show that master’s students
were significantly outperformed by the two other groups, whereas experienced teachers did
not outperform early career teachers. This pattern was identified for all three facets, indi-
cating an underlying pattern.

One reason for the slight decrease in noticing skills from the cross-sectional evaluated
groups of early career to experienced teachers may be a “falling-off of skill” (Forde &
McMahon, 2019, p. 142) among experienced teachers, which might be explained by the
fact that teachers with over 20 years of experience are less likely to participate in profes-
sional development (Pedder et al., 2008). Additionally, the expectation of linear growth
could be challenged, given that, as mentioned by Berliner (1988), only some teachers attain
proficiency and even fewer will attain expert status. The slight regression might indicate
that teaching experience in years may contribute to expertise along with other factors, such
as working in teacher education or the promotion of strong students’ achievements (Palmer
et al., 2005), which may vary across both practicing teacher groups. These findings may
also substantiate that, as Patterson (2019, p. 4) hypothesizes, teacher personal professional
development “may not be linear or truly cyclic but may have stops, starts, digressions, and
regressions at various times.” However, this may also provide evidence for a general, non-
individual-linked pattern of development and raises questions about the long-term effects
of teacher education (Liu & Phelps, 2020).

This result is, on the one hand, unexpected, referring to the findings of Jacobs et al.
(2010) and Yang et al. (2021b) who interpret their findings as a monotonic or nearly
linear growth in noticing between the various expertise groups covering similar teacher
groups. The difference in the results reported by Jacobs et al. (2010) may be attributed
to the fact that in this study, teacher educators were included in the final stage. The
study by Yang et al. (2021b) is embedded in a cultural background—Chinese teachers
coming from an Eastern educational paradigm—that differs from this study of Ger-
man teachers reflecting a Western educational paradigm. The strong focus on content-
related and pedagogical aspects has led to the description of newly graduated teachers
in China as “semi-finished products” (Paine et al., 2003, p. 216), who will need to
learn and develop their educational skills when they enter schools as recent gradu-
ates. New graduates are accompanied by mentors, whose role is to impart lessons to
the new teachers and work to improve individual lessons or teaching units (Lu et al.,
2020). By contrast, the seminar-based second phase of teacher education in Germany
(the so-called induction phase) introduces university graduates to teaching on a theo-
retical basis, observing joint lessons, and theory-oriented phases and topics and aims
to induct the candidates into teaching practice from a reflective perspective (Landes-
institut fiir Lehrerbildung und Schulentwicklung, 2015, 2019). Overall, these different
ways of inducting new teachers into teaching may lead to different growth patterns
across the three expertise groups.
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The findings of this study also align with other empirical studies of teacher knowledge.
Evidence suggests a strong increase in GPK during initial teacher education (e.g., Konig,
2013) and a flattening of the growth after entering the second phase of teacher education
(Germany) or the teaching profession as early career teachers (Austria) (Konig et al., under
review). Furthermore, the results of a study by Kleickmann et al. (2013) show a significant
increase in MCK and MPCK for teachers from the beginning of initial teacher education to
the end of the second phase of teacher education (induction phase). However, their study
results describe stagnation or decrease tendencies for MCK and also only slight progres-
sion or stagnation for MPCK in both groups when early career teachers and experienced
teachers are compared. Both studies report longitudinally interpreted cross-sectional data.
Similar results are presented by Blomeke et al. (2014), referring to longitudinal data from
the TEDS-M and TEDS-FU Study.

To summarize, the global stagnation or small decrease effects between both groups
of practicing teachers indicate that teaching practice is not the only decisive factor in the
development of teacher noticing, and the mere extension of teaching experience does not
automatically yield higher achievements in noticing. The results provided clear evidence
for the necessity of professional development, which would allow more senior teachers to
learn more about recent didactical approaches (e.g., Lipowsky, 2019).

Finally, the study limitations must be acknowledged. The analyses presented here were
based on convenience samples and cross-sectional data, and caution is urged regarding the
development of teacher noticing. Furthermore, the homogeneous TEDS-FU sample, which
constitutes most of the early career teachers, may have advantaged this group. One reason
for the regression between early career and experienced teachers may be that the sample of
early career teachers from TEDS-FU was relatively homogenous and possibly cognitively
more selective than the other groups (Blomeke et al., 2014).

Furthermore, apart from the linear regressions, which regarded more variance, only
three different expertise groups were compared, making it difficult to establish differ-
ences by the levels of expertise outlined by Berliner (1988). Overall, further studies with
more differentiated groups are needed to better understand the development of expertise
in teacher noticing. In particular, the comparison of groups with different cultural back-
grounds is necessary, as the results suggest cultural influences on the development of
teachers professional noticing. These differences must be addressed if Eastern and Western
cultures wish to cooperate and learn from one another as has occurred in the past (Kaiser &
Blomeke, 2013).

Appendix

Examination of the noticing conceptualization with structural equation modeling
(in addition to Table 4)

To deepen the model comparison, additional calculations using structural equation mod-
eling were computed. We compared a one-dimensional model that used all 70 items as
indicators for the latent trait teacher noticing with a three-dimensional model, where the
respective items were indicators for the three latent traits perception, interpretation and
decision-making. The calculation was implemented with Mplus Version 8.6 (Muthén &
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Table 9 Fit indices for both

model approaches using MLR Fit indices Slg;ci—etiimensional Ell(l)rgjl-dimensional A
estimators
AIC 36,531 36,470 —61
BIC 37,133 37,085 —48
Adjusted BIC 36,670 36,612 -58

Differences are relative to the one-dimensional model. For AIC, BIC,
and adjusted BIC, the better model is shown by a lower value. AIC
Akaike information criterion, BIC Bayesian information criterion.
Adjusted BIC were adjusted by sample size

Table 10 Fit indices for both model approaches using WLSMYV estimators

Fit indices One-dimensional model Three-dimensional model A

7 3,269.868 3,234.898 —45.483%
RMSEA .029 [.027, .032] .029 [.026, .031] -

CFI .646 .658 .012

Differences are relative to the one-dimensional model. ;{2 chi-square test of model fit, RMSEA root mean
square error of approximation, CFI comparative fit index. For RMSEA the 90% confidence interval is given
in brackets. Cut-off for RMSEA is .05

2Chi-square test for difference testing used the diff-test option. Therefore, the difference does not result
from both individual values

Muthén, 2021) using the robust maximum likelihood estimators MLR (Table 9). It states
the better fit of the three-dimensional model for all common information criterions.

Since the chi-square test could not be computed with MLR estimators due to a too
large frequency table, weighted least square mean and variance adjusted estimators
(WLSMYV) were also applied to conduct a chi-square test for differences and calculate
the root mean square error of approximation (RMSEA) and other fit indices to investi-
gate the model fit (Table 10). Both models fit the data, but the chi-square test for model
differences shows clear advantages of the three-dimensional model. Comparative fit
index (CFI) shows only poor fit, which was expected since it punishes complex models
with large number of indicators relative to sample size such as were used in our IRT
approach. Besides, as we examined our data in a confirmatory context, for evaluating
the models, we prefer RMSEA following recommendations by Rigdon (1996).

Linear regression for perception, interpretation, and decision-making by teaching
experience (in addition to Tables 7 and 8)

For all three noticing facets, linear regressions with the noticing facet as dependent vari-
able and teaching experience in years as independent variable were conducted. Since the
master’s students had no regular extensive teaching practice yet, only the data of the in-
service teachers, i.e., the group of early career and experienced teachers, were included.
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mean (M = 11.28), which, therefore, functions as zero in years of teaching experience.
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As reported in the paper, small, significant degression could be identified for each facet.
Consult Figs. 3, 4, and 5 for the scatter plots of the regressions.

Additional data for the Scheffé post hoc test (in addition to Table 7)

We present all statistical data for the Scheffé post hoc test in Table 11.
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the mean (M = 11.28) which, therefore, functions as zero in years of teaching experience.

Table 11 Additional data for the

Scheffé post hoc test Groupa Group b I(;/i[;zrrlence SE p 95 % CI
(a-b)

Perception
MS ECT —6.27 1.15 <.001 [-9.08, -3.46]
MS ET —4.5 1.20 .001 [-7.44, —1.56]
ECT ET 1.77 1.04 233 [-.77, -4.31]
Interpretation
MS ECT -9.03 1.13  <.001 [-11.80,—6.27]
MS ET -7.41 1.18 <.001 [-10.30, —4.52]
ECT ET 1.62 1.02 282 [—.88,4.12]
Decision-making
MS ECT -9.07 1.13  <.001 [-11.84,-6.31]
MS ET -6.24 1.18 <.001 [-9.13,-3.35]
ECT ET 2.83 1.02  .021 [.33,5.33]

MS master’s students, ECT early career teachers, ET experienced
teachers, SE standard error, CI confidence interval

Literature
Rigdon, E. E. (1996). CFI versus RMSEA: A comparison of two fit indexes for structural

equation modeling. Structural Equation Modeling: A Multidisciplinary Journal, 3(4),
369-379.
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