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Abstract

The teacher noticing construct is widely recognized in teacher competence and education research, particularly in the field
of mathematics education. This paper surveys recent research on mathematics teacher noticing published between July
2019 and 2022, following an earlier literature review on teacher noticing across different disciplines. The study presented
here analyzed 118 English-language articles published in peer-reviewed journals, focusing on conceptualizations, research
methods, and relationships with other constructs, including teacher knowledge and beliefs. The findings suggest that the
cognitive-psychological perspective on noticing, which emphasizes a set of cognitive processes, remains the predominant
conceptualization. Recent research on noticing is characterized by a high proportion of studies based on small samples and
qualitative research methods. While several studies have demonstrated the interrelatedness of noticing and professional
knowledge, the relationship between noticing and beliefs and between noticing and instructional quality has rarely been
addressed. Based on these findings, we highlight noteworthy contributions and critical shortcomings, and suggest directions
for future research.

Keywords Teacher noticing - Teacher professional vision - Teacher expertise - Mathematics education - Literature review

1 Introduction

Teacher noticing, which concerns “the specialized ways
in which teachers observe and make sense of classroom
events and instructional details” (Choy & Dindyal, 2020),
has become central in the discourse surrounding teacher
expertise and professional competence in recent decades.
Given the complex and dynamic nature of classroom instruc-
tion, teachers must filter relevant information and make
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impromptu decisions to ensure effective teaching and learn-
ing (Sherin & Star, 2011).

While similar concepts have long been discussed in
expertise research, recent studies on teacher noticing in
mathematics education, focusing on students’ thinking and
reform-oriented teaching approaches, have inspired further
research (Sherin et al., 2011; van Es, 2011; van Es & Sherin,
2002). Recent theoretical and empirical work has framed
teacher noticing as part of teachers’ professional competence
(Blomeke et al., 2015, 2022; Krauss et al., 2020; Yang &
Kaiser, 2022).

However, the terminology and conceptualizations sur-
rounding teacher noticing remain heterogeneous, compli-
cating knowledge accumulation. Konig et al.’s (2022) recent
comprehensive review covered noticing research from 2000
to 2019, and recent developments in noticing research have
been evident since then, as demonstrated by ZDM — Math-
ematics Education’s recent special issue on teacher noticing
(Dindyal et al., 2021).

Building on Konig et al.’s (2022) work, this systematic lit-
erature review provides a comprehensive review of develop-
ments in teacher noticing research in mathematics education,
between July 2019 and 2022, focusing on conceptualizations
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of teacher noticing and methodologies in its study. Address-
ing the research gaps identified by Konig et al. (2022), the
paper includes research concerning the relationship between
noticing, knowledge, beliefs, and instructional quality as
well as comparisons between novice and expert noticing.
Overall, we aim to identify promising new research perspec-
tives and stimulate future research.

2 Theoretical framework

The teacher noticing construct has been the subject of
extensive theoretical discussion, with multiple perspectives
informing our understanding of its nature, components, and
development (see Scheiner, 2021). Four theoretical perspec-
tives have emerged from Konig et al.’s (2022) and Santagata
et al.’s (2021) recent literature reviews, which form the theo-
retical foundation for our analysis.

Cognitive-psychological perspective: This perspective
considers teacher noticing as a set of mental processes,
including perception, interpretation, and response, in indi-
vidual teachers’ minds. Research in this area builds on van
Es and Sherin’s (2002) initial teacher noticing conceptual-
ization, which encompasses identifying significant class-
room situations, connecting them to broader principles, and
applying contextual knowledge.

Socio-cultural perspective: This perspective highlights
teacher noticing as a socially situated activity, shaped by
discursive practices and socio-political contexts. Research
within this perspective draws on Goodwin’s (1994) work on
‘professional vision,” referring to socially organized ways
of seeing and understanding profession-specific events and
highlighting the implicit power relations and ideologies.

Discipline-specific perspective: This perspective focuses
on intentionally directing attention and heightened aware-
ness toward specific aspects of one’s teaching practice.
Research within this perspective largely follows Mason’s
(2002) discipline of noticing, which outlines practices for
developing teachers’ sensitivity and presence, aiming for
methodical and intentional practice without becoming
mechanical or reactive.

Expertise-related perspective: This perspective focuses
on how novice and expert teachers differentially perceive,
process, and monitor classroom information, informed by
Berliner’s (1988) and Carter et al.’s (1988) earlier work
demonstrating that expert teachers have more extensive
classroom knowledge repositories and can more effectively
evaluate significant classroom incidents and act adaptively.

To date, all four perspectives have been repeatedly
addressed, with the cognitive-psychological perspective
clearly predominating (Konig et al., 2022). In addition,
teacher noticing is increasingly salient in teacher competence
discourse (Blomeke et al., 2015), which regards perception,
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interpretation, and decision-making as situation-specific
skills that mediate between cognitive and affective—motiva-
tional dispositions and professional performance. The com-
petence discourse has raised awareness of the interaction
between noticing and other competence-related constructs,
such as knowledge, beliefs, and instructional quality, in stud-
ies on teaching (Depaepe et al., 2020; Kaiser et al., 2015;
Krauss et al., 2020).

3 Relating teacher noticing, competence
and expertise

Highlighting the relevance of competence-related constructs,
Schoenfeld (2011) emphasized the role of knowledge and
beliefs in the study of noticing. Teachers' professional
knowledge includes knowledge of various domains relevant
to teaching (e.g., content knowledge, pedagogical content
knowledge, and general pedagogical knowledge) and is con-
sidered a core component of professional competence (e.g.,
Kunter et al., 2013). Moreover, knowledge affects teachers’
ability to make connections and engage in knowledge-based
reasoning (Sherin, 2007; van Es & Sherin, 2002). Qualita-
tive studies highlight the relevance of specific knowledge
elements for teacher noticing, such as knowledge about
learning progressions in mathematics (Dick, 2017; Schack
etal., 2017).

In terms of affective-motivational dispositions, teachers'
instructional performance is likely to be shaped by their pro-
fessional beliefs (Blomeke & Kaiser, 2017). While beliefs
can be generally understood as “psychologically held under-
standings, premises, or propositions about the world that
are felt to be true” (Richardson, 1996, p. 103), research on
mathematics teachers’ professional beliefs has focused on
beliefs about the nature of mathematics as well as beliefs
about teaching and learning mathematics (e.g., Hoth et al.,
2022). However, previous research on teacher noticing has
primarily addressed the role of beliefs about diversity (Kep-
pens et al., 2021; Roose et al., 2019).

Teachers' noticing skills can also be conceptualized as a
prerequisite for providing high-quality instruction, which
in turn conditions student learning progress (e.g., Blomeke
et al., 2022). Focusing on teachers’ observable behavior in the
classroom, instructional quality refers to the extent to which
teachers succeed in initiating and supporting student learning
processes (e.g., Kunter et al., 2013), and is typically described
in terms of various dimensions that address both potentially
generic and subject-specific aspects (e.g., Schlesinger et al.,
2018). However, evidence on the relationship between notic-
ing and instructional quality is limited.

As the expertise-related perspective emphasizes, teacher
noticing overlaps with teacher expertise. Both competence
and expertise denote knowledge and skills within a specific



Teacher noticing in mathematics education: a review of recent developments

251

domain. However, while competence emphasizes the skills
needed to meet specific requirements (Weinert, 2001),
expertise research highlights consistent high performance
in representative tasks supported by long-term experience,
commonly drawing on expert—novice comparisons (Ericsson
& Towne, 2010). Research indicates that experts have higher
noticing skills than novices (e.g., Gold & Holodynski, 2017;
Meschede et al., 2017); however, few studies have focused
on mathematics education (Bastian et al., 2022; Jacobs et al.,
2010). Again, the evidence is limited and further insights
are required.

4 Research aims and questions

This paper builds on Konig et al.’s (2022) review of 181
papers published between 2002 and June 2019, which
provided an overview of conceptualizations, research
approaches, and findings on learning to noticing across
different disciplines. Considering the increase in relevant
publications, this paper examines developments in research
on teacher noticing in mathematics education between 2019
and 2022.

By conducting a systematic review of articles published
between July 2019 and 2022, we examine how teacher notic-
ing has been conceptualized and investigated in the recent
literature compared with work published between 2002
and June 2019 with reference to Konig et al.’s (2022) find-
ings and data. The following research questions guided our
analysis:

RQ1: How have researchers conceptualized teacher notic-
ing in mathematics education between July 2019 and 2022,
in terms of the theoretical perspectives and the multifaceted
nature of the construct?

RQ2: How have researchers studied teacher noticing in
mathematics education between July 2019 and 2022, regard-
ing the methodological approaches, data collection methods,
and samples?

Although noticing is increasingly recognized as intrin-
sic to teacher competence, Konig et al. (2022) highlighted
the need for further research on the relationship between
noticing and other competence-related constructs as well as
the differences between expert and novice noticing. There-
fore, we investigate the extent to which recent research
has addressed these gaps, posing the following additional
research question:

RQ3: What new insights does the recent literature on
teacher noticing in mathematics education offer regarding (a)
the relationships between noticing and competence-related
constructs, i.e., teacher knowledge, teacher beliefs, and
instructional quality, and (b) expert-novice comparisons?

Finally, we review and discuss the most relevant studies
that address these questions, highlighting their contributions
and implications for future research.

5 Method

Our review approach adopts Konig et al.’s (2022) method-
ology, adapted to focus on teacher noticing in mathematics
education. We followed the guidelines of the PRISMA state-
ment (Page et al., 2021) to ensure rigor and transparency.
Below, we detail our literature search, selection procedure,
and coding process.

5.1 Literature search

In February 2023, we conducted a systematic search for
‘teacher noticing’, including ‘teacher professional vision’ as
an alternative construct. Five major online databases (ERIC,
PsycINFO, ScienceDirect, Scopus, and Web of Science)
were searched for titles, abstracts, and keywords using the
search terms “teacher®* AND math* AND (noticing OR pro-
fessional vision)”.! The search was restricted to items pub-
lished between 1 July 2019 and 31 December 2022, exclud-
ing publications in press or early access. The search yielded
222 publications following the removal of duplicates, and
the references were exported to EndNote version 20.

5.2 Inclusion and exclusion criteria

The following inclusion criteria were applied: (1) the publi-
cation appeared in a peer-reviewed journal; (2) the publica-
tion was written in English; (3) the publication explicitly
addressed teacher noticing or teacher professional vision;
and (4) the publication’s content was considered relevant to
the discourse on teacher noticing in mathematics education.

Criterion 1 ensured the inclusion of high-quality publi-
cations exclusively. Publications (n=17) not published in a
journal were excluded (e.g., book chapters and conference
proceedings), because it was unclear whether they had been
subjected to peer review, an accepted criterion for ensuring
scholarly quality. Criterion 2 identified highly accessible pub-
lications: those (n=9) in languages other than English were
excluded. Criterion 3 ensured that only publications relevant
to this review’s purpose were selected, excluding publications

! Using a truncation symbol at the end of the search terms (*), the
databases’ search algorithms considered all word endings, including
plural forms or alternative spellings (e.g., teacher or teachers; maths
or mathematics). The terms ‘noticing’ and ‘professional vision’ were
chosen rather than ‘notic*’ or ‘vision*’ because the latter terms were
too broad and yielded too many irrelevant results.
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Evaluating relevance

Final sample

Potentially relevant publications identified
by searching major online databases
(n=222)

Titles, abstracts, and keywords screened

(n=222)

\J

Publications excluded for (criteria 1, 2, and 3):
(1) not published in a journal (n = 17);

(2) not written in English (n = 9); and

(3) did not explicitly address teacher noticing or
teacher professional vision (n = 20)

Articles published in English with an
explicit focus on teacher noticing or

A

teacher professional vision
(n=158)

v

Full-text versions assessed for relevance

(n=158)

v

Relevant articles on teacher noticing or

Publications excluded for (criterion 4):

(4.1) teacher noticing or teacher professional
vision was not the primary focus (» = 18); and
(4.2) description of teacher noticing or teacher
professional vision was not in the context of
mathematics or mathematics education (n = 40)

A

teacher profession vision
(n=118)

Articles included in this review
(n=118)

Fig.1 Search and selection process flowchart

(n=20) that did not explicitly address teacher noticing or pro-
fessional vision. Theoretical and conceptual analyses were
considered in addition to empirical studies. Book reviews,
commentaries, and editorial notes published in journals were
excluded. A total of 158 publications were identified and
appeared to meet the selection criteria based on their titles,
abstracts, and keywords.
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Criterion 4 assessed the relevance of the 158 publica-
tions. The authors retrieved and reviewed the articles’ full
texts and collectively determined whether each publication’s
content was relevant. We applied the following exclusion
criteria: (4.1) teacher noticing or teacher professional vision
was not the article’s primary focus; and/or (4.2) the descrip-
tion of teacher noticing or teacher professional vision was
not in the context of mathematics or mathematics education.
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Criterion (4.1) excluded publications (n = 18) that merely
mentioned teacher noticing or teacher professional vision or
addressed the constructs in a marginal or overly generalized
manner. Criterion (4.2) excluded publications (n=40) that
discussed teacher noticing or teacher professional vision in
contexts other than mathematics or mathematics education.

A final database of 118 articles was compiled. Figure 1
summarizes the search and selection process and details how
many publications were excluded for each criterion.

5.3 Coding process

We adapted Konig et al.’s (2022) coding scheme to high-
light recent advancements in research on teacher noticing
in mathematics education. Our modified scheme focuses on
two categories: (1) the conceptualization of teacher noticing
and (2) the methodological approach. Electronic supplemen-
tary material 1 details the modified coding scheme.

The teacher noticing conceptualization included catego-
ries for theoretical perspectives (i.e., cognitive-psychological,
socio-cultural, discipline-specific, and expertise-related),
noticing facets (e.g., perception, interpretation, and decision-
making), and other constructs (i.e., knowledge, beliefs, and
instructional quality). The methodological approach included
categories for the paradigm (e.g., quantitative, qualitative,
both methods), data collection method (e.g., interviews, ques-
tionnaires, written reports, or video recordings), and sample
(e.g., sample size, expertise group investigated). Except for a
few categories that were mutually exclusive (e.g., qualitative,
quantitative, and mixed methods), multiple categories of a
topic area could be applied to the same paper. For example,
multiple theoretical perspectives could be employed within
a single paper.

To ensure our coding scheme’s reliability, the first 25
papers (i.e., approximately 20 percent) were indepen-
dently coded using two raters. Interrater agreement was
good (Mg,,,,=0.84, SDg,,,,=0.144, Min.g,,.,=0.58,
Max. g4,p0 = 1), and discrepancies were resolved through

discussion. Codes for which one rater was unsure were
flagged and checked by the other rater.

By this means, we identified publications referring to
teacher knowledge, beliefs, and/or instructional quality as
well as comparisons between teachers of different expertise
levels. Based on the coding results, we present and contex-
tualize key findings from these selected papers.

6 Results
6.1 Basic characteristics of articles

Electronic supplementary material 2 contains all references
of the final selection encompassing 118 publications. Most
papers (113 articles) were classified as empirical, with some
identified as review papers (4 articles) or exclusively theo-
retical (1 article). This distribution resembles that between
2002 and June 2019. Of the 118 papers, 52 included an inter-
vention designed to promote noticing.

When Konig et al.’s (2022) literature survey is consid-
ered, it is evident that publications on teacher noticing have
increased steadily since 2002, with peaks in 2021 and 2022
(see Fig. 2), demonstrating the prominence of teacher notic-
ing in mathematics education research. Most studies focused
on pre-service teachers, with few examining in-service
teachers and only a small percentage of studies including
both groups (see Table 1), consistent with Konig et al.’s
(2022) initial literature review.

6.2 Theoretical foundations and conceptualizations
of noticing

Following Konig et al. (2022), we classified the articles’
theoretical perspectives, including cognitive—psychological,
socio—cultural, discipline-specific, and expertise-related
approaches (see Sect. 2). The classification of each article can
be found in electronic supplementary material 3. As shown in
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Table 1 Samples in empirical

) S Pre-service In-service Other 2002-June 2019 (mathematics July 2019-2022
studies on teacher ngtlclng in teachers teachers only)
mathematics education
n % n %
X 56 50.9 60 53.1
X 37 33.6 36 31.9
X 2 1.8 8 7.1
X 7 6.4 4 35
3 2.7 1 0.9
X 3 2.7 3 2.7
X 2 1.8 1 0.9

Table2 Articles addressing different theoretical perspectives on
noticing

2002—June 2019
(mathematics only)

Perspectives July 2019-2022

n % n %
Cognitive-psychological 95 86.4 111 94.1
Socio-cultural 15 13.6 23 19.5
Discipline-specific 20 18.2 24 20.3
Expertise-related 14 12.7 11 9.3
Total number of articles 110 118

Note. Several perspectives could be adopted in each of the publica-
tions. Therefore, the sum of the codes exceeds the number of articles

Table 2, the distribution of perspectives was similar between
2002—June 2019 and July 2019-2022. Most papers (111 arti-
cles) adopted the cognitive—psychological perspective, while
the other three perspectives were used less frequently. In addi-
tion, as shown in Fig. 3, in both selections, the three less com-
mon perspectives were often addressed in addition to, rather
than in place of, the cognitive—psychological approach.

Our analysis suggests that subdivision into subprocesses
(facets) is gaining importance when compared to a holistic
perspective (Table 3). Moreover, since July 2019, the facet
of responding or decision-making has been addressed more
frequently. Among the articles that distinguish between dif-
ferent noticing facets, two common conceptualizations can
be identified in both literature selections, namely (1) the
combination of attending/perceiving and interpreting/rea-
soning, and (2) the triad of attending/perceiving, interpret-
ing/reasoning, and responding/decision-making (see Fig. 4).

Several authors have proposed extending noticing to
incorporate teachers’ instructional enactment. Van Es and
Sherin (2021) introduced ‘shaping’, which concerns the
teacher’s attempts to obtain further information about stu-
dent thinking through purposeful inquiry. Amador et al.
(2021) included ‘enactment’ as a behavioral facet, distin-
guishing between decision-making and implementation.

@ Springer

6.3 Methodological approaches

Of the 113 empirical papers included in this review, 60
applied qualitative methodology, 7 used quantitative meth-
odology, and 46 adopted both approaches, consistent with
the data available for 2002—-June 2019 (see Table 4). Most
studies relied on data collection approaches with low stand-
ardization, such as written reports and video recordings,
while standardized testing was rare (Table 5).

6.4 Noticing in the context of competence
and expertise

Table 6 provides an overview of recent empirical notic-
ing studies, accounting for competence-related constructs
(teacher knowledge, beliefs, and instructional quality),
and studies conducting expert—novice comparisons. While
knowledge was studied frequently, beliefs and teaching qual-
ity were rarely considered. Few studies compare experts
and novices. Electronic supplementary material 4 indicates
which publications address each construct. Highlighting
noticing as a part of teacher competence and expertise, we
report key findings from these studies below.

6.4.1 Noticing and knowledge

This review identified 27 empirical articles examining both
teacher knowledge and teacher noticing. However, not all
explored the relationship between these two constructs.
Recent research has emphasized that—when noticing and
reasoning regarding classroom situations—(pre-service)
teachers rely on specific knowledge types, including epi-
sodic and (pedagogical) content knowledge (Gegenfurtner
et al., 2020), specific knowledge for teaching mathematics
(Picado-Alfaro et al., 2022), and technological (pedagogical)
knowledge (Ng & Park, 2021). Hino and Funahashi (2022)
noted that teachers’ elaborate decision-making is informed
by subject knowledge and pedagogical content knowledge.
The theoretical link between knowledge and noticing is
widely accepted, as corroborated by intervention studies
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Fig.3 Venn diagrams depicting
the distribution of theoretical
perspectives for both literature
selections (Venn diagrams

have been generated using the
R package “ggVennDiagram”
(Gao et al. 2021)

Cognitive-psychological

2002—June 2019

Socio-cultural

Cognitive-psychological

July 2019-2022

considering both knowledge and noticing (Giiler et al., 2020;
Namakshi et al., 2022).

Despite the theoretically strong link between knowledge
and noticing, correlation analyses mostly reveal weak-to-
moderate associations (Table 7). Investigating Chinese
mathematics teachers, Yang et al., (2021a, 2021b) assume
that the low correlations are due to culture-specific charac-
teristics of teacher education in China. Jong et al. (2021)
observed knowledge to predict decision-making but not
attending and interpreting, which may however be due to
specific features of their research design.

Using qualitative approaches, recent studies examined the
relationship between teachers’ ability to solve mathematical

Socio-cultural

Discipline-specific

Expertise-related

Discipline-specific

Expertise-related

problems and their ability to notice and interpret student
solutions to comparable problems. The findings suggest
that higher content knowledge is positively associated with
higher noticing ability (Cabral et al., 2021; Lee & Lee,
2021). Conversely, a lack of specific knowledge—particu-
larly mathematical content knowledge—can prevent teach-
ers from noticing students’ thinking processes (Sevinc &
Galindo, 2022). However, some studies have shown a mis-
alignment between noticing and knowledge, suggesting that
some pre-service teachers made sense of students’ solutions
while struggling to solve comparable problems themselves
(Buforn et al., 2022). Marquez et al. (2021) showed that
the ability to solve a specific mathematical task does not
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Table 3 Conceptualization of teacher noticing

2002—June 2019 July 2019-

2022
n % n %
Noticing (as a holistic facet) 19 17.3 10 8.5
Attending or perceiving 91 82.8 99 83.9
Interpreting or reasoning 84 76.4 93 78.8
Responding or decision-making 50 45.5 67 56.8
Making connections 9 8.2 12 10.2
Other 0 0 3 2.5

Note. Several noticing facets could be addressed in each of the publi-
cations. Therefore, the sum of the codes exceeds the number of arti-
cles

necessarily imply that students’ errors in the same domain
are adequately interpreted.

Misalignment between noticing and knowledge may be
further attributable to pre-service teachers’ difficulties in
connecting knowledge and instructional sequences (War-
shauer et al., 2021). Similarly, when analyzing instructional
practice, teachers may struggle to identify the knowledge
elements applicable to the specific situation (Shin, 2021).

6.4.2 Noticing and beliefs

A close association may be assumed between noticing and
beliefs. Wallin and Amador (2019) revealed that the devel-
opment of teachers’ noticing and beliefs was deeply interre-
lated while participating in video club sessions. Highlighting
the role of constructivist beliefs, Cross Francis et al. (2022)
observed that specific beliefs regarding mathematics teach-
ing strategies may impede or promote teachers’ attention to
students’ mathematical thinking.

Three studies apply standardized testing to examine the
noticing—knowledge—beliefs interplay. Larrain and Kaiser
(2022) focus on noticing students’ errors and report mod-
erate correlations with beliefs regarding mathematics as
an inquiry process (r=0.367) and beliefs regarding math-
ematics learning as an active and student-centered process
(r=0.436). Hoth et al. (2022) found constructivist beliefs
about mathematics teaching to be moderately correlated
with noticing (r=0.35). Remarkably, the effect of knowl-
edge predicting noticing was no longer significant when
beliefs were included in the model. In Jong et al.’s (2021)
pre—post design, neither teachers’ attitudes (i.e., positive
feelings about teaching mathematics) nor dispositions (i.e.,
the intention to adopt a constructivist teaching style) pre-
dicted noticing.
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6.4.3 Noticing and instructional quality

Only three studies in our selection examined the empirical
relationship between noticing and instructional quality. Wal-
lin and Amador (2019) focused on teachers’ development
when participating in video club sessions and highlighted
the noticing—beliefs—instructional practice interrelatedness.
However, focusing on the frequency of specific forms of
student reasoning, Melhuish et al. (2020) found that what
teachers noticed and reported about their own classrooms
was only weakly associated with the researchers’ ratings of
the classroom using the Mathematical Quality of Instruction
(MQI) instrument, thereby highlighting the subjectivity of
teacher noticing.

Cross Francis et al. (2022) assessed six teachers’ post-
instructional noticing through interviews and rated video
clips of the teachers providing instruction using the MQI
instrument. The authors reported alignment (i.e., both notic-
ing level and instructional quality are either high or low)
for three teachers and misalignment (i.e., high instructional
quality but low noticing level) for the other three teachers.
This controversial finding was attributed to teachers’ profes-
sional identity and beliefs, which may or may not facilitate
attendance to students’ mathematical thinking.

6.4.4 Expertand novice teachers’ noticing

Only five studies included expert-novice comparisons, rein-
forcing that the expertise-related perspective on noticing is
neglected. As anticipated, these studies show that experts
outperform novices. For example, Gegenfurtner et al.
(2020) found that two expert groups—in-service teachers
and school principals—achieved higher levels of knowledge-
based reasoning than pre-service teachers when analyzing
photographs of mathematics instruction. Cai et al. (2022)
demonstrated that expert teachers (but not pre-service teach-
ers) attended to all relevant aspects of the students’ solutions
to a mathematical modeling task and responded by asking
questions rather than issuing instructions.

Studies based on standardized testing have also yielded
ambiguous findings. Comparing in-service and pre-service
teachers, Friesen and Kuntze (2021) found significant
effects of teaching experience on noticing in the domain
of functions but not fractions, suggesting that the impact of
expertise is context-specific. Bastian et al. (2022) showed
that beginning and experienced in-service teachers outper-
formed pre-service teachers. However, experienced teachers
(on average 19.6 years of teaching practice) did not per-
form better than beginning in-service teachers. By contrast,
using a translated version of the instrument by Bastian et al.
(2022) with a Chinese sample, Yang et al. (2021b) found
that experienced teachers (15-36 years of teaching expe-
rience) clearly outperformed pre-service and early career
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Fig.4 Venn diagrams depict- Interpreting/Reasoning
ing the distribution of noticing
facets in the individual articles
(noticing as a holistic construct
is not included)

Responding/Decision-making

Attending/Perceiving Making connections

2002—June 2019

Interpreting/Reasoning Responding/Decision-making

Attending/Perceiving Making connections

AN
AN
I’ 54
c)I’ (50%)
-
o
AN
>
=
=
Table 4 Methodological 2002-June 2019 July 2019-2022
paradigms and sample sizes (mathematics only)
n Median Mean SD Min Max n Median Mean SD Min Max
Qualitative 56 7 17.11 25.653 1 126 60 7 16.90 229251 95
Quantitative 13 129 142.38 89.981 17 296 7 131 183.86 145.69 34 457
Both methods 40 27 6441 8146 1 321 46 295 64.89 999751 496
Total 109 19 50.19 73.374 1 321 113 16 47.04 852221 496

teachers. Moreover, differential item functioning revealed  test items’ specific contents. Overall, these results suggest
group-specific strengths and weaknesses of pre-service,  a complex relationship between noticing and expertise that
early career and experienced teachers depending on the = must also consider the cultural context and specific domain.
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Table 5 Data collection approaches differentiated by methodological paradigm

2002-June 2019
(mathematics only)

July 2019-2022

Quantitative  Both methods  Papers % Qualitative  Quantitative  Both methods  Papers %
Written report 21 50 46% 38 1 31 70 62%
Video recording 14 46 02% 22 1 12 35 31%
Interview 11 31 28% 27 0 11 38 34%
Test 9 21 19% 5 10 16 14%
Observation 1 2 2% 7 0 2 9 8%
Questionnaire 0 0% 0 1%
Tab]eﬁ Studies on teacher Knowledge Beliefs Instructional Expert—Novice
noticing in the context f)f Quality
competence and expertise (July
2019-2022) Qualitative 7 gudies 13 1 0
M gample size 26.92 3 3 -
SD qumple size 31.613 - - -
Quantitative 7 gudies 4 2 0 3
M Gample size 155.25 128.50 - 235.33
SD qumple size 93.457 3.536 - 198.500
Both methods 1 gudies 10 2 2 2
M Gmple size 61.90 68.50 42.50 239.50
SD Gumple size 66.435 88.388 51.619 279.307
Total 1 gudies 27 5 3 5
M Gmple size 58.89 79.40 29.33 237.00
SD qumple size 70.284 68.413 43.039 198.014

Table 7 Studies reporting correlations between noticing and knowledge

Note. This table refers only to empirical studies in the literature selection, while two literature reviews that
also refer to competence/expertise are not included

Publication Noticing construct Knowledge type Coefficient
Copur-Gencturk and Tolar (2022) Content-specific noticing skills PCK r=0.62
CK r=0.42
Hoth et al. (2022) Ability to identify students’ errors PCK r=0.26
CK r=0.30
Jong et al. (2021) Professional noticing of children’s mathematical thinking CK and PCK combined
Attending p=0.15 (n.s.)
Interpreting $=0.06 (n.s.)
Decision-making p=0.24
Larrain and Kaiser (2022) Diagnostic competence in error situations Mathematical knowledge  r=0.33
for teaching
Yang et al., (2021a, 2021b) Perception, interpretation, decision-making (mathematics PCK r=0.34
instructional aspects) CK r=0.08 (n.s.)
GPK r=0.22

Note. PCK =Pedagogical content knowledge, CK =Content knowledge, GPK = General pedagogical knowledge, n.s.=not significant

@ Springer



Teacher noticing in mathematics education: a review of recent developments

259

7 Discussion

This paper provided a systematic review of recent research
on teacher noticing in mathematics education, focusing on
conceptualizations and methodological approaches. High-
lighting noticing in the context of competence and expertise,
we also presented recent findings on noticing in the con-
text of knowledge, beliefs, and instructional quality, further
accounting for expert—novice comparisons.

7.1 Central findings and implications
7.1.1 Conceptualizations and methodological approaches

First, it is worth acknowledging the recent significant
increase in articles on teacher noticing in mathematics edu-
cation, highlighting the importance of understanding the
construct.

Concerning RQ1, it is notable that the cognitive—psy-
chological perspective, which views noticing as a set of
cognitive processes, remained dominant in research from
July 2019 to 2022, as previously. This raises the question
of different lines of research emerging within this perspec-
tive. For example, the well-received work by Blomeke et al.
(2015) can be seen as a starting point for a competence-
based research perspective on noticing that, on the one
hand, emphasizes the role of noticing in competence acqui-
sition and, on the other hand, aims to model the influence
of noticing on instructional practice. Moreover, recent work
has extended the noticing concept to teachers’ instructional
enactment (e.g., Amador et al., 2021; van Es & Sherin,
2021). Against this background, the ecological-embodied
approach foregrounded by Scheiner (2021) can be high-
lighted as an emerging perspective, wherein teachers are
seen as active agents who engage with their environment to
create noticing opportunities (see Scheiner, 2021). In terms
of conceptualizing noticing, the most common approach
in both literature selections was to consider three facets of
noticing, namely (1) attending/perceiving, (2) interpret-
ing/reasoning, (3) responding/decision making. This find-
ing highlights the continuing influence of the professional
noticing framework (Jacobs et al., 2011) and the PID model
(perception, interpretation, and decision making; Blomeke
et al., 2015; Kaiser et al., 2015).

Regarding RQ?2, the recent literature includes numerous
qualitative studies and studies that combine both qualita-
tive and quantitative methods. By contrast, purely quantita-
tive approaches based on large sample sizes are infrequent.
Recent large-scale studies by Bastian et al. (2022), Copur-
Gencturk and Tolar (2022), Copur-Gencturk and Rodrigues
(2021), and Yang et al. (2021b) are noteworthy exceptions.
Moreover, many studies utilized unstandardized survey

formats, such as written reports or videos, while standard-
ized tests were seldom employed. Although this approach is
associated with limited generalizability, it offered detailed
insights into how teachers notice and how their noticing
develops, as evidenced by studies investigating the relation-
ship between teacher noticing and other competence-related
constructs.

7.1.2 Teacher noticing in the context of competence
and expertise

Several publications explored the relationship between
noticing and other competence-related constructs—knowl-
edge, beliefs, and instructional quality (RQ3a). Positive cor-
relations between teacher noticing and teacher knowledge
were identified, albeit with varying effect sizes, consist-
ent with previous research (e.g., Dreher & Kuntze, 2015;
Kersting et al., 2012; Sanchez-Matamoros et al., 2019).
To better understand the relationship between knowledge
and noticing, it is crucial to identify variables that mod-
erate this link, such as the specific operationalizations of
teacher knowledge and noticing, the teachers’ expertise lev-
els, and aspects of the measurement methodology (Miiller &
Gold, 2023). Furthermore, domain-specific knowledge may
also be relevant: teacher noticing in the context of student
mathematical thinking may relate particularly to knowledge
about the development of student mathematical knowledge
(Dick, 2017; Schack et al., 2013). Notably, recent studies
have explored the promotion of teacher noticing using hypo-
thetical learning trajectories, which may provide knowledge
specific to this domain (Callejo et al., 2022; Moreno et al.,
2021; van den Kieboom, 2021).

Teachers’ beliefs can moderate the relationship between
teacher noticing and knowledge, as highlighted by Hoth
et al. (2022). The limited evidence suggests that construc-
tivist beliefs and student-centered orientations are associ-
ated with more elaborate teacher noticing. Consequently,
teachers’ beliefs may be as relevant as their knowledge.
Unfortunately, the relationship between teacher noticing
and beliefs and the link between noticing and instructional
quality remains underexplored.

Given that teacher noticing can be further developed and
manifested in practical teaching situations, we explored
recent studies reporting expert—novice comparisons (RQ3b).
Although studies commonly demonstrate differences in
expert and novice teachers’ noticing, evidence suggests that
experts do not necessarily outperform novices and that it
is important to consider the study’s focal domain and cul-
tural context (Bastian et al., 2022; Friesen & Kuntze, 2021;
Yang et al. 2021b). These findings raise questions about how
expertise in teacher noticing should be conceptualized and
empirically traced.
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7.2 Limitations and perspectives

This review has several limitations. The decision to limit
the search to peer-reviewed English-language journals may
have excluded relevant book chapters or articles in other
languages. Therefore, the findings must be interpreted cau-
tiously, and future reviews should consider including pub-
lications from outlets beyond journals and in languages
besides English to reduce the potential for bias and promote
inclusivity.

Moreover, the search may have missed relevant publica-
tions that did not explicitly use the terms ‘teacher notic-
ing’ or ‘teacher professional vision’ or did not label them
as such in their titles, abstracts, or keywords. For example,
studies focusing on ‘expertise’ or ‘situation-specific skills’
were not included despite denoting comparable phenomena
(e.g., Blomeke et al., 2022; Stahnke et al., 2016). This relates
to so the called “jingle-jangle fallacy” (Gonzalez et al.,
2021), which refers to erroneously distinguishing the same
construct in two constructs based on different naming, or
equating different constructs based on the same naming. To
overcome this issue and facilitate knowledge accumulation,
future research should provide clear definitions while also
addressing terminological inconsistencies within noticing
research.

Another limitation arises from the fact that the current
state of research on teacher noticing is extensive and mul-
tifaceted. This review focused on specific topics: conceptu-
alization, methodology, and noticing as part of competence
and expertise. However, the topics covered represent only
a small portion of the available scope. Recent literature on
teacher noticing reveals a rich diversity of research direc-
tions, including the use of technological tools to promote
teacher noticing (Kosko et al., 2021; Lee, 2021), intercul-
tural perspectives (Damrau et al., 2022; Dreher et al., 2021),
and equity-related factors, such as racial and linguistic diver-
sity in mathematics classrooms (Crespo et al., 2021; Ren-
ick et al., 2021; Shah & Coles, 2020; van Es et al., 2022).
Recognizing the relevance of these new perspectives, below,
we highlight 10 studies of particular interest for the noticing
discourse that, among others, account for the emerging top-
ics mentioned above.

The multifaceted nature of teacher noticing research
underscores the need for ongoing exploration and investi-
gation of this complex construct. Future research should
continue to expand on the existing literature and explore
new avenues of inquiry, considering diverse contexts and
populations to yield a more comprehensive understanding
of teacher noticing and its implications for effective teaching
and learning. Highlighting the expertise-related perspective,
future research that further explores expert teachers’ noticing
and its characteristics is likely to be particularly relevant.
Finally, future research should focus more on the complex

@ Springer

noticing—knowledge—beliefs interplay, paying particular
attention to how these facets of competence affect actual
classroom behavior. Further syntheses of existing research
and further empirical work on the issues raised can provide
a comprehensive knowledge base. On this basis, we can bet-
ter equip teachers with the knowledge and skills required to
promote student learning and success in a rapidly changing
educational landscape.
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