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Abstract

At a time when more student-centred teaching methodologies are being introduced,
it is essential to investigate how educational research in teacher professional devel-
opment has progressed. In this study, we focus especially on mathematics teaching
to promote responsive teaching and noticing since both practices place students in
the foreground in the teaching and learning processes. To this end, we carried out
a systematic review of research articles published between 2010 and 2023 in the
Web of Science and Scopus databases on responsive teaching and noticing in math-
ematics teacher education programmes of early childhood and primary school lev-
els. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement, 40 articles were identified. The general results show that
the most productive countries were the United States, Spain and Australia; that the
most addressed mathematical contents were those related to the teaching of num-
bers, operations and their properties; that there are more studies focused on primary
school than on preschool; and that most studies used qualitative methodologies. The
specific results show that the research topics focus on three aspects: teachers’ deci-
sion-making in relation to culturally responsive mathematics teaching; the identifi-
cation of general characteristics of the noticing competence in mathematics teach-
ing; and the specific development of professional noticing skills.
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Introduction

The professional development of mathematics teachers has had a highly produc-
tive research agenda in mathematics education in recent years. This article inves-
tigates the studies that, to our understanding, have suggested that the teaching of
mathematics is only possible if it is done from the students’ actions and ideas of
the students, granting these students the category of epistemic agents (e.g. Mari-
mon-Marti et al., 2023; Robertson et al., 2016; Sherin et al., 2011). From this per-
spective, we refer to two concepts that are closely connected but are indeed differ-
ent teacher practices: responsive teaching and noticing. On the one hand, the term
culturally responsive teaching, which connects students’ cultures, languages and
life experiences with what they learn in school, was introduced by Gay (2000)
to refer to a skill that requires teachers to systematically make agile decisions as
they observe and analyse student behaviour. It is this observation and these analy-
sis tools that inform their subsequent teaching and pedagogical decisions. On the
other hand, the term noticing can be conceptualised generically as “the act of per-
ceiving and realising something” (Lépez, 2021, p. 79). This term emerged around
2002 with the work of Mason (2002) and van Es and Sherin (2002). Later, Jacobs
et al. (2010), Robertson et al. (2016) and Sherin and Jacobs (2011) pointed to
three traits associated with this ability: paying attention to the students’ math-
ematical thinking, interpreting it and making decisions to act in accordance with
this thinking. Based on the characterisation of these three traits, noticing has been
placed as an important focus of research in mathematics education.

To date, several systematic reviews have been conducted separately on both
constructs. Some systematic reviews have been carried out on responsive teach-
ing (e.g., Miller et al., 2023; Young & Young, 2023) which, although they con-
sider mathematics education, they do not focus on it. And Mason (2002) explains
that while professionals can perform noticing, not all of them have developed this
skill, which is why training and shared knowledge seem necessary. In this regard,
some systematic reviews have been carried out that try to synthesise the main
advances in the literature (e.g., Amador et al., 2021; Lépez, 2021). Some previ-
ous reviews have identified several key aspects of responsive teaching and notic-
ing but showed some limitations: first, due to the lack of specificity concerning
the teaching of mathematics in culturally diverse contexts; and second, the lack of
analysis on teacher observation skills. The review we present in this paper aims
to address these limitations by using specific analysis standards and focusing on
mathematics education at the early childhood and primary school levels.

With this framework, we are interested in conducting a systematic review of
both constructs because, despite referring to different teacher practices, they
share a way to approach teaching in which students’ knowledge, ideas and rea-
soning are placed in the foreground during the teaching and learning processes
(Marimon-Marti et al., 2023; Robertson et al., 2016; Sherin et al., 2011). Our
article focuses on some aspects of this professional competence, such as the rela-
tionship between teacher perception and decision-making and the identification
of the elements of teacher education that facilitate these competences.
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In this context, the aim of this article is to carry out a systematic review of studies
published in Web of Science and Scopus that have linked these constructs exclu-
sively to mathematics education in the stages of early childhood and primary educa-
tion, with the purpose of complementing the previous reviews mentioned before.
We assume that this study will help us to better understand both practices, assuming
that teacher noticing is more about teachers’ vision and view of either other teachers
or themselves (externally), whereas culturally responsive practices are in situ class-
room practices. To this end, we initially carry out a general analysis of each article,
followed by an analysis of more specific aspects, such as the content standards that
the studies meet.

Theoretical framework

Responsive teaching has been conceptualised and enacted in distinct ways. Never-
theless, there are three common features in the different conceptualisations: fore-
grounding students’ ideas, recognising the disciplinary connections within students’
ideas and pursuing the substance of student thinking (Robertson et al., 2016).
Responsive teaching is a construct that encompasses a series of methodological
approaches, such as culturally relevant, culturally sensitive, congruent and contextu-
alised pedagogies (Gay, 2000) in which culture takes on a leading role, which is why
the term culturally responsive teaching is often used in the literature. This approach
places students at the centre of the learning process and uses “cultural knowledge,
prior experiences, frames of reference and performance styles of ethnically diverse
students to make learning encounters more relevant to and effective for them” (Gay,
2000, p. 29). From this point of view, culturally responsive teaching is distinguished
by its emphasis on validating, facilitating, liberating and empowering students by
“cultivating their cultural integrity, individual abilities, and academic success” (Gay,
2000, p. 44) and is based on four pillars: (1) the attitude and expectations of the
teacher; (2) cultural communication in the classroom; (3) the culturally diverse con-
text in the curriculum; and (4) culturally congruent instructional strategies. In later
works, Gay (2002) adds a fifth element and defines them as follows: (1) develop-
ment of a knowledge base on cultural diversity; (2) a culturally relevant curriculum
design; (3) demonstration of cultural care and creation of a learning community; (4)
intercultural communication; and (5) cultural congruence in classroom teaching.
Robertson et al. (2016) provide depictions of responsive teaching in the literature:
Cognitively Guided Instruction (CGI), mathematics teacher noticing, discursive
studies and case studies of responsive teaching. The Cognitively Guided Instruction
(CGI) programme aims to help teachers adapt their mathematics instruction with
regard to students’ mathematical thinking, focusing on how teachers make sense
of research-based frameworks regarding student thinking. Research on mathemat-
ics teacher noticing focused “on how the teachers themselves distil key features of
students’ mathematical thinking from a chaotic, complex instructional environment”
(Robertson el al., 2016, p. 38). The basis of discursive studies of responsive teach-
ing is the discursive approach to defining and evaluating such teaching in classroom
interactions. Finally, Robertson et al. (2016) present case studies divided into two
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subsets: first-hand practitioner accounts of responsive teaching and researchers’
analyses of examples of responsive teaching. Based on these initial approaches, the
conceptualisation of responsive teaching has evolved towards the idea of the vision
of a professional with a particular and more sophisticated look at the objects and
processes involved in their profession.

When talking about responsive teaching, awareness should be considered as evi-
dence that a teacher is attending and responding to a situation. van Es and Sherin
(2002), for example, point out that noticing is about developing the ability to detect
what is important about a situation in the classroom, to establish connections
between specific situations and general pedagogical principles and to use what is
known to reason about situations observed in the classroom. In a more recent pub-
lication, van Es and Sherin (2021) introduce a third dimension, “shaping”, which
expands on the first two of attending and interpreting. The expanded framework
they propose considers attending (identifying and disregarding features of classroom
interactions), interpreting (using knowledge and experience and adopting a stance of
inquiry) and shaping, which “involves constructing interactions and contexts to gain
access to additional information” (op. cit., p. 19).

Several studies (e.g. Atkins & Frank, 2015; Hammer et al., 2012; Jaber, et al.,
2018; Maskiewicz & Winters, 2012) show that this teaching competence based on
responsive teaching increases student commitment, promotes complex and deep
learning (Kang & Anderson, 2015) and facilitates equitable participation among
linguistically, culturally and socially diverse students (Acquah & Szelei, 2020; Al
Aleeli, 2021; Umultu & Kim, 2020). This approach requires the acquisition, by
teachers, of pedagogical knowledge and specific skills to (re)construct their knowl-
edge from and about the children’s knowledge (Kang & Anderson, 2015). More spe-
cifically, and as was noted in the introduction, Jacobs et al. (2010), and later Sherin
et al. (2011) and Robertson et al. (2016), point to various features associated with
mathematics teacher noticing: (a) paying attention to students’ mathematical think-
ing; (b) interpreting their mathematical thinking; and (c) making decisions to act
based on this mathematical thinking. van Es and Sherin (2021) argue that shaping
differs from decision-making since it is a part of noticing. Deciding how to respond
involves teachers reasoning about a potential response regarding student thinking,
“in contrast, ‘shaping’ involves teachers and students engaging in an interaction with
each other in the moment” (p. 24).

According to Zapatera and Callejo (2018), the first skill involves identifying the
significant mathematical aspects in the strategies that students use because their
details provide an entryway to students’ mathematical thinking. To do this, the
teacher must have deep mathematical knowledge for teaching that allows him or her
to observe in detail the responses and actions of the students and the way in which
they face problems (Sanchez-Matamoros et al., 2021; Zapatera & Callejo, 2018).

To interpret students’ mathematical thinking, the teacher must connect the math-
ematical elements identified in the strategies with the understanding of the math-
ematical concepts, for which he or she needs sufficient knowledge in the field of
mathematics (Jacobs et al., 2010). Mason (2002) focuses this skill on explaining
and theorising observations in order to relate them to mathematical content and
evaluating them to make appropriate decisions. A teacher’s goal, on identifying the
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strategies and interpreting the understanding of the students, is to use this informa-
tion to make decisions about what and how to guide students’ mathematical work.
van Es and Sherin (2002) emphasise this practical aspect of the professional view
and indicate that the objective of professionally observing students’ mathematical
thinking is to make instructional responses effective. Sherin et al. (2011) consider
that the ability to integrate these three skills is a necessary but not sufficient condi-
tion to make better decisions for the teaching and learning of students.

From this conceptual framework, some studies have focused on analysing the
development of these skills. van Es (2011), for example, identifies three important
aspects regarding teachers’ actions. The first looks at what teachers highlight when
they observe an instructional event; the second deals with teachers’ strategies to
analyse the observed events; and the third focuses on the level of detail that teach-
ers provide when they explain, interpret and justify classroom observations. Later,
the research of Simpson and Haltiwanger (2017) indicates that novice teachers are
less effective than experienced teachers. Other studies have focused on analysing the
effect of teacher training programmes, concluding that if they are well planned, they
help improve teachers’ skills (Hawkins & Rogers, 2016; Mitchell & Marin, 2015;
Star & Strickland, 2008). Finally, other authors have focused on analysing how the
ability is transformed and, more specifically, on the differences in the focus of atten-
tion and interpretation (Talanquer et al., 2013, 2015). With respect to the focus of
attention, evidence has been provided that less attention is paid to general aspects of
the teacher or the class, while a great deal of attention is paid to the ideas and rea-
soning of the students and how they solve problems. Regarding interpretation, the
various studies conclude that little importance is given to evaluating ideas as correct
or incorrect, whereas the nature and origin of ideas or reasoning are emphasised.

These studies show that the construction of knowledge in the classroom is a
complex process, the success of which depends fundamentally on two factors: (a)
the ability, knowledge and tools that the teachers have to plan interventions in the
classroom in which teachers and students can develop new roles; and (b) the ability,
knowledge and strategies of teachers to act in the classroom facilitating a process of
knowledge construction in which the students act as active epistemic agents; that is,
act in accordance with the principles of responsive teaching (Robertson et al., 2016).

Method

Our study provides a systematic literature review following the criteria and proce-
dures of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) proposed by Moher et al. (2015). The review was organised into four
phases: Phase 1. Establish search elements and Boolean logic; Phase 2. Select infor-
mation sources; Phase 3. Establish eligibility criteria; Phase 4. Data extraction and
management to establish the sample.

In Phase 1, the search elements were formulated from the key terms that guide
the study, considering the area of knowledge and the search context: (“mathemat-
ics education”) AND (“responsive teaching” OR “culturally responsive teaching”
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OR “noticing”) AND (“primary education” OR “elementary education” OR
“early childhood education”).

To select the sources of information, corresponding to Phase 2, the criterion
was established to consult databases that include the most relevant scientific pro-
duction, internationally, in the field of educational research. We therefore consid-
ered Clarivate Analytics’ Web of Science (WOS) and Elsevier’s Scopus, given
the impact index they constitute (JCR and SJR, respectively). From this selection,
we considered the indexing of scientific articles in journals that are housed under
these parameters.

In Phase 3, the eligibility criteria of the studies were established, that is, of
inclusion and exclusion, which are set out in Table 1. Academic articles that have
undergone a rigorous peer review process were considered, and thus, book chap-
ters, conference proceedings and other types of publications were excluded. The
publication period considered was between 2010 and December 2023, to comple-
ment previous reviews (e.g. Amador et al., 2021; Lopez, 2021; Miller et al., 2023;
Young & Young, 2023).

Publications written in English were included as it is the main language used
in the field of educational research. Publications in Spanish were also considered
to take advantage of the linguistic competence of the authors in this language and
to maximise the geographical coverage of the study.

Furthermore, articles focused on the stages of early childhood education and
primary education levels were included since we focus on teachers who work at
these school levels. Finally, all those publications whose full-text was available
for review through the university’s databases were included, excluding only arti-
cles whose availability was limited. This includes peer-reviewed articles in Web
of Science and Scopus, regardless of open access.

Phase 4 focused on data extraction and management and was carried out in
December 2023. Boolean logic was applied to the titles, abstracts and keywords
of the documents. Some eligibility criteria were applied, such as document types,
publication period and language, which were filtered by the search engines of
each database. The data were then exported to an MS Excel® spreadsheet. The
titles, abstracts and full texts were then reviewed. Based on this, we excluded arti-
cles that did not meet the eligibility criteria, such as level or open access; that is,
articles that were not focused on early childhood or primary education or avail-
able for review.

Table 1 Eligibility criteria

Criterion Inclusion Exclusion
Document type Peer-reviewed article Other formats
Publication period 2010 to 2023 Prior to 2010
Language English and Spanish Other languages
Level Early childhood or Other levels

primary education
Access Full texts Texts not available
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Finally, all duplicate documents were reviewed and excluded, based on the com-
parison of article titles and digital object identifier (DOI) numbers.

Sample

Figure 1 summarises the selection process of the sample of articles, consisting of 40
academic articles, which constitute the units of analysis of our research.

Analysis categories

To analyse the articles in greater depth, we established a series of analysis catego-
ries, which were the following: (a) author(s), year and country where the study was
carried out; (b) mathematical content addressed by the study; (c) participants: pre-
service teacher (PST) or in-service teacher (IST); (d) stage: early childhood educa-
tion (E) or primary education (P); and (e) method and instrument of data analysis.

Data analysis

Once the sample had been established, the data analysis was carried out based
on an exhaustive reading of each of the articles, applying the established analysis

Search for article

A
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; Databases Web of Science Scopus ]
e e e e J
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| Articles with syntaxis applied 16 -m I
boosomm e s s e b e e s e A e B i o o ) e i J
[ e i R e S e e e s Eatpta bt 5
! Articles filtered by language l 16 | :
o o s i ) 1 T S o 5 o i i iy i J
e ESSSEEESSSssss SE o i S S, BT S g b
! Articles filtered by title 16 | :
e i o e el o e ] | s T e B e et Ty = iy g e J
Ea e b b bt g e R e ey R e e =
! Articles filtered by abstract | 13 | -
S A J
S i S S g S e i e g T S 5
' Articles filtered for duplication 9 |
oo T o S e T s ST i i o e e e e I e J
(S T T S S SR O D Ve i e B (e f i 1 2
1 - 1

Total selected articles m |
O s S S J

Fig. 1 Flowchart of the article selection process
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categories through the content analysis technique (Krippendorft, 2019). To obtain a
general categorisation of each study, a vertical or within-case analysis (Miles et al.,
2013) of each of the 40 articles was carried out. Next, multiple comparisons were
made between the academic articles (Miles et al., 2013) to find similarities and dif-
ferences, based on a cross-sectional analysis. Based on the vertical and cross-sec-
tional analysis of the articles, the data was described by creating analysis tables of
qualitative information extracted from the review of the articles. The cross-sectional
analysis made it possible to prepare a synthesis of the main results, allowing the
identification of interrelated aspects between the different studies.

Results
General characterisations of the studies

Table 2 summarises an initial block of information that takes into account the
author(s) and year of publication; the country where the study is carried out; math-
ematical content the study focuses on; the nature of the participants, i.e. preservice
teachers (PST) or in-service teachers (IST); the educational stage they are teaching
in, be it early childhood education (E) or primary education (P); and, finally, the
research method and data collection instruments.

Year of publication and geographical distribution

In Fig. 2, you can see the temporal distribution of publications. At a general level,
a growth trend can be seen in the studies focused on responsive teaching, reaching
a notable increase in 2021. Thus, the temporal distribution shows that during the
last ten years there has been great interest in the research community in address-
ing responsive teaching in teacher education at early childhood and primary school
levels.

Figure 3 shows the geographical distribution of studies that were carried out in
nine countries. A large majority of them were conducted in the USA (57.5%), fol-
lowed by Spain (12.5%) and Australia (10%). To a lesser extent, other countries also
carried out studies on this topic, such as Canada, Ireland and Turkey, with a pres-
ence of 5% each. A lower presence of studies conducted in Norway and Germany
can also be seen (2.5% each).

Mathematical content addressed

The studies address various mathematical contents, evidencing a wide range of pos-
sibilities in the mathematics classroom to approach the characteristics of responsive
teaching or noticing by teachers. Standing out among them are the contents related
to the teaching and learning of numbers, operations and properties of these (18.1%),
problem solving (18.1%), fractions (13.7%) and patterns and sequences (11.4%). Early
mathematics (6.8%), mathematical reasoning, more specifically justification and gener-
alisation (4.5%), equations, symmetry, probability, magnitude and measurement (2.2%
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Fig.2 Temporal distributions of investigations
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Fig. 3 Geographical distribution of the investigations (image created with Datawrapper)

each) are addressed less frequently. However, 18.1% of the studies do not carry out
their investigation considering specific mathematical content, and they focus on gen-
eral ideas of students’ mathematical reasoning that are considered by teachers (Fig. 4).

Participants and their training

With respect to the participants and their training, it is evident that most of the stud-
ies (77.5%) were focused on addressing the responsive teaching or noticing of pri-
mary education teachers, with a small number of studies (15%) focusing on early
childhood education. Only 7.5% of the studies considered both types of participants,
both early childhood education and primary school teacher education. It should be
noted that 50% of the studies were carried out with teachers in training, 47.5% with
in-service teachers and 2.5% combined both preservice and in-service teachers.

Research method and data collection instruments

At a general level, a predominance of the qualitative approach is evident with 28
articles (70%), followed by the mixed approach with ten articles (25%). There is a
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Problem solving 18,1%

Not specified 18,1%

Fractions 13,7%

Fig. 4 Distribution of articles according to mathematical content

much lower presence of the quantitative approach and design-based research, with
2.5% each. Regarding the techniques used in the various investigations, 34.5% lean
towards video recording, followed by interviews (21.3%) and, to a lesser extent, sur-
veys (13.1%), class observation (9.8%) questionnaires (8.2%), written productions
and field notes (4.9% each) and, the least used, audio recording (3.3%).

It is important to note that a study may exhibit more than one data collection
instrument, depending on the research needs of the authors.

Specific characteristics of the investigations

To delve deeper into the specific characteristics of the studies, an analysis of the
objectives, research questions and main results was carried out. This allowed us
to determine that the research topics of the articles revolve around three main
aspects:

(1) Teacher decision-making
(2) Teacher noticing competence

(3) Professional development of noticing skills and responsive practices

Below, we detail the meeting points, complements or specificities of the studies
we have analysed around these three main aspects.

Teacher decision-making
Decision-making in mathematics education from a culturally responsive perspec-

tive implies that teachers adapt their practices according to the cultural knowledge
and experiences of their students. This characteristic is particularly important as it
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allows considering the integration of cultural context in the teaching and learning of
mathematics, providing more accessible and meaningful learning for students from
diverse backgrounds. Studies such as those by Graue et al. (2015) and Wager and
Parks (2016) highlight how this decision-making competency enhances teachers’
ability to respond successfully to the possible emerging needs in the classroom, cre-
ating an environment where active participation from students is valued.

Graue et al. (2015), for example, explore the pedagogical decisions of active early
childhood education for culturally responsive early mathematics through a profes-
sional development programme. Specifically, they analyse how teachers adopted the
idea of involving children in mathematical experiences by linking content knowl-
edge and practices at home from the perspective of improvisation conceptualised
by the authors as “a receptive and collaborative activity through which the teachers
and children generate meanings and knowledge together” (Ibid., p.13). The results
reveal that teachers’ improvisation in literary and mathematics practices, based on
previous experiences at home and at school, provide learning opportunities, allow-
ing children’s interests, experience and abilities to be addressed. Therefore, teachers
who improvise in their classrooms take on new meanings of cultural tools as they
actively respond to the diverse intellectual, social and emotional experiences and
needs of children, putting into practice diverse knowledge through the interactions
that are generated in classrooms between students and teachers.

Wager and Parks (2016) analyse what the in-service early childhood teacher edu-
cation notice about children’s mathematical thinking in culturally and developmen-
tally receptive early teaching of numbers during play. To do so, teachers might rec-
ognise the mathematics that children engage with and make decisions in the moment
to support learning. The results reveal that teachers, when describing and discussing
children’s mathematical knowledge during play, focus on particular skills: counting
with one-to-one correspondence up to a particular number, mastering cardinality,
rote counting up to a particular number, grouping skills, comparing sets and iden-
tifying the successor. To support children’s thinking, teachers mostly ask scaffold-
ing questions, and they propose and implement new evaluation strategies and design
more sophisticated ways to interact in class.

Leavy and Hourigan (2016) explore how lesson study can act as a vehicle to pro-
mote meaningful learning and the development of knowledge among preservice pri-
mary school teachers when teaching early number concepts. Through lesson plan-
ning, teaching and reflection, the future teachers realised that they should be able
to defend or explain their decision-making processes around planned pedagogical
decisions. They focused their attention on children’s mathematical understanding of
numeration, highlighting the importance of analysing what students say, especially
when they give a mathematically incorrect answer in relation, for example, to car-
dinality and one-to-one correspondence. At the same time, they realised the impact
that the first numerical concepts have and their importance in the didactic decision-
making of teachers, such as, for example, outlining a coherent instruction sequence
when teaching numbers in the first stages of schooling or selecting more appropriate
math problems to pose to elementary school students to make sense of the construc-
tion of numbers.
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Hernandez and Shroyer (2017) analyse the use of culturally responsive teach-
ing strategies in future Latino teachers in the mathematics instruction process in
the primary school classroom. The results show culturally responsive teaching
practices in relation to the following: (a) the integration of content, since they
integrate content in the teaching of mathematics by including content from the
students’ cultures, fostering positive relationships between teachers and students
and maintaining high expectations for all students; (b) knowledge construction:
they facilitate the construction of knowledge in mathematics teaching based
on what the students know in order to create links between their experiences at
home, in the community and what they learn in the classroom; (c) reduction of
prejudice: manifested during the teaching of mathematics through the use of the
mother tongue to support students to learn and understand the mathematics con-
tents, as well as to establish relationships with Spanish-speaking parents, the pro-
motion of positive interactions between students and the creation of a safe learn-
ing environment in which students feel free to participate in class discussions
and/or the activities of the mathematics lessons. O’Keeffe et al. (2019) explore
Australian preservice teachers’ confidence and knowledge of culturally respon-
sive pedagogy in teaching mathematics in the context of professional develop-
ment workshops. The findings show an increase in the confidence perceived by
preservice teachers since they consider the incorporation of culturally responsive
strategies for teaching mathematics with Aboriginal students. Preservice teachers
design lessons focusing on all the diversity in class and design learning environ-
ments to support this diversity.

Kalinec-Craig et al. (2019) examine an experience developed by active American
primary school teachers using Talavera tiles as an example of a culturally responsive
context for teaching geometry, more specifically symmetry. Teachers ensure that stu-
dents learn more mathematics when they relate to what they hear, see and do outside
the school; thus, experiences in a culturally responsive context can support students’
mathematical thinking. Similarly, Owens (2015) documents the development of a
project in Australian schools adopting an indigenous approach to teaching mathe-
matics, revealing the cultural understanding of teachers when considering learning
experiences in a culturally responsive context, for example for teaching arithmetic.
Practising teachers stopped focusing their attention on the textbook and began to
incorporate more relevant experiences for students, focusing on their participation.
The results of both studies highlight the importance of teachers’ decision-making to
adapt their teaching to a culturally responsive context through controlled changes in
mathematics lesson addressing students’ cultural needs.

Throop Robinson et al. (2021) examine the impact of a training programme in
relation to teachers’ ability to teach mathematics in primary education through a sur-
vey of recent graduates. The survey results revealed notable findings across three
themes: professional development and knowledge of contents, leadership and cul-
turally responsive pedagogy. Improvements observed include teachers’ comfort in
selecting and designing rich maths tasks and the instructional option of including
work groups with students to foster problem solving. With respect to culturally
responsive teaching practices, practising teachers were expected to delve deeper into
issues related to equity for underserved groups of students. However, only 61% of
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teachers reported having a deeper understanding of the systemic factors that result in
the performance gap among such students.

Teacher noticing competence

Teacher noticing competence involves teachers not only identifying their students’
mathematical strategies, but also interpreting students’ understanding of mathemat-
ics. This competence is central for responsive teaching, as it provides a solid founda-
tion for tailoring instruction to the students’ individual needs. Studies such as Xu
et al. (2019) and Osmanoglu et al. (2015) show how preservice teachers gain greater
sensitivity to students’ mathematical ideas, allowing for more informed and targeted
pedagogical intervention to improve mathematical understanding.

Xu et al. (2019) analyse the professional perception of teachers through video
observation in a fraction level. The results reveal changes in teachers’ perception
with regards to teaching practice, valuing highly the importance of allowing students
that have a misconception to discover why their way of thinking or the answers they
provided were incorrect. Likewise, based on video observation, Osmanoglu et al.
(2015) investigate what future primary school teachers pay attention to in instruc-
tional classes about teaching mathematics. The results show that future teachers
focused on problems related to teaching actions that reflect specific domains of
teaching knowledge, such as knowledge of pedagogical content, general pedagogi-
cal knowledge and knowledge of the curriculum, and that this perception began to
increase over time. More specifically, future teachers began to pay more attention
to how to understand effective teaching and a reformist curriculum, facilitate and
ensure student understanding, connect mathematics to real life, motivate students to
think and reason, impart student-centred lessons, use multiple instructional meth-
ods, prevent misconceptions, be able to understand students’ questions and ideas and
ask students to explain and defend their answers.

From another perspective, Xenofontos and Alkan (2022) explore what future
primary school teachers notice when they are provided learning opportunities in
non-formal contexts. In the context of a mathematics fair, future teachers reflect
on and discuss four central elements: (a) the mathematical task and the importance
of the proposed objectives, contents and potential thereof; (b) issues related to stu-
dents during the interaction with the mathematical task linked to the commitment
and motivation to resolve the task, cognitive development and preference towards
specific representations of the task and prior knowledge to obtain the solution; (c)
aspects related to teaching and pedagogy, establishing links between their observa-
tions and theories, highlighting, for example, the importance of collaborative learn-
ing and evaluation for learning; and (d) the benefits and limitations of learning
mathematics in a non-formal context, observing that the reflections and attention
of the future teachers are not focused on the mathematical content but rather on the
teaching experience.

Lee and Lee (2023) use a questionnaire to analyse the perception of future pri-
mary school teachers about the pattern generalisation strategies that students
develop. The findings revealed that teachers pay attention to students’ ways of
thinking; however, teachers’ actions to support student learning lacked control and
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appropriate tools. It is notable the low percentage of future teachers using specific
tools to analyse specific aspects of the students’ mathematical thinking. The authors
also mention generic aspects, such as efficiency, understanding, student explana-
tions, the presence of correct answers and the use of representation.

Carter and Amador (2015) examine the conversational components of preser-
vice primary school teachers on professionally focusing on students’ mathematical
thinking, showing that they provide detailed descriptions of the students’ words and
actions and, occasionally, try to interpret such observations. However, upon receiv-
ing a specific prompt, they were more likely to verbalise the professional observa-
tion and engage in a conversation about one or more students’ understanding.

Kalinec-Craig et al. (2021) characterise the type of language used by future
teachers to realise the students’ mathematical strengths through a Lesson Sketch
experience, an approach to research and development in teacher education that relies
on the creation and use of multimedia representations of practice. It can be seen
that future mathematics teachers are more likely to use strengths-based language and
identify the mathematical evidence in their statements, whereas unengaged language
(statements that do not fit a strengths- or deficit-based coding scheme) suggests a
fruitful, albeit complex, space for learning to name and notice students’ mathemati-
cal strengths.

Finally, Jazby et al. (2023) examine the way an elementary school teacher directs
his attention mid-lesson and the environmental structures he perceives as meaning-
ful. The results reveal that the teacher pays attention to the students’ worksheets,
which become the environmental structure that allows him to be aware of their
errors. He also pays attention to the students’ facial expressions, verbal expressions
and manipulation of materials to gather information mid-lesson.

Professional development of noticing skills and responsive practices

The development of noticing skills in mathematics teachers includes the ability to
attend to, interpret and decide how to respond to students’ mathematical ideas and
activity. These abilities, as highlighted by Leavy and Hourigan (2022) and Coskun
et al. (2023), are closely related and mutually reinforcing. Teacher education that
emphasises these professional abilities allows for a substantial improvement in
teaching practice, tending to facilitate the creation of a learning environment in
which students are active agents of their own mathematical development.

Jacobs et al. (2010) evaluate noticing skills of 131 preservice and in-service
teachers. Their study shows that knowledge in attending to children’s strategies
increases with teaching experience. In the attention paid by teachers to children’s
strategies in solving numerical problems, the way teachers describe and analyse stu-
dents’ mathematical activity is crucial, for instance, analysing how children counted,
how they used different strategies to represent quantities or how they decomposed
numbers to facilitate their manipulation. In relation to interpretating students’ activ-
ities, teachers made sense of the details of each strategy and observed how these
details reflected on children understanding, as well as recognising what strategies
and understandings the children did not demonstrate. Finally, decision-making
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easily focused on posing new numerical problems, taking close control of the selec-
tion of the numbers proposed in those problems.

Leavy and Hourigan (2022) describe an assessment framework developed to
focus preservice teachers’ attention on identifying, analysing and modifying the
characteristics of mathematical problems for use in primary school (aged 5 to 12)
classrooms. The model consists of eight indicators: (a) use of a motivating and
attractive context; (b) clarity in language and cultural context; (c) curricular coher-
ence; (d) attention to cognitive demand; (e) an adequate number of solution steps
to support reasoning; (f) a variety of solution strategies; (g) facilitation of multiple
solutions; and (h) opportunity and success. Their study found that the preservice pri-
mary school teachers that explored the model presented a limited repertoire of con-
texts for posing mathematical problems, and language and terminology posed chal-
lenges to understanding mathematical problems, as did the adoption of problems
from other countries both for their cultural context and for the mathematical cultural
systems of the students. It is evident that the lack of coherence with the curricu-
lum sometimes led preservice teachers to pose problems that were too cognitively
demanding, which meant the students were unable to solve them. Likewise, teach-
ers reported that the mathematical problems that present a variety of strategies for
their solution provided various access routes to bring students closer to their solu-
tion, thus satisfying their different needs. Regarding multiple solutions, they seemed
more difficult to pose by future teachers. Finally, with regard to opportunities for
success, the preservice teachers focused on providing students, through mathematics
problems, with positive mathematics experiences, thus promoting self-efficacy and
self-confidence as mathematics teachers.

Callejo and Zapatera (2017) characterise profiles of the teaching skill “perceiv-
ing students’ mathematical thinking”. To do this, preservice primary school teachers
described and interpreted the responses of three primary school students to three
linear pattern generalisation problems via a questionnaire. The results show that the
preservice teachers detect various mathematical elements to describe the student’s
responses, for example, spatial and numerical structures and functional relation-
ships. However, they did not use the identified mathematical elements to interpret
the primary school students’ understanding of pattern generalisation. Later, Zapatera
and Callejo (2018) did another study on this skill and pattern generalisation. The
data showed that preservice teachers with a low level of mathematical knowledge,
and some with a sufficient level, were unable to interpret the students’ understand-
ing. However, this paper highlights that some teachers express generic and ambigu-
ous comments, without a clear reference to the mathematical elements that charac-
terise the generalisation process.

Coskun et al. (2023) investigated preservice primary school teachers’ perceived
experience of students’ mathematical thinking within the context of fractions. The
findings indicate that most preservice teachers showed a limited level in all profes-
sional observation skills: paying attention, interpreting and deciding how to respond.
In relation to fractions, Ivars et al. (2018) examined whether using a hypothetical
learning trajectory as a guide to focusing on students’ mathematical thinking could
improve the professional discourse and noticing of preservice teachers. Based on
the analysis of three tasks on the part-whole meaning of the fraction, preservice
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teachers had difficulties in identifying and using the mathematical elements to inter-
pret the students’ mathematical thinking in at least one of the tasks. It should be
noted that the use of the learning trajectory benefited the development of a more
detailed discourse when interpreting the students’ mathematical thinking, improv-
ing their observation capacity. More specifically, the study shows that a hypothetical
learning trajectory can help teachers identify learning objectives, interpret students’
mathematical thinking and respond with appropriate instruction linked to educa-
tional decision-making.

In a similar context to those of the learning trajectories, Sdnchez-Matamoros
et al. (2021) identified characteristics of the instrumental genesis process in a preser-
vice early childhood education when looking at a classroom situation using a learn-
ing trajectory about measure and measurements. The results reveal characteristics
of the noticing competence developed by the preservice teacher: (a) giving sense or
meaning to the mathematical elements of the trajectory, such as recognition of the
measure and measurement of length, conservation (recognising equivalence between
measurement of different lengths using different materials, construction of units of
measurement, among others); and (b) considering the sequentiality of the levels of
understanding through the choice and design of mathematical tasks allows the con-
struction of use schemes to make decisions. Moreover, similarly to the results shown
by Ivars et al. (2018), the authors argue that learning trajectories can be used to sup-
port professional noticing skills.

Immersive video, which records a spherical view of an environment, is another
resource that has been used to deepen the perception and noticing capacity of teach-
ers. The results show that the use of videos allows teachers to pay greater attention
to mathematical and didactic strategies, as well as to pay attention to more general
pedagogical aspects concerning the general organisation of the teaching and learn-
ing process (Ferdig & Kosko, 2020). They can also enable closer observation of
the set of students’ actions by making more sophisticated descriptions of students’
thinking (Kosko et al., 2021).

Schack et al. (2013) examined the professional observation skills of preservice
primary school teachers in the stages of early arithmetic learning for a year. The
results indicate the potential for future teachers to develop professional observation
skills. Findings suggest that preservice teachers were better able to remember before
and after the professional development intervention the details of the students’ strat-
egies (attention) than to interpret the students’ mathematical thinking, and they also
demonstrated significant growth in the three components of noticing. Tyminski et al.
(2021) analysed the perception of preservice primary school teachers regarding
students’ mathematical thinking. The results show the success of the future teach-
ers in the three facets of observation (paying attention, interpreting and deciding),
with a particular effect on interpretation. The ability to encourage reflection of the
strategies used by the students when solving a mathematical task and to encour-
age students to explore additional strategies and to establish connections during the
development of the task stood out. Decision-making was the most complex skill to
develop for preservice teachers.

Luna and Selmer (2021) investigated how an experienced primary school teacher
responds to her students’ thinking as part of her teacher observation practice. To
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do this, the teacher investigated the students’ thinking based on evidence from their
lessons and discussed this thinking. Supported by the analysis of this evidence, the
teacher focused on the students’ need to share ideas, clarify them, develop concep-
tual understanding, debate and support these ideas, build connections between them,
participate in problem solving and experience the activity as more manageable/
understandable.

Finally, Wager (2014) analysed how in-service primary school teachers pay atten-
tion to student engagement in mathematics classrooms. Teachers focused on analys-
ing (a) how students change their participation and behaviour when, for instance,
teachers inform more of children actions, ideas or proposals; (b) what teachers had
done to support students’ participation; and (c) how their pedagogical practice may
or may not have supported students’ participation during the class. Regarding inter-
pretation, they structured the activities to support participation and interpret how the
students participated in the class. Finally, the authors noted general changes in the
way teachers planned the teaching of mathematics and reported explicit changes in
teachers’ practice.

Discussion and conclusions

In this study, we have carried out a systematic review that reports on 40 research
articles published between 2010 and 2023 on responsive teaching and/or noticing of
early childhood education and primary school mathematics teachers, allowing us to
investigate the research and analysis foci on which such studies have focused.

One contribution of the systematic review, which complements previous reviews
(e.g. Amador et al., 2021; Konig et al., 2022; Loépez, 2021; Miller et al., 2023;
Young and Young, 2023), is the inclusion of various descriptive data from the stud-
ies that have been carried out so far. The most representative findings show that the
studies focused on responsive teaching and/or noticing of mathematics teachers have
been published since 2013, with the most productive countries being the United
States (56.8%), followed by Spain (10.8%) and Australia (8.1%). The most discussed
mathematical content was numbers, operations and their properties (19.5%), which
is in line with the curricular guidelines of organisations with a wide international
impact such as the national Council of Teachers of Mathematics (NCTM, 2000),
which gives a leading role to this standard in the early childhood and primary educa-
tion levels. Another representative finding is that more studies have been conducted
at primary school level (75.7%) than in the early childhood stage (16.2%), and very
few studies have addressed and compare both educational levels together. In rela-
tion to methodological questions, most of the studies used qualitative methodologies
(70.3%), most being based on video recordings (35.1%).

To examine further the specific characteristics of the studies, an analysis of the
objectives, research questions and main results was carried out. As noted above, this
made possible the identification of key themes, which constitute a second contribu-
tion of this systematic review. In other words, it provides a renewed understanding
of responsive teaching and observation in mathematics education. Three key fea-
tures are highlighted: the culturally informed decision-making, the identification
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of general features of noticing competence and the development of specific profes-
sional observational skills. Responsive teaching requires teachers to be able to make
decisions based on the interpretation of students’ ideas, integrating students’ cultural
and personal knowledge on these decisions and actions. This ability not only pro-
motes more equitable and meaningful teaching but also enables students to actively
engage as epistemic agents in their learning. The findings of this systematic review
highlight the importance of including specific training strategies that strengthen
these skills in the preservice and in-service teacher education proposals.

Although in-depth knowledge of mathematical content is necessary for the devel-
opment of advanced observational competence, the findings suggest that this knowl-
edge alone is not sufficient. The ability to make effective didactic and pedagogical
decisions also depends on factors such as practical experience, specific training in
observation, the transference of tools supporting the observation and analysis and
specific tools helping teachers to interpret and respond to students’ suggestions in
the context of their cultural and social learning. From the detailed analysis of these
topics regarding responsive teaching and noticing of mathematics teaching, the fol-
lowing conclusions can be drawn:

— The teachers’ attention must be active, not passive, and requires multiple deci-
sions and actions about what to pay attention to and what to ignore, and it
requires an interpretation of events that, in turn, informs and influences subse-
quent responses.

— When teachers adopt a culturally responsive stance in mathematics teaching,
they integrate the knowledge and experiences of students as they occur in their
cultures, homes and communities (Kalinec-Craig et al., 2019).

— Professional noticing skills (which include attending to students’ strategies,
interpreting students’ mathematical understanding, and deciding how to respond
based on students’ understanding, among other gestures or actions) are interre-
lated and interdependent. We can therefore infer that supporting the development
of teachers’ specific strategies in the observation and analysis of students’ actions
and responses may help to raise their overall levels of attention and interpreta-
tion.

— All three observation skills can be developed. However, decision-making is the
most complex skill to develop and involves several elements such as, for exam-
ple, the mathematical knowledge that teachers have.

— Improvement of the noticing competence is linked to the future teachers’ knowl-
edge of the mathematical content (Ivars et al., 2018; Zapatera & Callejo, 2018).

— To advance towards the acquisition of observation skills, one training strategy
that seems to be important involves the incorporation into the initial training of
teachers—more specifically, in the teaching subjects of mathematics—of written
or oral excerpts of the children’s work in the classroom; that is, their response
and ways of thinking when faced with a specific mathematical task.

With regard to the study’s limitations, a main one is the exclusive considera-

tion of scientific articles published in the Web of Science and Scopus databases,
which means that other publications were not accessed (e.g. conference proceedings
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and book chapters of international prestige, subjected to peer review). These might
have provided additional data and further strengthened the findings of the review.
Another limitation is that scientific studies published in languages other than Eng-
lish and Spanish were not accessed. While currently most of the scientific literature
is published in English, there are also publications of international impact in other
languages.

With regard to future lines of research, it will be necessary to explore more data
published in other kinds of publication and in other languages to complement or
reinforce the obtained findings. Furthermore, from the perspective of the profes-
sional development of mathematics teachers, it will be necessary to design and
implement training proposals that focus on further improving the features of respon-
sive teaching and the training of mathematics teachers. In particular, these studies
should highlight specific training techniques to promote the knowledge and skills
needed in preservice and in-service teacher education.
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