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ARTICLE INFO ABSTRACT
Received: 08 Mar. 2022 There is a widespread conviction in research on teacher education that practicum contributes to the development
Accepted: 13 Aug. 2022 of student teachers’ inner qualities. This article presents a systematic review of empirical research articles on

teacher affect, identities, and conceptions of mathematics, based on 87 publications from 2001-2021. Becoming a
teacher is described as a slow, uncertain, and individual process, with varied assumptions about what or whom
the prospective teacher needs to become or feel. Generally, a synthesis was difficult, partly due to contextual as
well as methodological differences among the included articles. Still, we could conclude how tensions between
identities endorsed by school and university became influential for identity development. For affect, we saw
contradictory results in how positive attitudes to mathematics can increase or decrease after practicum, and in
how stable they are. Studies disagreed on the extent to which students’ attitudes and beliefs determine their
teaching approach. Despite this complexity, practicum-as-usual appears less successful than various
interventions. This may have to do with the widespread implementation fidelity perspective, or with aspects
focused on interventions being made more accessible for participants.
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INTRODUCTION

Teacher education does not only contribute knowledge to student teachers, but other key factors for their professional
preparation are also their “attitudes, beliefs, goals, fears, hopes, and expectations” (Lerman et al., 2009, p. 73). Two major research
areas are of relevance here: (1) affect and (2) identities.

From different theoretical positions, they provide explanatory power of understanding processes changing conceptions,
beliefs, or affect towards mathematics and mathematics teaching, or of becoming a mathematics teacher. For this article, we
focus on the practicum, the school-based part of mathematics teacher education, where expectations from university and the
teaching profession are negotiated.

In mathematics education, affect has been divided into three broad categories: motivation, emotions, and beliefs (Hannula,
2016). The field touches theoretically on both cognitive and social perspectives and is researched by both quantitative and
qualitative methods. Hence, affect has been described as individual and/or interpersonal (Touhilampi et al., 2016), where
interpersonal affect interacts with culture. The cognitive dimension of individual affect includes beliefs about the self, such as self-
efficacy, self-competence, and self-confidence (Hannula, 2011). The research on self-efficacy is substantial, commonly departing
from the theorization of Bandura (1997), where self-efficacy is described as relatively stable, and where research contributes to an
understanding of how teacher self-efficacy can be affected by feedback, enactment experiences, or affective states (Watson &
Marschall, 2019). Beliefs related to the nature of mathematics are seen as partly psychological and partly social constructs
assumed to be fostered through educational environments (Handal, 2003), which may influence instruction.

In identity research, a handful of review studies provides central insights and an overview of a complex research area within
mathematics education. According to Darragh (2016), identity can be participative, narrative, discursive, psychoanalytic, or
performative, depending on the theoretical perspective. Graven and Heyd-Metzuyanim (2019) followed up on Darragh’s (2016)
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review and added distinctions where identity is connected to either a sociopolitical claim, to teachers’ experiences in various
stages of their career, or to make claims about learning.

A closer connection between research on individual identities and research on affect and cognition is proposed by Lutovac
and Kaasilia (2018), whereas Darragh (2016) pointed to theoretical inconsistencies in attempts to treat identities as a “catch-all
term for affect” (p. 28). Apart from the theoretical differences, methodologies are debated. A critique of inconsistencies and
circular methodologies for beliefs is raised by Lerman et al. (2009), concerning how teachers’ beliefs are both inferred from
observed actions, and at the same time treated as the cause of these actions. Similarly, Lutovac and Kaasila (2019) critique studies
that claim to be data-driven but appear to use data to confirm rather than develop theory. This conceptual and methodological
indeterminacy makes a synthesis and comparison of results challenging.

Not all agree on the importance of affect or identity. Smith (2001) claims that a focus on changing students’ beliefs is
unnecessary and inappropriate since beliefs are persistent and do not determine students’ teaching styles. In addition, the ethics
of inferring identities from actions is problematized: “Without intending to do so, some research on identity in mathematics
education seems to re-entrench stereotypes about what sorts of identities excel at mathematics.” (Jurdak et al., 2016, p. 15). The
expectations on what student teachers learn from practicum are often implicit (Rusznyak & Bertram, 2021), and instead, different
messages about what the teacher should be or become are transmitted in assessment instruments in teacher education
(Christiansen et al., 2019).

The contribution of this literature review is to synthesize what empirical research on mathematics student teachers has
inferred about the relationship between practicum and affect or identity, respectively. We ask, according to empirical research on
mathematics teachers’ affect and identities, who is the student teacher becoming from participating in practicum? And whom is
the student teacher expected to become?

METHOD

After a systematic literature search, the included publications were categorized based on the focused development of the
student teachers in terms of affect, identities, and conceptions of mathematics. Before we turn to the methods applied in the
study, we clarify our terminology.

Terminology Used

We will use students to refer to student teachers, learners for pupils in schools, mentors for co-operating or supervising
schoolteachers, lecturers for university staff who engage in teacher education or practicum, and researchers for the authors of the
included publications.

In publications from both Anglophone and non-Anglophone countries, the way practicum is organized varies, as does the
English terminology. In North American literature, a practicum is often referred to as field experiences and describes, for example,
one-day-a-week placements in schools, while student teaching refers to longer periods of mentored teaching. An internship is a
longer period where students generally have responsibility for teaching with minimal mentorship. Another way of organizing the
practicum is mentored blocks of 4-20 weeks (e.g., in Singapore and Sweden). Besides practicum, field experience, student
teaching, and internship, we see the terms teaching practice/practice teaching, school-based education, school experience, and
clinical experience. In this article, we use practicum to describe the phenomena of teacher education taking place in a school
context in all these forms.

Data Selection

In conducting this review, we followed an elaborated standard for systematic review studies, briefly described as:
1. applying a transparent and explicit search strategy,

2. formulating explicit in- and exclusion criteria,

3. coding the included papers as systematically as possible before, and

4. constructing a synthesis (see Onwuegbuzie & Frels, 2016; Torgerson et al., 2012).

Our first decision was to include only peer-reviewed journal articles in languages we could both read. We used our institution’s
search engine which links to ERIC, Scopus, and MathEdu, a direct search in ERIC, and search engines in relevant journals. We found
that ERIC provided the most consistent and reliable results. We also searched What Works Clearinghouse, which led to papers on
practicum but not specifically on mathematics education and did a database search for doctoral dissertations (using ProQuest,
EEF, WWC, DART, NDLTD Global, SwePub, and Danish Research Database). In a preliminary selection of journals (June 2017), it
became evident that only a few articles had been published before the new millennium. Hence, we limited our timespan to
publications between 2001 and May 2021. We excluded journals listed as predatory, based on https://predatoryjournals.com/
journals/.

From the initial search terms (mathematics and the terms practicum, field experience, student teaching, teaching practice,
practice experience, and internship) in the first explorative search, we identified keywords, and in combination with ERIC’s list of
keywords, we developed a Boolean search string for our search in ERIC. We believe this ensured inclusion of main articles of
possible relevance. The combined searches resulted in 442 potentially relevant articles and 93 potentially relevant dissertations.

Next, we checked that each article did indeed concern mathematics teacher education and practicum, that it reported on
empirical research, and that it had to do with mathematics teaching; these were our inclusion criteria (Table 1). Some studies
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reported on students working with one or a few learners. While we believe this approach is highly educationally relevant in teacher
education, we decided to limit our inclusion criteria to practicum in full classes, and we set the limit to classrooms with at least 10
learners. To be included as an empirical study, we considered a broad range of data from research on practice, such as classroom
observations, interviews, surveys, logbooks, reflections, and conversations on practicum teaching or lesson plans, but excluded
earlier review studies and theoretical papers. We have included research on reflections on practicum, observations during
practicum, interactions about teaching practice between mentors and students, and planning of actual practicum teaching but
not planning or reflection on teaching when described as a task in a university course, micro-teaching, lectures given in schools,
or teaching in afterschool clubs. Decisions on papers that concerned practicum only perimetrically were difficult, for example, we
included Goos and Bennisson (2008) on communication amongst students and between students and novice teachers. For
increased transferability, we decided to include only studies with at least two participating students. Validity concerns were noted,
but since all papers were peer-reviewed, we did not apply validity or trustworthiness as exclusion criteria. This process resulted in
a dataset of 163 articles and 49 doctoral dissertations. Table 1 presents the inclusion and exclusion criteria for publications
reviewed in this article.

Table 1. Inclusion and exclusion criteria

Criterion In-/exclusion Description

Population  Inclusion Any participant in practicum experiences, students, mentors, learners, and lecturers.

Time span Inclusion 2001-2020

Studies concerning practicum, field experience, student teaching, internship, teaching practice, practice teaching,
school-based education, school experience, or clinical experience with the teaching subject mathematics.

Inclusion . . . ; - . . . . .
Studies with a focus on reflections on practicum, observations during practicum, interactions about teaching
Practicum practice, or planning of practicum teaching.
Planning or reflection on teaching when described as a separate task in a university course, micro-teaching only,
Exclusion university lectures given in schools, or teaching in informal situations such as after-school clubs.
Studies that did not concern mathematics teaching or mathematics teacher education.
Studies in classrooms with less than 10 learners.
. Studies report on at least one educational outcome, defined broadly as a change in affect, attitudes, beliefs,
Outcomes Inclusion . . . . .
perceptions of mathematics or teaching, or identity.
. Inclusion Empirical studies.
Study design - p. - —
Exclusion Studies with only one participant.
Journal Exclusion Articles in ‘predatory’ journals.

The next step was to consider different possible reviews, and for this article, publications that addressed student teacher
development concerning affect, attitudes, beliefs, conceptions of mathematics or mathematics teaching, or identity were
selected. Another recently submitted article focuses on take-up in terms of knowledge and learning from practicum, based on the
same literature search. To recognize studies about identities, beliefs, efficacy, or affect was straightforward when such
theorizations were explicitly used in the publications. We also included publications that used perceptions, feelings, dispositions,
or other descriptions of an outcome related to the self or the inner qualities of student teachers. Even though the line between
identity/affect and knowledge is often blurred, we did not include publications focusing solely on knowledge development, for
example, the development of pedagogic content knowledge.

Decisions on inclusion or exclusion of publications were made by each author for the first several papers and then compared.
When a high degree of intercoder reliability had been reached, decisions on each successive paper were made by one author. In
approximately 90% of the cases, this was straightforward. In the remaining cases, we discussed the inclusion criteria until an
agreement had been reached (see Appendix 1 for the full list of included publications). The result was 16 doctoral dissertations
and 71 articles spread across an astonishing number of 47 journals. The result chapter begins with an overview of the included set
of publications.

Data Extraction and Thematisation of Results

To represent reported findings accurately we tried wherever possible to use the exact formulations of each publication’s
research questions, aims, and results, and summarized each finding using quotes from the paper. In the extraction phase, we
aimed to keep the language as close to the original as possible. For example, although ‘understanding of mathematics teaching’
can be similar to ‘beliefs’, we kept the language from the original publication in our summary. Once data extraction and summaries
had been completed, we clustered similar codes within themes.

Based on earlier strands, as described in the introduction, we could make a divide between affective perspectives and identity
perspectives. However, several publications did not explicitly state a theoretical position, and in addition, the broad use of beliefs
was quite divergent. We, therefore, used the affective theme explicitly for affect or beliefs about the teacher him/herself, for
example, self-efficacy beliefs or confidence. The second theme included studies explicitly using identity, including a few studies
using positioning theory as well. The third theme gathered all publications on beliefs about mathematics, mathematics learners,
or mathematics teaching. In addition, several publications discussed conceptions of mathematics without using the
conceptualization of beliefs and were included in this third theme. Thus, the three resulting themes were, as follows:

1. affective issues: Developing attitudes, emotions or self-efficacy, or conceptions about the teacher him/herself;
2. identity and positioning; and
3. conceptions or beliefs about mathematics, mathematics learners, and/or of teaching.

Seventeen publications spanned two different themes and were included in both. We also extracted background information
(publication year, location of study, intervention or usual practice, nature and length of practicum, level of education the students
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were preparing for, and whether data were from the authors’ institution) and the methodological approach (participants, sample
size or scope, methods of data generation) from each included study. Unfortunately, far from all articles and dissertations
specified the nature of the practicum studied. The lack of specificity in the articles meant that it was not possible to distinguish
developments or changes due to the length or nature of the practicum.

RESULTS

The result section begins with an overview of the background information of the included studies. The distribution of
publications based on country, participants, and data collection methods renders an overview of the generalizability of results.
Thereafter, the results are grouped into three themes. The first theme concerns the affective issues, including attitudes, emotions,
values, and beliefs student teachers hold towards themselves (42 publications). The second concerns positioning and identity
formation (14 publications). The third theme summarizes conceptions related to mathematics, mathematics teaching, and/or
mathematics learning (50 publications). Since several publications explored relations between different constructs, there were
overlaps: 17 publications included two or three perspectives, most commonly both affect and conceptions about mathematics
teaching. We highlight what teachers were expected to become in the headings below, and each section presents emerging and
diverging patterns related to the contribution of practicum, together with relations between constructs.

Location of Studies

It was possible to extract the location of the study from all texts, and Table 2 provides an overview of the included 87
publications.
Table 2. Number of publications from different countries

Number 56 7 6 3 2 1

Cyprus, Denmark, Finland, Germany, Ireland, Malta, Portugal, Sweden,
Taiwan, UK, Zimbabwe

Countries USA Turkey Australia Canada New Zealand, Norway

Two-thirds of the publications come from the USA (56). The dominance of publications from the USA risks skewing the field
towards problems particular for that particular context. Apart from Turkey, the Anglophone world, such as Australia, Canada, and
New Zeeland dominates. One reason for this is an unequal distribution of research resources to start with. Also, the decision to
only include English language publications, due to unfortunate language restrictions of the authors of this publication, skews the
distribution. only being able to read English language publications. This means that the whole continent of Latin America is not
represented at all, and the representation of Asia, Africa, or Eastern Europe is indeed limited. Again, there is a gap in terms of what
contexts are not represented, and at a same time dominance of perspectives from the global north.

A substantial number of the studies looked at researchers’ practice, their institution, or mentors associated with the
institution. Not all texts were not always explicit about this, but it could sometimes be inferred from the text.

Participants and Scope

All publications used student teachers as participants, fourteen publications included mentor teachers, six included lecturers,
one included other school staff, and one included learner. Roughly half the studies were on elementary/middle-school students,
a third on secondary, eight were mixed, and in a few cases, it was unclear. Thus, student teachers are the focus for the included
publications. The representation of student teachers for different school levels was relatively well proportional to their respective
number in teacher education.

Figure 1 shows how few large-scale studies were reported; only nine studies had more than 100 participants. One article did
not report the scope. From Figure 1, we conclude that small-scale studies dominate the data set. In combination with the number
of studies looking at the own institution, the transferability of results must be problematized, and the present article is an attempt
to contribute with cumulative knowledge building across contexts.
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Figure 1. The distribution of the scope of participants
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Research Designs or Methods in the Reviewed Studies

The dominance of small-scale studies is reflected in the dominance of qualitative methods for data-collection. Most common
were interviewing (44 studies), but also surveys, questionnaires, or tests (40) using a quantitative method of analysis. Other
methods of data collection were reflections and/or journals (29), written assignments or lesson plans (24), lesson observations
(25), and focus groups or recorded conversations between various participants (20). Just over one-third of the studies (34) used a
single data collection method, thus, a combination of methods was common.

In studies using lesson observations, all but one combined observation with other methods, and self-reported data
(interviews, surveys, reflections) dominate the data. Since beliefs, conceptions or identities are not directly identifiable from
observations of teaching, this seems a becoming choice.

Teachers’ Affect, Confidence, and Efficacy

In this category, student teachers’ affective aspects of teachers themselves, such as their confidence, efficacy, or attitudes
were included. We found studies claiming that affect explains other dimensions of teaching, and/or that affect is possible to
change or develop. Nonetheless, particular affective states appear to be valued in research for mathematics student teachers.

Becoming confident

In this theme, a range of affective changes related to confidence, perceptions of the self, or believes was included. Changed
confidence was influenced by a supportive environment in practicum, and confidence in turn facilitated developments in
mathematics teaching. Practicum was in some cases causing decreased confidence.

A supporting environment in practicum increased confidence. Such supportive environment was such as Taiwanese mentors’
constructive feedback (Lin & Acosta-Tello, 2017), working in teams with lead teachers (Shelton et al., 2020), or classroom
experiences scaffolded by portfolio work (Gujarati, 2019). Ebbelind (2020) instead found how previous mathematical experiences
were important for student teachers’ sense of security and proficiency.

Increased confidence facilitated developments in mathematics teaching, as when student teachers “realized that cherishing
and respecting students’ mathematical thinking was an effective way of encouraging students to ask questions and to
communicate their thinking” (Lin & Acosta-Tello, 2017, p. 232). Two studies found decreased confidence as a result of practicum-
after the first practicum, students were less confident that they had the necessary specialized content knowledge (Hine & Thai,
2019); and Boz (2008) found that while self-related concerns were reduced over years, concerns related to teaching tasks were not.

A change in what was perceived as important knowledge for teachers was found to be related to practicum, where Turkish
students had changed their beliefs after practicum, from considering content knowledge most important to emphasizing the
inclusion of pedagogical aspects (Ozgun-Koca & Sen, 2006), while German students came to value their content knowledge more
(Gawlitza & Perels, 2014). Thus, these were contrasting findings on the contribution of practicum concerning what was valued as
important knowledge for mathematics teachers.

These publications expressed a wish for student teachers to become increasingly confident and linked confidence to
developments in mathematics teaching. Still, we saw contrasting results concerning the relevance of practicum for the
development of confidence.

Becoming efficacious

Efficacy has been defined by Bandura (1997) as the ability or capacity of someone or something to produce the desired
outcome. Some publications adhere to this meaning and talk about student teachers’ efficacy as being different from their efficacy
beliefs. However, it was not uncommon to find ‘teacher efficacy’ or ‘self-efficacy’ used to describe efficacy beliefs, for instance:
“Teacher efficacy is the extent to which teachers believe they can control, or at least strongly influence, student achievement and
motivation” (Utley et al., 2005, p. 82). The term efficacy (beliefs) was predominantly used in studies from the USA.

All studies in this category conveyed efficacy as a desirable trait for teachers, but rarely focused on whether it indeed impacts
teaching. One exception was a study that found high-level teacher efficacy to correlate with teaching lessons characterized by
higher cognitive demand, extended learner explanations, learner-to-learner discourse, and explicit connections between
representations, whereas students with lower efficacy levels taught whole-class instruction lessons (Lee et al., 2017).

The interrelatedness of efficacy and practicum experience has been researched, at times with contradictory results. In some
studies, practicum was found to develop efficacy (Hunt-Ruiz & Watson, 2015; Rethlefsen & Park, 2011; Swars et al., 2007, 2009),
and one explanation for this is that students may not feel sufficiently prepared to teach after their coursework (Colwell & Enderson,
2016). Other studies found decreased efficacy after practicum: “Data revealed that, as science and mathematics teacher education
in a methods course progressed, science and mathematics teaching efficacy significantly increased. This effect appeared to
decrease slightly by the end of student teaching.” (Utley et al., 2005, abstract). Hine (2015) found that practicum confirmed
students’ initial perceptions of teaching readiness, while other authors found low teaching efficacy from the onset to be a strong
predictor of non-development (Ashun & Reinink, 2009; Eddy, 2006).

The contradictory and complex picture makes a synthesis of results difficult to present. The development of efficacy beliefs
depends on the design and length of the program, the content and design of the practicum, the individual students, and the quality
of collaborations and mentoring support. Brinkmann (2019) found the strongest effect size on efficacy was to implement different
teaching strategies, and to help or motivate learners. The collaborative part of lesson study, including collaborative lesson
planning, observations, and teaching peers in the methods classroom (Mostofo, 2013, 2014; Mostofo & Zambo, 2016) had a positive
impact on self-efficacy. The quality of mentoring (Kang, 2012) or even professional development for lecturers (Livers, 2012) were
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found to impact efficacy. A negative effect on teaching efficacy was found among students who experienced external locus of
control regarding their teaching (Brown et al., 2012). According to two studies from the USA, the organization of teacher education
affected efficacy, where integrated programmes resulted in students having higher perceptions of their preparedness for teaching,
compared to one-year post-bachelor programs (van Es et al., 2014) or to an internship program in a school context (Clark, 2004;
Clark et al., 2015). Among the above-mentioned studies, some claimed a causal relation between efficacy and other constructs,
but the causality had opposing directions in different studies. We, therefore, suggest that efficacy and other variables are
interdependent constructs, and question a simplistic causal relation between constructs.

Across the different studies, individual variations between student teachers’ self-efficacy were found to be substantial. Still,
they all claim that efficacy or efficacy beliefs were important either to have or to develop.

Having a positive attitude

Compared to confidence and efficacy, the attitude or emotions of student teachers were attributed less attention. Elementary
pre-service teachers who experienced teaching as “different” from their previous experiences developed “more positive attitudes
and beliefs about STEM teaching” (Adams et al., 2014, p. 14), and students came to value an inquiry-based approach to learning
as important for their professional development after doing an investigation based on their practicum (da Ponte et al., 2017).
However, another study found that practicum reduced students’ motivation and willingness to use so-called learner-centered
activities (Yazgan-Sag et al., 2016), while views towards teaching urban secondary mathematics depended strongly on the
personal relationship with the mentor (Williams, 2007).

Again, studies focus on different aspects in a practicum concerning the development of attitudes, and it is difficult to combine
results into a synthesis. Still, regardless of the objective of attitudes and emotions, students were expected to demonstrate a
positive attitude.

Summary of affects

Most of the studies in this theme engaged how practicum could provide the means for development of efficacy, beliefs,
attitudes, or confidence. Only a few studies instead took beliefs or confidence as a means for developing teaching, such as when
students with stronger efficacy beliefs were found to teach lessons with higher cognitive demands (Lee et al., 2017), or when
increased confidence enabled students to increase their respect for learners’ mathematical thinking (Lin & Acosta-Tello, 2017).
Attention to affective developments during practicum seems crucial to the researchers in these studies, and this review indicates
that this is better achieved through a knowledgeable, supportive, and collegial practicum environment. We saw attempts to look
for causal relations, where some studies proclaimed affective states to be the root of students’ success in practicum, while others
looked for how practicum changed student teachers’ affect. Given these contradictory results, we choose to align with those
authors who describe the relationship between knowledge, teaching, and affect as co-development, with several contextual and
individual variations during practicum.

Identity and Positioning

In the included studies, the theorization of identities or positionings was often accorded substantial attention, and only a few
publications used identity without a theoretical conceptualization (e.g., Moyer & Husman, 2006). Student teachers’ identity was
treated as either developing or continuously transforming, in line with findings from earlier reviews on mathematics education
(Darragh, 2016). In addition, identities were commonly described as involving multiple sub-identities. For example, personal
identities were distinguished from normative identities and used to explain why two student teachers from the same teacher
education programresponded differently to the external demands placed on them by the university and school contexts (Hodges
& Hodge, 2017). Identities were seen as emerging or being negotiated between the student teachers’ prior experiences and the
available identities in the different contexts.

Two studies engage both identity and positioning. Mosvold and Bjuland (2016) describe how they are connected, where
identity is defined as narrative positionings. Walshaw’s (2004) instead uses a foucauldian conceptualization of positioning as a
process of normalisation in relation to available discourses.

Availableidentities, according to the included studies, were negotiated in the practicum situations. The formation of identities
that reflected a mathematics reform promoted by the university was enabled by coherence between school and university (Bahr
et al., 2014). In contrast, Akkoc and Yesildere-Imre (2017) saw how changes in identities occurred when school and university
promoted different perceptions of a good mathematics teacher, though Hodges and Hodge (2017) found that the level of change
varied between students. In these studies, the identity promoted in university was seen as the desired identity development.

Mathematics teaching identities were continuously transformed, but Walshaw (2004) saw positionings related more strongly
to available discourses at the beginning of practicum and described the participation in practicum as a political/ideological
transformation:

“Teaching experience then becomes much more than an issue of content knowledge and technical skills; it is, above all, a
source of (micro)political engagement. Developing a sense of the pedagogical grows out of a history of response to local
discursive classroom codes and wider educational discourse and practices, all of which interrupt, derail, and elide the best
intentions of the pre-service teacher” (Walshaw, 2004, p. 80).

Hence, when students cannot live up to their ‘best intentions’, not only the local classroom discourses but also historical
discourses about mathematics teaching influence their positionings.
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Several publications researched the influence of particular aspects in practicum on identity change. Mentor relationships were
critical for shaping students’ identities as mathematics teachers, where prior experience as learners of mathematics influenced
their identities as teachers (Kang, 2012; Williams, 2007), and collaborative work between peers and monitoring teachers during
practicum had an impact on identity (Kaasila & Lauriala, 2010). The context and framing of practicum were influential for identity
development. One intervention moved mathematics education courses into elementary schools (Moyer & Husman, 2006), and
digital tools, such as integration of technology (Goos, 2005) or an online community (Goos & Bennisson, 2008) also influenced
student teachers’ identity. Williams (2007) concluded that participation in practicum enabled decisions on what identities
students wanted to take in the classroom.

Summary of identity and positioning

To sum up, the studies on identity describe a constant identity development and negotiation going on in practicum. The
contradictory message is that despite the focus on developments from practicum, the desired identity formation should be in line
with the identities promoted in university-based teacher education, rather than identities promoted in schools.

Conceptions about Mathematics, Mathematics Learners, and Mathematics Teaching

We use conceptions to include a broad range of views, beliefs, attitudes, or perceptions related specifically to mathematics.
As a result, this is a broad theme with 50 publications. Bahr et al. (2013) worked with beliefs items grouped into three categories:
beliefs about mathematics, conceptions about learning or knowing mathematics, and beliefs about learners’ learning and doing
mathematics, and we follow a similar grouping, where we begin by addressing the studies about conceptions of mathematics,
followed by conceptions of mathematics learners, and finally conceptions of teaching mathematics.

Conceptions of mathematics: Becoming a mathematics lover

We found nine publications that engaged students’ conceptions of mathematics, and these were only able to trace a small
influence from practicum.

Intervention studies reported positive but limited developments. Problem-solving was perceived to be a more central
component of mathematics teaching after student teachers had done practicum (Pratt & Woods, 2007), and Dunn (2004) found
that longer field experience as part of a methods course resulted in more conceptually focused mathematics for at-risk learners.
Positive conceptions of mathematics developed from experiencing how mathematics can be realistically used outside the
classroom (Adams et al., 2014), conceiving of mathematics as an interrelated web (Bahr et al., 2013), and about reasoning, but
with limited changes in teaching (Grueber & Ozgun-Koca, 2013).

Among studies on existing practices, only one reported that the duration of early practicum was negatively related to a math-
as-inquiry conception (Jacobson, 2017). Most studies found that practicum experiences accounted for a minor part of the variation
in attitudes towardmathematics (e.g., Fusco, 2011, Jong, 2009; Jong & Hodges, 2015). Fusco (2011) even found that the number of
high school- and mathematics courses attended were the most potent influence on students’ mathematics beliefs. Grootenboer
(2006) identified a ‘wash-out’ effect of practicum on students’ attitudes to mathematics, where the attitudes of New Zeeland
students who had done their practicum in primary school did not change much, while the students who did their practicum in
intermediate schools developed more negative attitudes. This difference was attributed to the students’ experience in the
intermediate mathematics classes:

“...the mathematics was described as content focused, routine, worksheet or textbook-based, individualistic, and lacking
in variety. Most of the reports were of streamed classes (ability grouped) which followed a “pre-test, teaching, post-test”
unit pattern, and an: explanation, examples, worksheet or textbook” routine for the lessons ...” (Grootenboer, 2006, p. 25).

Thus, students who described the mathematics teaching they encountered as routine work did either not change or developed
a more negative conception of mathematics. Fusco (2011) found that earlier completed college courses in mathematics, not
practicum, was most influential.

Summing up, practicum had a limited impact on conceptions of mathematics. However, the desired change was for more
positive conceptions of mathematics as problem-solving, inquiry, and reasoning, in line with what is often referred to as reform
mathematics.

Conceptions of mathematics teaching: Becoming a reform-based teacher

Studies on conceptions of mathematics teaching mainly concerned student teachers developing conceptions of teaching in
line with so-called reform mathematics or connecting theory and practice. The difficulty in changing students’ conceptions of
mathematics teaching was found repeatedly, but apart from Fusco (2011), who saw a negative impact from practicum, all
publications reported that practicum, coursework, or particular interventions provided opportunities for students to change at
least aspects of their conceptions of mathematics teaching in the direction desired by researchers.

Inthe included studies, learner-centered, explorative, problem-solving, and/or conceptual mathematics teaching was desired.
Bahr (2013) found that practicum had a substantive impact, and 12 weeks of full-time student teaching led to four Zimbabwean
students showing “many changes in conceptions on teaching mathematics ... from subject-centred to student-centered
approaches” (Nyaumwe, 2004, p. 23). In contrast, several publications claimed that university coursework was more important
(Borgen, 2006; Jong, 2009; Lloyd, 2009; Stein, 2008). All studies emphasised that changing conceptions of teaching required time
and effort.
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We found a multitude of aspects that explained changes in conceptions of teaching. The first aspect concerns paying attention
to learners, which requires time and attention in practicum, and we present a few examples. The relevance of teaching conceptual
knowledge and connecting with learners’ existing knowledge was improved by a three-step process of seeing teaching modeled,
rehearsing with peers, and then practicum (Lai et al., 2015). An observed move from focusing on mathematics and individual
learners to focusing on the whole class and institutional goals took place during a one-semester practicum (Bieda et al., 2015).
And a particular assignment asking learners to reflect on their ‘Aha-moments’ led students to a greater awareness of the
importance of knowing their learners and anticipating their “misconceptions” (Caniglia et al., 2017). Turkish students’ belief that
student-centered teaching is more challenging than teacher-centered teaching remained after practicum, even though their
conceptions of effective teaching became more complex (Ozgun-Koca & Sen, 2006).

A second aspect was problem-solving teaching and related approaches such as questioning or word problems. These aspects
increased from different interventions, for example participating in a community of practice (Pratt & Woods, 2007), the
professional development of mentors (Livers, 2012), or teaching via videoconference (Plonczak, 2010).

A third aspect was the conceptions of technology in teaching, mainly as a way to foster conceptual understanding or use
representations to support learners’ sense-making. For instance, students learned that “the accuracy of the figures and graphs
generated with technology facilitated pupils’ conjecturing, analyzing, and deducing.” (Juersivich et al., 2009, p. 18). Workshops
and coursework together with practicum changed beliefs about using technology in mathematics teaching (Kartal & Cinar, 2018),
and practicum strengthened a positive attitude towards technologies in teaching (Meagher et al., 2011).

Across these aspects, integrating theory and practice in practicum was assumed to foster coherence, for example between
courses and mentors (Bahr et al., 2014; Hodges & Hodge, 2017). However, several studies reported difficulties achieving this
coherence. A Turkish study found that students’ perceptions of a good teacher were unstable and sensitive to incompatible
messages from the school and university contexts (Akkoc & Yesildere-Imre, 2017; Akkoc et al., 2016), and Nolan (2012) reported on
how hard it was for students to challenge the school orthodoxy during practicum. Still, several studies proposed initiatives to
strengthen links between theory and practice. An ePortfolio was found to support the linking of theory to practicum experiences
(Hartmann & Calandra, 2007). Five publications described students’ participation in collegial learning communities or lesson study
with mentors and lecturers (Campbell, 2012; Cavanagh & Garvey, 2012; Gurl, 2011; Rasmussen, 2016; Savard et al., 2017).
Combining lesson study and a learning community, and using additional materials resulted in “an equity-oriented practice that
provided more [learners] opportunities to participate and learning mathematics” and changed students’ conceptions of “learning
mathematics as something cannot be given to [learners] from the teacher” (Campbell, 2012, p. 245-246). Apart from Savard et al.
(2017), who found student teachers struggling to transform their teaching, the lesson-study initiatives proved fruitful for
integrating theory and practice, and for developing informed teaching practice.

Looking across these studies, interventions such as mentor professional development, or connecting practice to courses or
lesson studies, were generally successful, as was better coherence between the university and school messaging. Success was
attributed to the development of a reform-oriented conception of mathematics teaching, including learner-centered approaches,
problem-solving, inquiry, or paying attention to learners’ mathematical thinking. However, all publications acknowledged the
vast individual differences and the challenges both in changing conceptions of teaching and in observing the change take place.

Conceptions of mathematics learners: Becoming aware of diversity

The encounter with mathematics learners is obviously what sets the school context apart from the university experience, and
an important part of the practicum is learning from interactions with learners. Particular attention was given in the research to
students engaging with learner diversity, whether it concerned the “gifted” (Chamberlin & Chamberlin, 2010), or whether it
involved avoiding deficit thinking about a diverse student population (Garza & Harter, 2016). Spending practicum in special needs
classrooms changed students’ attitudes and efficacy toward teaching learners with disability (Burton & Pace, 2009). One study
homed in on the experience of dissonance as important in changing students’ beliefs (Caniglia et al., 2017). For instance, students
were surprised that some learners dislike mathematics, and they only realised the importance of knowing their learners as
individuals when they experienced this dissonance with their own beliefs. In addition, attention to learner thinking (Baker, 2017),
or awareness about attending to learners’ conceptions and choosing task situations with an appropriate cognitive demand (Suh
& Fulginti, 2012), increased during practicum. The encounter with mathematics learners during practicum broadens the
awareness of diversity among mathematics learners.

Summary of conceptions

Practicum had limited impact on conceptions of mathematics, but interventions did successfully change conceptions of
mathematics teaching, although individual differences are found. Also, practicum did influence a broader conception of the
diversity among mathematics learners. Student teachers are expected to embrace a positive conception of mathematics. They are
expected to both be able to enact and appreciate reform-based teaching and become aware of diversity among learners.

DISCUSSION

Synthesising and generalising results from international research presents several challenges. The first challenge is the
contextually different ways of organizing practicum and teacher education. The contexts of the different studies were not always
well described, as the length of practicum or the school level, which also put-up obstacles for comparing results across different
studies. Also, the methodological approaches in the included studies varied greatly, as did the different definitions and framings
of central constructs such as affect and identity.
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Nevertheless, certain contours of shared patterns of who the student teacher becomes, and what they are expected to
become, can be summarized across the studies. The first pattern of who the student teacher becomes concerns the intricate
relation between enacted teaching and the individual affect, identity, and conceptions of mathematics. Some studies found how
changes in conceptions or affects lead to no visible changes in teaching practices, others found a range of observed changes in
teaching. Changes in teaching were both found to influence affect, or to be influenced by affect, or even as an inter-related
development between teaching experiences and affect, identities, and conceptions about mathematics.

A second pattern is perhaps better referred to as a non-result; most publications agreed that the development of affect,
identities or conceptions is a slow, uncertain, and individually diverse process. Research on practicum-as-usual shows minor
development of self-efficacy and conceptualizations of mathematics, and sometimes even a negative development of conceptions
of reform-oriented mathematics teaching. Many studies concluded the individual differences were substantial, and with students’
pre-conceptions sometimes more influential than practicum itself on self-efficacy.

From this systematic review, we must conclude that the empiric results are weak or contradictory and does not support any
strong claims of causality between identity or affect and learning to teach. Methodologically, we saw how the problematic
conceptualizations raised in the introduction, where beliefs or identities were both inferred from observation of their activities as
well as explained as the basis of these same activities (Darragh, 2016; Lerman et al., 2009) were also found in the included
publications. We remind of the risk of a confirmation-bias raised by Lutovac and Kaasilia (2019), where the identity (or affect or
conception) promoted by the researcher constitutes both the means and the goal for change. However, this is not only a
conceptual or methodological problem but most likely also reflects how these constructs and learning to teach are co-
determinant. We argue that a simplistic cause-effect-relation provides insufficient explanatory power. Instead, an
interdependency between several factors can better explain the contradictory results we saw, as many of the included studies did.

For practicum in teacher education, some interesting conclusions can be drawn from this review. Particularly the well-
designed intervention studies serve as an inspiration for designing practicum. Still, we must conclude that empiric results do not
provide strong evidence for a general emphasis on self-development as an objective for practicum, an issue that has been
problematized in earlier research (Juersivich et al., 2009; Rusznyak & Bertram, 2021; Smith, 2001). To problematize the present
emphasis on student teachers’ self-development during practicum we return to the question of who the teacher needs to be or
become, and about this, what expectations teacher education can pose on the inner self of the students.

The norms or expectations for what the teachers need to become were prevalent in many studies, where some took a fidelity
implementation approach. The message conveyed by the different articles, across contexts, is that a student teacher is expected
to align with reform mathematics and be increasingly aware of how to attend to the diversity among learners, but also be or
become positive, efficient, confident, and constantly developing his/her identity. We call for teacher education research and
practice reflect on the purposefulness of the strong focus on self-development.
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