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This thesis examines how affective relations to mathematics emerge, become visible, and are
sustained in Swedish early childhood education (preschool and preschool class). Integrating
psychological, physiological, and interactional perspectives, it explores how children’s
orientations toward mathematics are shaped through teachers’ affective dispositions, children’s
real-time engagement, and the multimodal practices of everyday preschool interaction. Three
empirical studies address two overarching questions: How teachers and children co-construct
affective relations to mathematics, and What different methodological approaches contribute
to understanding these relations. Study I used a municipal survey of 357 educators, employing
an adapted Math Anxiety Scale for Teachers of Preschool. A two-factor structure (general
vs. teaching-related anxiety) was confirmed. Results showed that certified preschool teachers
with higher math anxiety reported significantly lower frequency of math teaching and math-
related talk—particularly in structured situations. This association did not appear for caregivers,
revealing a profession-specific pathway through which teachers’ affective orientations may
shape children’s opportunities to encounter mathematics. Study II combined pupillometry,
child-friendly affect ratings, and visuospatial working memory measures with preschool
class children (mean age 5.67) and one parent each. Task difficulty reliably increased pupil
dilation during problem processing, but anticipatory activation before math tasks was minimal.
No associations emerged between children’s affect ratings and physiological measures, nor
between children’s and parents’ math anxiety. These findings suggest that physiological
components typically associated with math anxiety are not yet consolidated at this age. Study
III analyzed nearly six hours of video-recorded everyday mathematics activities in a preschool
using multimodal conversation analysis. Teachers’ responses to children’s affective stances—
through prosody, gaze, body orientation, gesture, and material action—organized participation
in counting, problem-solving, and emergent math play. Response practices accomplished
re#engagement, repair, explanation, and moral work, demonstrating that affect is central—
not peripheral—to the organization of early mathematics activities. Across studies, affective
relations to mathematics appear relational, situated, and developmentally emergent. The thesis
shows the value of mixed methods for capturing both intrapersonal and interactional dimensions
of affect. Practically, it highlights the need to support teachers’ own affective orientations to
mathematics and to design early math environments that combine cognitive challenge with
interactional practices that recognize and build on children’s affective engagement.
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Chapter 1. Introduction 

Mathematics permeates nearly every aspect of modern life, from daily deci-
sion-making to the demands of the global job market. Expectations for indi-
viduals' mathematical skills vary depending on the policy document or socie-
tal framework considered, such as international assessments or national edu-
cational guidelines. In Sweden, these expectations are rooted also in the values 
and guidelines outlined in the preschool curriculum Läroplan för förskolan 
(Lpfö 18, latest version revised in 2018), which emphasizes both the need for 
child-centered, play-based approaches and the importance of fostering math-
ematical skills. Lpfö 18 tasks preschool teachers with providing opportunities 
for children to explore and describe their world through activities that align 
with their curiosity and interests (pp. 9–10) and introducing mathematical con-
cepts such as space, time, form, numbers, and patterns (p. 15). This reflects a 
societal priority to cultivate a lifelong desire to learn and to equip young chil-
dren with essential mathematical skills (Lpfö 18; Skolverket, 2018). Moti-
vated by these educational aims, this thesis investigates early affective rela-
tions to mathematics in Swedish early childhood education.  

Under its guidelines, Lpfö 18 specifies that children should be supported in 
their overall development of motor, social, cognitive and emotional skills (pp. 
15–16). However, research on attitudes and emotions related to mathematics 
has historically focused on older children and adults, and the literature on early 
childhood remains limited and sometimes conflicting (Dowker et al., 2012). 
Since most empirical work samples children at school entry or older (e.g., 
Dowker et al., 2019), many questions remain about whether negative attitudes 
and mathematics anxiety are already present in preschool (ages ≈ 3–6). Clarity 
is also lacking regarding their antecedents (e.g., parental versus other contex-
tual influences such as attending preschools) and about the most appropriate 
measurement approaches for capturing these phenomena in very young chil-
dren. This uncertainty poses both a theoretical and a methodological chal-
lenge. Understanding how affective relations to mathematics emerge before 
formal schooling requires developmentally sensitive methods.  

To address these gaps, this thesis project used complementary methodolo-
gies, including self-reports, temporally sensitive physiological indexing, and 
multimodal interaction analysis. The construct math anxiety served as the 
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starting point, given its documented associations with performance and 
achievement, as well as its potential role in children’s early socialization into 
mathematics. Yet the scope of the project gradually widened: from preschool 
teachers’ and preschool class children’s own affective relations to mathemat-
ics, to the interactional practices that shape these relations in everyday pre-
school activities. In this progression, each study became both an answer and a 
point of departure, with new layers of inquiry revealing further aspects of how 
early affective relations to mathematics take form. This approach aimed to 
balance attention given to the intrapersonal and interpersonal processes that 
shape affective relations toward mathematics. 

While I started from the construct math anxiety, I recognize that prior re-
search has problematized the conceptual boundaries between attitudes and emo-
tions (e.g., Dowker et al., 2019, p. 212). Rather than resolving how those over-
laps are handled in this thesis now, I return to them in the theoretical underpin-
nings (chapter 3) where I draw on Hannula’s metatheory (2012) and Barrett’s 
psychological constructionist account of emotion (2017; 2025) to clarify how 
these conceptual dimensions connect to the studies’ empirical design. 

1.1 Affective Relations, Teaching and Learning Math 
This interdisciplinary research project centres on early affective (emotional) 
relations to mathematics. In this thesis, the terms affective and emotional are 
used interchangeably. Early childhood mathematics education research com-
monly focuses on the opportunities and conditions available for learning 
(Björklund et al, 2020). This section explains how the empirical studies in this 
thesis fit into that body of work and how they contribute to our understanding 
of affective relations, alongside teaching and learning mathematics in Swedish 
preschools.  

Within this research context, the construct math anxiety is particularly rel-
evant. Math anxiety refers to the discomfort that individuals experience when 
confronted with mathematical tasks or situations. Richardson and Suinn’s def-
inition1: “mathematics anxiety involves feelings of tension and anxiety (ap-
prehension) that interfere with the manipulation of numbers and the solving 
of mathematical problems in a wide variety of ordinary life and academic sit-
uations” (Richardson & Suinn, 1972, p. 551, emphasis added) provided the 
conceptual lens for framing initial questions in this thesis. This definition was 
used as a point of departure to ask to what extent, how, and when such 

 
1 At the time of writing, this work had been cited over 400 times in the American Psychological 
Asociation PsycNet only, indicating its sustained influence in the field. 
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interference might occur in Swedish preschools. Studies I and II addressed 
these questions by operationalizing the construct through questionnaires and 
temporally sensitive physiological measures. Study III, extended the inquiry 
to the interactional organization of mathematical activity, examining how af-
fective stances and practices are displayed and managed in everyday preschool 
settings. Together these studies move from investigating potential interference 
toward exploring the broader relational and situated processes that contour 
early experiences with mathematics. Throughout the thesis, the term affective 
relations refer to the evolving patterns of emotional orientations, stances, and 
interactional behaviors of children and teachers toward mathematics. Engage-
ment denotes behavioral involvement with math tasks and activities.  

Affective relations to mathematics do not emerge in isolation, they are con-
tinuously shaped by the pedagogical structures and social interactions that de-
fine preschool life (Zöggeler-Burkhardt et al., 2023; Bronfenbrenner & Mor-
ris, 2006). Teachers’ emotional orientations toward mathematics, their ways 
of organizing learning activities, and the curricular structures that guide those 
activities all shape how children come to experience mathematics (Hannula, 
2020; Vogt et al., 2021). Understanding how affective relations take form 
therefore also requires attention to the teaching practices and curricular inten-
tions that frame them. While affective relations include individual emotional 
orientations toward mathematics, in this thesis they are fundamentally under-
stood as also emerging within and through social interactions and institutional 
structures. 

Accordingly, this research project approaches early affective relations to 
mathematics from complementary perspectives. It examines how such rela-
tions develop in young children both in the context of everyday preschool 
teaching and learning, and in preschool class children’s engagement with 
structured mathematical tasks in a controlled environment. Similar to studies 
investigating how mental processes such as working memory or attention in-
fluence mathematical performance, this project explores how affective factors 
shape early mathematical engagement. At the same time, drawing on research 
that views emotion as a social and interactional phenomenon, it investigates 
how affective stances guide children’s engagement in mathematical activities. 
The three empirical studies employ different methods to address intrapersonal 
and interpersonal processes; together, providing a multi-layered picture of 
how emotional and pedagogical processes are intertwined in the early child-
hood education context. 

In study I, the frequency of pedagogical actions, and how teachers’ own 
affective relations to mathematics shapes the learning environment of pre-
school age children is explored. This study is aligned with the emphasis within 
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didactics of mathematics education2 on the teacher's role in creating learning 
opportunities and fostering a positive relational environment for learning 
mathematics. Study II is conducted in relation to cognitive science research 
on mathematical problem-solving and informs the interest in how children ex-
ert attention and cognitive effort when processing math tasks. According to 
prior research, math anxiety likely affects the aforementioned processes, as 
anxiety might interfere with attention and working memory in problem-solv-
ing. Using research instruments to explore how anxiety might influence cog-
nitive effort during problem-solving in young children, this study taps into the 
same kinds of mechanisms that cognitive science has investigated, such as 
attention/inhibition and cognitive load. Yet, we do so with the purpose of col-
lecting local group level data that allows us to better characterize the partici-
pant population in our studies. The methods deployed in study II are novel in 
their use with this population’s age and societal context. Study III goes beyond 
intrapersonal processes to also investigate the social and emotional dynamics 
between teachers and students in math-related activities taking place at the 
preschools. Study III is conducted in relation to dialogical theories of commu-
nication and social interaction in educational contexts, and adds information 
regarding how affective stances are handled during math-related activities in 
the early years.  

The relevance of the overall research project stems from the indication that 
affective relations (e.g., math anxiety) start taking shape early in life, which 
has direct implications for the quality of children’s early math-related experi-
ences in preschool, beyond its posterior measurable impact on math perfor-
mance. Thus, the focus of this research is on increasing the knowledge about 
early affective relations to mathematics, and the role teachers play in creating 
socio-emotional environments in preschools that are significant for the devel-
opment of emotional relations towards math. Besides the potential connection 
between math anxiety and performance outcomes in the future, concern for 
the quality of young children's affective experiences with mathematics lies at 
the heart of this research project. 

 

 
2 In this thesis, the term ‘didactics of mathematics’ refers to the study of teaching and learning 
mathematics, including the relational dynamics between teacher, child, and content. 
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1.2 Overarching Aims and Research Questions 
The primary aim of this project was to further the knowledge on preschool and 
preschool class children’s affective relations to mathematics particularly in 
connection to teachers’ self-assessed math anxiety, preschool class children’s 
engagement with math tasks, and everyday math-related activities in the pre-
school. The secondary aim was to explore how to investigate affective rela-
tions from different theoretical and methodological points of view. To this 
end, instruments were developed and methodologies were employed to frame 
affect as an emergent emotional experience shaped by individuals within their 
socio-cultural environments.  

In pursuit of these aims, the following research questions were addressed:  

• How do teachers and children (co-)construct affective relations to 
mathematics in early childhood education? 

• What do different research methodologies contribute in characterizing 
affective relations to mathematics in early childhood education? 

 
These research questions were explored within three sub studies, focusing on 
(i) preschool teachers’ self-assessments of math anxiety, (ii) preschool class 
children’s physiological, psychological and behavioral engagement with 
structured math tasks, and (iii) affective practices in everyday math-related 
activities in the preschool. To capture intrapersonal and interpersonal pro-
cesses shaping early affective relations to mathematics, each sub-study tested 
and employed tailored instruments, including surveys, lab-based pupillome-
try, and video-ethnographic interaction analysis.  

A comprehensive framework enabled the integration of findings across 
these different levels of inquiry: the impact of math anxiety on teachers’ own 
relation to mathematics and teaching practices; children’s exertion of attention 
and cognitive effort during mathematical tasks; and the intricacies of affective 
stances and practices in the social organization of activities during early math-
related teacher-student interactions. Viewing emotional experiences as situ-
ated and context-dependent instances (Barret, 2017; Hoemann et al., 2019) 
aligns in some respects with affect as an interactional achievement, as high-
lighted in the close analysis of sequentially organized actions in social inter-
action (Heritage, 1984; Schegloff, 1992; Sidnell, 2015). In a wider sense, this 
approach contributed to increasing knowledge on teachers’ role in the creation 
of supportive socio-emotional environments during math-related activities in 
preschools. 



 

 16 

1.3 Outline of the Thesis  
Chapter 1 introduces the research problem and defined the object of study: 
early affective relations to mathematics in Swedish early childhood education. 
It explains the relevance of this focus, sets out the aims and research questions, 
and gives a very brief overview of the studies included in the thesis. Chapter 
2 situates the empirical work in the broader landscape of early childhood 
mathematics education in Sweden. It begins by examining international per-
formance trends and affective factors such as mathematics anxiety, then traces 
the historical, curricular, and pedagogical developments that shape how math-
ematics is taught and experienced in Swedish preschools.  

Chapter 3 elaborates the theoretical framework guiding the design and anal-
ysis in the thesis. Chapter 4 highlights previous research most directly relevant 
to Studies I–III, complementing the broader background provided in Chapter 
2. This layered approach avoids redundancy while ensuring that the relevant 
literatures are addressed at appropriate levels of detail. Chapter 5 presents the 
methodology in each study. This chapter includes a description of the empiri-
cal material, ethical considerations and methods of analysis. It concludes with 
a meta-level reflection on design and conceptual positioning of each study. 
Chapter 6 summarizes the results of the studies individually, and the discus-
sion (Chapter 7) integrates them to display the empirical, theoretical, method-
ological contributions, and the practical implications of the thesis as a whole. 
Finally, Chapter 8 consists of a summary of the thesis in Swedish. 
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Chapter 2. Background 

To understand how affective relations to mathematics take form in Swedish 
early childhood education, it is necessary to situate the thesis within the 
broader educational and societal context. This includes examining interna-
tional performance trends, historical legacies in teacher education, national 
curriculum goals, and the pedagogical practices that shape early childhood 
mathematics education in Sweden. The following background outlines these 
layers, beginning with Sweden’s participation in international assessments 
and the role of affective factors in shaping performance. 

2.1 The Big Picture: Sweden in Context 
The importance placed on instilling strong mathematical skills at the national 
level in Sweden becomes more apparent when analyzed through the lens of its 
participation in international studies like TIMMS (Trends in International Math-
ematics and Science Study) and PISA (Programme for International Student 
Assessment). TIMMS is conducted every 4th year since 1995, and students at-
tending grade 8 (the year they turn 14 years old) in Sweden have been partici-
pating since 1995 (1999, 2003, 2007, 2011, 2015, 2019, 2023), while those at-
tending grade 4 (the year they turn 10 years old) were integrated in 2007. PISA 
tracks the performance of 15-year-olds in mathematics, reading, and science 
across participating countries. PISA is conducted every 3rd year, and Sweden 
has participated in the PISA studies since its beginnings in the year 2000 (2003, 
2006, 2009, 2012, 2015, 2018, 2022: delayed due to the COVID pandemic). In 
the 2003, 2012, and 2022 study cycles, the focus was specifically on mathemat-
ics, providing valuable insights into trends in both mathematical achievement 
and some factors influencing students' performance.

In PISA 2003, Sweden achieved an average math score of 509, which 
placed it significantly above the OECD average of 500 (Skolverket, 2004, p. 
54). Sweden’s math score declined to 478 in PISA 2012, reflecting a signifi-
cant drop in performance over the previous decade (Skolverket, 2013, p. 50) 
and in relation to the OECD average for that year. Sweden’s score then im-
proved in the subsequent PISA cycles, rising to 502 by 2018, surpassing the 
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OECD average once again (OECD, 2019). However, the most recent PISA 
2022 results indicate a reversal of these gains, with Swedish students' math 
performance declining to 482, a level closer to the historical low recorded in 
2012 (OECD, 2023a). Although Swedish students currently perform above 
the OECD average of 472, these trends signpost ongoing challenges in main-
taining consistent mathematical performance. The fluctuations in Sweden's 
math scores over time suggest a need for deeper understanding of the factors 
contributing to these shifts.  

One important factor examined in PISA is math anxiety, measured through 
a composite index capturing students’ self-reported worry, nervousness, and 
tension when engaging with mathematics (OECD, 2023b). Figure 1 shows that 
Sweden’s PISA math scores (blue) and the OECD average (orange) have fluc-
tuated significantly between 2003 and 2022, with students in Sweden falling 
back to levels close to the historical low. Over the same period, Swedish stu-
dents’ math anxiety scores increased (from –0.49 to –0.07), coinciding in time 
with both declines in performance and its fluctuation over time (Skolverket, 
2004, p. 77; Skolverket, 2013, p. 79; Skolverket, 2023, p. 47). This pattern is 
consistent with a potential association between rising anxiety and fluctuating 
performance rates in Sweden. However, causality cannot be inferred from these 
aggregated trends which would require future targeted longitudinal analysis.  

 
Figure 1. Sweden’s PISA: Math Performance, OECD average, and Math Anxiety 

In the PISA reports, math anxiety—the feeling of tension and apprehension 
when confronted with math—has been widely identified as a key factor asso-
ciated with mathematics performance, both in Sweden (Skolverket, 2023, p. 
47) and globally (OECD, 2023b). Box I.2.1 in the OECD report (OECD, 
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2023b, p. 58) shows a general trend whereby students with higher mathemat-
ical performance experience less anxiety related to the subject. This pattern, 
first identified in the PISA 2012 report, continues to be observed in PISA 2022 
across all participating education systems (OECD, 2023b, p. 58), reinforcing 
the negative association (inverse relation) between math anxiety and math per-
formance reported globally (Barroso et al., 2021; Foley et al., 2017; Hembree, 
1990; Namkung et al., 2019). 

OECD analyses indicate that even in education systems with relatively 
strong performance, substantial variation in students’ math anxiety persists 
(OECD, 2023b). This indicates that despite Sweden’s relatively strong perfor-
mance compared with the OECD average, substantial variation in math anxi-
ety persists among students. Furthermore, the trend reported over the years 
when mathematics was a focus in PISA shows an increase in math anxiety 
scores: from -0.49 in 2003 (Skolverket, 2004, p. 77), to -0.35 in 2012 
(Skolverket, 2013, p. 79), and to -0.07 in 2022 (OECD, 2023b, p. 58). In the 
meantime, the extensive literature on math anxiety suggests that addressing it 
early is crucial, as its effects extend beyond academic performance to essential 
life skills and career choices (Eidlin-Levy et al., 2023; Caviola et al., 2022).  

One of the most recent and comprehensive studies utilizing data from 
TIMSS 10- and 14-year-olds and PISA 15-year-olds suggests that in Sweden, 
as students progress through school, the impact of individual math anxiety on 
achievement becomes stronger, peaking at age 14, and then slightly decreas-
ing by age 15. Contextual anxiety (i.e., classroom or school-level anxiety) ap-
pears to impact younger students’ math achievement more, particularly in 
TIMSS Grade 4, and its influence diminishes as students age, which indicates 
that classroom and broader education environments matter significantly for 
younger students (Lau et al., 2022). 

It is important to note that TIMSS does not include a math-anxiety scale 
directly comparable to PISA’s composite index. Instead, Lau et al. (2022) rely 
on the single TIMSS item Mathematics makes me nervous to approximate in-
dividual anxiety, and they construct contextual (education-environment) anx-
iety measures by averaging student responses within the sampled unit—that 
is, classrooms in TIMSS and schools in PISA. Finally, they estimate three-
level models (L1 = student; L2 = education environment — classroom for 
TIMSS, school for PISA; L3 = country) to separate individual from contextual 
effects. Because the underlying items differ (single-item TIMSS vs. five-item 
PISA index), the individual and contextual effects are comparable in form but 
not identical in measurement. 

Research has also traced the development of math anxiety throughout the 
school years, but much less is known about how these affective relations 
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originate in early childhood education and preschool contexts. Through 
metanalyses, both increasing (Namkung et al., 2019) and decreasing (Barroso 
et al., 2021) trends for math anxiety have been reported in the primary school 
years. Reviews of this literature emphasize that the scarcity of studies with 
young children, the lack of multimethod approaches, and the absence of com-
plex longitudinal models limit our ability to explain when and how math anx-
iety develops (Eden et al., 2013). These knowledge gaps reinforce the need 
for early-focused, multi-method investigations that trace how affective rela-
tions to mathematics take shape over time. Putting the discrepancy of these 
trend results aside, the fluctuation in overall average math anxiety levels re-
ported across school years stresses the role and importance of early education 
in shaping both individual opportunities and broader societal outcomes. 

Although international assessments document rising math anxiety in Swe-
den and the literature links anxiety to performance (Carey et al., 2016), this 
should not be interpreted as a direct causal relationship. Multiple interacting 
factors such as individual differences, prior achievement, classroom climate, 
teacher practices, and also insufficient mathematics ability have been shown 
to contribute to math anxiety (Maloney & Beilock, 2012; Dowker et al., 2016). 
Recent systematic reviews and meta-analysis of intervention studies reinforce 
this complexity. Sammallahti et al. (2023) report moderate reductions in math 
anxiety (Hedges’ g = –0.467) and concurrent improvements in math perfor-
mance (g = 0.502), particularly when interventions incorporate cognitive sup-
port (focused on participants’ learning strategies) and emotion regulation (e.g., 
relaxation and expressive writing) strategies. Liu et al. (2025) extend this pic-
ture by reporting that interventions combining mathematics-skill instruction 
with anxiety-reduction components produced the largest pooled reductions in 
reported math anxiety (combined interventions: Hedges’ g = −1.09), com-
pared with anxiety-only interventions (g = −0.71) and skills-only programs (g 
= −0.37). These pooled estimates are averages across diverse studies (and 
show substantial between-study heterogeneity), and moderator analyses indi-
cate that effectiveness depends on participant and program characteristics. For 
example, anxiety-focused interventions seem to be especially effective for 
participants with very high baseline anxiety. Liu et al. (2025) also note that 
insufficient mathematics ability may be one contributing factor to math anxi-
ety, and reductions in anxiety do not always produce immediate performance 
gains, indicating a complex, bidirectional relationship between ability and 
anxiety. Together, Sammallahti et al. (2023) and Liu et al. (2025) show that 
combining emotional dimensions with skill development yields greater bene-
fits, as reducing anxiety alone does not always lead to immediate performance 
gains. 
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These findings also suggest that policy and curriculum aims that combine 
the development of mathematical skills with practices that attend to students’ 
emotional experience of mathematics are promising. This type of approach, 
which is aligned with Sweden’s preschool curriculum Lpfö 18’s (Skolverket, 
2018) dual focus in emotional and math skills development may be helping 
address achievement goals while also mitigating the development and impact 
of math anxiety in children’s educational paths. However, little is known 
about how affective relations to mathematics unfold in preschool settings 
(Dowker et al., 2012), and how teachers’ own affect influences these early 
trajectories (Mammarella et al., 2019; Kirkland & Hunt, 2024). The focus of 
this thesis is therefore to explore how individual factors, such as personal anx-
iety towards mathematics, influence students’ experiences with mathematics, 
while also considering the broader contexts within which this negative affect 
may develop. Furthering the knowledge on affective relations to mathematics 
is relevant not only for improving student outcomes, but also for shaping the 
formation and practices of educators. On this final point, Palmer (2020, p. 34, 
my transl.) argues that "the teacher profession is special in the sense that all 
pre-service teachers also have their own prior experience of the school world." 
This phrase leads us to explore the national historical and policy context that 
frames preschool mathematics education in Sweden. 

2.2 Historical and Gendered Legacies  
To understand contemporary affective relations to mathematics in Swedish 
preschools, it is necessary to consider the longer historical and gendered leg-
acies that have shaped how mathematics has been perceived, taught, and val-
ued. According to Larsson (2024), the English concept of infant schools 
(småbarnsskolor) was introduced to Sweden in the 1830s. This was followed 
by the first Swedish nurseries (barnkrubbor) opened in the 1850s inspired by 
the French model which focused on childcare for working mothers in indus-
trial settings. Towards the end of the 19th Century, a third form of preschool 
emerged, kindergartens (barnträdgårdar). Kindergartens were based on Frie-
drich Fröbel’s ideas, emphasizing the role of play for children's development 
(Larsson, 2024). 

Palmer (2020) highlights the influence of Descartes’ dualistic model, which 
grew strong in the 19th century (p. 39). The model posited a series of vertical 
separations—public vs. private, systematic vs. unpredictable, independent vs. 
dependent, and rational vs. emotional—establishing a hierarchy in which op-
posing qualities were seen as fundamentally distinct. Alongside these vertical 
dichotomies, the model also linked certain qualities horizontally, most notably 



 

 22 

associating rationality with masculinity and emotion with femininity, reinforc-
ing both the separation between mental domains and gendered hierarchies 
(Palmer, 2020, p. 39–40). This framework was subsequently used to argue that 
mathematics was primarily a masculine and rational domain, justifying the 
exclusion of women from mathematics-intensive education and professions 
(Palmer, 2020, p. 40). 

Historically, mathematics has been framed as a male-dominated domain, a 
narrative that has perpetuated stereotypes about who can excel in the subject. 
“When mathematics emerged as an academic discipline in the 18th century, 
only men with an official professional life were included in the circle that had 
the opportunity to engage in mathematics” (Palmer, 2020, p. 39, my transl.). 
Clear examples of this can be traced back to the curriculum of public schools 
in Sweden. For example, girls were not allowed to learn geometry until 1889, 
when it became an optional subject area until 1919 (Normalplan, 1878, p. 63; 
Normalplan, 1889, p. 29; Normalplan, 1900, p. 34). It was only then that girls 
and boys had the same mathematics curriculum in school. This influence is 
also evident in how researchers made gender-differentiated claims in Sweden. 
For instance, regarding more advanced mathematics, even by 1939 it was 
stated—without any reservations—that woman in particular have difficulties 
with mathematics (Wallin & Grimlund, 1939, p. 9). These examples make it 
clear that a particularly gender-differentiated way of thinking about mathe-
matics persisted well into the 20th century in Swedish schools. 

Despite progress in gender equality within general education, the legacy of 
gender-differentiated perceptions of mathematics appears to have influenced 
teacher education programs into the 21st century. In Sweden, preschool edu-
cation programs are still characterized by female overrepresentation. Notably, 
until 2005, teacher education programs were arranged in a way that made it 
possible for student teachers to complete their training opting out from math-
ematics courses (Palmer, 2020, p. 14; Utbildningsdepartementet, 2001). As 
Palmer (2020) notes, this was partly because preschool pedagogy at the time 
emphasized care, play, and holistic development rather than subject-specific 
knowledge. In compulsory-school teacher education, prior to the 2001 reform 
(Prop. 2000/01:60; Utbildningsdepartementet, 2001), students could special-
ize in Swedish and Social Sciences instead of Mathematics and Natural Sci-
ences and therefore took little or no mathematics courses, reflecting broader 
assumptions about who would be responsible for mathematics teaching in 
schools. The changes introduced by this bill were implemented gradually and 
came into full effect in 2005. Although the structures differed between pre-
school and compulsory-school programs, and for different reasons, both illus-
trate how mathematics was unevenly prioritized across teacher education 
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during this period. Rather than indicating a lack of competence among pre-
school teacher students themselves, these historical arrangements point to in-
stitutional and curricular traditions that may have indirectly reinforced gen-
dered notions of mathematics as a challenging or less accessible subject for 
certain individuals. Such structures form an important background for under-
standing how teachers’ affective relations to mathematics may be framed long 
before entering the preschool profession. 

Palmer also refers to others and her own research (e.g., Aydin & Costu, 
2016; Gresham, 2007; Palmer, 2009, 2010), showing that students training to 
become teachers of young children experience greater aversion to mathemat-
ics than other teacher students (Palmer, 2020, p. 14). This observation is rein-
forced by both classic (Hembree, 1990) and more recent studies (Jenßen, 
2021) on math anxiety among early childhood educators, which illustrates the 
persistency of math anxiety in this group. Moreover, the gendered lens is a 
common approach in studies examining the individual effect of math anxiety 
on achievement and it is linked to a possible intergenerational effect, which 
may affect female students more strongly (Beilock et al., 2010). Various af-
fective factors (e.g., Sumpter & Sollerman, 2022) including math anxiety, 
have been reported as stronger among female students (Hill et al., 2016; Hyde 
et al., 1990). This tendency is observed globally and in Sweden, where recent 
research shows that girls report higher levels of math anxiety than boys al-
ready by grade 4, that is, the year they turn 10 years old (Finell et al., 2024). 

This gender difference reflects not only social and cultural biases but also 
motivational and affective differences that often begin in early childhood (Li 
et al., 2021; Anders & Rossbach, 2015). The plausible causes behind this early 
start become more evident for example, when high math-anxious adults nar-
rate negative experiences with mathematics, linking them to their own ele-
mentary mathematics teachers and early experiences with math content (Hunt 
& Maloney, 2022; John, Nelson, Klenczar & Robnett, 2020; Shamoon, 2014). 
In Sweden, where gender differences in affective variables toward mathemat-
ics are documented among school-age children (Finell et al., 2024), and where 
pre-service early childhood teachers report aversion to mathematics (Sha-
moon, 2014; Palmer, 2009), it becomes essential to explore how early affec-
tive experiences shape their short- and long-term educational trajectories.  

Early affective relations are relevant to children’s immediate engagement 
with mathematics but also to their longer-term educational and professional 
trajectories. More boys than girls continue to pursue educational and profes-
sional careers in Science, Technology, Engineering and Mathematics (STEM) 
fields worldwide (Wang & Degol, 2016), and this gender gap may be partially 
explained by affective factors related to mathematics (e.g., Ahmed, 2018), 
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particularly the higher prevalence of math anxiety among females. Meta-ana-
lytic evidence from TIMSS and PISA show that while gender differences in 
mathematics achievement are generally small, differences in affective factors 
(such as valuing math, motivation, self-concept, self-efficacy, and math anxi-
ety) are substantially larger in countries with greater gender equity, including 
Sweden (Else-Quest et al., 2010). Recent research adds more nuance since 
affective gaps persist (Ghasemi & Burley, 2019), and achievement gaps in 
mathematics and science can also become more pronounced in more egalitar-
ian and prosperous countries, especially in early grades (Oberleiter, Golle, & 
Scherer, 2023). According to a report from the Swedish National Agency for 
Education (Håkansson, 2024), in the 2022/2023 school year, more than 80% 
of students in the technical program were boys, with the percentage rising to 
nearly 90% for the fourth technical year. This gender disparity is further com-
pounded by Swedish students' lower interest in mathematics and natural sci-
ences, particularly compared to the international average. This trend is espe-
cially pronounced among girls, who remain underrepresented in STEM fields 
(Håkansson, 2024, my transl.).  

This situation in Sweden reflects what some scholars refer to as the gender-
equality paradox, where high levels of gender equality coincide with large gen-
der gaps in STEM participation (Stoet & Geary, 2018). The paradox suggests 
that, in countries with greater gender equality, the gender gap in STEM might 
actually be wider, a counterintuitive finding. However, recent research has ques-
tioned the validity of this paradox, arguing that it may be an artifact of how 
cultural clusters and data quality are accounted for in global comparisons (Berg-
gren & Bergh, 2025). This raises important questions about how we measure 
and interpret gender equality, STEM engagement, and whether Sweden’s case 
is truly paradoxical or more reflective of deeper cultural dynamics. 

In addition, Swedish-specific evidence highlights the role of early educa-
tional mechanisms. Gender differences in performance, confidence, competi-
tiveness, and aspirations emerge already in compulsory and upper secondary 
school, shaping later STEM choices (Lénárd, 2025). Since the paradox is often 
used to explain away Sweden’s gender imbalance in STEM, Berggren and 
Bergh’s critique allows us to consider that other factors such as cultural, insti-
tutional, and educational aspects might be more important drivers of STEM 
participation choices (2025). Taken together with Lénárd’s findings, this sug-
gests that beyond national-level equality, factors such as classroom composi-
tion, motivational beliefs, and individual aspirations may play a stronger role 
in explaining gendered pathways in mathematics and STEM in Sweden.  

To fully understand the factors shaping mathematical engagement, it is im-
portant to examine affective influences that vary among different groups 
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(Wang et al., 2015). The persistent gender disparities in STEM also highlight 
the importance of educational contexts as for instance, interactions in the pre-
schools may contribute to shaping early affective relations towards math. 
Moreover, these findings must be interpreted considering the broader context, 
as the evolution of the Swedish preschool sector reflects significant societal, 
political, and educational shifts over several decades (Larsson, 2024). This, in 
turn, influences teacher preparation and the educational environments. 

2.3 Expansion and Institutionalization of Preschool 
Education 

In the 1960s, childcare was primarily viewed as a support system for working 
mothers, but economic growth and increasing female workforce participation 
led to a growing need for expanded childcare options. The 1970s marked a 
turning point with Barnstugeutredningen, a comprehensive investigation that 
emphasized the educational importance of early childhood care. By the 1980s, 
municipal day-care centers became the dominant form of childcare, culminat-
ing in the 1985 passage of the Preschool for all children bill, which solidified 
preschool as a public service (Larsson, 2024). 

Larsson and Palmer agree that the 20th century saw a paradigm shift, with 
preschool increasingly viewed as essential for child development (Larsson, 
2024; Palmer 2020). In 1998, the Swedish preschool received its own curric-
ulum, with responsibility transferred to the Swedish National Agency for Ed-
ucation. This trend toward public preschool continued into the 2000s with the 
introduction of the childcare guarantee in the year 2000, ensuring a place for 
every child. Despite the only temporary reintroduction of the Carer's Allow-
ance (Vårdnadsbidraget) between 2008 and 2014, preschool participation 
surged, with over 80% of children attending preschools. By the 2010s, the 
majority of Swedish children were in preschool, and by 2024, Sweden’s pre-
school enrolment was 86% for ages 1-5, a rate among the highest in Europe 
(Larsson, 2024). 

The latest version of the Swedish preschool curriculum (Lpfö18) regards 
everyone who works in the preschools as an important role model of behavior 
and talk that affects children’s understanding and development of their own 
points of view. It states that preschool teachers are in charge of initiating and 
facilitating the activities that take place in the preschools, with the preschool 
curriculum as their starting point. Though, it is also stated that children’s cu-
riosity and own interests should be given importance at the moment of deter-
mining how a particular set of skills will be developed (Lpfö18, p. 7). From 
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these guidelines derives the local notion that in Sweden, teachers must pro-
mote children’s overall development and learning, as well as a life-long desire 
to learn.  

More specifically, regarding mathematical skills learning, the curriculum 
states that the preschool should allow children to use “mathematics to inves-
tigate and describe their environment, and solve everyday problems that could 
be raised by themselves or others” (Lpfö18, p. 14). Hence, the activities pro-
moted by teachers must allow students to develop an “understanding of space, 
time and form, and the basic properties of sets, patterns, quantities, order, 
numbers, measurement and change, and to reason mathematically about this” 
(Lpfö18, p. 14). Furthermore, teachers are expected to use math content as a 
foundation to foster children’s ability to “discern, express, investigate and use 
mathematical concepts and their interrelationships” (Lpfö18, p. 14). These 
curriculum guidelines frame teachers as reflective practitioners who must 
make pedagogical decisions balancing children’s interests, developmental 
needs, and mathematical learning goals. 

The preschool curriculum highlights children’s ability to “learn through play, 
social interaction, exploration and creation, but also by observing, conversing 
and reflecting” (Lpfö18, p. 11), thereby promoting varied methods that stimu-
late children’s drive to learn. It also emphasizes the importance of continual 
challenge across diverse environments (e.g., indoors and outdoors) and the ben-
efits children gain from the freedom to engage in play with peers, combining 
their own ideas and imagination with the materials and situations they encounter 
in preschool. In sum, the latest Swedish preschool curriculum sets out math-
related learning goals for early childhood education (Lpfö18, p. 14) and aligns 
with local research highlighting the importance of an early start in developing 
mathematical skills. Studies in Sweden show that children begin acquiring 
mathematical abilities at a young age (e.g., Björklund, 2010; Reis, 2011), and 
these early experiences play a crucial role in later mathematics learning and 
school performance (e.g., Clements & Sarama, 2013; 2014; 2020). 

Beyond individual academic success, fostering early mathematical engage-
ment also has broader societal implications. It contributes to Sweden’s ambi-
tion of sustaining a competitive, knowledge-based society, partly by encour-
aging more women to pursue mathematics-intensive education and profes-
sions that remain male-dominated (Palmer, 2020, p. 15). The long-standing 
underrepresentation of women in mathematics, together with the late inclusion 
of mathematics in preschool teacher programs, reflects enduring educational 
and curricular choices that continue to influence how in-service preschool 
teachers engage with mathematics today. Yet, curriculum implementation and 
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teacher preparation are also mediated through local leadership and enactment. 
These issues are further explored in the following section. 

2.4 Curriculum Enactment and Leadership 
Curriculum enactment in Swedish preschools depends on both teacher agency 
and leadership strategies. Leadership in this context concern preschool princi-
pals but also how preschool teachers exercise leadership within working 
teams, particularly when negotiating responsibilities with childminders (in 
this thesis text: caregivers). Both Hildén et al. (2021) and Sundström (2025) 
highlight tensions around role distribution and professional authority that are 
central to curriculum enactment. 

In 2010, preschools were integrated into the school system, making teach-
ing a formal requirement (Swedish Educational Act, SFS 2010:800). Follow-
ing inspections of 82 preschools in 2016, the Swedish Schools Inspectorate 
(SSI) concluded that the concept of teaching was largely absent in preschool 
descriptions and urged a teaching process aligned with curriculum goals (as 
cited in Hildén et al., 2021; Swedish Schools Inspectorate, 2016). Hildén et al. 
explained that SSI defined teaching as “preschool teachers’ conscious sup-
port of children’s goal-oriented learning and development” (Hildén et al., 
2021, p. 2) and noted that the inspection prompted widespread national and 
local development processes to foreground more planned instruction. They 
further reported that many preschool teachers and managers associate teaching 
with compulsory-school, content-driven instruction and fear this shift threat-
ens the play-based, child-centered approach (Hildén et al., 2021). 

Sundström’s (2025) study provides an in-depth look at how preschool prin-
cipals interpret and enact the latest Early Childhood Education and Care 
(ECEC) curriculum. Through observations of group discussions and inter-
views with sixteen principals involved in a municipal implementation project, 
Sundström show both the opportunities and challenges of balancing traditional 
play-based approaches with an increased emphasis on structured teaching. 
Their research reveals that while principals generally view the new curricu-
lum, and particularly the emphasis on teaching, as a positive development that 
could elevate the status of preschool education, they also recognize significant 
challenges. These challenges arise from the need to reconcile the new policy 
demands with long-established practices centred on play and care. 

Among these challenges is managing staff resistance. As “structural aspects 
of context include professional relationships and power dynamics within pre-
schools, with historical patterns of work distribution” (Sundström, 2025, p. 2), 
rebranding traditional play and care practices as teaching requires more 
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frequent use of the term with their staff, development of their curricular 
knowledge, and their roles in relation to children (Sundström, 2025, p. 7). Ac-
cording to Sundström (2025), practice shifts are required in terms of adapting 
professional roles and reconciling curriculum demands with existing work 
structures. Principals also reported concern about these changes leading to re-
sistance with “childminders expressing insecurity, and teachers feeling over-
whelmed” (Sundström, 2025, p. 8). The authors also stated that while munic-
ipal support, such as the structured modules and collegial discussions (as part 
of the study’s implementation project) are appreciated for fostering shared un-
derstanding, challenges related to timing, flexibility, and the practical re-
balancing of staff responsibilities persist.  

Hildén et al. (2021) investigated how Swedish preschool teachers collec-
tively manage teaching as a new part of their professional mission. Their study 
shows initial tensions emerged between curriculum goals and child-centered 
pedagogy, and between teacher responsibility and team traditions. However, 
over time, teachers achieved agency through sustained collegial discussions, 
reframing teaching as playful yet goal-aware. This transformation was an-
chored in professional core values, such as sensitivity to children’s needs, 
commitment to pedagogical practices for the greater good of children, and 
teamwork, which served as buffers against perceived threats to preschool tra-
ditions. These findings propose that repeated dialogue is necessary to reducing 
insecurity and fostering shared understandings, suggesting that leadership 
must create conditions for such professional conversations. 

Sundström’s (2025) study makes visible the back-and-forth between policy 
directives and local practices, demonstrating that successful curriculum enact-
ment depends not only on clear policy communication but also on supportive, 
context-sensitive implementation strategies that acknowledge the cultural, 
structural, and material realities of preschool settings (Sundström, 2025). 
Among the few principals who were more critical of the Implementation Pro-
ject modules’ content, some questioned the timing of specific content presen-
tation and pointed out that discussions on specific topics would be more ap-
propriate and systematically tackled “if needed” and “when appropriate” for 
each preschool unit (Sundström, 2025, p. 9). Also, “more flexible forms of 
support, in the form of a bank of available materials” were requested 
(Sundström, 2025, p. 9). Hence, it is important to note that while principals 
expressed the need for greater autonomy to define when to discuss specific 
curricular areas, they also asked for the generation and provision of concrete 
materials and stressed the benefits of being part of a coherent macro-level 
structure that “increase[s] equivalence across the municipality,” ultimately 
“strengthening the ECEC quality” (Sundström, 2025, p. 10). 
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These insights contribute to understanding the evolving role of preschool 
teachers and the integration of teaching and learning in early childhood edu-
cation in Sweden. The tensions identified by Hildén et al. (2021) and the struc-
tural challenges highlighted by Sundström (2025) help explain variations in 
practice and inform the interpretation of this thesis’ findings. The following 
section presents local research that show such shifts as expressed in play-
based mathematics education where more formal mathematics instruction sit-
uations have just begun to become part of the children’s routines.  

2.5 The Integration of (Teaching) and Learning  
into Play  

Early childhood mathematics education in Sweden represents a dynamic in-
terplay between theory, practice, and policy (Hildén et al., 2021; Sundström, 
2025). The preschool curriculum emphasizes a play-based, child-centred ap-
proach that aims to cultivate positive, long-lasting attitudes toward learning, 
including fostering mathematical skills (Lpfö18). The integration of these 
goals in practice is crucial given that early experiences with math can influ-
ence later performance and engagement. Empirical studies in Swedish pre-
schools illustrate both the potential and the challenges inherent in this ap-
proach. Three key themes emerged from a review of key empirical studies on 
early childhood mathematics education in Sweden: teaching-through-play, 
discrepancies between curriculum goals and practice, and mathematizing dur-
ing play and in interaction with teachers. By examining these findings, this 
section connects the role of teachers in fostering mathematical reasoning with 
the broader discussion on affective factors in mathematics education. 

Pramling Samuelsson and Johansson (2006) discuss a paradigmatic shift in 
early childhood education, emerging in the late 1990s and early 2000s, which 
changed the perspective on the relation between play and learning in early 
childhood education. According to these authors, traditionally, play and learn-
ing were seen as separate. Play was considered a child's natural way of explor-
ing the world, whereas learning was structured and guided by the teacher. This 
separation meant that play was valued as an independent activity, free from 
adult interference, while real learning was associated with specific educa-
tional activities (Pramling Samuelsson & Johansson, 2006). However, this 
perspective has evolved, and the new view suggests that play and learning are 
not separate but intertwined. Play is now recognized as a vital part of the learn-
ing process, contributing to cognitive, social, emotional, and creative devel-
opment. Learning is no longer seen as something that only happens in isolated, 
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teacher-led moments but as a process deeply embedded in children's everyday 
activities, including play. 

Previously, teachers were expected to support play without interfering in 
its free and creative nature. Learning, in contrast, was structured and goal-
oriented, often led by the teacher in specific activities. In the new integrated 
perspective, teachers are responsible for fostering play while also embedding 
learning opportunities within it. This requires a delicate balance. Teachers 
should guide and enrich play without dominating or restricting it (Pramling 
Samuelsson & Johansson, 2006). Studies in Swedish preschools show the im-
portance of teaching-through-play and allowing free play as strategies to sup-
port mathematical learning. For instance, Björklund et al. (2018) analysed 
teacher-child interactions in preschools to understand how mathematical con-
cepts are introduced and developed through play. Their findings revealed that 
preschool teachers employ various strategies to confirm, encourage, support, 
and challenge children’s mathematical thinking. Three of the four identified 
teacher actions—providing strategies, situating known concepts, and chal-
lenging concept meaning—allowed play to continue even as teachers inten-
tionally guided children toward mathematical learning. Thus, they demon-
strated how preschool teachers support mathematical reasoning by embedding 
subtle guidance within children’s play, extending their ideas without over-
whelming the spontaneity of play. 

Similarly, Johansson et al. (2012) examined mathematical activities in 
Swedish preschools, categorizing them using Bishop’s (1986) six types of 
mathematical activities: counting, locating, measuring, designing, playing, 
and explaining. Their study found that preschool activities often integrate chil-
dren’s interests while fostering mathematical reasoning. Beyond general play-
based learning, these researchers have also categorized different ways in 
which mathematical activities emerge during preschool interactions. Chil-
dren’s interactions with teachers were classified as either instrumental, where 
mathematical reasoning occurred alongside another goal, or pedagogical, 
where play was directly guided towards mathematical exploration. This clas-
sification highlights the flexible ways in which mathematics emerges during 
play, how teachers facilitate such moments and the role of teachers in shaping 
these interactions. Sumpter and Hedefalk (2015) demonstrated that preschool-
ers (1–5 years) engage in collective mathematical reasoning during free out-
door play. Across three episodes, they showed how the children used mathe-
matical products and procedures to challenge and support arguments. The 
children also recruited concrete materials (e.g., rocks, structures found in the 
playground, and their own body heights) to illustrate claims, and mobilize so-
cial constructs (including jokes) to sustain participation and drive the 
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collective reasoning forward. Two of these outdoor episodes showed that 
mathematical reasoning can emerge without explicit adult guidance, suggest-
ing that curricular ambitions to diversify mathematical content can be ad-
vanced from child-initiated, playful contexts.  

The paradigm shift that Pramling Samuelsson and Johansson (2006) dis-
cussed is reflected in research but also in educational policies, such as Swe-
den’s preschool curriculum, which emphasizes the integration of play and 
learning since its introduction in 1998 —the first curriculum specifically for 
preschool. Additionally, learning is increasingly viewed as a social and cul-
tural process rather than just an individual cognitive achievement. Children's 
lived experiences, social interactions, and cultural contexts play a crucial role 
in their development. This shift moves away from rigid developmental stages 
and toward an understanding that children learn and develop simultaneously 
through interaction with their environment and peers (Pramling Samuelsson 
& Johansson, 2006). It therefore challenges educators to rethink traditional 
teaching methods and adopt a more flexible, child-centered approach that rec-
ognizes play as a fundamental way of learning. It also raises important ques-
tions about how to balance structured learning objectives with the inherently 
spontaneous and creative nature of play. 

Despite the curriculum’s emphasis on integrating mathematics into early 
learning and the promising practices cited above (Björklund et al., 2018; Jo-
hansson et al., 2012), research also reveals gaps between curriculum ideals 
and everyday pedagogical practices. For example, Björklund and Barendregt 
(2016) surveyed 147 preschool teachers and found that while teachers fre-
quently planned and encouraged mathematical reasoning during play, they 
less often utilized the environment to explore spatial and pattern-based math-
ematical concepts other than numbers and number sequencing. This gap sug-
gests a need for deeper reflection on the diversity of mathematical content and 
strategies for embedding it into everyday activities.  

On the other hand, Gejard and Melander (2018) explored how children en-
gage in mathematizing—defined in their study as the process of participating in 
mathematical discourse—during play. Focusing on spatiality, shape, and sym-
metry, their study analyzed children’s video-recorded interactions with magnetic 
construction sets, revealing how mathematical reasoning naturally emerged 
through verbal and embodied interactions. Their findings argued for the potential 
richness of spontaneous mathematical interactions during play and called for fur-
ther research on how such moments can be leveraged to support geometrical 
thinking considering the importance of balancing structured guidance with op-
portunities for open-ended exploration (Gejard & Melander, 2018). 
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A more recent study by Björklund and Palmér (2024) provides further in-
sight into how mathematics can be meaningfully integrated into play. Unlike 
the earlier conceptualization offered by Gejard and Melander (2018), Björ-
klund and Palmér defined mathematizing as a process that emerges only when 
a true problem, or an authentic challenge that is relevant from the child’s per-
spective, is present within the play activity. Their qualitative analysis of video 
recorded data including five preschool teachers revealed that when mathemat-
ical tasks were added without a clear connection to the ongoing play, the math-
ematics and play often proceeded as parallel activities. In contrast, their ob-
servations from other activities demonstrated that when teachers actively par-
ticipated in the play and posed contextually grounded questions that address 
genuine, real-world problems, then the mathematics content became an essen-
tial tool for problem solving (Björklund and Palmér, 2024). This integration 
not only supported the development of mathematical reasoning but also chal-
lenged the traditional dichotomy between play and structured learning. By 
emphasizing the necessity of authentic problems and responsive teacher inter-
actions, the study suggested that the effectiveness of play-responsive teaching 
hinges on embedding mathematics in a way that is both meaningful and nec-
essary for the play narrative. 

Taken together these studies illustrate potentials and some challenges of 
early childhood mathematics education in Sweden, which is characterized by 
a curriculum that strives to integrate play and learning. However, fully realiz-
ing its potential requires addressing the persistent gaps between theory and 
practice (e.g., Björklund & Barendregt, 2016). In many occasions, it has been 
shown that preschool teachers in Sweden successfully integrate mathematics 
into play. However, gaps remain in fully leveraging the curriculum’s emphasis 
on diverse mathematical concepts. Furthermore, the role of the teacher in this 
context is to navigate the integration of play and learning in preschool. Teach-
ers, whose professional preparation and own historical experiences (as dis-
cussed in Section 2.2) inevitably shape their classroom strategies, must navi-
gate these challenges carefully. They are expected to support children's play 
without disrupting it, fostering a balance between allowing free, joyful play 
and guiding learning in line with long-term educational goals (Pramling Sam-
uelsson & Johansson, 2006). 

This delicate balancing act has been exemplified in local research with tod-
dlers too (Palmér & Björklund, 2024a; 2024b; 2023; Björklund & Palmér, 
2022). For example, Palmér and Björklund (2023) demonstrated that everyday 
activities can be subtly but deliberately re-designed to support early numeracy 
by allowing toddlers to discern essential numerical concepts (e.g., cardinality, 
ordinality, and part‐whole relations) without detracting from the playful 
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nature of the activity. By carefully aligning the activity’s context with targeted 
numerical content through multiple modes of representation, teachers can cre-
ate meaningful learning moments that naturally emerge from the children’s 
experiences. This approach demonstrates how teachers can balance children’s 
interests with learning goals, bridging spontaneous play and structured teach-
ing without compromising either. 

In essence, while play has traditionally been seen as a natural and important 
part of children's development, Swedish preschool teachers are now faced 
with the challenge of incorporating learning into this play without undermin-
ing its value as an autonomous and carefree activity. The preschool teacher's 
responsibility lies in helping children engage in both spontaneous play and 
structured learning experiences, ultimately fostering both mathematical com-
petence and positive attitudes towards learning from an early age. However, 
the emotional aspects of these playful interactions (such as enthusiasm and 
engagement) are often implicit in the literature and not explicitly explored as 
constructs. This suggests a gap in research regarding the emotional dimen-
sions of early mathematics education, a gap that warrants further exploration. 
Moreover, what it means for an activity to become meaningful for the children 
has been problematized, categorized and analyzed through different lenses. 
And a clear focus on teachers’ contribution to interaction with the children, 
shows that teachers are key actors in fostering the early development of math-
ematical skills. Yet, while previous research has targeted the breadth and reach 
of teachers’ enactment of the preschool curriculum and researcher’s identifi-
cation of mathematical content gaps, less attention has been paid to the role of 
affect in teacher-student interactions.  

Understanding how affective factors such as enthusiasm and emotional en-
gagement play a part in mathematical reasoning and participation, particularly 
in the integration of children’s interests with teachers' pedagogical goals, re-
mains a critical area for investigation. The historical and cultural legacies of 
expectations in the Swedish context, call for theoretical and methodological 
approaches that take teacher’s and children’s affect seriously, both as individ-
ual orientations and as part of broader didactic relations. This orientation pro-
vides the contextual background for this thesis’ focus on how children’s af-
fective relations to mathematics emerge in Swedish early childhood education. 
This interdisciplinary research project centres on the early development of af-
fective relations to mathematics under a theoretical framework that incorpo-
rates affective practices in teacher–child interactions as essential. Linguistic 
Anthropology, EMCA, and Barrett’s theory of constructed emotion (see 
Chapter 3) offer valuable conceptual and methodological tools for analyzing 
how emotional experiences are constructed in everyday preschool activities. 
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By examining the relational aspects of emotion, where the physiological, cog-
nitive, and social dimensions of emotional experiences intersect, these frame-
works support the study of how emotions shape early mathematical engage-
ment and meaning making. 
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Chapter 3. Theoretical Underpinnings 

Emotions are not peripheral but central to mathematics learning (Heyd-
Metzuyanim, 2011; Hannula, 2005, 2006; McLeod, 1992). Math anxiety lit-
erature, which exemplifies how emotional experiences shape learners’ en-
gagement and performance, illustrates that affect plays a fundamental role in 
educational contexts (Luttenberger et al., 2018; Vukovic et al., 2013; Hem-
bree, 1990). Preschool settings demand responsive and intentional involve-
ment from the teachers, whose role in Sweden is described by Pramling et al. 
(2019) as a balanced orchestration of care and teaching practices that respect 
and nurture children’s interests, foster values desired in a democratic society, 
promote joy for the learning process in general, and most recently and specif-
ically: the development of curricular areas such as mathematics (Lpfö 18). 
Yet, how can these ambitious and comprehensive goals become realized in 
everyday preschool interactions? 

In this chapter I will argue that a nuanced intra- and inter-personal theoret-
ical account of emotions as constructed is crucial for understanding affective 
relations to mathematics, addressing math anxiety, and its plausible negative 
impact on the early development of mathematical knowledge and skills. Sec-
tion 3.1 presents math anxiety theories and their educational significance; 3.2–
3 reviews developmental and psychological theories on emotional develop-
ment; 3.4–6  turns to theories of affect/emotion in mathematics-education; 
3.7–8  presents psychological constructionist theories of emotion within neu-
roscience (centred around the ideas of Lisa Feldman Barrett); 3.9 brings in a 
dialogical theoretical account of affect as stance within linguistic anthropol-
ogy (LA) and multimodal ethnomethodological conversation analysis 
(EMCA); and 3.10 concludes by identifying similarities between these last 
two theoretical traditions, to establish the project’s theoretical framework. 

The field of mathematics-related affect is conceptually diverse, encompass-
ing attitudes, beliefs, emotions, motivation, and values (Hannula, 2012). To 
organize this complexity, Hannula proposes a three-dimensional metatheory: 
(a) cognitive, motivational, and emotional aspects of affect; (b) affective states 
versus traits; and (c) the physiological/psychological/social nature of affect. 
The resulting 18-cell matrix functions as a heuristic to map phenomena, theo-
ries, and methods to study affect (see Figure 2). 
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Figure 2. Three-dimensional matrix of mathematics-related affect (adapted from 
Hannula, 2012, p. 144). 

The dimensions function as orthogonal axes (distinct, unrelated) for organiz-
ing research approaches (Hannula, 2012, p. 143). However, Hannula notes 
that in practice, research often spans multiple cells, combining cognitive, mo-
tivational, and emotional aspects or mixing state and trait perspectives (Han-
nula, 2012, p. 155). In this sense, the framework accommodates overlap and 
connections across categories, without implying that the cells themselves for-
mally interact.  

There is debate about whether mathematics anxiety should be classified as 
an attitude or an emotion (see Dowker et al., 2019). Some researchers argue 
that anxiety—being predominantly emotional—is conceptually distinct from 
evaluative attitudes, while others point out that many attitude models (for ex-
ample Breckler’s ABC model) incorporate affective and cognitive compo-
nents, making it reasonable to treat mathematics anxiety as a form of attitude 
with multidimensional foundations (e.g., Ma & Kishor, 1997; Breckler, 1984 
as cited in Dowker et al., 2019). In this thesis I adopt a pragmatic position: 
mathematics anxiety is treated as a multidimensional construct. For example, 
in Studies I and II, adults’ general mathematics anxiety was measured using a 
7-item scale adapted from Ganley et al. (2019), which captures self-reported 
affective (somatic), cognitive (worry/thought), and social-evaluative dimen-
sions of math anxiety. The decision to use a multidimensional measure of 
mathematics anxiety is consistent with the thesis’s theoretical framework, 
which conceptualizes emotions as constructed phenomena integrating physi-
ological, cognitive, and social dimensions (Barrett, 2017). 

I ground the thesis in the psychological constructionist account of emotion 
developed by Barrett, and in a social constructionist approach to situated emo-
tion (Linguistic Anthropology or LA, and ethnomethodological conversation 
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analysis or EMCA). Chapter 3 (sections 3.8—10) provides a detailed rationale 
for complementing Barrett’s constructionist account of emotion with a social 
interactional, multimodal perspective (LA/EMCA), clarifying how these 
frameworks inform the design and interpretation of the empirical studies con-
tained in this thesis. 

As the matrix’s third dimension (see Figure 2) accommodates the physio-
logical/embodied, psychological, and social nature of affect, Hannula’s 
framework is compatible with the Theory of Constructed Emotion (Barrett, 
2017), which emphasizes how bodily signals, conceptual knowledge, and con-
textual/social information jointly shape affective phenomena. Barrett (2017) 
dissolves a strict cognition–emotion boundary by treating emotions as con-
structed, situated predictions that integrate interoceptive/physiological signals 
with prior conceptual knowledge; making physiological arousal and cognitive 
worry mutually constitutive rather than separate domains. Hannula’s citation 
of Meyer and Turner — “emotion theories may handle cognition as part of 
emotion” — further clarifies this point (Hannula, 2012, p. 144). 

LA/EMCA complements this perspective by treating emotion as part of ac-
complished, embodied and observable social practices in interaction and pro-
cesses of joint meaning making. Taken together, these frameworks justify (a) 
measuring cognitive, physiological, and social dimensions of affective rela-
tions to mathematics (Studies I and II), and (b) using multimodal interaction 
analysis in Study III to trace how teachers’ and children’s emotion-related 
practices co-construct mathematical engagement and meaning-making in situ. 

3.1 Math Anxiety Theories and Their Educational 
Significance 

The math anxiety research field contains numerous studies examining the sta-
tistical negative relation between math anxiety and math performance or 
achievement. This section introduces math anxiety theories as a starting point 
to justify why affect matters in mathematics education. Meta-analyses across 
age and grade levels have revealed a persistent small-to-moderate negative 
correlation between students’ math anxiety and math performance (Hembree, 
1990; Ma, 1999; Namkung, Peng, & Lin, 2019; Zhang et al., 2019; Barroso et 
al., 2021). Studies exploring the factors underlying this relation have given 
rise to three main theories in the field: the Deficit Theory, the Debilitating 
Anxiety Model (also called the Cognitive Interference Model), and the Recip-
rocal Theory. From a didactics of mathematics education perspective, these 
theoretical models provide insights into the psychological mechanisms of 
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math anxiety and also offer guidance for how educators can structure early 
learning experiences to prevent or mitigate anxiety. 

The Deficit theory (Tobias, 1986) claims that poor math performance leads 
students to accumulate negative memories that cause higher math anxiety in 
the future. In contrast, the Debilitating Anxiety or Cognitive Interference 
model, proposes that high levels of anxiety interfere by thoughts of worry that 
take up working memory resources at the time of solving math problems (Ash-
craft & Kirk, 2001; Ashcraft & Krause, 2007; Krinzinger, et al., 2009). Alter-
natively, it also proposes that the interference mechanism might be global 
avoidance (Aschcraft & Faust, 1994), i.e., the tendency to avoid engagement 
with math related situations altogether. Finally, the assessment of conflicting 
empirical findings for each of these explanatory accounts serves as evidence 
for a reciprocal causal relation between math anxiety and math performance. 
In other words, it is proposed that these mechanisms interact: anxiety can im-
pair performance, while repeated poor performance (sometimes rooted in 
basic numerical deficits) can heighten anxiety, creating a vicious cycle. Social 
factors, such as exposure to anxious teachers, may further reinforce this pat-
tern (Carey et al., 2016; Maloney & Beilock, 2012; Dowker et al., 2016). 

In parallel, Processing Efficiency Theory (Eysenck & Calvo, 1992) and 
Attentional Control Theory (ACT; Eysenck et al., 2007) attempt to explain the 
negative impact of anxiety on cognitive performance by highlighting its ef-
fects on executive functions beyond working memory, including inhibition 
and shifting, both of which are necessary for solving mathematical problems. 
ACT distinguishes between performance effectiveness (the quality of perfor-
mance) and processing efficiency (performance effectiveness relative to the 
cognitive effort invested), suggesting that anxiety impairs processing effi-
ciency more than performance effectiveness. According to ACT, anxiety dis-
rupts the functioning of the central executive, resulting in poorer inhibition 
and shifting abilities and increased susceptibility to distraction during cogni-
tive tasks. 

Building on this body of work, Lau et al. (2024) extend the existing theories 
by proposing an Avoidance Theory of math anxiety, which they position 
within the broader literature on general anxiety and specific anxieties. This 
theory conceptualizes math avoidance not simply as a direct consequence of 
poor performance or anxiety-driven cognitive interference, but also as a 
broader tendency (conscious or unconscious) to maladaptively avoid math-
related situations. Math avoidance, in this framework, is understood as a be-
havior that arises in response to anxiety and leads to patterns of disengage-
ment, both in academic and everyday contexts. The authors substantiate this 
view by examining avoidance from both behavioral and biological 
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perspectives, suggesting that avoidance behaviors may manifest as subtle 
choices to evade math tasks altogether or as cognitive withdrawal during tasks, 
enriching our understanding of how avoidance tendencies contribute to the 
cyclical relationship between math anxiety and underperformance. 

All theories of math anxiety and avoidance have significant implications 
for education, particularly in early childhood, where children's initial experi-
ences with math can start shaping their long-term attitudes and abilities. Math 
anxiety, traditionally studied in older learners, is now documented in children 
as young as 4–7 years (Petronzi et al., 2019a; Lu et al., 2021). Longitudinal 
studies indicate that early math motivation and anxiety interact to predict 
achievement in early primary school (Gashaj et al., 2023; Ramirez et al., 2013, 
2015). Beyond anxiety, implicit and explicit attitudes toward mathematics in-
fluence achievement and self-concept (Cvencek et al., 2021). Further, both 
research (e.g., Lyons & Beilock, 2012; Szczygieł & Pieronkiewicz, 2021; Lau 
et al., 2022) and theoretical models suggest that the educational context offers 
an opportunity to intervene before these relational patterns solidify. For ex-
ample, the Deficit Theory suggests that early negative experiences with math 
may lead to future anxiety. This highlights the importance of early preventive 
measures in preschool settings, where educators have the chance to shape pos-
itive experiences with math before anxiety takes root. 

The Cognitive Interference Model, which posits that anxiety disrupts work-
ing memory during math tasks, emphasizes the need for educational strategies 
that reduce unnecessary cognitive load. In classroom practice, this could mean 
breaking down tasks into manageable steps (Sweller, 1988), offering clear and 
consistent instructions, and fostering a low-pressure environment where chil-
dren feel safe to explore, make mistakes and ask for help (Beilock & Maloney, 
2015; Wang et al., 2025). Thus, educators can help children allocate their men-
tal resources to solving problems, rather than worrying about them. 

Moreover, ACT suggests that anxiety impairs cognitive functions such as 
inhibition and shifting. In education, this means that teachers can support stu-
dents’ executive function development by offering opportunities for flexible 
thinking. For instance, through varied problem-solving tasks and encourage-
ment of a growth mindset (Dweck, 2006, 2019). It is important to recognize 
that some students may experience difficulty shifting their attention or inhib-
iting distractions when under anxiety, and educators can reduce pressure by 
providing structured but flexible problem-solving environments (Ramirez et 
al., 2018b). Research-wise, it would also become more relevant to directly test 
the efficiency of interventions aimed at improving executive functions, such 
as inhibition and attention shifting, and their potential to mitigate the negative 
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effects of anxiety on math performance with the expansion of empirical evi-
dence supporting this model (e.g., Skagerlund et al., 2024). 

Finally, Avoidance Theory adds an additional layer to our understanding 
of how children engage or fail to engage with mathematics. In an educational 
setting, early signs of avoidance, such as reluctance to participate in math ac-
tivities or subtle disengagement, should be recognized and addressed. Early 
intervention can prevent these avoidance behaviors from becoming regular 
practice. Teachers play a crucial role here, as the emotional and pedagogical 
climate they contribute to create can either exacerbate or alleviate future math 
anxiety. Additionally, the different explanatory models of math anxiety con-
verge on the recommendation of early intervention to support positive mathe-
matical experiences and prevent the development of maladaptive anxiety pat-
terns. Yet they have been developed primarily with older children and adults 
in mind and less is known about how affective relations to mathematics begin 
to take shape in the preschool years, and how such relations are expressed 
beyond performance outcomes. 

The studies presented in this thesis contextualize these theoretical perspec-
tives by examining factors that might influence early math experiences in pre-
school settings. Study I focused on educators’ affective orientations, while 
Study II explores preschool class children’s cognitive, physiological, and be-
havioral engagement with mathematical tasks. Together, these two studies 
emphasize the importance of considering teacher and child factors when ap-
plying math anxiety theories to educational contexts. However, while the ex-
planatory models revised above offer well-established explanations of the 
mechanisms linking anxiety and mathematics performance and remain influ-
ential in the field, they are not sufficient for the purposes of this thesis. This is 
because they conceptualize affect primarily as an internal psychological phe-
nomenon, whereas this thesis seeks to understand affect as relational, socially 
situated, and multimodally enacted in preschool interactions. Therefore, these 
theories serve as a starting point that justifies why affect matters in this con-
text, but the analytical framework of the thesis extends beyond them to con-
structionist and interactional perspectives on affect introduced in Sections 
3.7–3.10. 

3.2 A Broad Review of Perspectives on Emotional 
Development 

The emotional development of individuals is influenced by biological, envi-
ronmental, and social factors. There are many traditional and several other 
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more contemporary conceptions of emotion within diverse perspectives in 
psychology and neighboring fields such as cognitive science. But essentially, 
three key theoretical perspectives to emotional development can be found 
within developmental psychology textbooks: the genetic maturational, the 
learning, and the functionalist views. Unsurprisingly, these views correspond 
to the broader evolutionary/nativist, behavioristic/conditioning-reinforce-
ment, and socio-cultural accounts used to approach, and explain human be-
havior, including emotions and learning processes.  

Why developmental psychology? The preschool years, roughly ages 1 to 5 
in Sweden, constitute a uniquely rapid period of neural, cognitive-emotional 
growth, during which foundational skills in self-regulation, social understand-
ing, and affective engagement take shape (Shonkoff & Phillips, 2000). Chil-
dren who experience hardships or missed opportunities for positive affective 
encounters during these years might carry those vulnerabilities into later 
schooling and beyond. Developmental psychology is the subfield of psychol-
ogy that focuses precisely on these age-related trajectories and the underlying 
processes unfolding in early childhood. Moreover, developmental psychology 
has long underpinned the Nordic play-responsive preschool model (Pramling 
et al., 2019). Cutter-Mackenzie et al. (2014) remind us that, following Rous-
seau’s image of the naturally evolving child and Piaget’s emphasis on unas-
sisted exploration, developmental psychology “became the ‘research evidence 
base for protecting children’s opportunity to learn and develop through the 
provision of traditionally valued play-based experience” (see Cutter-Macken-
zie et al., 2014, p. 16). This formulation is also discussed in Pramling et al. 
(2019) in relation to the Nordic play-responsive preschool model. 

Although later critiques gave rise to post-developmental, socio-cultural and 
sociology of childhood perspectives (Cutter-Mackenzie et al., 2014, p. 17), 
developmental psychology has been a part of the play-centered pedagogy in 
Swedish pre-schools. See, for example, Pramling Samuelsson and Asplund 
Carlsson’s (2008) notion of developmental pedagogy. Their research, 
grounded in Gothenburg phenomenographic work (Marton & Booth, 1997; 
Pramling, 1988), as well as the subsequent communicative-didactic turn (En-
glund, 2007), locate the something/what of learning in children’s play interac-
tions, emphasizing teacher–child dialogue over mere transmission (Pramling 
et al., 2019, p. 4; Pramling Samuelsson & Asplund Carlsson, 2008). In other 
words, developmental psychology focuses its studies mostly within the age 
range of our participants, and it has supported the origin of the play-responsive 
didactics framework that shapes Swedish preschool practice today. I will 
therefore continue this section by briefly describing the three key perspectives 
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to emotional development within developmental psychology and the most 
common critique that they have received so far. 

3.3 Four Historical Lenses on Emotional Development 
The genetic maturational account, which is aligned with the nativist and evo-
lutionary views, emphasizes that emotions are biologically wired, with indi-
vidual differences in how children act being foregrounded and universality 
emphasized. This view is supported mostly by the studies conducted with 
twins (e.g., Plomin et al., 1997; Rutter, 2006) demonstrating similarities in the 
development of emotional expression. Further evidence comes from cross-
cultural research demonstrating universal recognition of basic emotional ex-
pressions (Ekman & Friesen, 1971; Ekman, 1992a; Izard, 1971, 1987, 1994, 
2004). This perspective has been criticized for neglecting environmental and 
social influences, as there is today a vast amount of research showing that, for 
example, parental emotional responses also shape their offspring's emotional 
development (Gottman et al., 1996, 1997; Denham et al., 2007). 

The learning account, similar to behaviorism, emphasizes the importance 
of experience and conditioning, such as infants smiling more if encouraged to 
do so by their parents. Studies have established that positive reinforcement of 
infant smiles encourages more frequent repetition of this behavior/emotional 
response, suggesting that infants learn emotional display rules very early 
(Bandura, 1989; Denham et al., 2007). This supports the theory that emotions 
can be shaped by experiences, which then provides support for the behavior-
istic model. Critics of this account argue that the theory does not consider the 
universality of so-called primary emotions with happiness and fear being re-
ported often as appearing very early in life; which suggests there is something 
innate about human emotional responses, and that this may date back to when 
these responses were necessary for survival purposes. Akin to the Darwinian-
evolutionary perspective at the time of The Expression of the Emotions in Man 
and Animals (Darwin, 1872), these ideas were later taken up and further de-
veloped by Tomkins (1962), Ekman and colleagues (Ekman & Friesen, 1971), 
and Panksepp (1998), each of whom emphasized innate emotional systems 
that are also shaped by experience. 

A counter perspective addresses the limitations stated above by integrating 
the genetic and learning frameworks and arguing that emotions serve as adap-
tive functions, and that they help us to understand social environments. In 
other words, the functionalist account proposes that emotions serve the ac-
complishment of goals by supporting goal-related behavior. Historically, from 
Aristotle and Plato to Darwin, Descartes to Ekman (Duncan & Barrett, 2007; 
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Ekman, 1992a), cognitive science has often treated emotions as biologically 
predetermined, discrete responses to external stimuli. Early models, such as 
those implied by basic (or what Barrett refers to as the classic view of emotion; 
Barrett, 2006a, 2006b; Gendron & Barrett, 2009) emotion theories and even 
aspects of Paul Ekman’s work, posited that emotions were fixed physiological 
reactions with universal expressive features (such as facial movements: Ek-
man, 1992b, 1993). Several research groups have followed up on this view 
perpetuating the notion of emotions being biologically wired; containing 
physiological fingerprints; and tightly connected to discrete and recognizable 
behavioral patterns or forms of emotional expressions (Damasio, 1996; 
Panksepp, 1982, 1998). Most notably, neuroscientist Jaak Panksepp argued in 
empirical work that core emotional systems are evolutionarily ancient and 
rooted in subcortical neural circuits shared by mammals (Panksepp, 2005; Da-
vis & Montag, 2019). 

Similarly, early theoretical work by Mandler (1980, 1989) and McLeod and 
Adams (1989) contributed to a view in which emotional experience was seen 
as the product of automatic cognitive and physiological responses. By the 
1980s, Mandler and McLeod began shifting toward adopting appraisal mod-
els, with the gap between what is treated as emotional and what is treated as 
cognitive functions widening. The appraisal model posits that there is an in-
terpretative step in emotional processes, which involves a more cognitive 
evaluation of the physiological (i.e., “emotional”) aspects of emotional expe-
riences (Clore & Ortony, 2008). In both the biologically determined and ap-
praisal frameworks, emotions (per se) are largely separated from cognitive 
processes, suggesting that affect/emotion had little to do with — or at best 
barely influence — the complex interactions involved in, for example, learn-
ing and meaning-making. 

Meta-analytic work by Barrett and colleagues (e.g., Lindquist et al., 2012; 
Siegel et al., 2018) has challenged this so-called classic view of emotion. 
Lindquist et al. (2012) reviewed neuroimaging studies and found no consistent 
evidence that discrete emotions, such as anger, fear, or happiness, are associ-
ated with specific, localized brain regions. Further, Siegel et al. (2018) ana-
lyzed 202 studies of autonomic nervous system responses during emotional 
experiences, and found no consistent physiological patterns unique to partic-
ular emotions, with high variability both within and across emotion catego-
ries. Together, these findings suggest that emotions are not discrete, biologi-
cally hardwired entities with fixed neural or physiological signatures. This ev-
idence calls into question the universality and biological modularity assumed 
by classic basic emotion and functionalist models. 
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3.3.1 Primary vs. Secondary Emotions (Taxonomy and Limits) 
A common strategy within developmental psychology has been to define emo-
tions as “subjective reactions to the environment that are usually experienced 
cognitively as either pleasant or unpleasant, generally accompanied by physi-
ological arousal, and often expressed in some visible form or behavior” 
(Leman et al., 2019, p. 167) and to distinguish between so-called primary (or 
basic) emotions and secondary (or self-conscious) emotions. Primary emo-
tions (e.g., joy, fear, anger, sadness, surprise, and disgust) are often described 
as evolutionarily ancient, universally expressed, and present from infancy on-
ward (Ekman, 1992a; 1992b; Izard, 1993, 1994). They are thought to arise 
automatically in response to situations such as being startled, experiencing 
loss, or encountering a caregiver’s face, and to require minimal cognitive pro-
cessing. In contrast, secondary emotions (such as embarrassment, shame, 
guilt, pride, and envy) are described as typically developing later in childhood 
as self-awareness and social understanding mature. They depend on a child’s 
growing ability to represent others’ perspectives, internalize social norms, and 
appraise one’s own behavior against external standards (Lazarus, 1991; 
Tangney & Fischer, 1995; Lewis, 2000; 2008; 2016). 

There is no agreement in the literature regarding the specificity and length 
of the primary and secondary emotions’ lists. Some sources add the category 
interest to the primary emotions list (e.g., Lewis 2000; 2016) and some of the 
sources for the secondary emotions listed above exclude envy. The words in-
terest and envy are mentioned here as my deliberate attempt to exemplify how 
minor twitches to these lists can go unnoticed unless explicit comparisons are 
brought to the forefront of the discussions about these categories’ boundaries. 
More relevant to the present thesis are questions that challenge the taxonomy: 
is for example frustration a secondary emotion? If so, is it secondary because 
it follows flawed attempts that cause anger and perhaps a pinch of fear? Or is 
it primary because there is no requirement for self-consciousness in its elabo-
ration? And what about anxiety? Is anxiety a primary emotion in the sense of 
its universality or is it a secondary emotion that only some people experience? 
Is the experience of anxiety itself universal as distress, or should the clinical 
cut-off point for anxiety disorders be used to define the limits of this term’s 
definition? These questions illustrate the taxonomy’s arbitrariness. 

While this primary/secondary taxonomy is useful in helping researchers 
chart typical developmental timelines and - in theory - design age-appropriate 
affective measures, it also glosses over the continuous, context-sensitive, and 
relational nature of emotional experiences (Barrett, 2017). In particular, it 
risks re-erecting the very intrapersonal/interpersonal dualisms that more con-
temporary, psychological constructionist models seek to dissolve. 
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Nevertheless, because many existing measures of early childhood affect (e.g., 
parental reports, observational coding schemes) are built around these catego-
ries, it became relevant to introduce them here as an organizational scaffold, 
while remaining mindful of their limits, before turning to more relational and 
situated approaches to emotion in Sections 3.7—10. 

3.4 Contemporary Theoretical Debates About the 
Nature of Emotions and Emotional Development 

Most contemporary theories recognize an interplay between individual char-
acteristics and environmental influences in emotional development. While 
few scholars today endorse extreme positions in simplistic ways, debates per-
sist about the relative weight and importance of these aspects. This section 
synthesizes three contemporary influential perspectives that illustrate different 
ways of conceptualizing this interplay. 

Lench et al. (2011) distinguish between two major approaches to studying 
emotions. Discrete emotion theories (Ekman, 1992a; Izard et al., 1998; Lerner 
& Keltner, 2001; Rottenberg et al., 2007) view emotions like anger, fear, and 
joy as natural kinds. Emotions are distinct, evolved programs that organize 
physiological, behavioral, and cognitive responses for survival (for example, 
fear prompts escape, anger mobilizes resources). Dimensional models reduce 
emotions to core affective dimensions such as valence (pleasant–unpleasant) 
and arousal (high–low activation), arguing that differences among emotions 
can often be explained by combinations of these dimensions (Lench et al., 
2011, p. 835). However, Lindquist et al. (2013) and Gendron and Barrett 
(2009) clarify that dimensional models do not claim that valence and arousal 
alone explain all differences. Instead, these are necessary but insufficient 
(Gendron and Barrett, 2009, p.318); additional meaning-making processes 
such as appraisals, attribution, or conceptualization are needed for discrete 
emotions to emerge (Lindquist et al., 2013, p. 258). 

Appraisal theories (e.g., Clore & Ortony, 2008) propose that discrete emo-
tions arise when individuals evaluate events in relation to goals and beliefs. 
Core affect provides a raw feeling state, but only after cognitive appraisal (for 
example, judging goal congruence) do specific emotions like anger or joy 
emerge. In contrast, Barrett’s theory of constructed emotion (2006a, 2017) 
frames emotions as dynamic, context-sensitive constructions. Core affective 
sensations gain meaning through situated conceptualizations drawing on prior 
experience, language, and cultural knowledge (Barrett, 2006a, pp. 29–33). 
Unlike appraisal models, Barrett argues that conceptualization and affect are 
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intertwined from the outset. That is, emotions are not triggered by labelling a 
pre-existing feeling but are products of meaning-making processes operating 
in context (Barrett, et al., 2025). Gendron and Barrett (2009) note that psycho-
logical constructionist models share with appraisal theories the idea that emo-
tion involves making meaning, but they emphasize variability: two instances 
of fear can look and feel very different yet belong to the same category. Barrett 
(2009b) explicitly states that this variability is a central feature of emotional 
life (p. 1290). 

Michael Lewis offers an alternative view. Lewis’s functionalist perspective 
(2000; 2014; 2016) treats emotions as innate action patterns designed by evo-
lution to coordinate adaptive responses. These patterns are universal but flex-
ible—like language, they have an innate structure that adapts to culture and 
experience, allowing plasticity without abandoning the idea of evolved pro-
grams. Lewis acknowledges individual differences (temperament, environ-
ment, socialization) but emphasizes universality over variability. Psychologi-
cal constructionist approaches (Barrett, 2006; 2009a; 2009b) assume emotions 
are psychological compounds built from basic ingredients (e.g., core affect + 
conceptual knowledge) that are not specific to emotion. They aim to explain 
the heterogeneity in emotional experience and address empirical findings that 
fail to support natural kind assumptions, such as the lack of consistent physi-
ological signatures for specific emotions (Lindquist et al., 2013; Hoemann et 
al., 2019). For example, physiological responses do not consistently differen-
tiate emotion categories, and instances of an emotion vary widely in psycho-
logical and physical features (Hoemann et al., 2019, p. 1833). 

Why does this matter for math education research? If emotions were uni-
versal innate programs, we might expect similar reactions (such as anxiety) in 
all students facing math challenges, yet this is not the case. Nor is there a uni-
form decrease in the performance of all math-anxious groups (Ashcraft & 
Kirk, 2001; Chang & Beilock, 2016; Mammarella et al., 2015; Wang et al., 
2015). When emotions are understood as constructed and variable, cultural 
background, language, and prior experiences are foregrounded in our under-
standing of how math-related emotions emerge. Barrett’s emphasis on varia-
bility provides a useful lens for investigating why students’ emotional rela-
tions to mathematics differ so widely, and why context matters. These consid-
erations align with the epistemological and ontological assumptions underpin-
ning this thesis, which in turn informed the methodological approach and 
shaped the design of each study. To further justify the choice of Barrett’s the-
oretical perspective, the following section will provide a brief overview of 
how affect has been conceptualized within mathematics education research. 
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3.5 What Is Affect (Emotion) in Mathematics Education 
Research? 

Numerous theoretical approaches have been used to explore affect in mathe-
matics education, particularly as its significance in teaching and learning 
mathematics has become more widely recognized. A notable example is the 
2004 mathematics education research forum, which brought together diverse 
theoretical traditions and later published a Special Issue featuring six analyses 
of a case study known as Frank (Zan et al., 2006). The editors of this issue 
emphasized the need to increase cohesion between diverse theoretical per-
spectives, and note that modern perspectives often distinguished reasoning 
from affect “Affect has long been treated as separate from mathematical think-
ing; reasoning was assumed to require suppression of emotion” (Walkerdine, 
1988, as cited in Zan et al., 2006, p. 2). 

This tendency to separate reasoning from affect reflects the long-standing 
dualistic view of mind and body, articulated by Descartes, where cognition was 
elevated as rational and emotion treated as secondary or disruptive (Descartes, 
1641/1985; see also Chapter 2, pp. 22 and 45 above). The inseparability of affect 
and intellect was already a central concern in Vygotsky’s work, long before 
contemporary neuroscientific accounts such as Damasio’s Descartes’ Error 
(1994). Vygotsky argued that treating thought and emotion as independent pro-
cesses was a major weakness of traditional psychology, emphasizing instead 
that they form two sides of a unified consciousness (Vygotsky, 1986/1934; 
Vygotsky, 1998). As Roth and Walshaw (2015) explain, Vygotsky proposed a 
unit of analysis that captures the dynamic interplay between affective and intel-
lectual processes, rejecting the Cartesian dichotomy and advocating for a dia-
lectical approach that preserves the complexity of human activity. 

In mathematics education, the term affect is framed as an umbrella concept, 
encompassing two major areas that emerged in the 1960s and 1970s: mathe-
matics anxiety and attitudes toward mathematics (Zan et al., 2006). The same 
editors further pointed out the need to clarify the theoretical foundations un-
derlying mathematical problem-solving research (Zan et al., 2006). Particu-
larly those based on McLeod and Adams’ (1989) work, which drew on George 
Mandler’s theory of emotion and which Zan et al. (2006) describe as repre-
senting a pivotal moment in mathematics education, in which the role of affect 
gained increasing relevance and importance. 

Mandler aimed to “develop a psychological theory that defined the pro-
cesses and mechanisms responsible for emotional experiences and behavior” 
(Mandler, 1980, p. 219). By the late 1980s, he had advanced a cognitive-con-
structivist approach to emotions, which viewed emotional experience and be-
havior as the outcomes of cognitive analyses and physiological (autonomic 
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nervous system) responses (Mandler, 1989, p. 4). This already contrasted with 
the more classic view, which considered emotions as discrete patterns of be-
havior, experience, and neural activity. Further, Mandler’s framework sup-
ports the interconnectedness of emotions and cognition, offering a psycholog-
ical foundation for understanding how emotional experiences can influence 
learning processes (Mandler, 1989). This brief overview of Mandler’s devel-
opments is a response to Zan et al.’s (2006) call for a deeper understanding of 
the theoretical perspectives applied to affect in mathematical problem-solving, 
and it also reinforces the importance of studying affect in this context. More-
over, in this thesis, I understand the shift from a classic view of emotions to a 
more nuanced perspective as echoing the broader paradigm shifts in emotion 
research reviewed in section 3.4. Reflecting on that shift is crucial for distin-
guishing how theoretical frameworks can be employed differently to analyze 
affect in mathematics education. 

The work of neuroscientist Antonio Damasio (1996) is also cited in Zan et 
al., (2006) to point out his contributions to mathematics education researchers’ 
efforts to develop more robust theoretical frameworks and a wider range of 
methodological tools (p. 116). According to the editors, those advancements 
were essential for refining the understanding of affect in mathematical think-
ing (e.g., Schlöglmann, 2002). Zan et al. (2006) highlighted two key ideas 
from Damasio’s (1996) work. First, that emotions involve physiological reac-
tions. Second, that emotions can influence attention and memory bias, acting 
as triggers for action tendencies. 

The special issue goes on to present the six theoretical approaches to affect 
in the shape of analyzes of the case of Frank (Zan et al., 2006). One of these 
approaches is Hannula’s conceptualization of motivation, particularly its po-
tential to direct behavior and other aspects concerning motivation regulation. 
Hannula (2006) defines motivation as “a potential to direct behavior through 
the mechanisms that control emotion. As a potential, motivation cannot be 
directly observed. It is observable only as it manifests itself in affect and cog-
nition, for example as beliefs, values and emotional reactions. This potential 
is structured through needs and goals” (Hannula, 2006, p. 3), a framing that 
foregrounds affective mechanisms at the heart of goal-directed action. This 
definition emphasizes that motivation is inherently affective: it arises from the 
interplay of goals, needs, and emotional responses. Building on this, motiva-
tion regulation can be understood to involve at least three processes: (1) goals 
derived from psychological needs such as autonomy, competence, and belong-
ing (see also: Ryan & Deci, 2000), (2) beliefs about goal accessibility, and (3) 
automatic emotional reactions that influence goal pursuit (see Hannula, 2006, 
for a discussion of these links in the context of mathematics education). 
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Zan et al.’s (2006) special issue illustrates the evolving landscape of affect 
research in mathematics education, highlighting how different theoretical 
frameworks can shape the types of research questions pursued by each re-
search group. Here, I will not revisit them, as my primary focus is to examine 
their influence on the research questions pursued within the field. Instead, I 
will provide an overview of the growing trend of interdisciplinary exchanges 
among mathematics education and neuroscience. Then, I will present Schlögl-
mann’s interpretation of Damasio’s ideas, which offers valuable insights into 
the intersection of neuroscience and research on affect in mathematics educa-
tion. Subsequently, I will highlight differences between Damasio’s (1996) and 
Barrett’s (2006a, 2017, 2025) models to explain the influence of theory for the 
type of research questions addressed in this thesis project. 

3.6 Neuroscience Perspectives in Mathematics 
Education Research 

A systematic review by Leikin et al. (2025) reveals the rapid expansion of 
research combining neuroscience and mathematics education in the last 
twenty years. This research field overwhelmingly targets arithmetics and 
problem-solving, while higher mathematics learning and equation solving re-
main under-researched. Moreover, few of these studies appear in mathematics 
education journals, indicating a gap between neuroscience and math‐educa-
tion communities. At the same time, the predominance of brain-imaging and 
eye-movement methodologies used in this field highlight the feasibility of us-
ing portable neurocognitive measures with young learners. For instance, Lei-
kin et al. (2025) suggest that techniques such as pupillometry and lightweight 
EEG could be adapted to the preschool setting, enabling real-time measure-
ment of children’s physiological responses during early mathematics activi-
ties. However, these tools are still relatively underused with toddlers specifi-
cally, and preschoolers in general (Leikin et al., 2025). 

In a comprehensive handbook overview, Pizzie (2022) frames math anxiety 
as a prime example of how emotional and cognitive processes intertwine in 
educational contexts. Synthesizing decades of research, the chapter explains 
that math anxiety is grounded in the relation between anxiety and working-
memory processing. Anxiety may disrupt inhibitory control or over-load 
working memory, and thus reduces processing efficiency on numerical tasks. 
Yet, beyond the subjective distress, and physiological sensations, math anxi-
ety is also associated with measurable deficits in fundamental numerical skills 
such as magnitude perception, counting, and simple arithmetic which show 
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how an affective state can cascade into cognitive and performance outcomes. 
These patterns have been linked to the recruitment of underlying neural net-
works (e.g., Pizzie & Kraemer, 2017), such as amygdala and prefrontal cir-
cuits, emphasizing the importance of early detection of math anxiety tenden-
cies, even in preschool populations. Pizzie’s synthesis supports the central 
proposition of this thesis: that early emotional experiences with mathematics 
constitute a powerful entry point for understanding the co-development of 
math-related cognition and affect in preschoolers. 

Skepticism about the value of neuroscience for education has long accom-
panied its rise. Bruer (1997, 2008) famously warned that linking brain science 
directly to classroom practice was a ‘bridge too far’, a point reinforced by 
Bowers (2016), who questioned the efficacy of neuroimaging findings for in-
forming teaching. Turner (2011, 2014) further critiqued the field’s ‘one-way 
street’, showing how behavioral studies rather than brain scans have driven 
effective interventions. De Smedt et al. (2010) and Leikin et al. (2018) re-
sponded by arguing that cognitive neuroscience can act as a magnifying glass 
on processes already identified by mathematics education researchers, pro-
vided we acknowledge differences in goals, methods, and measures between 
the two fields. Ansari et al. (2011) noted that expecting cognitive neuroscience 
research to have a direct and immediate impact on classroom practice is unre-
alistic. Turner (2014) further emphasized that differences in timescales and 
focus between neuroscience and education limit the direct classroom rele-
vance of brain research, reinforcing the need for a two-way dialogue in which 
teachers’ insights guide research as much as neuroscientific findings inform 
educational theory. Together, these authors call for a genuinely reciprocal 
two-way dialogue, in which neuroscientists and educators mutually interro-
gate methods and findings and co-construct research agendas that are both 
scientifically rigorous and educationally meaningful. 

Outside the scope of isolated studies that apply methodologies more con-
ventional in neuroscience than education researchers’ approaches, self-identi-
fied educational neuroscientists also develop contemporary models, such as 
Howard-Jones, et al. (2024) model for translating research into practice. For 
instance, their six-phase journey of research uptake (Howard-Jones et al., 
2024) exemplifies how neuroscience insights can be communicated, adapted, 
and sustained in classrooms without undermining teacher (and education re-
searchers’) autonomy. This model demonstrates practical pathways for em-
bedding neurocognitive findings in pedagogy. Moreover, Pizzie’s (2022) per-
spective on math anxiety illustrates the parallel development of cognition and 
emotion research, areas whose overlap is the core concern of this thesis. Taken 
together, these debates suggest that only through open, critical, and 
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collaborative integration grounded in rigorous behavioral and neuroscientific 
methods can both fields truly benefit one another. 

After tracing the push-and-pull between skeptics and advocates, this thesis 
orients to a respectful, two-way integration. In agreement with Leiken (2018), 
who pointed out that identifying gaps between disciplines is itself a roadmap 
toward meaningful two-way integration (see also Leikin, 2025), I next turn to 
examples of prior dialogues between these disciplines. One influential case is 
Damasio’s (1996) somatic-marker hypothesis, which has been adopted in 
math-education research because it explicitly links bodily states to decision-
making. Examining this adoption, and contrasting it with Barrett’s (2017) psy-
chological constructionist alternative, illustrates how competing neuroscien-
tific models can differentially inform educational research. 

3.7 Damasio’s Somatic Marker Hypothesis in Math 
Education 

The preceding section (3.5) set the stage for a brief yet deeper exploration of 
Schlöglmann’s interpretation of Damasio’s ideas and neuroscientific findings 
related to affect and cognition. In his paper Can Neuroscience Help Us Better 
Understand Affective Reactions in Mathematics Learning? (Schlöglmann, 
2003, p. 4), Schlöglmann equates the term "emotion" in neuroscience with 
"affect" in mathematics education research. This is a frequently encountered 
parsimonious solution in papers written with an interdisciplinary approach, as 
is the case in the present thesis project. In his summary of neuroscientific find-
ings, Schlöglmann sequentially argues that neuroscience distinguishes brain 
systems that fulfill specific functions. While these systems are separate, they 
are interconnected, exchanging information and influencing each other in a 
bidirectional manner (Schlöglmann, 2003). 

Antonio Damasio’s ideas are grounded in his somatic marker hypothesis, 
which posits that somatic markers are bodily states that influence decision-
making processes. These markers are termed somatic because they are linked 
to body-state regulation and structure (Damasio, 1996). According to the hy-
pothesis, emotions produce distinct physiological signatures, such as changes 
in heart rate or facial expressions, that guide, bias, or direct behavior. For in-
stance, anger triggers specific bodily reactions and facial expressions. More-
over, the body transmits sensory information to the brain, which, in turn, af-
fects ongoing decision-making. This hypothesis suggests a distinction be-
tween emotion and emotional experiences, associating emotion with 
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physiological processes that, while capable of influencing thought, remain 
separate from rational thought processes. 

Within this framework, the hierarchical relationship between emotional 
and physiological states and cognitive thought allows for bidirectional influ-
ence between cognition and emotion systems; however, it also highlights a 
tension between the two. For instance, Tyng et al. (2017) discuss the influ-
ences of emotion on learning and memory, illustrating this dynamic through 
the concept of nested hierarchies of circular emotional control and cognitive 
regulation—through which specifically primary emotional processing, rooted 
in lower brain functions, facilitates secondary learning and memory pro-
cessing. This bicircular causation demonstrates how primary emotional pro-
cessing can bias thought, while secondary cognitive processes mature to exert 
top-down regulatory control over emotional responses (Tyng et al., 2017). Ac-
cordingly, emotions (physiological reactions in this framework) can bias 
thought, and cognitive processes can regulate innate emotional reactions. 

Schlöglmann explicitly states that “different systems exist for cognitive pro-
cesses and emotional processes” (Schlöglmann, 2003, p. 4). He then presents an 
evolutionary perspective on the origin, distinction, and potential interactions be-
tween these systems, drawing heavily on Damasio’s work (Schlöglmann, 2003). 
When Schlöglmann applies this neuroscientific approach to reviewing research 
in mathematics education, he justifies using Damasio’s theoretical framework 
to better understand models that describe affective reactions within mathematics 
learning processes. While Schlöglmann’s work demonstrates that some re-
searchers in mathematics education have paved the way for applying neurosci-
entific findings as relevant theoretical models in the field, it is crucial to distin-
guish between Damasio’s theoretical proposals and other advancements in the 
broader field of neuroscience. One advancement is, for example, Barrett’s the-
ory of constructed emotions, which challenges some of Damasio’s assumptions 
and presents an alternative model. Clarifying the distinctions between these 
frameworks is essential to understanding why this thesis adopts Barrett’s model 
as a tool for exploring the research questions and for choosing the methodolo-
gies employed in this project. 

The application of various theoretical perspectives to the study of affect in 
mathematics education has highlighted the interconnectedness of emotions, 
cognition, and learning. Damasio’s contributions have provided valuable in-
sights into these relations. His somatic marker models illuminate physiologi-
cal–cognitive interactions, but they maintain a separation between innate emo-
tional circuits and higher-order thought (Damasio, 1996). Barrett’s theory of 
constructed emotions offers a novel approach to understanding these dynam-
ics. Her theory of constructed emotion challenges this dualism and emphasizes 
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context, culture, and meaning-making in the generation of emotions (Barrett, 
2017). Barrett’s framework then emphasizes the role of context and culture in 
shaping emotional experiences, challenging the view that emotions are innate 
physiological responses. This distinction is crucial for examining how factors 
such as math anxiety impact preschool children, their teachers, and the inter-
actions between these two groups. In the following section, I will present Bar-
rett’s framework and explore its relevance to the investigation of affective re-
lations in Swedish early childhood education. 

3.8 Constructed Emotions in Mathematics Education 
This thesis project builds on the understanding that the brain constructs in-
stances of emotion in real time, using the same range of cognitive and contex-
tual resources involved in processes such as thought, memory, and action 
planning (Barrett, 2007). From this cognitive affective neuroscience perspec-
tive, an instance of emotion occurs when the brain is making sense of infor-
mation coming from the body and the environment. In the words of Lisa Feld-
man Barrett, “Interoception drives your actions, your culture wires your brain” 
(Barrett, 2017, p. 176). Prior knowledge impacts the process of constructing 
these instances, because the brain uses this information to categorize new 
emotional experiences by comparing them to prior ones. Thus, an emotional 
experience integrates physiological, cognitive, and social elements. Let me 
unpack these ideas, especially what Barrett means by social elements, since 
aspects of this tie in with the views on affect as display and stance in Ethno-
methodological Conversation Analysis, which is presented below (3.9). 

From the perspective of the theory of constructed emotion, the brain con-
structs its understanding (in the sense of actively generating predictions) of 
the world by integrating both external patterns and internal physiological sig-
nals, constantly monitoring the body’s internal states. Interoception, the pro-
cess of integrating internal sensations from the body, plays a key role in this 
process (Barrett, 2017). The theory does not assume that emotions are innate, 
nor that they trigger automatic actions. Instead, physiological states are inte-
gral to the overall emotional experience and are actively constructed by the 
brain. As a result, the brain’s internal model incorporates both environmental 
cues and bodily states to construct behavior and decision-making. Following 
this view in the context of preschools, children’s bodily states, such as tension 
during a math task, provide critical inputs to their construction of affective and 
emotional experiences. The internal sensations are not merely responses to 
environmental or mental triggers, but active contributors to how the brain pre-
dicts and constructs the child’s affective (emotional) state on the spot. 
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Understanding the concept of interoception is important because in Bar-
rett’s model, interoception does not only inform emotional experiences, but 
the concept also serves to highlight how affective/emotional experiences are 
constructed within social contexts. For example, the physical sensation of a 
racing heart during a math lesson might be interpreted as anxiety in one social 
context, but as excitement in another. This difference arises from the culturally 
and socially learned emotion concepts that teachers and children use to make 
sense of their experiences as a whole. 

Another concept that needs to be addressed in this theoretical review is the 
role that Barrett assigns to social reality in the construction of emotions. The 
theory of constructed emotion posits that emotions are social constructs (Bar-
rett, 2012), created and shared through linguistic agreements and culturally 
established practices within and between social groups. As Hoemann, Xu, and 
Barrett (2019) note, “the brain also has access to the emotion words that were 
used in previous instances, and were used by parents and caregivers to label 
emotional events during development” (Hoemann, Xu, & Barrett, 2019, p. 
24). These socially shared linguistic practices shape how emotion concepts 
are formed and used in social reality. Emotion concepts are malleable and 
shaped by the shared goals and contexts of social communities, rather than 
solely by individual objectives, because words, labels, and meanings are col-
lectively learned (Hoemann, Xu, & Barrett, 2019). Within these culturally and 
socially established frameworks, emotion concepts provide structure for pre-
dicting and interpreting experiences, and these concepts drive action (Barrett, 
2012). In this light, both culture and language significantly influence emotion 
concepts by shaping individual perceptions and experiences (Hoemann, Xu, 
& Barrett, 2019), while the brain’s predictive and construction processes fur-
ther shape emotional experience (Hoemann & Barrett, 2018). 

Importantly, while Barrett rejects the idea that emotions are biologically 
hardwired categories, she does not deny that emotions emerge also from bio-
logically grounded processes. Instead, she argues that general-purpose neural 
systems, involved in memory, perception, and interoception, dynamically 
construct emotions within social and cultural contexts (Gendron & Barrett, 
2009). As a consequence, changes in one’s past and current socio-emotional 
experiences can alter one’s future affective/emotional framing.  

Barrett’s emphasis on emotions as social constructs further accentuates the 
dynamics between cultural influences and individual emotional experiences 
(Barrett, 2012, 2017). Social reality, shaped through language and cultural 
norms, plays an important role in educational settings. Examined through this 
lens, affect/emotions towards mathematics are not biologically determined re-
actions but socially constructed experiences, influenced by the ways in which 
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teachers, children, and their peers discuss, ignore, or frame their actions during 
math learning situations. Additionally, children might adopt and pass on these 
socially constructed concepts from their socializers and role models (e.g., 
teachers and preschool peers) and incorporate them into their relation to math-
ematics as preschool activities unfold. 

Within Barrett’s (2012) theory of constructed emotion, psychological con-
struction resembles a strong form of social constructionism, viewing emotions 
as cultural performances rather than biologically basic reactions (Gendron and 
Barret, 2009; p.318). However, while Barrett's model aligns with a strong ver-
sion of social constructionism, it does not dismiss biological processes; rather, 
it integrates them into a broader predictive framework (for a distinction be-
tween affect and core affect as constituents of emotion, see Duncan & Barrett, 
2007; for a historical perspective on psychological constructionism, see Gen-
dron & Barrett, 2009). Emotion categories are culturally relative (e.g., shaped 
by social context at the group, institutional, and societal levels) and linked to 
individuals’ biological systems, including the brain. In contrast to a weak form 
of social constructionism, where culture and norms influence basic emotions, 
psychological construction posits that emotion categories do not have a dis-
tinct biological basis. The cognitive and neural resources used to construct 
individual instances of emotion overlap with those that shape other mental 
states, such as thoughts, beliefs, and memories (Gendron & Barrett, 2009, p. 
318; Barrett, 2009b, p. 1291; Hoemann & Barrett, 2018). 

The theory of constructed emotions views the brain as a massive and com-
plex interactive network rather than modules or networks that simply connect 
and communicate with each other. In doing so, it challenges the classic basic 
emotion notion originated in philosophy and subsequent psychological theo-
ries that assume a dichotomy between cognition and emotion. Instead, Bar-
rett’s framework argues that emotions, thoughts, and perceptions emerge from 
a continuous, integrated predictive process (Barrett, 2006, 2009b, 2017). The 
same applies to our actions. The tension between thought and emotion, as em-
phasized in Cartesian and traditional theories of emotion is reconceptualized 
in the theory of constructed emotions (Hoemann & Barrett, 2018). In this 
view, one’s actions and verbal utterances are neither solely determined by 
emotional biases nor is emotion regulation dependent exclusively on control 
exerted by the rational mind. By reframing this tension, the theory allows this 
project to explore new assumptions about the nature of emotions and to inves-
tigate how they arise and function in interaction with one’s physical and social 
environment. 

Barrett’s theory relies on a predictive rather than reactive brain account. 
Emotions are not automatic responses to events; they are the result of the 
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brain’s predictions, shaped by past experiences, cultural context (including the 
current discursive context), and current bodily sensations (Barrett, 2006, 
2009b, 2017; 2022). For example, if someone’s past experience with solving 
math tasks has been stressful, they might predict a similar experience in a new 
situation and prepare for anxiety (or an anxious state), even if the present con-
text is not threatening. The idea of a predictive brain shifts the traditional view 
of how the brain processes information: predictions help the brain create men-
tal representations of the world, which we then experience as our reality (Bar-
rett, 2006, 2009b, 2017, 2022). If the brain actively predicts what is likely to 
happen and prepares the body accordingly, using prior knowledge to guess 
what will occur and fine-tune its predictions in advance, then emotions, 
thoughts, perceptions, and actions are all shaped by the brain’s best guesses, 
which are refined through ongoing experience, including social interactions 
(Hoemann & Barrett, 2018; Hoemann, Xu, & Barrett, 2019; Barrett, 2022). 

The possibility to refine or adjust ongoing predictions means, for instance, 
that if a child anticipates anxiety during a math task but encounters a support-
ive and positive social environment, they may adjust their predictions, reduc-
ing anxiety and influencing future emotional framing in similar situations. 
This theory thus places the construction of emotions within a cultural, social, 
and discursive context, ascribing an active role to this context in shaping the 
emotion concepts that individuals use to categorize their emotional experi-
ences, and shaping how they actively participate in ongoing mathematical ac-
tivities. This perspective is therefore particularly relevant for understanding 
how affective experiences impact preschool and preschool class-aged chil-
dren, their teachers’ own affective experiences with mathematics, and the in-
teractions between these two groups. 

3.9 Meaning Is Not Only Embodied; It Is Relational and 
Situated 

Barrett’s adoption of a predictive brain or a predictive coding account of in-
teroception (Barrett, Quigley & Hamilton, 2016) as the basis for her theory of 
emotion construction essentially redefines emotions, perceptions, and 
thoughts as proactive, constructed experiences rather than reactive responses. 
This proposes that what we feel and perceive is shaped both by our brain’s 
expectations and ongoing adjustments to reality. Thus, emotions do not arise 
in isolation but emerge through an active interplay between the brain’s pre-
dictions built from bodily sensations, prior knowledge and social (and discur-
sive) context. Barrett’s concept of a predictive brain ties deeply into her model 
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of relational realism (Barrett & Theriault, 2025, p. 54), the idea that everything 
real exists only in relation to something else—often, in relation to the self 
(Lloyd, 2024)3. 

In relational realism, reality isn’t objective or static. Instead, what we ex-
perience as real is shaped by our relational interactions. For instance, between 
the brain’s predictions and the external world, or between our internal states 
and the environment. Because the brain’s predictions are influenced by past 
experiences, bodily sensations, and ongoing interactions with others within 
specific cultural contexts, every experience we have is unique to our own his-
tory, identity, and current state. This means our perception of reality is con-
structed through our continuous and dynamic relationship with our surround-
ings and with others. Emotions, therefore, are not pre-programmed biological 
responses but situated and flexible interpretations shaped by ongoing interac-
tions (e.g.: humans create meaning and, in so doing, construct instances of 
emotion that intrinsically depend on context: Barrett and Theriault, 2025, p. 
57, emphasis added). 

A brief detour through similar & prior approaches: Embodied realism—the 
view that the locus of experience, meaning, and thought is the ongoing series 
of organism–environment interactions that constitute our understanding of the 
world (Lakoff & Johnson, 1999, p. 88)—is a central tenet of modern views of 
emotion embodiment. In this context, embodied cognition, described by 
Shapiro (2007, 2019) as a research programme emphasizing the role of the 
body in cognitive processes, provides important insights. While both embod-
ied cognition and the theory of constructed emotion explore the relationship 
between body, mind, context, and emotions, they approach it from different 
angles, and there are several reasons why Barrett's theory of constructed emo-
tions might be more suitable for investigating affective experiences in early 
childhood education. 

Barrett's theory of constructed emotions emphasizes that emotions are so-
cially constructed, shaped by cultural norms and shared language. It argues 
that emotional experiences are not just physiological reactions but are influ-
enced by the meanings that individuals attach to their bodily states within spe-
cific social contexts. For instance, in the case of preschool-age children and 
math anxiety, Barrett's framework allows us to consider how teachers, peers, 
and cultural practices shape how children interpret their bodily sensations 

 
3Barrett further elaborated on this idea during the third day of the Pufendorf Lectures at Lund 
University (Barrett, 2024), where she emphasized that relational realism provides a framework 
for understanding how meaning and experience emerge through ongoing interactions. In this 
model, reality is not something we simply perceive or respond to passively; instead, it is actively 
constructed by the brain in relation to the environment and the people within it, highlighting 
the role of context-specific, interactive processes. 
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(e.g., a racing heart) and categorize them as anxiety or excitement. This socio-
cultural (and dialogistic) perspective on emotion is not traditionally a central 
focus in embodied cognition, which tends to concentrate more on the imme-
diate interaction between body and cognition. However, it is important to 
acknowledge that many scholars, especially those applying the embodied cog-
nition framework in developmental and cultural psychology, also explore how 
social and cultural environments shape bodily experiences and their interpre-
tation (e.g., Barsalou, 2008; Gallagher, 2005; Rogoff, 2003; Tomasello, 1999; 
Varela et al., 1991). 

Given this caveat, the novelty embedded in Barrett’s theory is perhaps best 
characterized by its grounding in the predictive brain which is constantly mak-
ing inferences about future events based on past experiences and sensory input 
(also referred to as active inference and Bayesian inference). This perspective 
is particularly valuable when considering how children might anticipate anxi-
ety as a result of previous stressful encounters with math tasks. The theory 
suggests that emotional states like anxiety do not simply arise as automatic 
responses to environmental triggers, but as the result of the brain’s predictions 
based on contexts, experience, and current bodily states. Embodied cognition, 
while it acknowledges the role of the body in cognition, does not focus on this 
predictive aspect in the process of emotion construction. 

Furthermore, the theory of constructed emotion takes into account a dy-
namic integration of environmental cues, bodily states, and social influences. 
It sees emotions as constructed in real-time as the brain processes and inte-
grates these various inputs. Embodied cognition, on the other hand, tends to 
focus more on how cognitive processes are influenced by bodily states and 
actions but doesn't emphasize the social and cultural construction of emotions 
as much as Barrett’s theory does. Finally, Barrett's theory places significant 
emphasis on the role of language and emotion concepts in shaping emotional 
experiences. Emotions are not pre-programmed biological responses, but ra-
ther constructed through language, social interactions, and cultural learning. 
In educational settings like preschools, children may not simply react to their 
bodily sensations in an automatic way; instead, they may interpret these sen-
sations based on the emotional concepts they've learned (from their teachers 
and peers, family, etc.). It is my understanding that embodied cognition does 
not focus as much on this social learning and the influence of linguistic con-
structs particularly in the study of emotion formation. 

In summary, while embodied cognition (Lakoff & Johnson, 1999, pp. 74–
91) provides valuable insights into how our bodily states influence our cogni-
tive processes—often extending this frame to socio-cultural aspects—Bar-
rett's theory of constructed emotions (Barrett, 2017) is more comprehensive 



 

 59

for understanding the role of social and cultural influences, the predictive na-
ture of emotion construction, and the dynamic interaction between context, 
body, and mind. This makes Barrett’s approach particularly suitable for ex-
amining complex emotional experiences (e.g., math anxiety and the shaping 
of relations toward mathematical activities) in early childhood education, 
where social and cultural context, bodily states, and past experiences all play 
significant roles in shaping emotional experiences. 

Why are both a mind–brain and an interactional account of emotion needed 
in this thesis? The embodied realism view (Lakoff & Johnson, 1999, pp. 74–
91), in which the body helps to constitute the mind in a transactional and re-
cursive relation, has been adopted by Barrett and Lindquist to explore how the 
body supports the creation of conceptual systems for emotion “that is, which 
emotion categories we have concepts for, and how conceptual knowledge is 
constituted” (Barrett & Lindquist, 2008, p. 246). In psychological construc-
tionism, therefore, emotions are not reduced to the social situations in which 
they occur. Likewise, the importance of physical states in the body and brain 
is acknowledged, but emotions are not reduced to physical states. Emotions 
are real and distinct phenomena that need to be explained (Barrett, 2012; Gen-
dron & Barrett, 2009). 

One of the aims of this project is to increase the knowledge on the affec-
tive/emotional relations of preschool and preschool-age children, teachers, 
and their interactions during math-related pedagogical activities in the pre-
school. For the advocates of embodied realism, “Experience is always an in-
teractive process, involving neural and physiological constraints from the or-
ganism as well as characteristic affordances from the environment and other 
people for creatures with our types of bodies and brains” (Lakoff & Johnson, 
2002, p. 248). Additionally, “Meaning comes, not just from ‘internal’ struc-
tures of the organism (the ‘subject’), nor solely from ‘external’ inputs (the 
‘objects’), but rather from recurring patterns of engagement between organism 
and environment, in other words, from ‘interactional properties’” (Lakoff & 
Johnson, 1980, pp. 119–125, 177). 

An embodiment view of the mind assumes that cognition is situated. Ac-
cording to Barrett and Lindquist, “Perceptions of occurrences both inside and 
outside the body are captured by simulators and are seamlessly bound, so that 
perceptual symbols are situation-specific inferences for behavior that are tai-
lored to a given situation” (Barrett & Lindquist, 2008, p. 14, emphasis added). 
Barrett describes distinctive properties of the “distributed and flexible concep-
tual systems” of emotion (Barrett & Lindquist, 2008, p. 18), namely core af-
fect, object representations, representations of context, inferences about be-
havior, emotion words, and heterogeneity in her research on emotion and her 
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development of emotion theory. In this view, neither context, the psychologi-
cal situation, nor the conceptual knowledge cause emotions. They rather help 
to constitute individuals’ conceptualization of emotion that is “tailored to the 
immediate situation, represented in sensorimotor terms, acquired from prior 
experience and supported by language” (Barrett & Lindquist, 2008, pp. 24–
25). Barrett’s theory highlights the influence of culture on the formation of 
emotions and emphasizes the active role of cultural, social, and discursive 
context in shaping emotion concepts, opening up a venue for applying the the-
ory of constructed emotions to social interaction. However, importantly, it 
does not seem to provide the tools to account for how emotions are constructed 
in social interaction, defined as activities where participants are in dialogue 
with each other, and where this dialogue is constitutive of the meaning that is 
co-constructed. In the next section, therefore, notions of emotion as social ac-
tion and stance (Goodwin, Cekaite, & Goodwin, 2012) will be presented as 
ways to understand how emotion and affect are shaped by the discursive pro-
cesses of social interaction. 

3.10 An Interactional View of Emotion: Relational 
Meaning and Affective Stance 

Whereas psychological constructionist approaches deal with internal cogni-
tive, physiological mechanisms, and the in situ and continuous context at a 
macro-level, Linguistic Anthropology (LA) and ethnomethodological conver-
sation analysis (EMCA) treats emotion as a co-constructed achievement in 
social interaction. In this view, emotions do not pre-exist inside an individ-
ual’s mind; rather, they emerge moment-by-moment as participants engage in 
social action and display and negotiate affect through both verbal and non-
verbal actions (i.e., multimodal action). In this field, Eleanor Ochs’s seminal 
work reframed emotion research by viewing emotion as stance, and defining 
an affective stance as “the ways participants exhibit mood, attitude, feeling 
and disposition, as well as degrees of emotional intensity vis-à-vis some focus 
of concern” (Ochs, 1996, p. 410).  

EMCA’s core commitment is to uncover how social order and meaning are 
produced in everyday talk. Drawing on Garfinkel’s notion of members’ meth-
ods (Garfinkel, 1967; Heritage 1984) and Sacks et al. (1974) work on sequen-
tial organization, EMCA examines how participants use language, bodily 
movements, gestures, gaze, and other multimodal resources to co-construct 
meaning in real time (Schegloff, 2007; Goodwin, 1995; Deppermann & 
Schmidt, 2021). Crucially, as Couper-Kuhlen and Selting (2017, p. 44) note, 
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“affect in interaction is seldom made explicit through words; rather it is in-
dexed through verbal and non-verbal means, meaning that sequence-sensitive 
interpretation is required.” From this perspective, affect-laden actions during 
math activities are not hidden states of mind to be inferred, but visible, multi-
modal accomplishments which are realized through prosody, gesture, gaze, 
posture, and the very timing of talk and actions in interaction. 

Within Linguistic Anthropology, Charles and Marjorie Harness Goodwin 
describe in their earlier work (Goodwin, 1995, 2000; Goodwin & Goodwin, 
2000) how participants draw on configurations of semiotic resources such as 
talk, prosody, gesture, gaze, material artefacts, and spatial arrangements to 
coordinate action and meaning-making in situated activities. This analytic fo-
cus on multiple modalities laid the conceptual groundwork for the later for-
mulation of a local ecology of semiotic resources (Goodwin, 2017): an activ-
ity-specific configuration of perceptual and communicative affordances 
through which participants coordinate attention, assessment, and action. In be-
tween, Goodwin (2012) develops the related notion of epistemic ecologies to 
capture how semiotically charged objects, material environments, and embod-
ied practices operate together as public substrates for action and knowing. 
Across these works, the physical layout, the visible bodies of participants, 
tools and artefacts, and embodied displays operate as an organized environ-
ment that both enables and constrains particular displays of stance. Framing 
the multimodal repertoire in ecological terms makes visible how affective 
stances are not dispersed, private events, but emergent properties of situated 
participation that appear at particular sequential slots and in relation to specific 
material and social arrangements (Goodwin, 1995, 2013, 2017; Goodwin & 
Goodwin, 2000). 

The concepts and tools found in LA overlap with those found in EMCA 
research, which focuses on how people construct meaning and social action 
through multimodal dialogue. The core idea in EMCA is that individuals cre-
ate new contributions by modifying, reusing, or adding new elements to what 
has already been said or done. And that these contributions also shape the 
context for what follows. This sequential nature of social actions plays a key 
role for participants’ establishing of a temporal shared understanding, or an 
intersubjectivity. Intersubjective understanding is thus built turn-by-turn, 
where each person’s contribution demonstrates how they interpret the previ-
ous statement and hence the social action under way (Heritage, 1984, p. 254 
–260; Mondada, 2007, 2013, 2018). Participants exhibit their understanding 
by either confirming the interpretation or correcting misunderstandings, en-
suring that meaning is negotiated and shared through this interactive process. 
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The body of literature that has introduced the term affective stance empha-
sizes the organization of emotion as an interactive practice and clearly distin-
guishes this analytical perspective from the view of emotion as evolutionarily 
anchored and situated only within the individual (e.g., Goodwin et al., 2012). 
This view of emotion as interactively organized stance critiques the longstand-
ing Darwinian tradition in emotion research, in which emotions are conceptu-
alized as universal and unintentional psychological states, a perspective that 
has been most prominently articulated in the modern literature through Paul 
Ekman’s work, particularly in his emphasis on facial expressions (Goodwin 
et al., 2012, p. 16–17). This critique is similar to Barrett et al.'s (2025, pp. 397–
399) holistic rather than reductionist view of emotion, which shifts the focus 
of emotion research from its physical properties (such as facial expressions) 
to its situatedness in a specific socio-cultural and historical context that pro-
duces unique instances of emotion. By conceptualizing emotions as stance, 
LA/EMCA highlights the role of emotion as shaping and negotiating social 
relations, social order, and meaning-making processes, rather than viewing 
emotions as pre-determined biological reactions or a process or inner state 
expressed by individuals. 

Everyday preschool activities are inherently interactive, relying on dy-
namic exchanges between teachers and children to co-construct contexts for 
care, learning, and development (e.g., Cekaite & Ekström, 2019; Goodwin, 
2017). Teachers’ affective stances (manifested through prosody, gaze, ges-
ture, and bodily orientations) are co-constructed with children using a reper-
toire of multimodal resources (Goodwin, 2017). These embodied and material 
resources are often choreographed to generate anticipation and affective in-
volvement, for instance through the creation of suspenseful situations in ac-
tivities such as storytelling, counting, or games (Strid, 2024). In storytelling 
interactions, teachers’ embodied displays (such as smiles, laughter, prosody, 
and supportive touch) foster children’s engagement and affective alignment 
(Cekaite & Björk-Willén, 2018). Children’s responses show alignment (or dis-
alignment) with teachers’ cues and display their emotional investment in the 
activity. In other words, teachers scaffold children’s affective orientation to-
ward the task, and children’s embodied responses (including for example hes-
itant glances, postural shifts, spontaneous vocalizations) index their emerging 
emotional orientations towards these activities. 

These micro-interactions create a situated pedagogical environment in 
which caring and teaching/learning become interactionally inseparable: teach-
ers orient to children’s needs for emotional security while simultaneously sus-
taining their communicative involvement in the activity, and children display 
orientations through which care-related concerns are handled alongside 
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participation in ongoing activities (e.g., Cekaite & Ekström, 2019; Strid & 
Cekaite, 2022). These local sequentially ordered practices establish the affec-
tive climate of the preschool. When math-related activities are embedded in 
these settings, the co-constructed climate has the potential to shape how young 
learners come to experience mathematical concepts, forming the basis for later 
positive or negative math-related affect. Building on these observations, it be-
comes relevant to ask what is the role of affect as stance in math-related ac-
tivities such as spontaneous counting, block constructions, or snack-time 
measurements in the preschools, which is the focus of this thesis’ Study III.  

In the context of preschool mathematics, this interactional lens can help 
reveal how children’s and teachers’ affective stances are not just internal re-
actions to tasks, but are also publicly produced actions that are responded to 
within the flow of activity. Studying these co-constructed affective moments 
can hence provide insight into the socio-cultural processes that shape young 
children’s emotional relations to mathematics and may help explain how cer-
tain interactional practices in the preschools contribute to more positive en-
gagement or, conversely, to developing more negative relations to math (e.g., 
anxiety). 

3.11 Bridging Psychological and Interactional 
Perspectives on Emotion 

As this thesis encompasses both psychologically oriented approaches and a 
fine-grained interactional perspective, it becomes useful to locate the different 
theoretical traditions underpinning emotion research along key dimensions. 
The first two studies draw primarily on psychological theories of math anxiety 
(e.g., Carey et al., 2016). At the level of the thesis as a whole, these studies 
are situated within a broader psychological constructionist view of emotion, 
for which Barrett’s theory of constructed emotion (Barrett, 2017, 2022) pro-
vides an overarching interpretive frame. Within Barrett’s framework, emo-
tional episodes are not biologically pre-packaged but are instead constructed 
through the integration of core affect (valence–arousal states) with culturally 
shaped conceptual systems. From that perspective, emotion emerges as a func-
tion of individual-level sense-making that is, nevertheless, shaped in situ by 
sociocultural contexts.  

The third study adopts a fundamentally different perspective, informed by 
the theoretical and methodological traditions of Linguistic Anthropology (LA) 
and Ethnomethodological Conversation Analysis (EMCA), where emotion is 
not approached as a psychological state but as a socially situated, 
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interactionally accomplished stance (Goodwin, 2007; Goodwin, Cekaite & 
Goodwin, 2012; Cekaite & Ekström, 2019). From the perspective of these tra-
ditions, affect is treated not as a signal of something internal, but as a publicly 
accountable, embodied, and sequentially organized phenomenon: one that 
emerges through the use of language, prosody, gesture, gaze, posture, and ma-
terial artefacts. Emotion is thus treated as an actional and relational accom-
plishment, co-constructed in real-time by participants in social interaction. To 
orient the reader to the theoretical similarities and differences between the tra-
ditions, Figure 3 maps major models of emotion across two intersecting con-
tinua: (1) from biologically grounded to socially constructed views, and (2) 
from theories that treat emotions as discrete categories to those that view affect 
as continuous, fluid, and variable (see also Gendron & Barrett, 2009; Russell, 
2003; Ratner, 2000).  

 
Figure 3. Positioning major emotion models by two theoretical continua1  
Note.1Horizontal axis = biological (left) → social/cultural (right); vertical axis = dis-
crete/categories (bottom) → continuous/variable (top). Positions are schematic and 
approximate; they are intended to orient the reader to theoretical differences, not to 
imply precise metric distances. 

As seen in Figure 3, LA/EMCA occupies the far end of the sociocultural and 
a relatively high position in the continuous-variable axes. This positioning 
makes evident two key commitments. First, LA/EMCA views emotion as 
deeply embedded in local, situated practices, which is an emergent property 
of social interaction, rather than an individual’s internal response system. Sec-
ond, rather than segmenting emotions into fixed, universal categories (e.g., fear, 
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joy, frustration), LA/EMCA is sensitive to the fine-grained, context-dependent 
ways in which affect is indexed and made consequential in ongoing activity. 
The third study of this thesis takes up these commitments by examining how 
affective stances are co-constructed in preschool settings during mathematics-
related activities. By using the notions of affective stance (Ochs, 1996, p. 410) 
and affective practice (Wetherell, 2012; 2013, p. 360), the analysis focuses on 
how teachers and children display, respond to, and negotiate emotional orienta-
tions through multimodal conduct. This approach aligns closely with Barrett’s 
(2022) insistence on situated conceptualization when shifting analytic focus 
from the individual in context to their interactions in context. 

Through treating preschool mathematics as a multimodal, affectively 
laden/charged activity, this section offers a sociologically informed and em-
pirically grounded way to study the emergence of mathematical affect, not as 
an individual trait, but as a socially distributed and interactionally produced 
phenomenon. As such, it aims to reframe the study of math anxiety/engage-
ment, —more broadly defined as affective practice by Wetherell (2012; 
2013)—as relational outcomes of specific classroom practices, teachers’ and 
students’ stances, and institutional ecologies. At a theoretical level, this inter-
actional view resonates with the epistemological stance of constructed emo-
tion theory, which rejects emotional meaning as directly readable from bodily 
signals, and with the ontological commitments of relational realism, in which, 
meaning is understood as emerging from the relational organization of expe-
rience (Barrett and Theriault, 2025). 

Similar to my thesis proposition, Wetherell (2013) resists the split between 
affect scholarship and discourse and, drawing on Marjorie Goodwin’s work, 
highlights how fine-grained analyses of interaction “investigate, precisely, 
how talk, body actions, affect, material contexts and social relations assemble 
in situ.” (Wetherell, 2013, p. 351, emphasis in original). Therefore, when used 
complementarily, these approaches offer a layered analytic lens: Barrett ac-
counts for the embodied and predictive processes that make affect possible, 
while LA/EMCA demonstrates how these processes are publicly displayed, 
recognized, and sustained through communicative action. Emotion can thus 
be understood as a construction of the embodied mind in interaction. To ex-
emplify how, I turn to Charles and Marjorie Goodwin’s (2000) joint work, 
which likewise treats emotion as situated within children’s embodied lan-
guage practices. Yet, there are limits to each perspective. 

A common view is that cognitive and micro-sociological perspectives on 
emotion and affect are considered theoretically incompatible, or at least rep-
resent radically different understandings of emotion as a research object (see, 
for example, Drew, 2005; Potter, 2006). For this thesis’ framing, it is 
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important to note that the Theory of Constructed Emotion does not conceptu-
alize emotions as co-constructions in interaction, and conversely, EMCA does 
not treat the mind as an explanatory construct. Therefore, to a large extent, 
this claim of incompatibility holds validity. However, for the purposes of this 
thesis, I argue that there are meaningful points of intersection where the two 
approaches can be treated as complementary rather than contradictory. 

Barrett’s theory of constructed emotion treats emotions as relational in a 
psychological constructionist sense: emotions emerge from the integration of 
signals coming from the body, mind and context. LA/EMCA treats emotions 
as relational in an interactional sense: they are accomplished publicly and se-
quentially in talk, gesture, and embodied practice. Their different emphases 
open a productive space in this thesis for examining both the individual–con-
ceptual and the interactional–situated dimensions of affect in early mathemat-
ics education. In this sense, the two approaches can be combined to connect 
the physiological and psychological construction of emotion with its observ-
able accomplishment in social practice. 

The two approaches are compatible on some key points, which motivate 
the combination of them within this thesis. In both Barrett’s theory of con-
structed emotion and Goodwin and Goodwin’s (2000) work on emotion within 
the LA/EMCA tradition, emotion is viewed as situated, particularly in relation 
to children's embodied language practices. Barrett argues that emotions arise 
from core affect (i.e., valence/arousal) shaped by prior experience, language, 
and culture. In a classroom, this means every look, gesture, or tone carries 
learned meaning, while ongoing sensory input actualizes and updates those 
predictions in the moment. In LA/EMCA, by contrast, it is not assumed that 
all actions are inherently affect-laden. Instead, affect is treated as consequen-
tial only when participants themselves orient to it in the sequential unfolding 
of interaction (e.g., through displays of (dis)engagement). Talk, gaze, gesture, 
and stance are thus understood as multimodal resources that can become the 
vehicle for affective stance, depending on how participants use them in un-
folding interaction. Both perspectives thus share a commitment to situated-
ness, but they locate it differently: Barrett in the continuous interplay of pre-
diction and sensory input, LA/EMCA in the demonstrable orientations of par-
ticipants to each other’s embodied actions. Keeping remaining differences in 
mind, Barrett’s notion of ‘situated conceptualizations’ slots in with 
LA/EMCA’s attention to how local, multimodal resources (e.g., body posture, 
prosody, gaze) are used to build shared sense. 

Within LA, Goodwin and Goodwin (2000) demonstrate how one can gain 
insights into the way individuals construct their social worlds in interactive 
situations. These authors ground their argument in concrete, embodied 
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activities rather than abstract examples. Goodwin and Goodwin (2000) ana-
lyse pre-adolescent girls’ hop-scotch play (showing how out calls are pro-
duced as multimodal, sequentially-located assessments) as well as family in-
teraction with a man with severe aphasia (showing how emotional alignment 
can be displayed without lexical emotion terms). Their analysis of the embod-
ied performance of affect/emotion identifies and applies concepts and tools 
that are essential for examining affective/emotional displays in a comprehen-
sive way, where elements like intonation, prosody, gesture, and body posture 
are found to be participants’ resources to engage or disengage in their co-con-
structed activities. 

Increasing knowledge on the social practices performed in preschools, 
where emotions as stance emerge, requires analytical tools that focus on the 
co-construction of affective stances in interaction, rather than only on the in-
dividual’s expression or even their construction of emotions. Goodwin et al. 
(2012) write that “the scope of an emotion is not restricted to the individual 
who displays it” (p. 17). This social constructionist perspective on emotion as 
affective stance highlights the role of interaction, process, and context in un-
derstanding emotions. In other words, LA/EMCA’s fine-grained multimodal 
toolkit captures the micro-temporal ways in which affect is co-constructed. 
This has similarities with Barrett’s model, where local meaning-making 
serves as a constitutive element in the construction of emotional instances 
(Barrett et al., 2025, pp. 402–403). From this thesis’ perspective, Barrett’s 
theory of constructed emotions and LA/EMCA are not necessarily opposed. 
The theory of constructed emotion emphasizes the predictive, situated con-
ceptual basis of affect, while LA/EMCA highlights the situated, co-con-
structed orientations through which affect becomes consequential. The point 
here is not to merge these frameworks at a theoretical level, but to show how 
they productively intersect in the specific context of this interdisciplinary the-
sis project. 

Having positioned Barrett’s model in relation to LA/EMCA, we now turn 
to a key LA/EMCA concept: situated practice, where the analysis begins from 
specific sequential positions in interaction, rather than focusing on individual 
actions (Goodwin & Goodwin, 2000, p. 239). In LA/EMCA, emotion is 
viewed as an interactive performance that emerges in time, and participants’ 
use of language, the body, and artefacts in interactive settings are analysed on 
the basis of video recordings of naturally occurring, real-life settings. These 
recordings allow for a comprehensive examination of the linguistic and mul-
timodal repertoires of speech communities (Goodwin & Goodwin, 2000). 
Consequently, a teacher can respond to children’s affective displays in differ-
ent ways, and thereby contribute to how these displays become consequential 
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for the activity, demonstrating that affective work has the potential to achieve 
children’s engagement or withdrawal from the activity. Defining, identifying, 
and showing how prosody, facial expressions, and posture work in interaction 
can hence help illustrate how multimodality assembles affective stances in 
math-related activities. 

The study of emotions within LA/EMCA focuses on how emotions are not 
merely personal or internal experiences, but rather how they are co-con-
structed between individuals in social contexts. For example, Goodwin et al. 
(2012) argue that “both stance and emotion are not add-ons to action basically 
displayed through language structure. Instead, they constitute central compo-
nents of the situated actions participants build to carry out the mundane activ-
ities that make up the lived social worlds they inhabit together.” (ibid., p. 40). 
Similarly, Andries et al. (2023), in their systematic review of multimodal 
stance-taking, note that “there is never a time out from the social action of 
taking stances and adopting positions” (Du Bois & Kärkkäinen, 2012, p. 438 
as cited in Andries et al., 2023), implying the continuous presence of stance-
taking and alignment processes through which affect may become relevant in 
interaction. Moreover, Peräkylä (2012) further proposes that emotional dis-
plays are integral to organizing specific social actions, showing that affect is 
not an occasional add-on but a pervasive component of interactional se-
quences. Hence, merely acknowledging stance-taking in interaction is not 
enough. In this thesis, the informative potential is in identifying how affective 
stances become consequential for engagement in math-related activities and 
the development of mathematical skills and content knowledge.  

In the following illustrative sequence (Figure 4) the emergent, social nature 
of affect in social interaction and the mathematical activity of counting—a 
core early numeracy skill as described by Gelman and Gallistel (1978, p. 47) 
and Bishop (1988)—are inseparable from affective and interactional engage-
ment, exemplifying how EMCA treats emotion as action and stance that is co-
constructed in social interaction. This example sequence takes place at 
lunchtime. The teacher counts the number of children at one of the tables and 
then distributes glasses to them. 
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Figure 4. Extract from interaction at lunchtime between a teacher and a boy (5 yrs.)1 
1pt=point gestures, bd=body movements, gz=gaze shifts. Also see transcription con-
ventions in Appendix 4. 

The teacher initiates the counting activity and sets the participation framework 
(Goodwin, 2000; 2007; 2018) by asking “how many glasses do we need this 
table?” (line 1). She asks using high rising final intonation, and then simultane-
ous pointing gestures while counting. Her multimodal action enables participa-
tion and engagement of the boy by displaying an affective stance towards the 
act of counting. When the boy joins the counting (line 4), he uses an enthusiastic 
tone of voice that aligns with the teacher’s engagement cues. The boy’s rhyth-
mic body movements (line 6) enact a rap song with the numbers (line 9). His 
way of moving his body to the beat (line 11) upgrades his engagement and 
demonstrates an aligning affective stance in relation to the teacher (Goodwin, 
2007; Ochs, 1996). When the teacher stops counting, the boy continues counting 
all by himself (line 7), which demonstrates upgraded and dynamic agency and 
engagement. The affect in this counting sequence thereby emerges in the inter-
action between the teacher and the boy and is consequential for the way the boy 
participates and engages in the counting activity. 

In this sequence, mathematical principles are directly enacted. The teacher 
models one-to-one correspondence, stable order, and cardinality (Gelman and 
Gallistel, 1978, p. 47) together with a pitch-peak on the word seven 
([*sj↑u::,in line 2). The boy’s counting overlaps with the teacher’s mod-
elled numbers (line 4), showing temporal alignment and orientation to the 
same sequential activity. The teacher and the boy are co-constructing the 
counting sequence up to this point. They share attention and multimodal re-
sources in counting. 
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Figure 5. The boy shifts his gaze to the teacher 

When the teacher begins placing glasses on the table (line 12), however, she 
disengages from the counting sequence (Figure 5). This shift marks a recon-
figuration of the participation framework: The boy is now the primary actor 
in the counting, yet his actions remain oriented to the material (spots at the 
table) and social (he is performing the count as a rap) context scaffolded by 
the teacher (Goodwin, 2018, p. 224). The boy continues counting up to 15 
after the teacher is finished, pointing at the plate number eight as he counts it 
and shifts his gaze toward the teacher (line 10). The boy’s overlapping count-
ing and gesturing allows him to notice that there is one more plate (or allocated 
spot) on this table (which was not counted by T1 who was instead counting 
the number of children sitting at the table). As the boy shifts his gaze to the 
teacher (line 10), he realizes that she has stopped counting and started putting 
down the glasses she is holding in her hands on the table. While pointing at 
plate number eight, he continues wiggling his body rhythmically, sustaining 
the affective alignment established earlier, during counting. In this way, the 
boy transforms the mathematical activity into a playful rap, demonstrating 
how counting can be both a mathematical and a playful activity (Bishop, 1988, 
p.102), while maintaining the affective stance initially demonstrated by the 
teacher. 

The boy’s transformation of the counting into a playful, rhythmic perfor-
mance aligns with Bishop’s (1988) argument that “fun is an important organ-
izing construct for a mathematics curriculum” (p. 102). In Bishop’s terms, 
play provides an aesthetic, rule-bound framing through which mathematical 
ideas may be explored. More concretely, Bishop describes how mathemati-
cally significant playing activities can take many forms, such us “movement 
games like hop-scotch,” “folk dancing,” or “number games and puzzles, such 
as magic squares” (p. 106). Seen in this light, B1’s rap-like counting, with its 
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rhythmic body movements and sequential structure, resonates with Bishop’s 
examples by showing how mathematical activity (in this case, counting) can 
simultaneously be playful, embodied, and socially engaging, while preserving 
the affective stance modelled by the T1. 

From an EMCA perspective, affective stances are actions co-constructed 
in interaction, emergent and consequential for both engagement and doing 
learning. In Barrett’s terms, these interactions instantiate situated conceptual-
izations, showing that affect is layered, relational, and context-dependent. The 
positive, playful climate established in this brief counting sequence exempli-
fies how early math engagement is jointly produced, highlighting the insepa-
rability of emergent emotion, embodied action, and mathematical practice. 
The playful enactment demonstrates how affective engagement contributes to 
sustained attention, mathematical exploration, and embodied practice. 

Following the vignette above, we can see how affective stances are not pri-
vate states but emerge in and through embodied, situated interaction. In line 
with the EMCA tradition, affect/emotions shape and are shaped by social re-
lations, emphasizing the interactional dimension rather than focusing solely 
on the individual’s emotional state. For the study of preschool mathematics, 
this perspective foregrounds how teachers and children co-create math-related 
activities where emotion is not an add-on but a constitutive feature of the ac-
tion itself. To deepen our knowledge about preschool age children’s affective 
relations to mathematics, we therefore need research instruments that capture 
how emotion becomes part of — and contributes to — the actions achieved 
during mathematical interaction. In study III, we have followed EMCA’s tra-
dition of investigating emotion as action and stance “within an environment 
of unfolding action being constituted in part through orientation to the bodies 
and actions of others” (Goodwin & Goodwin, 2000, p. 22). 

The partially shared perspective on language and emotion as embodiment 
allows this thesis to combine two theoretical frameworks that are usually 
treated separately: Barrett’s theory of constructed emotion, which focuses on 
the intrapersonal construction of emotional instances within the situated pre-
dictive, culturally shaped brain, and LA/EMCA approaches, which focus on 
the interpersonal, interactionally co-constructed nature of affective stances. 
When used complementarily, they highlight points of convergence: both ap-
proaches acknowledge that emotions are situated, contextually grounded, and 
relational, whether in the brain’s predictive modelling or in co-constructed 
social interactions. Both views on emotions can then be used to understand 
how emotions emerge in interactional preschool settings, within their separate 
and respective frameworks. Rather than seeking to merge the two frameworks, 
this approach positions them as addressing distinct, yet mutually informative, 
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levels of analysis. In this thesis, this creates a bridge to study the structure, 
content, and function of the conceptual system for affect/emotions as central 
to understanding what affect/emotions are and how they work in interaction. 
The theory of constructed emotion, together with the theoretical and method-
ological framework of LA/EMCA, can therefore address questions concerning 
the (co-)construction of affective relations in different yet complementary 
ways, while also allowing for the combination of methodological approaches 
linked to different theoretical perspectives and empirical data. 

Building on this, conceptualizing emotions as both constructed by the hu-
man mind and shaped by culture and social interaction offers a comprehensive 
framework for understanding how emotional experiences, positive or nega-
tive, toward math activities, emerge and are navigated in the context of early 
childhood education. Within this framework, Barrett’s theory of constructed 
emotion contributes an understanding of how affective experiences arise 
through the brain’s predictive processes, integrating bodily sensations, prior 
experiences, and cultural knowledge into situated emotional instances. The 
framework also incorporates the role of social interaction in co-constructing 
emotional experiences related to mathematics, particularly in preschool set-
tings. By viewing emotional experiences as situated within specific socio-cul-
tural contexts, this approach supports the investigation of how children and 
educators jointly develop affective relations to mathematics. The present pro-
ject, therefore, focuses on affective relations in young children and implica-
tions for educational paths, while also examining how preschool educators' 
pedagogical practices shape these affective/emotional experiences. Through 
this comprehensive framework, we aim to explore the interplay between in-
trapersonal and interpersonal dynamics in the development of affective rela-
tions to mathematics in Swedish early childhood education (i.e., preschools + 
preschool class). Furthermore, this theoretical framework, and advances in 
emotion research more broadly, have direct implications for educational prac-
tices and math education in particular. 
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Chapter 4. Previous Research  

This chapter reviews previous research most directly relevant to the empirical 
studies presented in this thesis. Rather than providing a comprehensive over-
view of the literature, which is addressed partly in Chapter 2, 3 and in each of 
the individual papers, the focus here is on three lines of research that frame the 
present project’s empirical contributions: teachers’ affective relations to math-
ematics and their pedagogic practices (4.1), the conceptualization and measure-
ment of affect (math anxiety) and cognitive effort in preschool class-age chil-
dren (4.2), and affective practices in play-based mathematics interactions (4.3).  

Because these three lines of work use different evidence and analytic con-
ventions, I will summarize the literatures within them at a level appropriate to 
their traditions and the aims of this chapter. The length of the following subsec-
tions reflects the differing evidential and rhetorical demands of the literatures 
referenced. Reviews of large-scale quantitative and experimental research em-
phasize synthesis and therefore can be summarized more compactly. By con-
trast, LA/EMCA studies ground claims in fine-grained, multimodal excerpts, so 
explaining these studies requires greater sequential and embodied detail to pre-
serve the evidential force of the analyses. Accordingly, readers should interpret 
differences in subsection length as methodological signposting rather than as 
judgments of importance. This review establishes the empirical and conceptual 
foundations for Studies I–III and situate their contributions within the broader 
fields involved. Readers interested in more detailed analytic procedures and pri-
mary data excerpts should consult the individual papers.  

4.1. Math Anxiety Among Teachers and Its Potential 
Impact on Young Learners 

Math anxiety is a phenomenon reported to affect both children and adults, and 
it has been observed in children from an early age (Namkung et al, 2019; Lu 
et al., 2021). This phenomenon has far-reaching implications, extending be-
yond the home environment into educational settings. For instance, a field 
study involving first and second-graders and their parents was able to predict 
children’s math achievement from parent’s math anxiety levels (Maloney et 
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al, 2015). This relationship was contingent on the frequency of parental sup-
port provided in math homework and the effect did not manifest in reading 
performance. These findings also stress the specificity and significance of 
math anxiety's impact on academic outcomes. Meta-analytic evidence consol-
idates the negative link between math anxiety and math achievement across 
school-aged populations (Namkung, et al, 2019), with particularly strong ef-
fects for multistep tasks and in high-stakes evaluative settings. 

Importantly, there is evidence for such associations’ emergence even be-
fore formal schooling begins. Lu et al. (2021) validated the Young Children’s 
Math Anxiety Scale (YCMAX) using a U.S. kindergarten sub-sample of 24 
teachers and 355 children (kindergarteners, i.e., approximately 5–6 years old) 
across seven public school districts. Factor analyses supported two dimen-
sions (worry and somatization) in their scale. Children higher on these factors 
showed lower math achievement, weaker math competence beliefs, and lower 
teacher-rated engagement. More recently, a longitudinal study in Poland 
tracked 369 first-graders (mean age ~7 years) across their first year of school 
and found math anxiety already at the beginning of the school year, with most 
children reporting mild anxiety but some experiencing moderate to high levels 
(Szczygieł & Pieronkiewicz, 2022). 

The notion of intergenerational transmission of low math achievement and 
heightened math anxiety has also been proposed as passing on from teachers 
to students. Beilock et al. (2010) first showed this among U.S. female teach-
ers’ and their Grade 1 female students’ math achievement, suggesting a gen-
dered pathway mediated by girls’ adoption of math-gender stereotypes, while 
no such relationship was found for boys. A more recent large-scale replication 
with first graders in the United States looked at children’s end of the year math 
achievement in relation to their elementary teachers’ levels of math anxiety 
(Schaeffer et al., 2020). In this latter study, after controlling for students’ math 
skills at the start of the year as well as teachers’ math ability, a negative asso-
ciation was found between teachers’ math anxiety and children’s math 
achievement by the end of the year for both girls and boys. These findings 
suggest that teachers’ math anxiety can adversely affect children’s math learn-
ing during their initial year of schooling, which highlights the importance of 
exploring how teachers’ own math anxiety might influence their instructional 
practices and interactions with young learners. 

The widely recognized meta-analysis conducted by Hembree (1990) re-
vealed that college students pursuing elementary education majors tend to ex-
hibit elevated levels of math anxiety when compared to other college majors 
(i.e., business majors). This discovery ignited interest in investigating the in-
fluence of teachers' attitudes and beliefs regarding mathematics on their 
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students. Some research suggests that teachers’ math anxiety impacts student 
performance through the mediating role of perceived immediacy (i.e., psycho-
logical closeness; Kelly et al., 2020) between teachers and students. Specific 
associations between teachers’ teaching behaviors (such as more frequent use 
of ability-oriented rather than process-oriented strategies) have been found to 
influence students’ perception of teacher mindset (i.e., teachers’ views of 
which students are capable of becoming good at math; Ramirez et al., 2018b). 
Yet, these studies have been conducted with adolescent and undergraduate 
student samples (Kelly et al., 2020; Ramirez et al., 2018b), and while such 
groups’ social inferences from their interactions with teachers might partially 
account for the relationship between teacher math anxiety and lower student 
performance in those age groups, what is most notable from this body of work 
is that the use of particular teaching strategies mediates the perception of 
teachers’ relations to mathematics and with the students in the classrooms 
more broadly. 

However, before further extrapolation of this type of research’s validity for 
the preschool level can be discussed, the characteristics of both preschool 
teachers and the usual pedagogical practices in their environments require fur-
ther attention. For example, a study by Jenßen (2021) reviewed the differences 
in studies with pre-service and in-service early childhood educators in Ger-
many and provided an empirical report on whether the profession could be 
regarded as a math-avoidant choice in a context where being an early child-
hood educator is not regarded as a math-specific profession. Their results 
showed a relatively weak effect, indicating that individuals with mathematics 
anxiety were somewhat more inclined to choose a career as an early childhood 
educator. In Sweden, pre-service early childhood educators have also ex-
pressed anxiety about math, often connecting it to their career choices (Sha-
moon, 2014; Palmer, 2009). Although the targeted education they are receiv-
ing and their accumulated years of experience in the profession seem to con-
tribute to an overall shift toward more positive emotional attitudes toward 
mathematics (Sumpter, 2020). 

Several speculative conclusions have arisen from studies highlighting a 
prevalent yet low level of math anxiety among preschool teachers. The initial 
set of implications suggests that math-anxious teachers may inadvertently pro-
ject a fear of mathematics to the children they teach. The second set of impli-
cations proposes that preschool teachers might choose their career path due to 
their enduring math anxiety, potentially as a means to avoid engaging with 
mathematics in depth. However, in general, knowledge on how teachers' math 
anxiety is manifested in their classroom practices is limited. This is also the 
case in Sweden, where there remains a significant gap in our understanding of 
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how an individual teacher’s perception of their own relation with mathematics 
influences their choices and actions related to mathematics in the preschools. 
We addressed this gap in the literature in Study I by analyzing self-reported 
questionnaires completed by early childhood educators in Uppsala, Sweden. 
Both in-service preschool teachers’ general math anxiety and math teaching 
anxiety were statistically related to how frequently they reported teaching and 
talking about mathematics with the children in their groups. Frequency of 
math talk was further elicited in relation to specific usual scenarios in the pre-
schools, including during gatherings; while setting and clearing the table; in 
the halls when entering or leaving the main room; during teaching situations 
designed to illustrate a particular math concept; and on excursions. 

4.2 Math Anxiety in Anticipation and During 
Processing of Math Tasks 

Recent studies have highlighted the incidence of math anxiety in young chil-
dren (Lu et al., 2021; Petronzi et al., 2019a, 2019b), suggesting its potential 
impact on their cognitive and emotional development (Mononen et al., 2022; 
Dowker, as cited in Mammarella et al., 2019, p. 68). However, much of this 
research has focused on children aged six and older, particularly elementary 
school students. These studies often rely on self-reported measures of math 
anxiety and performance outcomes to examine its relationship with academic 
achievement in early childhood (e.g., Primi et al., 2020; Krinzinger et al., 
2009). While informative, such approaches have limitations in capturing the 
nuanced ways in which math anxiety affects emotional arousal and cognitive 
effort, particularly in younger populations. 

For instance, working memory (WM) and executive functions (EF) are crit-
ical for mathematical problem-solving, but both appear to be vulnerable to the 
disruptive effects of math anxiety. Math anxiety has been shown to reduce the 
availability of WM resources, impairing an individual’s ability to solve math-
ematical problems efficiently (Ashcraft & Faust, 1994; Ashcraft & Kirk, 
2001). Similarly, EF, particularly attentional control, can be disrupted by anx-
iety, which diminishes task efficiency by interfering with sustained focus and 
cognitive regulation (Eysenck et al., 2007; Li et al., 2023). 

Much of the research on math anxiety has focused on its impact during task 
execution, but there is also evidence suggesting that the mechanisms underly-
ing this type of anxiety may already be activated earlier, during the anticipa-
tion of math tasks. For instance, functional MRI studies have demonstrated 
that both adults (Lyons & Beilock, 2012a, 2012b) and children (aged 7–9 
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years; Young et al., 2012) show heightened activity in brain regions associated 
with negative emotionality during the anticipatory phase of math tasks. These 
findings suggest that math anxiety may interfere with performance not only 
during the processing of math tasks but also in the moments leading up to 
them. The anticipatory influence of math anxiety may stem from cognitive 
processes such as attention, shifting or inhibition, which play a crucial role in 
managing pre-task anxiety (Dowker, Sarkar, & Looi, 2016; Eysenck et al., 
2007; Skagerlund et al., 2024). However, despite this evidence, the majority 
of studies in this field have prioritized examining task execution over antici-
patory processes, leaving critical gaps in our understanding of how math anx-
iety exerts its effects across different stages of math task engagement. 

Physiological measures, such as pupil dilation, present a valuable approach 
for examining the real-time effects of math anxiety on emotional arousal and 
cognitive load. Eye-tracking and neural studies provide compelling evidence 
that math anxiety disrupts attentional control and cognitive efficiency. For in-
stance, individuals with higher math anxiety show deficits in attentional con-
trol, as demonstrated by difficulties in disregarding task-irrelevant distractors 
during problem solving (Li et al., 2023). Additionally, reduced activity in the 
central executive network, which is key for cognitive regulation and arithmet-
ical processing, has been observed in high-math-anxious individuals (Pizzie 
et al., 2020). These findings emphasize the potential of non-verbal, real-time 
measures like pupil dilation to better understand the cognitive and emotional 
mechanisms underlying math anxiety. Importantly, such measures could shed 
light on how these dynamics unfold not only during task execution but also in 
anticipation of math-related activities. However, despite their promise, physi-
ological methods remain underutilized in math anxiety research, particularly 
in studies involving very young children. Expanding the use of these tools in 
younger populations can provide insights into the early developmental trajec-
tory of math anxiety and inform interventions targeting its effects during form-
ative years. 

Task difficulty is another key factor influencing math performance and the 
allocation of cognitive resources, such as attention and effort. Evidence sug-
gests that math anxiety may disproportionately impair performance on more 
challenging tasks (Huber & Artemenko, 2021; Suárez-Pellicioni et al., 2013; 
Punaro & Reeve, 2012). Huber and Artemenko (2021) conducted a web-based 
experiment involving 382 participants to replicate the anxiety–complexity ef-
fect in arithmetic. They found that higher math anxiety was associated with 
poorer performance, especially in tasks requiring carrying or borrowing, indi-
cating that math anxiety particularly impairs arithmetic performance when 
working memory demands are high. Punaro and Reeve (2012) explored how 
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9-year-old children experience worry related to math and literacy tasks of var-
ying difficulty and how this worry relates to their problem-solving perfor-
mance. Using a faces worry scale immediately after children judged problem 
correctness, they found that worry levels increased as task difficulty rose, es-
pecially for math problems compared to literacy and non-academic tasks.  

Suárez-Pellicioni et al. (2013) combined behavioral and neurophysiologi-
cal measures to investigate how individuals with varying levels of math anxi-
ety process simple arithmetic problems paired with solutions that ranged from 
correct to drastically incorrect. Their findings showed that high math-anxious 
participants devoted more cognitive resources and required more time to eval-
uate obviously incorrect answers, despite performing with similar accuracy 
and speed as their low math-anxious peers. This increased cognitive effort was 
reflected in specific brain activity patterns associated with attentional control, 
suggesting that math anxiety reduces processing efficiency by impairing the 
ability to ignore distracting, irrelevant information. Importantly, these effects 
were observed even in low-demand tasks, indicating that math anxiety can 
interfere with cognitive processing before task difficulty becomes a limiting 
factor. However, the interaction between math anxiety and task difficulty, es-
pecially in younger children, remains poorly understood. Investigating this in-
teraction in early childhood is crucial, as this developmental period lays the 
foundation for attitudes toward math and broader academic trajectories. 

The focus on very young children (mean age = 5.67 years) in Study II of 
this thesis is unique, addressing a significant gap in the literature on math anx-
iety in early childhood. While previous research has extensively documented 
the relationship between math anxiety and task performance, the anticipatory 
effects of math anxiety remain underexplored, particularly in this age group. 
Additionally, despite advances in physiological methods such as eye-tracking, 
these tools have rarely been applied to examine the cognitive and emotional 
dynamics of math anxiety in young children. Task difficulty is another under-
examined factor, with limited research on how it interacts with math anxiety 
to shape performance in younger populations. By investigating these dynam-
ics in preschool class-aged children, study II sought to fill critical gaps in our 
understanding of how math anxiety emerges and impacts cognitive-emotional 
processes before formal schooling begins. 
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4.3 Preschool Children and Teachers’ Math-Related 
Interactions: The Role of Affect as Stance 

Research that treats affect as an interactional accomplishment, that is, affect 
as stance (Ochs, 1996, p. 410) and embodied affective practices (Wetherell, 
2013, p. 360) provides a lens for examining how moment-by-moment teacher 
and child conduct might shape the affective climate of early mathematics mo-
ments. This scholarship conceptualizes emotions as multimodal, sequence-
sensitive displays that participants perform and respond to in order to accom-
plish social action. This body of work also supplies the analytic vocabulary 
(e.g., stance, alignment, affiliation, participation frameworks, multimodal re-
sources) that Study III adopts (Goodwin, 2007; Goodwin et al., 2012; Couper-
Kuhlen & Selting, 2017; Stivers, 2008). 

Methodologically important for Study III are two lessons from these anal-
yses. First, affective displays are tightly linked to the activity ecology, where 
the material layout (e.g., a hopscotch grid; Goodwin & Goodwin, 2000), par-
ticipants’ positioning, and the sequential organization of turns provide slots 
where emotional displays become relevant and consequential. Second, affect 
is achieved through an integrated multimodal repertoire (pitch and voice qual-
ity, in-breaths/response cries, hand pointing, gaze shifts, posture and timing) 
that coordinates participants’ access to and assessment of, ongoing events. 
These features, situated activity, sequential slots for affective displays, and 
multimodal orchestration (Goodwin & Goodwin, 2000) are the analytic tools 
Study III employs when examining affective stance in preschool mathematics 
interactions. 

Swedish EMCA research on emotion demonstrates that affect plays an in-
tegral part of children’s socialization processes in everyday preschool interac-
tions. For instance, teachers normatively respond to distress, use embodied 
caregiving practices, and choreograph multimodal instruction that treats emo-
tions as socially organized actions, rather than private (within the individual) 
states (Cekaite & Ekström, 2019; Holm Kvist, 2020; Cekaite & Bergnehr, 
2018; Strid & Cekaite, 2022). While these studies are not focused on mathe-
matics, they document the interactional resources (touch, prosody, gaze, turn 
design) through which affective stances are produced and made meaningful in 
Swedish preschools, providing essential contextual grounding for a math-fo-
cused EMCA inquiry. 

Cekaite and Ekström (2019) examine how negative emotional displays are 
handled in Swedish early childhood institutions. Their selection of episodes 
includes the teachers’ responses to children’s individual or group expressions 
of negative emotions during teacher-led or free-play activities. The study anal-
yses how the teachers addressed these situations until the conversation topic 
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was changed or participants reoriented to a new task. They found that, when 
attending to peer conflict situations, institutional norms (e.g., equal sharing of 
toys) were non-negotiable. Teachers avoided confrontation with the children, 
but they also supported a certain amount of reasoning and explaining, hence 
making room for the children’s individual and collective positioning in the 
discussions. For example, (Cekaite & Ekström, 2019) showed how touch and 
prosody work in tandem: touch to physically bring attention to a correct emo-
tional stance, and prosody to challenge and regulate the way the child ex-
presses their affective stance, directing the group of children toward a shared 
normative understanding of what constitutes appropriate emotional behavior 
in the group. 

Strid and Cekaite (2022) studied peer interactions among 3- to 5-year-old 
children in Swedish preschools. In analyzing children’s solicitation of recipi-
ents’ attention to noteworthy objects in their environments, they noted how 
gaze in coordination with other embodied actions (a pointing gesture and a 
quick touch) index a child’s affective stance (Strid and Cekaite, 2022, p. 32). 
Although these interactions are not math-related, they reveal how affective 
stances accomplished through multimodal resources play a crucial role in 
shaping peer engagement and topic development, a process similarly central 
in early mathematics activities. 

These studies demonstrate the multimodal orchestration of affective 
stances in both teacher-managed interactions (Cekaite & Ekström, 2019) and 
peer-driven exchanges (Strid & Cekaite, 2022). In teacher-managed interac-
tions, teachers use prosody, gaze, and touch to regulate and socialize chil-
dren’s affective stances (Cekaite & Ekström, 2019). In peer-driven exchanges, 
children align with one another through laughter, gaze, and embodied orien-
tation, thereby co-constructing emotional engagement around the attended ob-
ject (Strid & Cekaite, 2022). These interactions exemplify the sequence-sen-
sitive and multimodal organization of affective displays, which Study III ex-
amines specifically in the context of early mathematics interactions. 

Conversation-analytic studies in mathematics education show that teach-
ers’ micro-practices, especially evaluative third turns, prosodic design, gaze, 
laughter, and timing, function as sites of emotion work that can mitigate or 
amplify the affective stakes of phenomena with mathematical relevance, such 
as errors (incorrect answers) and demonstrations of uncertainty. In particular, 
Tainio and Laine’s CA analysis of IRE (Initiation–Response–Evaluation) se-
quences demonstrates how teachers’ third-turn designs—i.e., the evaluation—
perform reassurance, humor, neutrality, or silence in ways that shape pupils’ 
immediate affiliation and future willingness to participate in mathematics 
tasks (Tainio & Laine, 2015). In a study with 12–13-year-olds, they provide 
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detailed micro-level insights into teacher–child interactions during mathemat-
ics activities. Building on prior CA research, they state that “even though they 
carefully analyzed delicate sequences in which pupils encountered problems 
in learning, the studies did not take up the emotional dimensions of dealing 
with the problems” (p. 70), thereby justifying taking a closer look at how emo-
tion itself is managed in the IRE sequences. This line of research argues that 
interactional moves that scaffold cognition simultaneously carry affective 
stance, constituting a direct motivation for the focus of Study III in this thesis. 

By treating incorrect pupil answers as face-threatening dispreferred ac-
tions, Tainio and Laine (2015, p. 69) identify how teachers’ evaluative third 
turns become sites of emotion work. Across ten sixth-grade lessons (36 incor-
rect answers yielding 46 evaluative turns), they use Conversation Analysis to 
categorize seven distinct evaluative practices. These practices are varied, de-
scribing their sample rather than an exhaustive list of possibilities; they in-
clude, for instance, modified repetition, question reformulation, and open, 
scaffolded follow-ups that attend to both the cognitive and emotional stakes 
of committing a math error. As they observe, “Incorrect pupil answers … are 
always a potentially problematic, face-threatening activity for the speaker and 
the recipients” (Tainio and Laine, 2015, p. 69), and the teacher’s third turn 
becomes a finely tuned performance of reassurance, humor, or neutrality that 
either mitigates or magnifies that threat. 

Tainio and Laine (2015) show that stance in a classroom’s math activity 
context is co-constructed through prosody, gaze, facial expression, gesture, 
and body posture. For instance, in their Example 1 the teacher’s smiling rep-
etition and humorous framing turn a potential embarrassment into a shared 
moment of affiliation. Whereas in their Example 2, frozen posture and mutual 
gaze communicate tension non-verbally before the teacher laughs and re-
frames the question. More specifically, in their first example, the teacher’s use 
of modified repetition echoes a pupil’s wrong answer with a rising intonation 
and a playful smile to frame the misstep as a harmless slip rather than a sign 
of deeper misunderstanding. “During the teacher’s turn, Irma starts to smile 
… but then other pupils gradually start smiling together with them,” they note, 
demonstrating how a shared affective stance can be co-constructed in the mo-
ment (Tainio & Laine, 2015, p. 75). 

Tainio and Laine (2015) also draw on the idea that displays of affect can be 
vulnerable to “emotional contagion” (Peräkylä, 2012, p. 284), meaning that once 
one participant publicly shows an emotion, others in the interaction tend to pick 
it up and share it. Tainio and Laine argue that classroom norms around handling 
errors, whether charged with embarrassment or safely normalized, can shape pu-
pils’ longer-term self-beliefs and willingness to engage in mathematics. 
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We suggest that displays of emotions, expressed in the details of interaction 
and observable not only to the addressee but to all present participants, can in 
time become shared by other participants. In other words, we want to suggest 
that in mathematics education, positive and negative attitudes toward mathe-
matics are, at least partly, formulated in the details of everyday interaction in 
classrooms. (Tainio & Laine, 2015, p. 84.) 

Their second example highlights a non-verbal freeze of posture and gaze that 
quietly indicates this wasn’t right, and is followed by minimal verbal refor-
mulations of the original question. Sabina’s furrowed brow and the teacher’s 
frozen stance make the affective load/charge visible even before a word is 
spoken. Eventually, a brief laugh from the teacher is noted to ease that tension, 
allowing Sabina to try again without shame. Finally, their third example illus-
trates practices including open questions and increasingly guided prompts that 
shepherd a confused pupil toward the correct—or at least teacher-preferred—
type of reasoning while attending to his mounting frustration. When Jaakko 
exclaims “I DON’T KNOW,” the teacher immediately overlaps with a reas-
suring correction, turning potential despair into relief: “The teacher quickly 
responds to Jaakko’s affective turn … and gives him the clue he apparently 
needs” (Tainio & Laine, 2015, p. 83). Hence, their analyses demonstrate that 
when teachers explicitly acknowledge and manage pupils’ affect (e.g., through 
brief humor, reassurance, or guiding questions), they help sustain participa-
tion. Yet they also caution that practices like open questions, if not carefully 
scaffolded, can exacerbate pupil frustration. Ultimately, these authors empha-
size the pedagogical importance of treating incorrect answers as normal con-
tributions. 

The tension between established pedagogical values and practices and the 
emerging curricular demands in Sweden (explained in section 2.4—5 in the 
background) mirrors the context of studies employing conversation analytic 
methods to examine early mathematics education in other contexts. In both 
Australia and Sweden, recent curriculum reforms have introduced a more for-
malized approach to teaching in early childhood settings while still valuing 
play and care as foundational practices. In Australia, early childhood educa-
tion is also firmly rooted in a play-based, emergent curriculum that prioritizes 
the quality of interactions between educators and children. Their Early Years 
Learning Framework (EYLF) encourages teachers to create environments 
where children can explore, represent, and communicate mathematical ideas, 
even though it does not prescribe specific math targets (Australian Govern-
ment Department of Education, 2022). Furthermore, the EYLF advocates for 
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intentional teaching within a play-based approach. Both contexts thus empha-
size the importance of responsive, context-sensitive pedagogies. Moreover, 
the role of math education researchers in investigating situated phenomena in 
preschools—to provide knowledge regarding the how of teaching and learning 
in the early years—is equally emphasized by researchers in Sweden and Aus-
tralia (Björklund et al., 2020; Hedge & Cohrssen, 2019). 

Below, I synthesize studies by Cohrssen and colleagues, and related work 
from Australia on the strategic use of pauses and structured teacher-child ex-
changes, illustrating how micro-level interactions contribute to responsive, at-
tuned teaching practices that are central to the cognitive–affective dimensions 
of early mathematics education. These studies originate from settings outside 
Sweden, but they share a common focus on generating knowledge that ulti-
mately helps educators’ scaffold mathematical learning without undermining 
the spontaneous nature of play. The studies that follow begin to unpack inter-
actional mechanisms and therefore point toward the research gap that Study III 
of this thesis seeks to fill by examining the role of affective stances in creating 
meaningful mathematical moments in Swedish preschools. 

Research studies in Australian preschools have focused on how teacher 
talk, particularly the deliberate use of pauses and intentional teaching strate-
gies, can enhance learning of mathematical content. Cohrssen et al. (2014a) 
examined how incorporating deliberate pauses in teacher talk during play-
based mathematics activities can enhance the quality of classroom discourse. 
The authors analyzed video-recorded interactions to show that when teachers 
strategically pause before responding, children are given the opportunity to 
process questions more deeply and to generate more thoughtful, extended re-
sponses. This research demonstrates that purposeful pauses contribute to more 
contingent and expansive exchanges. When teachers delay their responses, ra-
ther than filling every gap with immediate talk, children can initiate topics, 
explore ideas, and display their numeracy-related understanding. These 
pauses also allow the teacher to assess each child’s level of understanding and 
to tailor scaffolding more effectively. For example, the extract So how many 
liked the fish? displays a sequence in which the teacher uses a bar graph that 
displays children’s votes for different sea creatures. Initially, rapid one-word 
responses are elicited. However, a marked pause (e.g., an 8-second silence 
following a question) creates space for children to offer hesitant or elaborated 
responses. Following this pause, the teacher repeats part of the initial question 
and pauses again before rephrasing it to emphasize a comparative term (such 
as less), which leads to the correct response. This extract illustrates how wait-
ing time, combined with verbal repetition and non-verbal cues (like pointing 
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to the graph), helps children connect the visual representation with the under-
lying numerical concepts. 

In contrast, the extract “How many pebbles altogether?” shows a different 
interaction with a more hurried pace. Here, the teacher’s lack of extended 
pauses results in a rapid sequence where the child’s participation is minimal. 
The teacher’s immediate responses and quick mapping of language onto ac-
tions leave little room for the child to process or articulate understanding, 
thereby limiting opportunities for concept development. Another extract, “So 
how many like yellow?”, highlights multiple pauses interwoven with brief hes-
itations (such as ers) from the children. In this case, the teacher intentionally 
provides wait time after posing the question and uses a hint (by drawing at-
tention to a numeral on the y-axis) to support the children in arriving at the 
correct answer. The use of such pauses not only supports self-correction 
among the children but also reinforces shared knowledge through repeated, 
scaffolded interactions. The article also examines moments where pauses con-
tribute to language acquisition. For instance, in an extract titled “Nine or 
six?”, a child rehearses a numeral sequence while handling physical numeral 
cards. Here, the teacher uses a protracted intra-turn pause to model the correct 
language (such as correcting a mispronunciation by repeating the word with 
emphasis) while maintaining the focus on the concrete referents. This simul-
taneous modelling of language and concept reinforces the child’s learning of 
ordinal terms and spatial sequencing. The authors conclude that the strategic 
use of pauses transforms classroom discourse from a rapid, teacher-dominated 
question-and-answer format into a more participatory and equitable dialogue. 
These pauses provide essential moments for children to engage in subvocal 
rehearsal and for teachers to offer individualized, contingent feedback. In do-
ing so, teachers are better able to support and extend the children’s emerging 
mathematical understanding, ultimately contributing to higher-quality inter-
actions and concept development (Cohrssen et al., 2014a). 

In a similar vein, Cohrssen and Church (2017) showed that when educators 
intentionally provide a few seconds of silence after posing a question, children 
get the opportunity to process the query, engage in internal rehearsal, and offer 
more thoughtful responses. This approach not only fosters deeper engagement 
with mathematical concepts but also supports the development of higher-order 
thinking skills, for example, demonstrations of understanding as opposed to 
bare claims in the sequential organization of dialogues between children and 
the teachers (Cohrssen and Church, 2017). By focusing on the subtle orches-
tration of classroom dialogue, this research highlights that the quality of 
teacher–child interactions is a critical factor in advancing mathematical un-
derstanding in early learning settings, an insight that resonates with similar 
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pedagogical needs observed in Sweden and elsewhere (Cohrssen et al., 2014b; 
Pyle et al., 2017). 

Cohrssen and Church (2017) also used conversation analysis to explore 
how intentional teaching is enacted during play-based numeracy activities in 
early childhood settings. By examining video-recorded classroom interactions 
across six different early childhood education contexts, the authors illustrate 
how teachers carefully build on children’s contributions. In particular, they 
focus on the third turn in conversational sequences, a point where the teacher 
adapts previous responses, reformulates questions, and introduces additional 
information to extend children’s understanding of numerical concepts. The 
study demonstrates that these detailed, turn-by-turn interactions are effective 
in eliciting and developing children’s mathematical knowledge and also offer 
practical insights for educators. For example, rather than merely categorizing 
teacher actions, the detailed analysis reveals how the sequential organization 
of talk supports a responsive teaching practice that fosters learning. Their anal-
ysis shows that each conversational turn is carefully linked to the preceding 
one, ensuring that children’s emerging ideas about numbers are both recog-
nized and expanded upon. For instance, in a detailed extract involving a gra-
phing activity, the teacher first gauges the children’s understanding by asking 
questions about the number of votes in a counting task. When a child’s re-
sponse indicates partial understanding, the teacher immediately rephrases the 
question, uses gestures (like pointing to the graph), and offers additional hints 
to scaffold the children’s reasoning. This strategy helps clarify abstract con-
cepts such as equivalence, numerosity, and comparative values. The source 
thus emphasizes that these micro-level interactions, rather than broad catego-
ries of teacher behavior, offer a clear window into how deliberate, reflective 
teaching practices can emerge naturally during everyday activities. By focus-
ing on the sequential organization of talk, the study illustrates that effective 
teaching is not merely about providing correct answers but about engaging in 
a dynamic process where each turn of conversation informs the next, thereby 
gradually constructing deeper mathematical understanding (Cohrssen & 
Church, 2017). 

Cohrssen et al. (2014a) and Cohrssen and Church (2017) demonstrate that 
strategically timed pauses and responsive teacher talk are essential for scaf-
folding children’s mathematical reasoning during play. Together, these stud-
ies suggest that despite geographic distance, preschools serve as dynamic sites 
where policy and everyday interaction intersect, ultimately shaping the cogni-
tive-affective dimensions of early mathematics learning. Both of the contexts 
revised here reveal that successful curriculum enactment depends on a careful 
balancing act (e.g., Palmér & Björklund, 2023) and adapting established 
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pedagogical values to meet formal curricular demands while ensuring that the 
inherent benefits of play and care are not lost. 

In the above-mentioned studies, Cohrssen et al. (2014a) focused on how 
strategic wait-time and delayed responses give children additional time to 
think through questions and produce more considered, elaborated answers. 
Their analyses describe the pedagogical effects of pauses such as greater con-
tingency, richer discourse, more accurate concept-building but they don’t treat 
emotion as an analytic object, beyond noting that children seem more engaged 
when given time to think or that overall, the dialogues and participation in 
class become more equitable. Cohrssen and Church (2017) extended that work 
by looking at the third turn as a site of instructional elaboration, showing how 
teachers reformulate questions to build on children’s ideas. Again, their pri-
mary lens is conceptual understanding and interactional mechanics, not the 
emotional stance those mechanics carry. 

Section 2.5 of this thesis showed that Swedish play-based mathematics re-
search catalogues affective descriptors such as enthusiasm, and engagement, 
but treats them as background perks of good pedagogy rather than as phenom-
ena to be studied. Likewise, multimodal conversation analysis work in similar 
early childhood settings (Cohrssen et al., 2014a; Cohrssen & Church 2017) 
details the cognitive benefits of strategic pauses and third-turn scaffolding, 
noting in passing those children seem more engaged, yet never names how 
those pauses and reframing carry emotional stances (or not). What remains 
under-conceptualized across both research fields is how teachers’ and chil-
dren’s moment-to-moment affective stances are constructed, negotiated, and 
made relevant in the flow of interaction. In other words, affect is everywhere 
in description, yet nowhere the explicit object of inquiry. 

Both sets of studies reviewed here used CA to reveal details of teacher 
practices, including pauses, third-turn designs, and turn expansions. But 
Tainio & Laine (2015) foregrounded the affective dimension in those prac-
tices. While Cohrssen et al. (2014a, 2017) demonstrate how strategic wait-
time and third-turn scaffolding deepen cognitive engagement, Tainio & Laine 
(2015) show how evaluative framing of mistakes scaffolds emotional safety. 
Together, these studies acknowledge the presence of cognitive and emotional 
dimensions in teacher-student interactions, and the risks of falling short in 
systematically unpacking the emotional stances in interactions that aim to sup-
port children’s mathematical learning and understanding. 

There are also multimodal EMCA studies that show how Swedish pre-
school children and pedagogues make mathematical content visible through 
embodied actions, deictics, and material handling (e.g., Gejard, 2018; Gejard 
& Melander, 2018). Gejard and Melander (2018) analyse participation in 
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mathematical discourse (mathematizing; Sfard, 2008) during play with mag-
netic construction toys (Geomag). They demonstrate that embodied actions 
combined with talk (e.g., pointing gestures and deictic terms) allow the chil-
dren to show their mathematical understanding as a block-play activity un-
folds. The article focuses on two children and a pedagogue’s orientation to 
geometrical properties, highlighting how the children bring each other’s atten-
tion to their constructions by exploring spatial categories with “rather limited 
verbal resources” (Gejard & Melander, 2018, p. 501), such as response cries 
and sound objects (e.g., “wow,” “ehh,” in Excerpt 1). The children also refor-
mulate each other’s utterances to interactionally construct meaning. In be-
tween, they provide positive assessments but also challenge each other’s de-
scriptions of the constructions by bringing up how they look from different 
perspectives. Children are reported to orient to and actualize different geomet-
rical aspects such as spatial locations and dimensions, whereas the teacher’s 
positive assessment of a child’s construction enables further actions from the 
children. This study illustrates how the pedagogue moves from an embodied 
child question to more formal geometric language and observations. When a 
child asks, “Is mine straight?” the pedagogue orients to the material object 
while pointing at it and reformulates the child’s concern following a geometric 
criterion: “All the sides are equally long” (Gejard & Melander, 2018, p. 502). 
The teacher’s verbal reformulation is accompanied by embodied demonstra-
tion (pressing a corner so it becomes oblique) that reframes the child’s em-
bodied question in geometric terms and creates an interactional slot for further 
action, thereby introducing the terms and analytic frame of square/cube. The 
pedagogue’s uptake converts an affordance of the material ecology into for-
mal mathematical language. This study documents multimodal procedures 
and occasional evaluative phrases (e.g., “wow”), but does not systematically 
treat those displays as stance or analyse their sequential, multimodal constitu-
tion as emotion work because this is not the analytic focus of the study (Gejard 
& Melander, 2018). 

The study reviewed above constituted activities arranged as free play in the 
preschool’s block-play area. However, in another study, Gejard (2018) fo-
cuses on two different activity ecologies involving 5-year-olds: a collabora-
tive, whole-group book-reading activity and a more individualistic painting 
task (Gejard, 2018, p. 72). These different formats produce distinct participa-
tion frameworks in which the teacher’s goals and the children’s interests show 
alignments and disalignments. During the book reading, the teacher asks the 
children to look at the pictures of geometrical shapes present in the book by 
pointing and holding the book in a manner that is visually accessible to all the 
children. The children take initiatives to name (baptize; Sfard, 2008) the 
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shapes. These initiatives are further expanded by the teacher’s questions, such 
as “How does one know that it is a hexagon?”, which enable children’s active 
pointing and counting of the number of corners in the shape’s drawing. The 
teacher also provides timely positive feedback, allowing the children to dis-
cern appropriate answers from incorrect attempts. In the following excerpt, 
size relations (biggest–medium–smallest) expressed by the children are refor-
mulated by the teacher to extend the focus on the geometrical shapes and their 
interrelations (smaller-than–bigger-than). An opportunity to refine the word 
used to describe a shape with four corners (original Swedish: fyrkant) is af-
forded by the book (and the teacher’s reading of the book) to explain that this 
shape is a square (original Swedish: kvadrat). The teacher prompts the chil-
dren to count the number of squares shown on the book’s page, and a child 
uses the term square repeatedly as he points at them. 

The study continues by examining the related but separate activity that fol-
lows. The activity consists of the children entering the preschool’s atelier in 
pairs to paint geometrical shapes, just like the character in the book they were 
reading had done. As the children work on their paintings, the focus on naming 
and comparing the sizes of the geometrical shapes they paint continues. How-
ever, when the teacher approaches the child who had repeatedly used the term 
square during the reading activity to comment on his painting, the teacher’s 
differentiated goal to highlight the mathematical terms as central to the activ-
ity becomes evident. The teacher asks the child to comment on his painting, 
and he does so by addressing the aesthetic dimensions of it. First, the child 
refers to his painting being the same type of thing as what the book’s character 
had done, then he refers to the colors of each square he has painted. When 
asked if his painting shows circles (which the teacher draws with her finger in 
the air), he says no. Yet, when asked what shapes are present in his painting, 
he uses the term fyrkant again. The teacher then suggests these are squares 
(kvadrat) of different sizes. However, the child does not orient to the relevance 
of establishing the difference between the more colloquial term fyrkant and 
the more appropriate mathematical term kvadrat in this sequence. This dis-
alignment marks a tension between the teacher’s and the child’s focus, high-
lighting the complexity of picking up children’s initiatives and challenging 
them mathematically. Together, these studies (Gejard, 2018; Gejard & Me-
lander, 2018) illustrate that mathematical discourse in preschool is interaction-
ally accomplished: embodied and multimodal practices, and moment-by-mo-
ment uptake by peers and pedagogues, make geometric ideas visible and ac-
tionable rather than merely evolving from knowledge transmitted or actions 
proposed by the teacher. 
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These studies provide a methodological and empirical precedent for exam-
ining how mathematical and affective meaning are jointly produced in inter-
action. Across these Swedish and international studies, affective stance has 
not been systematically analysed as a mechanism through which interactional 
practices shape children’s immediate participation and longer-term relations 
to mathematics. LA/EMCA research demonstrates that affective stances are 
interactionally produced via multimodal resources, and that participants’ mo-
ment-by-moment practices (e.g., prosody, timing, third turns, gesture, touch) 
have the power to shape emotional climates that encourage or inhibit partici-
pation in unfolding activities (e.g., Goodwin, 2007; Tainio & Laine, 2015; 
Cekaite & Ekström, 2019). However, early childhood mathematics research 
typically treats affect as background description rather than analytically un-
packing affective stances (e.g., Cohrssen et al., 2014a, 2014b; Gejard, 2018). 

Section 2.3 discussed research in early childhood settings in Sweden which 
documents what teachers do to support mathematical thinking, but that leave 
the emotional aspects of those practices largely implicit. Furthermore, the con-
text of tension between new policy demands and long-established practices 
centred on play and care, described by Hildén et al. (2021) and Sundström 
(2025), sets up a natural segue into a more focused exploration of affect in 
relation to these transforming processes taking place at the preschools. That is 
to ask how do affective dimensions get constructed and negotiated in the mo-
ment-to-moment interactions between teachers and children, and how does it 
become part and parcel of teaching and learning mathematics in the pre-
schools? Study III of this thesis addresses this question. 
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Chapter 5. Method 

The methods in this project are conceived as a set of tools designed to address 
the aims of the thesis. Primarily, the project seeks to further the knowledge 
about preschool and preschool class children’s affective relations to mathe-
matics in connection with teachers’ self-assessed math anxiety, children’s en-
gagement with math tasks, and everyday math activities in the preschool. Sec-
ondly, it aims to explore how these relations can be investigated from different 
theoretical and methodological perspectives. These aims were pursued 
through three sub-studies. Study I focused on preschool teachers’ self-assess-
ments of their math anxiety in relation to their pedagogical practices. Study II 
examined preschool class children’s physiological, psychological, and behav-
ioral engagement with structured math tasks. Study III analyzed affective 
practices in everyday math activities involving children and teachers in a pre-
school. Various research instruments were adapted and tested to explore both 
intrapersonal and interpersonal processes shaping early affective relations to 
mathematics. 

The project originates in a real-world problem: the possible link between 
math anxiety and preschool children’s educational paths, and how teachers’ 
own relations with mathematics and everyday social practices shape when and 
how mathematics is enacted in preschools. I therefore designed studies to fur-
ther the knowledge about this conceivable relation in a wide variety of con-
texts (i.e., an online platform, a laboratory and in a preschool), and to address 
the complexity of affective relations as an object of study. This called for a 
mixed-methods research approach (Creswell, 2013; Johnson and Onwueg-
buzie, 2004). Additionally, in refining methods to ensure alignment with the 
interdisciplinary theoretical framework, I had to ponder upon ethical consid-
erations, and the ability of each instrument to address the specific research 
questions of the studies.  

When using these different methods to investigate affective relations, I 
sought to apply minimally invasive instruments and protocols. A key consid-
eration in the selection of the methods was to avoid inducing negative experi-
ences or even anxiety in participants, while still collecting meaningful data. 
This ethical consideration shaped the design of all three studies and guided the 
selection of data collection tools and protocols. In all three studies, the age 
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group of the participants played a crucial role in determining the studies’ de-
sign and methods. For instance, I needed to ensure that the tasks and instru-
ments were age-appropriate and engaging enough, so as not to induce discom-
fort or boredom. The methods were also adapted to capture practices in ways 
that were contextually grounded and reflective of daily experiences in Swe-
dish preschool settings. The differing needs and cognitive abilities of the par-
ticipants in each age group required a flexible methodological approach to 
ensure accuracy and richness of data collected across the three studies. Fur-
thermore, validity concerns were especially important given the use of multi-
ple methodologies and the potential influence of different methodological de-
signs on the outcomes. Internal, external and ecological validity considera-
tions are integral to the overall credibility of the findings, and will be discussed 
in greater detail in the methodology section of each study, and in relation to 
each study’s results. The following chapter describes the methodological 
choices regarding design, selection of data and ethics. Each study’s overview 
also provides a section explaining how each of them contributed to character-
izing affective relations to mathematics in preschool and preschool-age chil-
dren and teachers. 

5.1. Methodology in Study I  
Study I was designed to test how preschool teachers’ self-assessments of their 
own math anxiety relate to their pedagogical practices. This study does not di-
rectly focus on preschool children’s affective relations to mathematics, instead, 
it served the primary aim of the thesis by offering insight into the potential indi-
rect pathways (i.e., intergenerational transmission of anxiety) through which 
young children might be affected by teachers' own experiences with math anxi-
ety. This study also contributed to the secondary aim of the thesis, which com-
prises refining research tools and ensuring they align with the interdisciplinary 
theoretical framework and ethical standards of the project.  

For example, the Math Anxiety Scale for Teachers of Preschool (MAST-
P) was developed and validated as part of this study. The tool was reviewed, 
refined, and validated through consultation with experts in the fields of math 
education, teacher training, and research, ensuring its reliability and validity. 
The MAST-P was designed to capture both general math anxiety and anxiety 
related to teaching mathematics, in alignment with the thesis's theoretical 
framework that incorporates psychological and educational perspectives on 
math anxiety. To further ensure the validity of the instrument, an exploratory 
factor analysis was conducted, confirming its two-factor structure and relia-
bility measures. Additionally, to account for the ongoing challenges related to 
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the COVID-19 pandemic at the time the study was implemented, the tools 
were adapted for online administration, ensuring both the ethical integrity of 
the research process and minimizing participant stress. 

In this study, the aim was to examine the relation between teachers' math 
anxiety and their pedagogical practices, specifically focusing on how both 
general and teaching-related math anxiety may influence teachers' frequency 
of math-related engagement with the children in preschool settings. To inves-
tigate this, an online questionnaire was administered to teachers to assess their 
levels of math anxiety, both general and teaching-specific, as well as the fre-
quency with which they engaged in math-related talk and teaching math con-
tent to the children during everyday preschool activities. 

5.1.1 Study Context 
The data collection process for this study was conducted during the COVID-
19 pandemic, demanding the use of an online questionnaire to reach preschool 
teachers. Due to restrictions on in-person interactions, this approach ensured 
both the safety and convenience of participants while allowing for wide-reach-
ing participation across various preschool settings. The study was carried out 
in collaboration with faculty members from the Department of Psychology, 
who were conducting a larger survey that addressed a range of research topics, 
including curriculum relevance, teacher confidence, language and literacy 
practices, and mathematics teaching (Appendix 1). This partnership enabled 
the integration of our specific research questions into the broader survey, of-
fering a valuable opportunity to gather data from preschool educators through-
out the local municipality, ensuring a diverse and representative sample. 

5.1.2 Participant Details 
The sample for Study I consisted of preschool educators from Uppsala munic-
ipality. A total of 357 educators completed the online questionnaire, of which 
352 responses were suitable for analysis, yielding a participation rate of 98% 
among those who responded. When considering the entire invited population 
of approximately 1,900 educators, the participation rate was 18.8%. Demo-
graphic data were collected to contextualize teachers' experiences and explore 
potential correlations with math anxiety. Participants reported their age, gen-
der, level of education, years of experience, and the age groups of children 
they taught (1–3 years, 4–6 years, or both). The final sample included 189 
certified preschool teachers (173 female, 14 male, 2 non-binary) and 163 care-
givers (149 female, 13 male, 1 non-binary). 
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Further analysis revealed that 187 participants were employed as preschool 
teachers, while 160 were employed as caregivers. A correspondence between 
teachers' certifications and their roles at the preschools was found, with certi-
fied preschool teachers employed as teachers and caregivers employed as 
caregivers. Regarding age, the mean age for preschool teachers working with 
children aged 1 to 3 years was 40.1 years, while those working with children 
aged 4 to 6 years had a mean age of 41.6 years. For caregivers, the mean age 
for those working with children aged 1 to 3 years was 43.1 years, and those 
working with children aged 4 to 6 years had a mean age of 42.1 years. Care-
givers working with both age groups had a higher mean age of 47.8 years, 
while preschool teachers working with both age groups had a mean age of 
44.4 years. These demographic variables, particularly role, gender and age of 
children’s groups, provided important context for inferring how educators’ 
math anxiety might influence their pedagogical practices. 

Sample representativeness: To evaluate the extent to which the sample re-
flected the broader population of preschool educators in Uppsala, we com-
pared key demographic characteristics between the study participants and the 
invited population. The sample included educators from a diverse range of 
preschools, capturing variations in socioeconomic and immigrant back-
grounds. Additionally, distributions regarding gender and educational back-
ground aligned closely with municipal records. However, certain preschool 
types were slightly underrepresented, notably smaller preschools (fewer than 
10 attending children) and those serving a higher proportion of Swedish-back-
ground families or single-parent households. While these discrepancies should 
be considered when interpreting the findings, the sample still provides a broad 
and diverse representation of preschool educators in the municipality. By ac-
knowledging these demographic and institutional factors, the study ensures a 
more nuanced interpretation of how educators’ backgrounds and work envi-
ronments may shape their experiences with math anxiety and its potential im-
pact on pedagogical practices. 

5.1.3 Data Collection Instruments 
MAST-P (Math Anxiety Scale for Teachers of Preschool): The MAST-P was 
specifically designed to assess math anxiety in preschool teachers. This tool 
is based on the Math Anxiety Scale for Teachers (MAST) developed by Gan-
ley et al. (2019), but it was adapted for preschool educators. The MAST-P 
consists of 14 items, divided into two categories: general math anxiety (GMA) 
and math teaching anxiety (MTA). The first category (items 1–7), capture 
more emotional (somatic), cognitive, and social dimensions of anxiety in re-
lation to mathematics. The emotional aspect includes physiological aspects 
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such as sweating or feeling uneasy during math tasks, while the more cogni-
tive component addresses distractions or negative thoughts that interfere with 
math problem-solving. The social-evaluative aspect looks at teachers’ con-
cerns about being evaluated in math contexts. The second category of the scale 
measures math teaching anxiety (items 8–14), which targets teachers' specific 
anxiety related to teaching math in preschool settings. These items explore 
worries such as fear of making mistakes while teaching math or the anxiety 
associated with explaining mathematical concepts to children. This distinction 
between general math anxiety and teaching-specific math anxiety provides a 
more nuanced understanding of how anxiety manifests in different contexts, 
whether in personal encounters with math or in teaching scenarios. It also 
helped highlight group differences between preschool teachers and caregiv-
ers’ ratings. 

Teachers rated these items on a Likert scale ranging from 1 (Completely 
Disagree) to 5 (Completely Agree). This scale was thoroughly adapted for 
Swedish preschool contexts. It underwent an iterative process of translation 
and validation by experts in math education, preschool teacher training, and 
math education research. The substantive validity was reviewed by a group of 
eight mathematics educators and two preschool teacher trainers, ensuring that 
the questions were both contextually relevant and accurately translated (In-
strument validation will be discussed below). 

The Frequency of Pedagogic Actions Scale was used to measure how fre-
quently teachers taught and talked about mathematics in their daily preschool 
routines. This scale was designed to capture the frequency of math-related 
pedagogical actions, particularly in relation to core areas of mathematics in 
the preschool curriculum, drawing on examples from the Swedish National 
Agency for Education’s Preschool curriculum (Swedish National Agency for 
Education, 2018, p. 15). Teachers were asked to rank their frequency of teach-
ing mathematics on a Likert scale from 1 (Almost never/never, less frequent 
than once a month), 2 (rarely, once a month), 3 (occasionally, a few times a 
week), 4 (often, every day), to 5 (always/more than once a day). Using the 
same scale, participants were asked to indicate how frequently they engaged 
in math talk with children, such as talking about counting (e.g., reciting count 
words, counting objects in a set, asking children to count), recognizing pat-
terns (e.g., discussing patterns in clothing or surroundings), and identifying 
geometric shapes (e.g., naming geometric shapes). For each of these talk ac-
tivities, teachers provided ratings for the frequency of these actions in specific 
settings: during group gatherings, when setting and clearing the table, in the 
halls when entering or leaving the classroom, during dedicated math teaching 
sessions, and on excursions. 
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The purpose of this scale was to capture both structured teaching of math-
ematical concepts and informal teaching opportunities that arise naturally dur-
ing daily preschool routines. The varied settings were chosen to encourage 
teachers to think about how math teaching and talk can be integrated across 
typical preschool activities, beyond formal instructional periods. The ap-
proach measured the frequency of math-related actions in structured lessons 
and incidental learning opportunities in which math concepts are naturally in-
troduced in everyday contexts, such as during meal times or transitions from 
the outside playground to the rooms indoors (Instrument validation discussed 
below). 

5.1.4 Instrument Validation 
To ensure the validity of the MAST-P and the Pedagogic Actions Frequency 
Scale, feedback was sought from a group of mathematics educators, teacher 
trainers, and math education researchers from the Department of Education at 
Uppsala University. These experts reviewed the items of both scales to con-
firm their alignment with the theoretical framework and their relevance to the 
Swedish preschool context. Specific modifications were made to enhance clar-
ity, cultural appropriateness, and contextual relevance. Moreover, the transla-
tion process from English to Swedish was carefully reviewed to minimize con-
tent loss and preserve the intended meaning of each item. 

For instance, items referencing difficult math tasks in the MAST were re-
worded to focus on teachers' experiences with math tasks rather than math 
task’s difficulty in the MAST-P. Certain idiomatic expressions (e.g., butter-
flies in my stomach) were removed due to potential cultural misinterpreta-
tions. To better reflect the Swedish preschool environment, where math dis-
cussions are embedded in everyday activities rather than formal lessons, teach 
mathematics was replaced with talk about mathematics in relevant items. Ad-
ditionally, one item was removed due to conceptual overlap, prioritizing a sce-
nario more representative of Swedish preschool teaching practices. A more 
detailed account of these modifications, including a comparative panel of the 
original English items and their Swedish adaptations, is available as supple-
mentary material in the published paper. 

To further establish the psychometric properties of the MAST-P, an explor-
atory factor analysis (EFA) was conducted, confirming a two-factor structure 
corresponding to general math anxiety and math teaching anxiety. The Kaiser-
Meyer-Olkin measure indicated strong sampling adequacy, and Bartlett’s test 
of sphericity confirmed the appropriateness of factor analysis. The two-factor 
solution accounted for a substantial proportion of variance, and reliability 
analyses demonstrated high internal consistency for both subscales. 
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Similarly, the reliability of the Pedagogic Actions Frequency Scale was as-
sessed through item-total correlations and internal consistency analyses. The 
scale measuring the frequency of math-related pedagogic actions exhibited 
strong reliability, with high Cronbach’s alpha values across different areas of 
mathematical talk (counting, patterns, and geometry). The response options 
and scenarios included in this scale were refined based on expert feedback to 
ensure they captured a range of everyday preschool contexts (e.g., gatherings, 
mealtimes, hallway transitions, and excursions), which are central to math en-
gagement in Swedish preschools. Positive correlations between these areas 
further indicated the coherence of the scale in capturing teachers’ engagement 
in math-related interactions. These findings supported the robustness of the 
instruments used in the study to reliably capture both educators' math anxiety 
and the frequency of their pedagogic actions in preschool settings (for a com-
plete description of the scales’ factor structure see Paper I). 

5.1.5 Ethical Considerations 
The study adhered to ethical guidelines to ensure participant safety and confi-
dentiality, particularly given the online format of data collection during the 
COVID-19 pandemic. Teachers were informed about the study’s purpose and 
gave explicit consent before participating, with all responses anonymized and 
tracked only by a unique code. Confidentiality was strictly maintained 
throughout the data collection process, with personal identifiers removed to 
protect participant privacy. To minimize any potential anxiety or discomfort, 
participation was voluntary, and participants were assured that they could 
withdraw at any point without consequence. The study design and ethical pro-
tocols were reviewed and approved by the Swedish Ethics Review Authority 
(approval number: Dnr 2021-04308) and followed guidelines provided by the 
Swedish Research Council (2017) and the Declaration of Helsinki (World 
Medical Association, 2013). Additionally, the consent process included clear 
information regarding data storage practices and participants' rights, such as 
the ability to opt out, further safeguarding ethical transparency and respect for 
participants' autonomy. 

5.1.6 Study I’s Methodological Alignment with Thesis Aims 
This study was designed to address both the primary and secondary aims of 
the thesis, integrating insights from psychology and education to examine the 
relationship between teachers' math anxiety and their pedagogical practices in 
preschool settings. A central aim of this thesis is to further knowledge on pre-
school children’s affective relations to mathematics. Study I contributed to 



 

 97

this aim indirectly by investigating how teachers’ math anxiety may shape the 
frequency of early math experiences encountered by children in the pre-
schools. By using the MAST-P and the Pedagogic Actions Frequency Scale, 
this study provided empirical data on the extent to which math anxiety mani-
fests in early childhood education settings and its potential impact on chil-
dren's early exposure to mathematical concepts. 

The methodology reflects the interdisciplinary framework of the thesis, 
drawing on psychological research on math anxiety and educational research 
on early math pedagogy. The development and validation of the MAST-P was 
guided by psychological theories and empirical studies, while the Pedagogic 
Actions Frequency Scale was informed by educational perspectives on math-
ematics instruction in Swedish preschools, and by empirical research in the 
field. This dual focus ensured that the study captured multiple dimensions of 
math anxiety and its plausible behavioral implications for teachers’ classroom 
practices. 

Further, the study design followed best practices in psychometric research, 
employing validation procedures that tested if the instruments provided relia-
ble and meaningful measures of the constructs under investigation. The inclu-
sion of expert feedback, exploratory factor analysis, and reliability assess-
ments supported the robustness of the findings and enhanced their relevance 
to understand how teachers’ affective orientations is related to preschool chil-
dren’s frequency of experiences with mathematics content. By integrating 
these methodological considerations, Study I contributed to the thesis’s pri-
mary aim by displaying one pathway through which early affective relations 
to mathematics may be shaped, setting the foundation for the subsequent stud-
ies that further explore these processes from complementary methodological 
perspectives. 

5.2 Methodology in Study II  
In line with the thesis’s primary aim of furthering knowledge on affective re-
lations to mathematics in early childhood education, Study II was specifically 
designed to examine the anticipation and processing of math tasks in pre-
school class children (mean age = 5.67 years) and adults (one of the child’s 
parents). By employing an interdisciplinary methodology that blended eye-
tracking technology with cognitive assessments, this study advanced our the-
oretical understanding of children’s physiological, psychological and behav-
ioral engagement with math tasks while simultaneously refining methodolog-
ical practices tailored to the unique needs of older preschool-aged children. In 
doing so, Study II also contributes to the project’s secondary aim of 
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investigating affective relations to mathematics from different theoretical and 
methodological perspectives. In this case, to better capture the temporal dy-
namics of children’s affective and cognitive engagement during math task an-
ticipation and processing, which is a crucial step for informing future educa-
tional practices. 

Study II took a laboratory-based approach to capture the real-time indica-
tors of children’s physiological arousal during anticipation and processing of 
math tasks. Specifically, the study employed pupillometry to measure pupil 
dilation as a proxy for affective and cognitive processes. In the published pa-
per, these measures were presented as emotional arousal and cognitive load 
constructs. In the thesis, they are discussed under the broader conceptual cat-
egories of affective and cognitive processes, which encompass these con-
structs. These physiological data were integrated with other behavioral 
measures, such as visuospatial working memory assessments via a Corsi-
block tapping task, and self-reported affect towards mathematics (the latter 
published as math anxiety). This integration allowed us to address a critical 
research gap: determining whether, and to what extent, anticipatory processes 
rather than just task execution reflect affective relations to mathematics of 
children attending the first semester of preschool class4 (Förskoleklass) in a 
lab context. 

While prior research has predominantly focused on school-aged children 
and the processing phase of math tasks, limited evidence exists on how antic-
ipatory processes manifest in physiological terms, especially in younger pop-
ulations. By capturing real-time indicators of affective and cognitive processes 
(i.e., emotional arousal and cognitive load, both associated with math anxiety 
or math tasks in previous studies), Study II refined our understanding of the 
temporal dynamics of young children’s affective and cognitive engagement 
and contributed to the broader objective of developing minimally invasive 
tools for investigating the multiple dimensions of math-related experiences.5 

This section describes all tasks employed with the children and the adults 
such as the age-adapted eye-tracking tasks and visuospatial working-memory 
tests to maintain transparency and clarity in the description of the workflow. 
However, the main interest in this thesis is in connection to the results from 
the children group, and the implications of these specific findings for the 

 
4 The preschool class (förskoleklass) is a Swedish compulsory, free-of-charge school form for 
six-year-olds that acts as a bridge between preschool and primary school. It follows the primary 
school academic year and combines preschool pedagogy with primary school methods. The 
activities focus on play, creativity and social development (Skolverket, 2022; Swedish Educa-
tion Act, SFS 2010:800, ch. 9.) 
5 Although both the children and the adult group provided self-reports of affect towards math-
ematics and reading, the present study and project focus exclusively on measures connected to 
math. 
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overarching aims of the thesis project. This will become more evident as the 
results of the study and its implications from the findings in the children’s 
group are reported. 

5.2.1 Participants 
The sample comprised 60 children and one parent per child. Children’s mean 
age was 5.67 years and the sample included 27 females. Parents’ mean age 
was 38.4 years with 50 females represented within this group. We recruited a 
total of 120 participants from the Child and Baby laboratory’s database in 
Uppsala, Sweden. The inclusion criteria were twofold. Firstly, the child had 
to be enrolled in the first semester of Förskoleklass (reception year) in the 
municipality at the time of the study. Secondly, both the child and one of their 
parents had to be available to attend a laboratory session at Uppsala University 
between August 2022 and January 2023. 

5.2.2 Ethical Considerations 
In accordance with ethical guidelines (Swedish Research Council, 2017; Dec-
laration of Helsinki), all procedures received approval from the Swedish Eth-
ics Review Authority (approval number: Dnr 2022–01163–01). Written in-
formed consent (Appendix 2) was obtained from parents and verbal assent 
from children prior to every task in the data collection process. To further 
protect participant confidentiality, all original names were replaced with pseu-
donyms during data processing. Pseudonyms were used for all data types (eye‐
tracking recordings, behavioral measures of math affect, and visuospatial 
working memory scores) to facilitate tracking of parent–child dyads while 
maintaining anonymity. In addition, all data were stored on encrypted, pass-
word‐protected servers accessible only to authorized research personnel. The 
linking key between pseudonyms and the original identities was stored sepa-
rately and securely, and was destroyed once the analyses were completed. To-
gether with the removal of any additional identifying information prior to 
analysis, these measures meant that only aggregated data were reported. 

5.2.3 Experimental Design and Procedure 
The researcher followed a standardized protocol for each child–parent dyad. 
The protocol will be described now, and each measure used next so as to im-
prove readability of this text. While the parent completed paper versions of 
the self-reported affect measures (adult math anxiety, reading anxiety, and 
general anxiety (PANAS-GEN) scales, the researcher engaged the child in an 
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interactive rating task designed to capture the child’s affective relation to math 
tasks (and reading tasks). After a brief break during which children could se-
lect stickers as a reward, the children were invited to a training session in front 
of an HP laptop. Here, a training task was presented to familiarize the children 
with the screen-based eye-tracking procedure. 

After completing the training session, the children participated in an age-
adapted eye-tracking task that lasted, on average, approximately 12 minutes. 
This task was designed to capture their anticipatory and processing pupil di-
lation changes while engaging with math and reading stimuli in an age-appro-
priate format. Subsequently, the parents completed a comparable version of 
the eye-tracking task following the same format with stimuli tailored to adults. 
Parents took around 14 minutes to complete the task, with a light-coloured 
curtain separating the adults’ testing area from the ongoing children’s session 
to minimize interference between groups. While the parents were engaged in 
their session, children were provided with materials such as colour pencils and 
sticker booklets to play independently. 

The eye-tracking tasks consisted of two main stages: the calibration stage 
and the task sequence stage. The calibration stage is a crucial step in eye-
tracking studies during which the system maps the participant’s eye move-
ments to specific screen coordinates, ensuring that the device can precisely 
record where the participant is looking during the experiment. Following cal-
ibration, the task sequence stage was executed, comprising several distinct 
phases. The anticipation phase involved presenting a cue (e.g., an image of 
dice or letter blocks for the children group) to signal the upcoming math or 
reading task. The confrontation phase immediately followed, during which the 
math or reading task was displayed, introducing the participant to the task 
content. This was succeeded by the processing phase, during which a blank 
screen was shown to allow the participant time to process the stimulus. Lastly, 
the responding phase occurred when a speech bubble appeared to prompt the 
participants to provide their answer orally. Detailed timing and trial parame-
ters are discussed further in each measures’ section. 

Finally, both children and parents participated in the analogue Corsi-block 
tapping test. The children completed the forward condition immediately after 
the parents, and the backward condition was also first completed by the par-
ents and then by the children. This order was maintained to maximize the chil-
dren’s possibility and capability to fully comprehend the task. 

5.2.4 Self-Reported and Interactive Measures 
One way of measuring affect in Study II was Adults’ self-reports of math anx-
iety. Adults completed the first section of the Math Anxiety Scale for Teachers 
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of Preschool (Galeano et al., 2024). Participants rated their agreement with 
seven statements on a Likert scale (α = .855). The items contained in this scale 
were described in section 5.1. Two other scales were incorporated into this 
study’s design to facilitate the collection of anxiety-related data while mini-
mizing an explicit focus on mathematical constructs. Reading anxiety was as-
sessed through seven items adapted from the Foreign Language Classroom 
Anxiety Scale (Horwitz et al., 1986), translated into Swedish and modified to 
focus on reading (α = 0.808). No additional findings related to this scale are 
discussed in this project. General anxiety was measured with the PANAS-
GEN, a Swedish translation of the Positive and Negative Affect Schedule 
(Watson et al., 1988), in which participants rated 20 words based on their 
emotional experiences over the past week. The translation was carried out by 
native Swedish-speaking developmental psychology researchers affiliated 
with the psychology department at Uppsala University.  

Another way of measuring affect in Study II was Children’s affect towards 
math (referred to as math anxiety in the published study). Prior research has 
revealed that relying solely on self-report questionnaire scores poses signifi-
cant challenges in capturing the full scope of math anxiety in very young chil-
dren. For example, Lu et al. (2021) highlighted difficulties in accounting for 
kindergarten children’s partial understanding of items referring to somatic 
sensations (e.g., fast heartbeat) and cognitive concerns, such as worrying 
about falling behind peers. To account for these types of problems, some re-
searchers have developed new questionnaires or refined existing ones such as 
the Abbreviated Math Anxiety Scale (e.g., Primi et al., 2020). However, such 
instruments may still be too imprecise or complex for preschoolers, as picto-
rial representations or vocabulary may not be simple enough for their devel-
opmental level (see: Krinzinger et al., 2009; Lu, et al., 2021; Primi et al., 
2020). Recognizing these limitations, we designed an interactive rating task 
for preschoolers to capture a more holistic view of affective relations than tra-
ditional adapted questionnaires provide.  

The interactive rating task was grounded in the view that self-reported af-
fect (referred to as math anxiety in the published study) is a multidimensional 
construct. It incorporated methodological recommendations to support greater 
internal, external, and ecological validity (Palmér & Björklund, 2024a). The 
task was tailored to be sensitive to the unique perspectives and needs of pre-
schoolers in Sweden and emphasized a holistic evaluation of affect by inte-
grating open-ended questions that allowed children to express affect freely 
and make personal choices, thereby fostering agency (Aubrey & Dahl, 2005). 
The researcher modelled the expected behavior (e.g., demonstrating how to 
place blocks/dice on a mat) while emphasizing that each child’s response was 
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personal. Modelling was combined with playful encouragement (e.g., high-
fives) and short interactive prompts to create a supportive testing atmosphere. 
Tangible manipulatives (e.g., wooden dice and letter blocks) were used to 
maintain interest and to support clear communication of task instructions 
(Hunting, 1997). The selection of these manipulatives was deliberate because 
using objects uncommon to children’s everyday experience risks reducing in-
ternal validity (Gripton & Vincent, 2021); dice and letter blocks are standard 
in Swedish preschools and are relevant to early arithmetic and phonological 
activities (Skolverket, n.d.). 

The interactive rating task was structured to capture complementary di-
mensions so that a single placement of the dice or letter blocks on a mat could 
reflect cognitive, physiological/affective, and social aspects of engaging with 
mathematics (see Fig. 4). Cognitive demands were elicited via short interac-
tive tasks (play, count, addition with dice) in which the children themselves 
discussed what type of tasks they can perform with dice and letter blocks. 
Physiological/affective aspects were sampled via simple emotion judgments 
and prompts (e.g., “How does he (the emoji on the mat) feel? Social framing 
was sampled via scenarios about shared activities (e.g., “How much do you 
like it when someone reads a book to you?”). The researcher illustrated ratings 
with concrete, contrasting examples to make the affective meaning explicit 
(for example: “I love swimming because I feel good while I swim; I’d put my 
block here (orienting towards higher score end),” contrasted with the modelled 
line used in the session, “I don’t think sleeping is as fun, but I still have to do 
it, like, everyday; so, I’d put the block that represents sleeping over here (ori-
enting towards lower score end)”). These demonstrations ensured children’s 
placements could capture both affective valence (more positive/more nega-
tive) and acceptance of necessary but less enjoyable activities, embedded 
within social frames. More specifically, math and reading activities that occur 
frequently in the preschool, such as counting and identifying phonemes, 
thereby preserving ecological validity and the subdimensions (cognitive, emo-
tional, social) indexed by the adult math-anxiety scale. 

The procedure of the interactive rating task was standardized and child-
centered. After inviting the children to sit on the floor by the materials (see 
Figure 6 below), the researcher and child described a mat (a ruler-like contin-
uum with emojis at each end), and read the numbers on the scale aloud to-
gether. Both experimented counting and reading words using the dice/letter 
blocks, and then the child placed a die or block on the mat to indicate how 
they rated each domain (numbers/dice; letters/reading). The researcher ver-
bally confirmed each placement (e.g., “You put the die at seven, is that 
right?”), recorded the confirmed rating in writing, and photographed the mat 
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to document exact positions. Children’s placements were coded numerically 
(1–10). Math ratings (die placements) were then reverse-scored for analysis 
so that lower rating of math activities could be mapped onto higher math-anx-
iety scores. An exemplar transcript and a short video clip of the task are pro-
vided as Supplementary Material with the published study. 

 
Figure 6 Modelling die placement on the mat 

5.2.5 Eye-tracking Measures 
One of the main motivations for incorporating a pupillometry paradigm in this 
study was to address the limitations inherent in relying solely on self-reported 
measures of affect (i.e., the interactive rating task and anxiety questionnaires). 
While self-reported measures provide valuable insights, they depend on par-
ticipants’ ability to accurately introspect and articulate their emotional and 
cognitive experiences. This is an issue that has been widely discussed in edu-
cational and psychological research (Gaete et al., 2017; Hook & Rosenshine, 
1979; Koziol & Burns, 2015). Therefore, in addition to the behavioral and 
self-reported measures described above, this study employed pupillometry as 
an integral component of the eye-tracking paradigm to capture physiological 
markers of emotional arousal and cognitive load. It is important to note that 
when we refer to a physiological marker here, we do not imply a fixed physi-
ological fingerprint (e.g., as conceptualized in Damasio's theoretical frame-
work); rather, we view these markers as co-occurring physiological processes 
that accompany mental (cognitive-affective) processes.  

Pupillometry, which involves tracking changes in pupil size, provides con-
tinuous and objective data on emotional arousal and cognitive load, a particu-
larly valuable asset when working with very young children (Laeng, Sirois, & 
Gredebäck, 2012). This method builds on a longstanding tradition in cognitive 
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research, where pupil dilation has been used to assess mental effort during 
tasks such as math calculations (Kahneman & Beatty, 1966; Hess & Polt, 
1964). In the case of children, this methodology is particularly innovative, as 
the fine-grained temporal resolution of eye-tracking offers insights into real-
time emotional arousal and cognitive processes while solving math tasks. 

Research indicates that pupil dilation not only increases with cognitive ef-
fort but also in relation to emotional stimuli (Bradley, Miccoli, Escrig, & 
Lang, 2008; Henderson, Bradley, & Lang, 2018), with findings suggesting 
that math-related cues can elicit such pupil changes (Layzer, Shechter, & Ru-
binsten, 2022). Given that both heightened emotional arousal and increased 
cognitive load contribute to pupil dilation, our paradigm distinguishes be-
tween these sources by recording pupil size during time locked anticipatory 
and processing phases of the math tasks. During the anticipation phase, in-
creases in pupil diameter (at the group level) are interpreted as reflecting emo-
tional arousal (i.e.: when participants realize they are about to engage in a 
math task). In contrast, pupillometry measurements taken during the pro-
cessing phase are linked to the cognitive effort required by the task, and are 
sensitive to both task difficulty and self-reported affective measures. 

Moreover, pupillometry’s high temporal resolution (far exceeding that of 
techniques such as fMRI: Landgraf et al., 2010) allowed us to capture rapid 
fluctuations in pupil size. This precision enables us to, for example, build com-
parative linear mixed models (LMMs) that account for the temporality of af-
fective (e.g., math anxiety) effects on pupil dilation, providing nuanced in-
sights into the dynamics between emotional arousal and cognitive effort in our 
participants. All pupillometry sessions were conducted in a uniform labora-
tory environment with strictly controlled lighting conditions. For the eye-
tracking task, participants were seated at an approximate distance of 60 cm 
from a screen equipped with a Tobii X3-120 eye-tracker. Tasks were centrally 
displayed on the screen using a blue hue (RGB #2E9AD6) against a grey back-
ground (RGB #848484) in the Calibri font, with the size and luminance of the 
displayed information carefully calibrated to maintain consistent visual pa-
rameters across trials. Participants were instructed to keep their gaze fixed on 
the screen throughout each session, with the opportunity to request breaks 
when needed to further safeguard data quality.  

5.2.6 Visuospatial Working Memory 
In line with the principle of maintaining methodological consistency across 
participant groups, we employed the same visuospatial working memory task 
for both children and adults. We used an analog Corsi block-tapping test to 
assess participants’ ability to store and manipulate visuospatial information. 
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In this task, nine blocks were arranged in a fixed configuration on a table. In 
the forward condition, the researcher tapped a sequence of blocks at a constant 
pace (one block per second), starting with a sequence of two blocks. Immedi-
ately after the demonstration, participants were tasked with replicating the se-
quence in the same order. With each correct reproduction, the sequence length 
increased until the participant failed to recall the sequence accurately on two 
successive attempts. For the backward condition, participants must repeat the 
sequences in reverse order. The final score corresponds to the longest se-
quence correctly reproduced, with possible scores ranging from 2 to 9. These 
tasks’ results were incorporated not as mediators but as predictor variables, 
allowing us to examine their effect on cognitive load which was indexed by 
changes in pupil dilation during math tasks processing. 

5.2.7 Children's (Pre-Eye-Tracking) Training Session 
A children's training session was designed to familiarize them with the struc-
tured sequence of the eye-tracking paradigm and to help them understand the 
distinct phases of the task. Although the training session introduces these 
phases in a pedagogically adapted order, it effectively prepares the children 
for the sequence of events in the experimental procedure. The session was 
divided into two parts. In the first part, children were presented with diverse 
animal pictures and were instructed to focus on the screen, identify each ani-
mal by its name, and withhold their response until a speech bubble appeared 
(see Fig. 1 in Paper II). This phase served to train the children in maintaining 
attention and delaying their verbal responses, mirroring the demands of the 
processing phase of the experimental trials. 

After completing 10 animal identification trials, the training progressed to 
the second part, in which the anticipatory stage was introduced as an addi-
tional step. In this phase, children first viewed pictures of dice or letter blocks 
(the same stimuli used in the interactive rating task) followed by a correspond-
ing math or reading task, a blank screen, and finally, a speech bubble that 
indicated they could provide their oral answers. 

For clarity, note that in the actual experimental procedure, the sequence is 
as follows: first, an anticipatory phase marked by the appearance of dice or 
letter blocks to signal the upcoming task; next, a stimulus presentation phase 
(confrontation) during which they must maintain focused attention; then, an 
approximately 4-second interval for internal processing and calculation; and 
finally, a response phase indicated by the speech bubble, at which point par-
ticipants provide their answers. By clearly delineating these phases in the 
training session, the children were well-prepared for the experimental tasks, 
enhancing the quality and consistency of the eye-tracking data. 
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5.2.8 Eye-Tracking Task and Measures Correspondence 
In this study, eye-tracking was employed to capture both affect towards math 
(i.e., through emotional arousal) and the effect of task difficulty on cognitive 
load, using pupil dilation as a co-occurrent physiological marker of emotional 
arousal and cognitive effort. The eye-tracking task was divided into several 
phases: the anticipation phase, processing phase (subdivided into confronta-
tion and task processing interval), and the responding phase. During the antic-
ipation phase (0–400 ms of each trial), participants viewed a cue indicating 
whether a math or reading task would follow. This phase was designed to cap-
ture potential anticipatory changes in pupil dilation, where increased pupil di-
lation could indicate emotional arousal linked to math anticipation or self-re-
ported affect (e.g., math anxiety). The processing phase was subdivided into 
two main periods, confrontation and task processing interval. Both participant 
groups first encountered the math or the reading task and then engaged in 
solving it. Importantly, participants in both groups were randomly exposed to 
different levels of task difficulty during the confrontation phase (400-600 ms 
of each trial). For both groups, pupil dilation measured during the confronta-
tion phase reflects the initial cognitive load associated with task processing. 
The task processing phase was liable to the effect of task difficulty. By which, 
including a self- reported measure of affect towards math in the study design, 
we were able to statistically test the effect of both task difficulty and self-
reported affect towards math during the processing of math tasks’ phase. 

For the children, math easy trials involved addition tasks with addends up 
to 6, while difficult trials involved sums resulting in totals up to 9. The reading 
trials included two-letter words in the easy condition and four-letter words in 
the difficult condition. These words were rated by five native Swedish speak-
ers based on their ease of decoding and pronunciation. Both math and reading 
trials were piloted to ensure they elicited the intended level of challenge. The 
adult math tasks were organized into three difficulty levels: easy trials con-
sisted of single-digit multiplications (multiplicands times 2 or 3), medium tri-
als involved multiplications of single digits by 5 or 6, and difficult trials re-
quired solving two-digit multiplications (with numbers below 19 multiplied 
by 8 or 9). Reading tasks were drawn from diverse sources to represent in-
creasing levels of complexity: the easy condition comprised words of up to 
five letters taken from a preschool book; the medium condition featured words 
with more than seven letters sourced from a middle school book; and the dif-
ficult condition involved words exceeding nine letters, selected from a 
teacher’s training manual. These words were also rated by native Swedish 
speakers and were tested across three piloting opportunities along with the 
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math tasks to ensure that the assigned difficulty levels corresponded with the 
study’s levels of difficulty categorization. 

After the confrontation with the task, participants were shown a blank 
screen (Task Processing Interval: 600-1000 ms of each trial) before being 
prompted to respond. During this period, pupil dilation continued to reflect 
cognitive effort during task processing. Given the initial random exposure to 
varying difficulty levels, this phase allowed us to assess how cognitive load 
changed across tasks of different difficulty levels. We expected that higher 
difficulty levels would be associated with greater cognitive load, as indicated 
by increased pupil dilation. Succeeding task processing, participants were 
prompted to provide an oral response. This stage was not analyzed directly in 
this study, though it is of interest for future research regarding emotional and 
cognitive dynamics during math tasks processing and their relation with per-
formance accuracy. Through this detailed design, we were able to measure 
pupil dilation changes from the baseline (set 200 ms prior to each phase) to 
the analysis window for each phase (anticipation, confrontation, and task pro-
cessing interval) in both groups. 

5.2.9 Pilot Studies and Task Design Optimization 
We conducted a series of pilot studies to optimize our experimental design 
and fine-tune task difficulty levels, ensuring that the easy, medium, and diffi-
cult conditions reliably elicited distinct performance challenges across both 
age groups (as detailed in the section above). Additionally, given the high sen-
sitivity of our eye-tracking equipment to participant movement, we estab-
lished a minimum of 20 trials per domain (math or reading) exceeding the 16 
trials suggested by Orquin and Holmqvist (2018) to ensure robust stimulus 
representation and adequate statistical power. In one of the pilots with adult 
participants, where 40 trials per condition were examined, we observed that 
an extended task duration could lead to participant fatigue and diminished mo-
tivation, threatening the external validity of the data. Recognizing the distinct 
needs of our diverse age groups, we tailored the trial structure so that pre-
school-aged children completed 10 easy and 10 difficult trials for each do-
main, while adult participants engaged in 10 easy, 10 medium, and 10 difficult 
trials per domain. Trials were presented in a randomized order to secure an 
unpredictable alternation of difficulty levels, mitigating order effects and pre-
serving internal consistency. Overall, these pilot studies were instrumental in 
refining our protocol and balancing methodological rigor and data quality with 
the need to maintain participant engagement. 



 

 108 

5.2.10 Study II’s Methodological Alignment with Thesis Aims 
Study II was designed to contribute directly to the primary aim of this thesis: 
furthering knowledge on preschool and preschool class-age children’s affec-
tive relations to mathematics, specifically in a controlled laboratory setting. 
While Study I examined teachers’ math anxiety as a potential influence on 
children’s early mathematical experiences, Study II focused on capturing chil-
dren’s physiological, psychological and behavioral engagement with struc-
tured math tasks.  

The methodology of Study II reflects the interdisciplinary framework of 
the thesis, addressing also the secondary aim of investigating affective rela-
tions to mathematics from different theoretical and methodological perspec-
tives: pupillometry was used to capture co-occurring physiological markers of 
affective and cognitive processes and complementary behavioral measures, 
which allowed children to express affective, cognitive and social dimensions 
of their relation to mathematics in an age-appropriate manner. Together, these 
instruments offered insights linking moment-to-moment physiological 
changes with self-reported affect. 

The design and piloting of tasks ensured that all measures were developmen-
tally appropriate and valid for preschool class-aged children. Training sessions, 
calibration phases, and task sequencing prepared children to participate of the 
experimental tasks, while the use of familiar manipulatives (e.g., dice and letter 
blocks) supported clarity and ecological relevance. Methodological rigor, includ-
ing standardized procedures, randomized trial orders, and trial optimization, sup-
ported the reliability of the collected data. Adult participants provided compara-
tive data, allowing for a cross-age perspective on affective relations to mathe-
matics and highlighting the developmental specificity of math tasks anticipation 
and processing. By situating the laboratory study within the larger framework of 
the thesis, Study II complements the survey- and preschool-based research in 
Studies I and III, together forming a comprehensive investigation of preschool 
and preschool class-age children’s affective relations to mathematics across con-
texts, methods, and theoretical perspectives. 

5.3 Methodology in Study III  
Study III was designed to investigate how children and early childhood edu-
cators display and respond to affective stances while they explore mathemat-
ical concepts and operations. This study contributes to the thesis’s primary 
aim of furthering knowledge on preschool children’s affective relations to 
mathematics in the preschool setting, as well as to the secondary aim of 
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examining affective relations from different theoretical and methodological 
perspectives. Both aims were in this case realized within the LA/EMCA 
framework, which was used to analyze how affective stances are interactively 
achieved by participants in naturally occurring math-related activities. In this 
way, Study III provides preschool-context evidence that complements the the-
sis’s overall mixed-methods design. 

The strength of Linguistic Anthropology and Ethnomethodological Con-
versation Analysis lies in their detailed, fine-grained analysis of the sequential 
and multimodal organization of social action, sensitive to how participants use 
talk, gesture, gaze, posture, and prosody as semiotic resources to accomplish 
social meaning (Goodwin & Goodwin, 2000; Deppermann & Schmidt, 2021). 
Goodwin and Goodwin’s contributions in the field of Linguistic Anthropology 
focus on the study of naturally occurring social interactions and the ways in 
which people use semiotic resources to construct meaning and make sense of 
their social worlds (Goodwin & Goodwin, 2000). They examine various as-
pects of human interaction, including talk, embodied communication, and the 
handling of objects. Their work has been influential in understanding how in-
dividuals engage in social practices, negotiate meaning, co-construct their 
identities in everyday interactions, and use emotional/affective practices as 
resources to achieve social action. Researchers within LA explore various as-
pects of social interaction and communication in diverse contexts.  

One influential EMCA researcher is Elizabeth Couper-Kuhlen, whose 
work tackles emotion in talk-in-interaction in terms of affect displays that are 
situated, localizable with reference to ongoing activities, and specific to par-
ticular local sequential contexts. It follows that one of the ways of studying 
affect in interaction is to single out types of sequential contexts, and examine 
empirically what kinds of displays are found to occur within them (Couper-
Kuhlen, 2012, p. 454). Together, these perspectives offer a framework for 
Study III’s focus on preschool mathematics interactions, enabling the exami-
nation of how teachers and children co-construct affective stances moment-
by-moment in real-world settings. These methodological choices couple with 
EMCA’s commitment to uncovering the multimodal and sequential organiza-
tion of affect as a socially situated phenomenon. 

Data for Study III consist of video recordings of authentic preschool math-
ematics activities, providing a source of naturally occurring interaction for 
multimodal analysis. The analytic focus is on how teachers and children co-
produce affective stances during mathematical tasks, such as counting, meas-
uring, or spatial play, and how these stances contribute to the ongoing mathe-
matical meaning making processes. Overall, this methodological framework 
allows for an in-depth analysis of how early mathematical engagement and 
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related affective experiences are co-constructed, thus contributing to further-
ing the knowledge on how children’s early affective relations to mathematics 
are shaped by classroom interactional practices.  

5.3.1 The Preschool 
In Study III, I video recorded interactions between teachers and students in a 
preschool located in an area where mainly families with a Swedish background 
live. The purpose of these recordings was to capture naturally occurring math-
related activities where children and educators participated together in everyday 
educational settings, such as mealtime, play, and structured learning activities. 
To select a suitable site, we first contacted five preschool principals in one of 
Sweden’s larger cities. Educators responsible for activities with the school’s five-
year-old children were invited to complete previously validated math, reading, 
and general anxiety scales (the same scales used in Study II). These instruments 
helped us choose a preschool characterized by a diverse set of educator’s rela-
tions to mathematics within the same teaching team. 

Two of the five preschools expressed interest in participating. I visited both 
sites on December 4, 2023, to discuss ethical and practical aspects of the study 
with the principals and teachers. In these meetings, we deliberated on the ap-
propriate length of each daily visit, their preferences for the length of my pres-
ence in the preschools (first as a silent observer, then as a video-recorder) and 
explained the consent procedures for the teachers. Following these conversa-
tions, consent forms were distributed to the teachers, and we developed a pro-
tocol for reaching the children’s legal guardians. This included posting a photo 
of me with basic study information (Appendix 3, 13.2) at the preschool en-
trance so parents/legal guardians could recognize me. A printed information 
sheet about the project (Appendix 3, 13.3) and a QR code to digitally sign the 
consent forms were displayed as an optional mechanism of response. 

During the month of December, printed consent forms for children’s partici-
pation were distributed by teachers at the end of the day. At one of the preschools, 
approximately 90% of the legal guardians signed and returned the consent forms 
within two weeks, whereas fewer than 50% responded at the second preschool. 
A follow-up round of distribution at the latter site did not improve the response 
rate, and the teachers suggested this reflected limited interest. Based on this, I 
proceeded with data collection only at the first preschool. 

The selected preschool’s indoor layout consisted of two dressing rooms, a 
main room, and several adjoining spaces organized for different activities. 
One dressing room was directly connected to the main room (Figure 7) and 
used for storing children’s shoes and coats, while the second, (located 
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downstairs, see Figure 8) was reserved for snow boots and overalls to facilitate 
outdoor transitions. 

 
Figure 7. Indoor layout of the preschool. 

The main room contained access to a sink with storage cabinets, four tables of 
different sizes (seating 4–8 children each), and shelves with basic materials 
(glue, pencils, rulers, sharpeners, paper). A section of the room was delimited 
by cabinets holding magnetic construction sets, next to a corner sofa with 
books available for free or guided exploration during storytelling time (SAGO-
RUM). Another corner of the main room was arranged as a hair salon (SALONG) 
with chairs and role-play toys. 

Connected rooms further diversified the activity spaces. A building room 
(BYGGRUM) with Lego and other construction materials; a room with a white-
board, projector, and circle rug used for gatherings and free play, including 
gymnastics with mattresses and stairs (BLÅ LAGUNEN); and a room with a 
wooden toy kitchen, utensils, small tables, and a baby bed for role play 
(LÄGENHET). Finally, a connected dining room included two tables and a shelf 
where glasses and plates were stored during lunch time (MATSAL). 
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Figure 8. Location of the preschool’s pre-planned sessions room in relation to the 
playground. 

Below the dining room, there was a room where the five-year-old children 
were separated from the younger children for pre-planned learning sessions 
connected to the goals established in the preschool curriculum. Figure 8 shows 
the location of that room in relation to the available playground as both were 
located at the bottom floor. 

5.3.2 Participants 
The selected preschool was led by two preschool teachers (one male and one 
female) who organized daily activities for 20 children aged 3–6 (seven girls). 
Both teachers had completed preschool teacher education in 2016; however, 
the male teacher had begun working as a substitute as early as 2010. He was 
designated as the main curriculum-responsible teacher for the group. The 
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female teacher had been part of the preschool pedagogues’ team with this age-
group for three years at the time of data collection.  

Participating children were those attending the preschool between January 
8 and 19, 2024. Silent observation was conducted between January 8 and 12 
while the field notes were taken. The recordings were then made between Jan-
uary 15 and 19. 

5.3.3 Ethical Considerations 
The study received approval from the Swedish Ethical Review Authority (Dnr 
2023-03796-01). Consent procedures were implemented at multiple levels: 
written informed consent was obtained from teachers and children’s legal 
guardians (Appendix 3. 13.3—13.5), and assent was actively sought from chil-
dren before and during participation. During data collection, I continuously 
negotiated consent and monitored participants’ comfort, in line with recom-
mendations that consent should be viewed as a negotiated and ongoing process 
rather than a single event (Christensen & Prout, 2002).  

Recordings were paused on two occasions when participants appeared 
uneasy (e.g., a child staring attentively at me as I approached the area where 
they were playing). These practices reflect a reflexive posture toward the 
ethics of video-based research, consistent with Flewitt’s (2005) emphasis on 
attending to children’s perspectives, confidentiality, and the researcher’s im-
pact on interaction. In this way, the final dataset captured authentic mathe-
matics-related interactions while respecting ethical standards for research 
with young children.  

Video data were handled with confidentiality and anonymization protocols. 
Recordings were stored securely in a password protected server, and identify-
ing features were removed during transcription and analysis. Names were re-
placed by pseudonyms and pictures were converted to negatives or penciled-
line images.  

5.3.4 Ethnographic Field Notes and Reflections  
A crucial part of this study was remaining flexible and responsive to the eve-
ryday rhythms of the preschool environment to ensure ecological validity. The 
goal was to video-record naturally occurring math-related interactions be-
tween educators and children taking place in a preschool. To accomplish this, 
it was essential for the researcher to first become an element in their everyday 
environment, causing the least amount of disturbance possible. As agreed with 
the teachers, I began with a week of participant observation without video 
recording to acclimatize teachers and children to my presence. During this 
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time, I took ethnographic notes to reflect on how my presence shaped the con-
text and interactions. Those field notes were consulted to develop the reflec-
tions presented in this section. 

I attended the group from 9–11 in the mornings and joined one lunch rou-
tine. During this week, a teacher student completing her practicum was also 
present, occasionally joining activities with the children. She was present for 
the whole observation week and one day during the subsequent filming. Dur-
ing participant observation, I noted that daily routines followed a rhythm. 
Around 9 a.m., once most children had arrived, teachers and children shared 
a fruit snack. A teacher distributed the fruit to the students one to one, but the 
ongoing conversations often included all present students engaging in com-
parisons of fruit size, color, and who in the group was hungrier. At times, this 
snack occurred in a circle-time format; other times, it took place in the hallway 
near the exit to the playground so that children could simultaneously prepare 
to go play outside.  

Teachers emphasized that, weather permitting, mornings were spent out-
doors, either in the playground or on excursions to the nearby forest. Outdoor 
play mixed free exploration with teacher-led group games, though participa-
tion in these games was always voluntary. Indoors, children had opportunities 
to freely choose activities, either individually or in self-organized groups. 
Teachers moved around the main room, offering support with tasks such as 
cutting paper shapes or checking the spelling of names under drawings.  

Transitions between activities, including excursions, were structured 
around lining up while counting, or singing. Teachers also engaged the chil-
dren with questions about the environment, for example by asking them to 
speculate about why snow beneath a tree appeared yellow while the group was 
on its way to the nearby forest. 

Through this participant observation period, there was no clear division of 
teacher roles in terms of supporting specific activities. Instead, teachers 
planned each week and day broadly in advance, assigning responsibilities for 
key activities based on the number of children and adults expected to be pre-
sent. Overall, this planning enabled teachers to remain flexible and responsive 
to children’s initiatives and unexpected events, such as staff absences. The 
teachers also explained to me that once a week, the five-year-old children were 
separated from the larger group to engage in more structured, pre-planned cur-
riculum-related activities. One such session was selected for video recording, 
and teachers shared their planning of this lesson with me in advance (Appen-
dix 13.6). Following this initial observation week, I returned with the cameras 
to begin video data collection. 
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5.3.5 Video Recordings and Data Screening 
Data collection procedures were implemented to balance ecological validity 
with analytic rigor: recordings were made with two cameras and sessions were 
scheduled to minimize disruption or regular activities in the preschool. One of 
the cameras was always hand-held and used most of the time (ca 4,5 hours), 
except for the recordings of the pre-planned activities for which a second cam-
era was set on a tripod (ca 2 hours). 

The full data set comprises 42 video clips. The first set of 34 clips was 
collected over four consecutive days—Monday through Thursday—in Janu-
ary 2024, focusing on regular preschool activities without a pre-planned sub-
ject focus, allowing for the documentation of spontaneous interactions be-
tween children and teachers. The second set of 8 clips was collected on a 
Thursday in March 2024, and includes both pre-planned activities centered on 
mathematics and literacy, as well as spontaneous interactions occurring out-
side the scope of the structured lessons. The pre-planned mathematics activi-
ties were filmed using two camera angles, one handheld camera and one sta-
tionary camera placed on a tripod. This approach resulted in a holistic repre-
sentation of the preschool context, encompassing both routine and teacher-
guided aspects of daily preschool life while also providing varied perspectives 
on specific interactions. The total amount of video is 5 hours, 12 minutes, and 
22 seconds, where footage with two angles is regarded as one clip. Number of 
clips and their length per type of activity are displayed in Table 1. 
Table 1. Number of video-recorded clips and their length. 

Type of activity Number of clips Total length 

Spontaneous 34 03:25:45 (ca 4h) 

Pre-planned 8 01:45:37 (ca 2h) 

The video material was systematically organized and screened using an inven-
tory designed to capture both descriptive and contextual features of each re-
cording. Each video clip was logged with basic metadata, including clip iden-
tification number, day it was recorded, duration of clip, and reference to the 
corresponding transcript file. To situate the interactions within the preschool 
context, additional information was added regarding the physical setting (e.g., 
dressing hall, playground, meal table) and the number of participants present 
during the recorded episodes. 

Beyond these descriptive parameters, the screening also included interpre-
tive dimensions. Researcher 1 categorized each clip according to whether it 
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contained pre-planned teacher-initiated mathematical activities (as reported 
by the teachers to researcher 1, see appendix 13.6) or an episode of spontane-
ous interaction in the preschool. For every recorded clip, short annotations 
summarized the nature of the activity (e.g., having lunch, playing with snow 
buckets, tea-time house play), the mathematical content or practice being en-
gaged with (e.g., counting number of children present, comparing and describ-
ing size), and salient affective or embodied aspects of interaction (e.g., use of 
gesture, modulation of voice, posture). These elements were annotated by re-
searcher 1 in relation to the flow of the ongoing sequence, with particular at-
tention to the moments preceding and following the focal action in order to 
understand how such affective features and mathematical activity emerged in 
interaction and how the participants oriented to them. The purpose of the 
screening was to help both researchers structure the data to identify potential 
sequences of interest. 

Following the initial screening of the material, Researcher 2 reviewed the 
entire video data set using the inventory developed by Researcher 1 as a start-
ing point. While the inventory provided a structured overview of each record-
ing, Researcher 2’s task was not to verify the existing annotations, but to iden-
tify potential episodes of analytic interest based on observable displays of 
mathematical engagement and affective stance. This phase was thus partly 
guided by the inventory and partly inductive, allowing new instances to be 
noted when relevant features emerged that had not been emphasized in the 
original screening. 

At this stage, both researchers worked independently to mark sequences 
that were simultaneously math-related in the broad, observable sense of in-
volving quantities, comparisons, or spatial relations, as well as affect-laden, 
that is, displaying affective stance through verbal, prosodic, or embodied 
means (e.g., tone of voice, laughter, bodily orientation, or gestures). Through 
this process, a total of 17 focal sequences were jointly selected for further 
analysis, representing spontaneous and pre-planned activities (11 and 6 se-
quences, respectively) involving both children and teachers. These episodes 
constituted the empirical foundation for the fine-grained multimodal analysis 
presented in Study III. The combination of structured data organization and 
inductive identification enabled an analytic balance between systematic over-
view and openness to emergent interactional phenomena. The independent 
identifications were then compared and discussed in a series of consensus 
meetings to resolve disagreements and refine the inclusion criteria. Some of 
the sequences were also presented and discussed at seminars within the Child 
Learning and Identities as Interactional Practices research group at Uppsala 
University. 
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The ethnographic notes and preliminary screening revealed recurrent 
tendencies across both planned and spontaneous activities. For instance, 
counting and quantification appeared in both contexts whether in the form of 
naming numbers, comparing quantities, or using counting as a shared routine 
(e.g., countdowns, tallying present children). Children displayed heightened 
affect when engaging in mathematics, using emphatic voice (“JÄT-
TEMÅNGA snäckskal”), bodily movement, and laughter to value quantities 
or sustain participation. Teachers likewise mobilized affect and embodied 
conduct (gestures, countdowns, prosodic modulation) to manage attention and 
organize group involvement. Participation was co-constructed in the sense 
that children also initiated mathematical talk, completed teacher utterances, 
and collaboratively repaired or extended number sequences. 

Yet, certain tendencies clustered around planned activities, such as ex-
tended math talk (e.g., measurement, ordering, units) and tighter teacher con-
trol over task boundaries and appropriate child behavior. Spontaneous epi-
sodes, by contrast, often featured mathematics emerging opportunistically 
from the environment (e.g., counting shells appearing in the snow, or noticing 
that two children have the same name by stating “Två Ellen”) and affective 
displays that opened space for mathematical engagement. These patterns align 
with prior research distinguishing child-initiated and teacher-initiated mathe-
matics (Delacour, 2013), opportunities for mathematical exploration in both 
spontaneous and planned activities (Björklund, 2017), and the role of bodily 
engagement for younger children (Franzén, 2015). Hence, although the wider 
corpus contains both planned and spontaneous activities, paper III’s analysis 
does not treat these as analytic categories. Instead, the comparison across the 
corpus helped sensitize us to the different interactional ecologies in which af-
fect becomes consequential for mathematical activity. These tendencies in-
formed our understanding of affective practices in specific contexts, but paper 
III’s analysis focuses on how affect functions interactionally within the chosen 
extracts rather than on comparing activity types. 

5.3.6 Study III´s Methodological Alignment with Thesis Aims 
Study III contributes directly to the primary aim of the thesis by investigating 
how affective relations to mathematics are cooperatively constructed in natu-
ral preschool settings. While Study I and Study II explored teacher and chil-
dren’s intra-level affective relations to math, Study III addressed the interper-
sonal, interactional processes through which affective stances towards mathe-
matics activity are negotiated in the preschools. 

 The study’s use of LA/EMCA provided the methodological arm of the 
project that attends to multimodal, sequential, and interactional construction 
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of affect in naturally occurring preschool contexts. This approach adds a com-
plementary theoretical and methodological perspective that directly addresses 
the thesis’s secondary aim too. That is, showing how these specific analytic 
lenses illuminate aspects of affective relations that are different from those 
accessible via surveys or physiological measures. Methodologically, Study III 
balanced ecological validity and analytic rigor as video recordings of naturally 
occurring preschool math-related activities were collected with procedures de-
signed to minimize disruption and preserve authenticity. Data were tran-
scribed and analyzed using established multimodal Conversation Analysis 
conventions (combining Jefferson, 1984 with Mondada, 2018). Analytic 
checks (e.g., cross-coding, iterative transcription reviews, data seminars) sup-
ported the trustworthiness of the findings. By doing so, Study III supplies in-
teractional evidence of how teachers and children co-produce affective rela-
tions to mathematics in everyday practice, thereby completing the triad of con-
texts (survey, lab, preschool) and enabling the thesis’s combined exploration 
of intrapersonal and interpersonal processes. 

5.4 Metatheoretical Mapping of Studies (I-III) 
Here, I return to Hannula’s matrix to map the methodological choices made 
across Studies I–III. In Chapter 3, Hannula’s three-dimensional metatheory 
(2012) was introduced as a heuristic to organize the conceptual diversity of 
math-related affect research. There, I used it to situate the theoretical perspec-
tive of this thesis in its third dimension, which spans physiological, psycho-
logical, and social accounts of math-related affect (this thesis, p. 35). More 
specifically, the Theory of Constructed Emotion (Barrett, 2017; 2025) and 
LA/EMCA (Goodwin & Goodwin, 2000; Couper-Kuhlen & Selting, 2017), 
discussed in Chapter 3, established how this thesis approaches affect as sim-
ultaneously embodied, psychological, and social. 

This mapping makes visible how the thesis was designed to sample com-
plementary dimensions and timescales of affect (embodied/physiological, 
psychological, and social; state and trait) rather than confining itself to a single 
cell. Using Hannula’s heuristic as an organizing device, Figure 9 shows where 
each study primarily sits within the field of math-related affect. The goal is 
not to force studies into rigid categories but to display their main focus and to 
further clarify what each method contributes. The mapping also shows my 
deliberate integration of methods to capture affect as a multidimensional, sit-
uated phenomenon.  
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Figure 9. Mapping the thesis’ study of math-related affect within the third dimension 
in Hannula’s (2012) metatheory: emotion. 

Figure 9 positions this thesis within the emotion dimension of the math-related 
affect metatheory (Hannula, 2012) rather than within the beliefs or motivation 
dimension (see Figure 1). In this column, the studies span across the embod-
ied, psychological, and social levels. Below, I list each study’s primary place-
ment, the aspects it samples, the timescale involved (trait or state), and key 
limits of this mapping to bear in mind. 

Studies I and II address psychological traits of math-related affect (mathe-
matics anxiety) through self-reports (surveys and the interactional rating task 
used with the children). Study II investigates embodied dimensions of affect 
through pupillometry. Study III examines emotions as affective stances that 
are cooperatively constructed in social interaction. The thesis engages in this 
manner with trait-level phenomena (more stable orientations, as in math anx-
iety surveys) and state-level phenomena (situated arousal and interactional 
stances) (Hannula, 2012; 2020). This mapping already shows the multidimen-
sional scope of affect in the thesis. Here, affect in mathematics education is 
not confined to one explanatory level or timescale, but examined across phys-
iological, psychological, and social dimensions, and across states and traits. 

Moreover, the survey instruments used in Study I and II address cognitive, 
physiological and social dimensions of general math anxiety. In Study I, the 
instrument also accounted for anxiety related to teaching mathematics, repre-
senting cognitive and physiological components embedded in social situations 
such as talking about mathematics, and explaining mathematical concepts to 
a group of children, or doing so while being observed by the preschool prin-
cipal. Similarly, the Frequency of Pedagogic Actions Scale captured habitual 
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social/practice aspects of math teaching. Both instruments are retrospective 
self-reports (trait orientation).  

Study II employed an interactive rating task that sampled cognitive, affec-
tive/physiological, and social aspects of engaging with mathematics. Children 
completed short interactive tasks with dice and blocks (cognitive), made sim-
ple emotion judgments (affective), and responded to socially framed scenarios 
(e.g., playing a game with dice, or shared reading). Although the interactive 
rating task was originally published as a measure of math anxiety, in the thesis 
it is conceptualized as indexing broader affective relations to math-related ac-
tivities. In Study III, the embodied dimension of affect was analyzed through 
the transcription of multimodal (embodied) resources used in interaction 
(LA/EMCA), contained within the unfolding of cognitively demanding math-
related activities (state orientation). It is therefore that this matrix initially 
helps clarify which methodological choices were used to capture different fac-
ets of math-related affect. However, limiting the mapping of the studies only 
to the emotion dimension without the further clarifications presented above, 
would be misleading.  

Importantly, it would overlook two core assumptions of the theoretical 
framework that also guided methodological choices of this thesis, and were 
presented in section 3.7: (a) that neural resources used to construct individual 
instances of emotion overlap with those that shape other mental states, such 
as thoughts, beliefs, and memories (Duncan & Barrett, 2007; Gendron & Bar-
rett, 2009, p.318; Barret, 2009b, p.1291) and (b) that those general-purpose 
neural systems, involved in memory, perception, and interoception, dynami-
cally construct emotions within social and cultural contexts (Gendron & Bar-
rett, 2009). The decision to combine self-reports, pupillometry, and interaction 
analysis in this thesis project was therefore not arbitrary. It intended to probe 
multiple sources and timescales that contribute to early math-related affect in 
coherence with a psychological constructionist perspective on emotion (The-
ory of Constructed Emotion), in which emotions are understood as emerging 
from the dynamic integration of bodily signals, conceptual knowledge, and 
contextual/social cues (Barrett, 2017). LA/EMCA, in turn, provided methods 
for analyzing affective practices as an inherently interactional phenomenon, 
aligning in important respects with the contextual and relational notions em-
bedded in Barrett’s account of constructed emotions. 
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Chapter 6. Summary of Results 

This thesis project was primarily exploratory in nature. The design of Study I 
and II was informed by prior findings on the low yet prevalent levels of math 
anxiety across cultures, age groups, and math ability (Foley et al., 2017). Ad-
ditionally, we considered the time-bounded socio-cultural characteristics of 
Swedish preschools, including reports of math anxiety among preschool 
teachers and student teachers in Sweden (Shamoon, 2014; Palmer, 2009). We 
also explored potential gender differences in math anxiety, both among pre-
school teachers (Geist, 2015; Vos et al., 2023) and in children's self-reports.  
In considering children’s age groups, we took into account research suggest-
ing that math anxiety tends to increase with age (Dowker et al., 2016), but also 
reports that highlight a contrasting trend, noting stronger math anxiety already 
in the early years of primary school (Barroso et al., 2021). Reports of math 
anxiety in preschool-aged children (Petronzi et al., 2019a; 2019b; Szczygieł 
& Pieronkiewicz, 2022) in geographically proximal countries raised the pos-
sibility of this phenomenon also being present in the Swedish samples in our 
studies.  

6.1 Study I 
Study I provided normative measures and allowed for population-level pre-
dictions. The MAST-P teacher measures captured distributional patterns of 
anxiety that were related to the teacher’s math teaching and math talk fre-
quency. With this data, we could identify which educator subgroups and pre-
school settings showed the strongest relations between anxiety and (lack of) 
practice. 

Until now, no publication had reported math anxiety levels of preschool 
teachers in Sweden using a validated scale. In our sample, certified preschool 
teachers scored 14.97 (SD = 7.84, range = 1–35) on General Math Anxiety 
and 12.69 (SD = 6.75, range = 1–35) on Math Teaching Anxiety. Caregivers 
reported slightly higher general math anxiety (16.05, SD = 8.34, range = 1–
35) and significantly higher math teaching anxiety (15.20, SD = 7.42, range = 
1–35; p < .001, r = .208). Differences in Frequency of Math Teaching 
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(teachers: 4.03, SD = 0.92, range = 1–5; caregivers: 3.88, SD = 0.72, range = 
1–5) and Frequency of Math Talk (teachers: 53.52, SD = 8.38, range = 1–75; 
caregivers: 54.48, SD = 8.99, range = 1–75) were small and not statistically 
significant. 

Consistent with Ganley et al. (2019), we found that teachers working ex-
clusively with younger preschool groups reported higher math anxiety across 
all MAST-P items. This suggests that working with younger age groups may 
be associated with greater discomfort around mathematics, even within early 
childhood education contexts. Despite the fact that male teachers made up 
only 7.4% of the sample, they reported teaching math more often than the 
female teachers in our sample. This effect should be interpreted cautiously due 
to the small number of male teachers in our sample.  

In our predictive models, higher General Math Anxiety (GMA) was linked 
to lower frequency of math teaching, explaining an additional 3.2% of the 
variance. Math Teaching Anxiety (MTA) also predicted lower teaching fre-
quency when considered alone, adding about 2% to explained variance. When 
both were included together, neither emerged as a unique predictor, which 
indicates overlapping effects. However, as the model containing both predic-
tors remained significant, it can be stated that together they still explained 
3.21% of the variance in teaching frequency. 

Teachers working with both younger (1–3) and older (4–6) children talked 
about math more often than those working only with older children. Higher 
GMA was linked to less frequent math talk, adding nearly 4% explanatory 
power; MTA added about 5%. As with teaching frequency, including both 
types of math anxiety together resulted in overlapping effects: neither was 
uniquely significant, but together the model explained about 5.3% of the var-
iance. For caregivers, no statistically significant predictors were found, sug-
gesting that math anxiety does not explain their reported teaching or math talk 
in the same way it does for certified teachers. This may be due to differences 
in professional roles or perceived responsibility for pedagogical quality, ideas 
presented in the published study. 

In practical terms, when we say math anxiety explains some of the varia-
tion, we mean that if you lined up all teachers from frequently teaches/talks 
about math to rarely does so, part of what differentiates them is their anxiety 
level. Teachers with higher math anxiety tend to be further toward the rarely 
end. Contextual factors, such as gender of the teacher and age group taught 
also matter, but anxiety effects are consistent (Galeano et al., 2024). These 
findings reflect patterns in this particular population and are not intended as 
causal claims. 
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6.2 Study II 
Study II supplied high temporal resolution physiological measures that dis-
aggregated anticipatory and processing stages of children’s engagement with 
math tasks. Demonstrating through this disaggregation that objective task dif-
ficulty reliably drives physiological indices of cognitive load even in very 
young children, while physiological arousal as an index of anticipatory anxi-
ety was not evident (Galeano & Gredebäck, 2024).  

Until now, no publication had reported preschool class children’s physio-
logical indices of math-related affect and cognitive load. In the published 
study, descriptive statistics show that the children (MAge = 5.67) reported 
slightly higher math anxiety (M = 2.93) than adults (M = 2.35), though direct 
comparisons are complicated by different scale ranges. Because children and 
adults responded on different numeric scales (children: 1–10; adults: 1–5), I 
rescaled the children’s mean to the adult metric using a linear transformation:  

 

For our specific case: 

  

The children’s mean (2.93 on 1–10) becomes ≈ 1.86 on the 1–5 metric, 
whereas adults’ mean remains 2.35. Thus, on a comparable metric adults re-
port higher math anxiety. This rescaling must be interpreted cautiously be-
cause differences in item wording and response formats may affect compara-
bility. Linear rescaling assumes the two scales map linearly and that endpoints 
correspond conceptually. Because question wording, and response formats be-
tween instruments, and children’s and adults’ comprehension depth can differ, 
cross-age comparisons even after rescaling should be interpreted cautiously. 
Preferably, using measurement-invariance testing or common instruments 
(when possible) for stronger claims. 

Children also had lower visuospatial working memory scores (Forward: M 
= 4.90; Backward: M = 4.67) compared to adults (Forward: M = 6.02; Back-
ward: M = 5.83), consistent with developmental expectations. Pupillometric 
measures revealed smaller mean pupil dilation in children during both antici-
patory (M = −0.10) and task processing intervals (M = 0.12) relative to adults 
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(Anticipation: M = −0.04; Processing: M = 0.14), reflecting physiological 
baseline differences.  

Affect and pupil dilation: Children’s math anxiety scores were not signifi-
cantly associated with either anticipatory pupil dilation (0–400ms) or task pro-
cessing (400–1000ms). This indicates that physiological arousal primarily re-
flected task difficulty (cognitive load) rather than pre and on-task anxiety 
(emotional arousal). This should be interpreted in light of the specific task 
design and developmental stage tested. 

Working memory correlations: Forward and backward visuospatial WM 
scores were positively correlated (r = .32, p < .05), confirming these measures 
capture related cognitive capacities. Neither WM measure, however, was sig-
nificantly associated with affect (math anxiety), suggesting that anxiety as 
measured in this study does not relate to these cognitive processes in preschool 
class-age children. 

Parent–child affect (anxiety) link: Children’s math anxiety was not signif-
icantly correlated with parental math anxiety (r = .02, p = .84). This suggests 
that, in this sample, early math anxiety may be relatively independent of pa-
rental anxiety, a potentially important finding for our interpretation of inter-
generational effects in this sample. 

Task-related pupil correlations: Pupil dilation measures across task stages 
were highly intercorrelated (e.g., processing interval vs. confrontation with 
task, r = .96, p < .001), confirming that these physiological indices consistently 
track physiological arousal over time. Importantly, across children, task diffi-
culty reliably drove pupil dilation, demonstrating that the method captures 
variations in cognitive load even at very young ages.  

Together, these findings portray a developmental snapshot in which some 
preschool class-age experience measurable math-related challenges, reflected 
in slightly higher self-reported affect (published as anxiety) scores. The chil-
dren group showed increased pupil dilation changes in relation to task diffi-
culty, and anticipatory physiological arousal signals were minimal and non-
significant. Further, no evidence for a relation between children’s and parents’ 
anxiety was found. Hence, it was inferred that children do not yet seem to 
exhibit a clear coupling between affective relations to math, cognitive capac-
ity, and parental anxiety. 

6.3 Study III 
Study III was informed by local evidence regarding teachers’ roles as socializers 
and children’s roles as co-creators of moral and emotional order (Cekaite & 
Ekström, 2019; Cekaite, 2020), which played an informing role in our close 
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examination of teacher-student interactions in the pre-school. Likewise, our 
analysis of affective stances in teacher-student mathematics related meaning 
making processes, where emotions are analysed as interactional achievements 
(as emerging through social engagement), draws on Goodwin et al.’s (2012) 
suggestions that speakers’ emotional stances are performed in specific social 
and sequential contexts, where emotions emerge as socially responsive acts and 
are consequential for future interactions. The key point being that emotion is an 
inter-subjective phenomenon rather than an intra-subjective phenomenon.  

Until now, no publication had reported on affective practices in math-re-
lated activities in the Swedish preschool. Study III shows, through the selected 
extracts, three interrelated results. These results remain extract-based and il-
lustrative, but they show how teacher responses to children’s affective initia-
tives become locally consequential in mathematics-related activities. First, the 
analysis shows that alignment and affiliation practices appeared across both 
spontaneous and pre-planned mathematics-related activities. In the sequences 
analyzed, teachers displayed alignment and varying degrees of affiliation in 
both type of contexts. Second, the analysis shows that when teachers did align 
and affiliate with children’s affective stances in the spontaneous activities, 
these responses were more likely to develop into shared, embodied affective 
practices (as illustrated in Extract 1). These are multimodal, coordinated in-
teractions (e.g., joint pointing, shepherding, choral counting, animated pros-
ody/facial expression). In Extract 1 (the Eleven Wings sequence), an initial 
display of disengagement is transformed into a joint embodied counting prac-
tice that progresses pedagogically toward writing the numeral. Taken together, 
these interactional moves suggest how affective practices can shape the tra-
jectory of a single, local spontaneous math activity. Third, the sequences show 
that downgraded or delayed responses (e.g., repair initiation, withholding up-
take) tended to steer activities toward maintaining institutional and pedagogi-
cal goals, reducing opportunities for joint embodied affective participation (as 
illustrated in Extracts 2 and 3). These dynamics preserved task focus or moral 
order, but offered fewer opportunities for shared affective engagement. 

These results are derived from the selected sequences and are meant as 
analytic insights into interactional possibilities rather than generalizable pat-
terns across all preschool settings. While both spontaneous and pre-planned 
activities in our small sample contained these dynamics, a finer-grained com-
parison of the sequences suggests that teachers’ embodied involvement was 
more prominent in spontaneous activities, where touch, joint pointing, and 
shepherding contributed to shared embodied affective practices. By contrast, 
in the pre-planned activities analyzed, teachers more often relied on verbal 
prompts, with comparatively fewer embodied uptake opportunities. This 
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suggests a difference in the affective quality of engagement in the analyzed 
extracts. Responses to affective stance displays indexed three roles of affec-
tive work in the sequences studied (1) supporting engagement, (2) initiating 
embedded correction, and (3) indexing moral work. We treat these as analytic 
characterizations of the affective work in the selected sequences, not as ex-
haustive categories for all preschool mathematics. Across these roles, re-
sponses also varied along a preference continuum—from immediate, affilia-
tive, and aligning responses to delayed, mitigated, and repair-oriented ones—
shaping how engagement and participation unfolded locally. 
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Chapter 7. General Discussion 

This General Discussion integrates the empirical findings in the thesis to argue 
that affective relations to mathematics start forming early, are situated in in-
teractional contexts, and matter for the didactics of math education. In this 
discussion I have included the published findings, but also analytic interpre-
tations that extend beyond the published papers, and data/results that are part 
of manuscripts in preparation. Wherever a result is not yet published I explic-
itly mark it so the source is clear.  

This thesis set out to deepen our knowledge of early affective relations to 
mathematics in Swedish early childhood education by focusing on (i) pre-
school teachers’ self-assessments, (ii) 5–6-year-old children’s physiological, 
psychological and behavioral engagement with math tasks, and (iii) everyday 
mathematical activity in the preschool classroom. Together, the three empiri-
cal studies produce a layered account of how affect is (co)constructed and 
made consequential in early childhood mathematics education. Framed 
through an early childhood mathematics education lens, the results emphasize 
that the preschool teacher does not simply introduce mathematical activities 
but actively shapes and negotiates the relational conditions under which young 
children encounter and explore mathematics. The empirical base assembled 
here shows three interlocking points:  

(a) Action frequency matters: Teachers’ affective relations to mathematics 
(math anxiety, math teaching anxiety) are related to the frequency of peda-
gogic actions that bring mathematics into children’s everyday preschool lives.  

(b) Context matters: Teacher’s and children’s affective relations to mathe-
matics are situated and interactionally constructed in particular contexts of 
practice (spontaneous talk, gatherings, planned teaching situations, excur-
sions). 

(c) Task temporality matters: Anticipation and processing phases of math 
tasks can be empirically separated (via pupillometry) and in preschool class-
age children, pupillary dilation is driven primarily by task difficulty, rather 
than math-related affect. This indicates that children’s physiological arousal 
and engagement with math is context-dependent, and shaped by the immediate 
demands of the task. 
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Therefore, instead of treating affect towards mathematics as a peripheral 
variable, or an internal trait that teachers or children carry with them, this the-
sis proposes that affect can be treated as emergent, situated, and consequential 
for children’s mathematical experiences in the preschool. The thesis contrib-
utes to the didactics of mathematics education by showing that affective rela-
tions (e.g., teachers’ emotional orientations and interactional responsiveness 
to children’s affective stances) are a constitutive element in the didactics of 
math education and should be treated as a teachable object in teacher educa-
tion and curriculum design. Making sure that affect is recognized as a relevant 
part of didactics is the central claim that this thesis defends. The following 
sections discuss the empirical findings (7.1) theoretical contributions (7.2), 
methodological advances enabled by this account (7.3), and how these insights 
call for a relational view of affect in education (7.4). 

7.1 Empirical Findings and Contributions 
Across the three studies, the findings collectively demonstrate that affective 
relations to mathematics are dynamic, socially situated processes that shape 
early educational experiences. Teachers’ emotional orientations shape the op-
portunities children encounter (Study I) while interactional practices deter-
mine if those opportunities foster engagement with the mathematical tasks, 
and affiliation between the participants or not (Study III). Physiological data 
further suggest that pupil dilation in children is tied more to task demands than 
to affective dispositions, reinforcing the view that affect emerges and is made 
meaningful in context (Study II). These patterns display the pedagogical sig-
nificance of affect as part of the didactics of math education. 

Teacher affect and pedagogic actions: Study I provided the first popula-
tion-level benchmarks for math anxiety and math teaching anxiety among 
Swedish preschool teachers and caregivers. The principal quantitative finding 
in Study I was an inverse relation between certified preschool teachers’ math 
anxiety and the frequency of pedagogic actions that involve mathematics: 
teachers reporting higher math anxiety reported less frequent math teaching 
and math talk. This relation remained consistent in predictive models that also 
accounted for gender of the educators, and the age of children in the groups 
(Galeano et al., 2024). 

High/low math-anxiety settings and situational patterns: When we exam-
ined teachers’ math-talk frequencies across different preschool scenarios, spe-
cific situations (gatherings and situations designed specifically to teach math 
concepts) showed negative relations with teachers’ math anxiety across all ar-
eas of mathematics. For counting and geometry, excursions also showed 
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negative relations. We interpreted these results as indicating the presence of 
higher- and lower-anxiety settings in the preschool. Settings where teachers 
attempt to teach explicit mathematical content may induce higher anxiety and 
thereby reduce teacher-initiated math talk, whereas spontaneous everyday talk 
may permit lower-threat opportunities for mathematical interaction (Klibanoff 
et al., 2006; Von Spreckelsen et al., 2019; Galeano et al., 2024).  

Interactional affordances and spontaneity: This insight was followed up in 
study III, where the repeated observations of video recorded data pointed to a 
need for comparison between spontaneous and pre-planned mathematics’ ac-
tivities in the preschool. Study III illustrates similarities but also differentiated 
types of alignment and degrees of affiliation between teachers and children 
across these settings. In the manuscript III extracts, the patterns found rein-
force the interpretive thrust that spontaneity and interactional affordances mat-
ter for whether mathematical content is realized in low-threat ways (e.g., 
through alignment and affiliation or through alignment and a math task focus 
with reduced affiliation) and in parallel or not with socialization of moral be-
havior (e.g., Cekaite & Evaldsson, 2020; Holm Kvist, 2018). These are ex-
tract-based observations rather than population-level claims. They also raise 
further questions about teachers’ need for support in discovering how to bal-
ance play-care and teaching-learning practices, a matter of prior reported con-
cern stated by preschool principals (Sundström’s, 2025).6 

Caregivers’ vs certified teachers, a differential pattern: A notable empiri-
cal puzzle in study I was that the inverse relation between math anxiety and 
frequency of math talk appeared in the certified teachers’ group but not in the 
caregivers’ (preschool pedagogues) group. Possible interpretations include: 
(a) ambiguity in responsibility distribution (who is expected to be responsible 
for math teaching) which may interact with teachers’ certifications and roles; 
(b) selection effects (some individuals select roles in early childhood educa-
tion to avoid in-depth engagement with mathematics); and (c) differences in 
training, pedagogical content knowledge (Jenßen et al., 2021; Geist, 2015) and 
levels of confidence in math ability. These hypotheses point to specific meas-
urement needs in future research (role definitions, pedagogic content 
knowledge measures, task allocation) to further test explanations for the ob-
served group differences. They also resonate with Sundström’s (2025) find-
ings, where principals pointed out the complexity of new role distributions as 
preschool policies are translated into enacted practice and Hildén et al.’s 
(2021) reports of collegial discussions being needed to develop teacher agency 

 
6 These Study III-related inferences are grounded in the selected sequences; broader generali-
zation will require more data. 
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and handle tensions between curriculum goals and child-centred pedagogy, 
and between teacher responsibility and team traditions.  

At a first glance, the use of trait measures as a research tool in Study I might 
suggest a more stable individual affective characteristic (i.e., math anxiety) 
urgent to remediate in teachers alone. However, the findings also showed that 
the consequences related to these measurements are context-dependent. Cor-
relations between teachers’ math anxiety and math talk were negative across 
contexts. However, in structured teaching situations such as gatherings and 
planned lessons, correlations tended to be larger in magnitude than in more 
spontaneous activities, suggesting that the relation between teacher anxiety 
and math-related pedagogic actions may be more evident in certain types of 
preschool activities. This descriptive pattern is consistent with the thesis’ 
claim that even more stable (i.e., trait level) affective dispositions are enacted 
through situated practices and mediated by the ecology of preschool interac-
tions. The absence of this relation among caregivers further points to the role 
of institutional expectations and distributed responsibilities in shaping how 
affect translates into pedagogical actions. Beyond institutional role structures, 
affective relations to mathematics unfold over time, both developmentally and 
within the temporal structure of math tasks. Study II addressed some relevant 
aspects of this temporal dimension. 

Developmental dynamics and temporality: Prior research (e.g.: Lyons & 
Beilock, 2012a; Young et al., 2012) has focused on school-aged children or 
adults, leaving a critical gap in understanding how anticipatory processes 
manifest in early childhood. In Study II, we examined anticipatory and pro-
cessing phases of math task performance in preschool class-age children. Con-
sistent with prior literature on cognitive load and pupil dilation (Beatty, 1982; 
van der Wel & Van Steenbergen, 2018), task difficulty reliably predicted in-
creased pupil dilation in children, whereas math-related affect effects were not 
observed in either phase. This pattern suggests that children’s physiological 
engagement with math is primarily driven by the immediate cognitive de-
mands of the task, and highlights the context-dependent nature of early math 
engagement. 

Although not a primary aim of Study II, no correlation between parents’ 
and their children’s affect (i.e., math anxiety) was found (r = .02, p = .84). 
This null result is noteworthy in light of discussions about the intergenera-
tional transfer of math anxiety (Maloney et al., 2015; Zhang, 2023). As paren-
tal self-reported affect (math anxiety) was not significantly correlated with 
children’s affect in this dataset, then environmental, school-based, and inter-
actional mechanisms (teachers’ practices, peer interactions, classroom af-
fordances/opportunities) become primary candidate explanations for shaping 
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early affective relations to math to a greater extent in this population. This 
aligns with the thesis’ relational and situated perspective on affect that aims 
to account for teachers’ orientations and pedagogical and interactional prac-
tices, as they may offer greater explanatory power for children’s early affec-
tive relations to math within the Swedish context sampled here.  

Responses to affective stances are consequential for engagement: In Study 
III’s analyzed extracts, we saw fine-grained evidence that affective stances 
and interactional resources (e.g., prosody, gesture, gaze or embodied practices 
and material arrangement) are integral to the emergence of opportunities to 
engage with mathematics in preschool. Multimodal interactional analysis re-
vealed how affect is co-constructed in interaction, that is, the sequential ar-
rangements and the ecology of semiotic resources that make both alignment 
and affiliation between the participants, and engagement with mathematical 
meaning making processes more or less possible. The findings reported in 
manuscript III add to our understanding of the intertwining of cognitive and 
affective dimensions in math-related interactions. For instance, how affect-
laden turns serve to frame joint math-related activities (Galeano and Norén, in 
prep.). I propose—based on the analyses in manuscript III—that interaction 
analysis can demonstrate that teachers may align (e.g., direct or deflect their 
attention to ongoing actions) with children’s affective stances initiatives, and 
thereby scaffold emergent affiliation or disaffiliation processes during math-
related meaning making in the preschool. 

In sum, Study I provided normative benchmarks showing that teachers’ 
self-reported math anxiety is inversely related to their reported frequency of 
math teaching and math talk (Galeano et al., 2024) and that situational features 
of preschool practice shapes how anxiety relates to pedagogic action. Study II 
showed that pupillary dilation in very young children is driven by task diffi-
culty, and that pupillometry does not capture a clear anticipatory arousal sig-
nature in preschool class-age children (Galeano & Gredebäck, 2024). Study 
III (manuscript III) illustrated how moment-to-moment interactional prac-
tices, (whether teachers align and affiliate to children’s affective initiatives in 
spontaneous and pre-planned activities) shape the trajectory of mathematical 
activities in the analysed extracts from interactions in the preschools (Galeano 
& Norén, in prep.). The empirical findings from the three studies carry impli-
cations for theory, or how we conceptualize the role and function of affect in 
mathematics education. Also, for method, in terms of what using mixed meth-
ods buys us, and for practice, discussed here as implications for teacher edu-
cation and everyday pedagogic design. 
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7.2 Theoretical Contributions 
This thesis shows that affective relations to mathematics can be understood as 
emergent, socially situated, and (co-)constructed. Children’s experiences of 
mathematics are inseparable from the relational environment/ecology of the 
preschool: from teachers’ orientations and pedagogic practices (Galeano et al., 
2024) to the micro-interactional affordances of everyday activities (Galeano 
and Norén, in prep.). While children’s physiological engagement (e.g., pupil-
lary dilation) is sensitive to task difficulty, it is not a straightforward marker 
of negative affect among preschool class-age children in this context, empha-
sizing the experience related contextual and relational nature of early affective 
engagement with math tasks (Galeano & Gredebäck, 2024). 

These findings fit Barrett’s claim that bodily signals (such as pupil dilation) 
are not pure markers of specific emotions but are interpreted within context, 
shaped by the body’s state and the conceptual knowledge children bring to the 
situation. Moreover, Barrett’s model is congruent with a developmental per-
spective, as it conceptualizes physiological, cognitive, and social elements of 
emotion as dynamically interrelated and shaped over time (Barrett & Theri-
ault, 2025; Barrett et al., 2025). Her framework makes room for the idea that 
more easily detectable (more stable, e.g., perceivable at group level albeit ac-
counting for variability) physiological components of anxiety might emerge 
later in life, after repeated experiences with mathematics. Study II results 
hence match Barrett’s emphasis on emotion concepts as learned and predic-
tive, as the absence of extended exposure to formal mathematics schooling 
matched the absence of anticipatory physiological markers, giving promi-
nence again to the important role of experience and situated conceptualization 
in the process of forming affective relations towards mathematics as a subject. 

Affect towards mathematics in this period of life may be primarily shaped 
in the social-interactional domain, as indicated by the LA/EMCA findings in 
Study III. It may also only later in life manifest in anticipatory physiological 
patterns, once repeated experiences with schooling and math-related chal-
lenges have taken place. Such findings are consistent with developmental and 
reciprocal models of math anxiety and math performance (e.g., Carey et al., 
2016) and provide support for this thesis’ proposal that early affective rela-
tions are emergent, socially situated, and constructed from experience, rather 
than pre-determined by innate abilities or individual differences in trait math 
anxiety. Recent meta-analytic evidence (Pelegrina et al., 2025) is also con-
sistent with this view, showing that affect (specifically math anxiety) is only 
moderately stable early on but becomes increasingly trait-like with age (with 
apparent stability declining as the test–retest interval lengthens), and that af-
fect and performance exert reciprocal prospective influences of comparable 
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magnitude over time (Pelegrina et al., 2025). Taken together with these find-
ings, this thesis supports a developmental picture in which experience shapes 
affect and affect guides subsequent engagement and achievement. In this the-
sis, I interpret that later ‘trait-like’ profile as the developmental consolidation 
of situated affective practices rather than an innate disposition. Thus, in agree-
ment with the overall constructed-emotion (psychological constructionist + 
social constructionist) perspective of this thesis, which views physiological 
signals as contextually interpreted, rather than fixed markers of emotion. 

The LA/EMCA analyses in Study III further illustrate how affective rela-
tions are co-produced in real time through teachers’ and children’s responses 
to each other’s’ affective stance initiatives. Rather than treating affect as an 
individual state, the analyses document how different response practices—up-
grading, downgrading, or delaying affective involvement—accomplish dis-
tinct interactional actions, such as reengagement, repair, and moral work, with 
direct consequences for children’s opportunities to participate in mathematical 
activities. 

Across the analyzed sequences, teachers’ responses to children’s affective 
initiatives achieved or indexed different forms of alignment and affiliation. 
Upgrading affective stances combined with shared counting practices sup-
ported reengagement in mathematical and other ongoing activities (e.g., draw-
ing). Downgrading the affective stance, however, still aligned with the chil-
dren’s answers, but also projected trouble and worked to decrease the chil-
dren’s embodied involvement in the pre-planned math activity. And finally, 
delaying the response to a child’s teasing handled the delicate dual task of 
securing his participation and engagement in an ongoing group counting ac-
tivity while simultaneously distancing from (disaffiliating with) subversive 
aspects of the teasing. Consequently, what is noted here, as illustrated in these 
sequences, is a difference in the affective quality during the mathematical ac-
tivity. That is, whether affective work achieves and sustains affiliation be-
tween the child and teacher through the math-related activity or task and to 
what degree.  

Yet, teachers’ interactive practices do not only promote/demote engage-
ment but also perform normative work. Teachers routinely socialize children 
into local moral orders (Cekaite & Evaldsson, 2020) and rules about what 
kinds of behavior (including affective stances and practices) are acceptable in 
preschool math contexts. When more neutral (e.g., task focused) or verbal-
only responses become the norm in a specific context (e.g., in moments 
planned for mathematical instruction), children may learn that playful affect 
is less legitimate in mathematical activity. These interactional findings reso-
nate with research on teacher immediacy (Kelly et al., 2015) and math anxiety 
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in older learners. Studies of immediacy in higher-education contexts show that 
instructors’ immediacy cues (verbal and nonverbal behaviors that reduce so-
cial distance) are associated with increased intrinsic motivation and decreased 
quantitative-reasoning anxiety, and that perceived immediacy mediates this 
effect (Kelly et al., 2015). Conversely, non-immediate or misbehaving instruc-
tor behaviors (e.g., antagonism and lecturing) have been linked to increased 
student anxiety via reduced perceived immediacy (Kelly et al., 2020). Alt-
hough those studies concern older students and different institutional settings, 
they provide a plausible, theoretically consistent mechanism for interpreting 
our preschool data. 

Embodied, playful uptake (e.g., close proximity, touch, shepherding of the 
child’s hand, animated prosody and facial staging, see Galeano & Norén (in 
prep.) can be understood as immediacy cues that increase affiliation in the 
interaction, thereby supporting engagement with mathematical activity. In 
contrast, verbally dominated and corrective responses (Galeano & Norén, in 
prep.) function as lower-immediacy moves that maintain social distance and 
prioritize task order. Such patterned affective regulation practices, though 
well-intentioned and justified, may, over time, contribute to trajectories of en-
gagement that may have long-term consequences for children’s emerging re-
lations toward mathematics, potentially contributing to reduced interest or less 
positive affective relations towards math in the future (e.g., Oral, 2025). A 
pedagogically productive balance is thus needed, one that maintains the regu-
latory functions of order while preserving the embodied, affiliative practices 
that contribute to make early mathematical engagement affectively rewarding. 
Importantly, given the small, observational sample, I do not claim causal links 
to later math anxiety; rather, I propose—based on the analyzed sequences—
that the perceived immediacy framework offers a productive hypothesis for 
future longitudinal and intervention research examining whether early embod-
ied immediacy reduces the risk of developing negative relations toward math-
ematics over time. 

To make this contribution explicit, building on the empirical patterns ob-
served in the broader Study III dataset, and aligned with theoretical accounts 
of teacher immediacy and affective socialization, I propose the following 
working hypothesis: Teacher immediacy— mediated by embodied, affiliative 
response practices—increases teacher–child affiliation, which in turn supports 
children’s (re)engagement in mathematical activity. In contrast, lower-imme-
diacy, verbal-only responses may maintain topical alignment while reducing 
embodied involvement. I further hypothesize—based on recurring observa-
tional patterns across the broader dataset—that this immediacy → affiliation 
→ engagement pathway is stronger in spontaneous activities, which afford 
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more embodied co-engagement than pre-planned instructional moments. 
These propositions outline a program for future comparative and longitudinal 
research on how early interactional practices may scaffold emerging affective 
relations to mathematics over time. These interpretations are offered as provi-
sional, given the small, observational sample and the non-experimental de-
sign, which do not permit causal inference. 

7.3 Methodological Contributions 
One of the thesis’ key contributions is the use of a mixed methods approach 
which provides a more multidimensional and comprehensive account of affect 
in early mathematics education than any single method could. Before Study I 
was published there were no data about certified preschool teachers and care-
givers’ in-service in Sweden and their math anxiety and math teaching anxiety 
scores as measured by a validated scale. To address this gap I translated, adapted 
and tested an instrument for reliability and construct validity and then connected 
it to a scale developed to collect teachers’ self-reported frequency of teaching 
and talking about mathematics with the children in their groups (which could be 
1–3-year-olds, 3–5-year-olds, or both in smaller preschools). These methodo-
logical steps produced psychometric evidence for adapted measures in the Swe-
dish preschool context, and a novel frequency-of-math-talk scale that permitted 
the statistical testing of relations between teacher affect and pedagogic actions 
(Galeano et al., 2023). The now published population-level benchmarks include 
averages of preschool teachers and caregivers’ ratings on validated math anxiety 
and math teaching anxiety scales providing in this way the first Swedish base-
line that can be compared to other national and international samples under dif-
ferent curricular and pedagogical organizations. Reflections regarding the items 
contained in these scales and practical implications for education are discussed 
partly in paper I and also in section 7.4.1). 

Study II provided several novel contributions to the literature on math anxi-
ety and cognitive development. Firstly, it is the first study to use pupillometry 
to investigate the relations between affect (i.e., math anxiety) and physiological 
arousal in such young children, specifically at preschool class age (average 5.67 
years). By extending pupillometric research, previously applied primarily to 
adults and school-aged children, to this younger population, we tested an inno-
vative methodological approach that allows continuous, objective measurement 
of cognitive effort and emotional arousal in children who may have limited ca-
pacity to reliably self-report their experiences. Secondly, our approach ad-
vanced knowledge in the field by examining not only the effects of math anxiety 
during task execution but also during task anticipation, enabling the 
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investigation of the temporal dynamics across the different stages. This is rele-
vant because pupil dilation can index both cognitive effort and emotional 
arousal, which complicates interpretations if changes in pupil size are not tem-
porally disambiguated. The methodological contribution was to separate (a) an-
ticipatory arousal (pupil dilation change during the presentation of a cue indi-
cating an upcoming math task) from (b) processing-related dilation change (pu-
pil size change while solving the math calculation). This design was motivated 
by the hypothesis that collecting participants’ pupil size during the anticipation 
of math tasks would inform us about the levels of participants’ emotional 
arousal at the moment they realized they would have to solve a math calculation. 
Thirdly, by pairing self-reports of affect with physiological measures of pupil 
dilation, we tested the relation between subjective emotional experience and ob-
jective markers of physiological arousal. This last point also contributes to 
bridging the gap between questionnaire-based and physiological assessments, 
offering a novel interactive rating task to index multidimensional affect (math 
anxiety in the published study) in early learners.  

The combination of pupillometry and behavioral measures allowed to ad-
judicate competing accounts about when and how anxiety impacts perfor-
mance: during anticipation, during task processing, or both (Eysenck & Calvo, 
1992; Lyons & Beilock, 2012a, 2012b; Young et al., 2012). The child data 
indicated that cognitive demand (task difficulty) exerts a reliable effect but 
anticipatory anxiety may be less detectable with the tools and tasks used, or 
may manifest differently in early development. These findings in the pub-
lished study were indirectly compared to the findings in the adults’ group, 
which provided evidence consistent with self-reported math anxiety effects in 
the early stages of task processing (that is, task confrontation: the first moment 
participants were capable of seeing the mathematical calculation they were to 
solve). Hence reinforcing the importance of temporally sensitive measures and 
developmentally appropriate paradigms for studying math-related affect in 
young children (Lu et al., 2021; Petronzi et al., 2019a).  

The weaker pupillometry–age effects observed in the children group (who 
were attending the first semester of preschool class), also suggest that physio-
logical arousal in young children may be driven more strongly by other devel-
opmental confounds. These include the ongoing development of working 
memory capacity, differing understandings of the symbolic anticipatory cues 
used in the study (e.g., adults’ M letter cue vs children’s dice picture), and indi-
vidual differences in baseline arousal regulation. These considerations are not 
specific to children attending preschool class as an institutional form, but reflect 
broader challenges in measuring cognitive and affective processes in young 
children. The field in general needs richer cognitive/affective developmental 
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measures suitable for early childhood populations across early educational con-
texts. In Study II, we contributed by testing several such possibilities within a 
pupillometry-based paradigm. In this process, we anticipated that the trustwor-
thiness and generalizability of the findings in Study I and II were tightly linked 
to the sample sizes, which also affect the broader relevance of the findings when 
embedded within larger bodies of knowledge on the subject (Schoenfeld, 2002).  

In Study III, ecological validity was particularly central, motivating why 
video recordings were used to capture naturally occurring mathematics activ-
ities. This preserved the authenticity of teacher–child interactions and allowed 
insights into real-world practices beyond controlled laboratory conditions. 
While Study III did not introduce a new analytic framework, it illustrated the 
methodological value of EMCA for studying affect in early mathematics ed-
ucation. By operationalizing affect as an interactional achievement and tracing 
alignment and affiliation practices through multimodal resources, the study 
demonstrated in selected sequences how sequential analysis can reveal pro-
cesses that remain invisible to questionnaires or physiological measures taken 
at a lab. These methodological choices strengthen the ecological validity of 
the thesis and exemplify how interactional methods, when theoretically in-
formed, can complement other approaches in mixed-methods research to 
maintain sensitivity to emergent, socially situated phenomena. 

Collectively, the methodological choices enabled the thesis to address af-
fect from multiple vantage points capturing population-level patterns, tem-
poral dynamics of physiological measures, and interactional practices. The 
purpose was to investigate intrapersonal and interpersonal processes con-
nected to different dimensions of affective relations to mathematics that would 
remain invisible through a single lens. These methods produced distinct but 
complementary forms of evidence. Questionnaires and scale development 
(Study I) produce population-level benchmarks, linking teacher affect to self-
reported practices, and creating instruments that can be placed in cross-na-
tional comparisons for math anxiety level or pedagogical practices frequency 
prognosis. Multimodal EMCA video analysis (Study III) provided ecological 
validity and attention to the sequential detail necessary to demonstrate how 
affect is made relevant (or not) by the participants themselves in interaction; 
the fine-grained interactional practices that link teacher orientations to chil-
dren’s lived math-related experiences in the preschool (Galeano & Norén, in 
prep.). In Study II, temporally sensitive physiological measures (pupillome-
try) let us begin to disaggregate anticipatory arousal from processing-related 
cognitive effort (Kahneman & Beatty, 1966). When combined with observa-
tion and self-reports, pupillometry enriches our understanding of when, how, 
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and in whom affective processes may become relevant for math performance, 
even when such effects are not directly observable at the behavioral level.  

At the same time, each method highlights different limitations and suggests 
complementary follow-ups (e.g., adding pedagogic content knowledge 
measures, collecting longitudinal data, making use of richer cognitive batter-
ies, and replicating interactional findings through observations across diverse 
settings). My methodological approach reflects the exploratory nature of the 
thesis project, and accentuates the complexity of studying affect as a relational 
and situated phenomenon. 

7.4 Relational Realism and EMCA  
Relational realism (Barret, 2006b; 2017; Barrett & Theriault, 2025). 2025) and 
EMCA offer complementary perspectives that allow us to treat teachers’ and 
children’s affective relations to mathematics as situated, interactionally pro-
duced phenomena rather than solely as stable individual traits. From a rela-
tional-realist standpoint, emotions are not private, fixed dispositions but dy-
namic states that acquire meaning as they emerge in relations among people, 
activities, and material arrangements across time. EMCA directs attention to 
the moment-by-moment talk and embodied practices through which partici-
pants display, negotiate, and transform affective stances in interactional prac-
tices. Bringing these perspectives together matters for didactics because it re-
frames both the object of study (affect in math education) and the locus of 
intervention.  

While more traditional approaches to emotion would treat teacher affect 
(e.g., math anxiety) as an individual attribute (or trait) that might reduce in-
structional quality or frequency, a relational-EMCA frame highlights how 
emotions (as states) are performed, recognized, and managed within peda-
gogic interactions and how those interactional patterns provide opportunities 
for children to encounter mathematical ideas in the preschool. The empirical 
findings reported in this thesis illustrate this complementarity: Study I showed 
small but systematic relations between teachers’ reported math (trait) anxiety 
and their reported teaching and math talk frequency (Galeano et al., 2024), 
and Study II’s temporally sensitive physiological data revealed differing an-
ticipatory and processing (state) patterns in adults versus very young children 
with no relation to affect in the case of children (Galeano & Gredebäck, 2024). 
Study III’s interactional analyses then supply micro-analytic evidence of the 
practices through which affective stances are displayed and responded to in 
preschool settings, and the consequences of this for engagement in mathemat-
ical activities. Together, Studies I and II point to the tendency to avoid math 
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content by preschool teachers who score higher on math-anxiety traits, 
whereas Study III illustrates how the centrality of affective work in supporting 
children’s participation and engagement becomes visible through the subtle, 
embodied, verbal, and prosodic cues with which teachers align to children’s 
affective stances in everyday preschool interactions. 

The theoretical consequence is twofold. First, physiological measures (for 
example, pupil dilation) and questionnaire scores gain interpretive power 
when situated within an interactional ecology: they index intra-individual 
characteristics but can also to some extent inform about the affordances and 
constraints offered by the contexts the children inhabit daily (in the preschool). 
Second, didactic interventions that aim to reduce the transmission of negative 
affect (e.g., math anxiety) could therefore focus less on treating emotions as 
fixed regulation deficits and more on shaping interactional routines and re-
flective practices that foreground the preventative potentials of affective work 
in everyday preschool activities. Practically, this suggests teacher-education 
activities that combine consideration to (a) conceptual reappraisal of emotions 
as dynamic and relational, (b) analytic reflection on brief interactional epi-
sodes (e.g., affect’s role in doing alignment and affiliation in interaction) that 
make the role of affect visible and actionable. By situating practice in 
grounded preschool scenarios, such focused measures are likely to increase 
teachers’ awareness of how affective work shapes and is shaped by everyday 
pedagogic actions. 

In short, a relational view of affect points to preventative approaches that 
treat affective relations as a resource to be shaped and accomplished in inter-
action rather than a fixed trait to be merely controlled, easily transmitted or 
reduced.  

7.4.1 Practical Implications  
The three studies in this thesis converge on a clear practical claim: affect mat-
ters for what children experience and learn in early mathematics. Our empiri-
cal findings indicate that affective relations to mathematics are emergent, in-
teractional, and consequential for children’s early math learning. If affect can 
be treated as a teachable component of mathematics education, teacher edu-
cation and everyday practice must pivot toward deliberately shaping the rela-
tional conditions for mathematical engagement. Below, I outline exemplar 
practical implications and concrete recommendations that arise from the three 
studies. 

Study I (MAST-P item-level focus): Study I showed that teacher affect con-
strains the frequency of math teaching and math talk (Galeano et al., 2024). 
To make some implications of Study I findings more concrete, I examined the 
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MAST-P item-level responses (Section 7.1; Supplementary 2). The MAST-P 
ranking presented here is intended as an exemplar for how practitioners and 
educators can identify context-specific affect and shape targeted interventions, 
but not as a prescriptive curriculum. As an example, Table 5 lists the seven 
(out of fourteen) highest-rated items (weighted averages) from our sample. 

 
Table 1 Highest rated items in MAST-P (Study I). 

MAST-P items in rating order accord-
ing to weighed averages: 

 

Weighted 
avg on 1-5 
agreement 

scale 

Scale sub-dimension 

5. I feel self-conscious if I don’t know how 

to solve a math problem right away 

(2.63) Social/evaluative subdimensions of gen-

eral math anxiety 

7. I would feel nervous if I had to figure out 

a math problem in front of others 

(2.59) Social/evaluative subdimensions of gen-

eral math anxiety  

11.When I am talking about math, I avoid 

going into depth about concepts I don’t feel 

comfortable with  

(2.38) Math Teaching Anxiety subdimension 

 

9. I would be nervous teaching math to stu-

dents in förskoleklass or grade 1 

(2.34) Math Teaching Anxiety subdimension 

 

6. I get nervous when I think my math abil-

ity is being evaluated  

(2.29) Social/evaluative subdimensions of gen-

eral math anxiety  

3. When I see a complicated math problem, 

I worry  

(2.23) Worry (cognitive) subdimension of gen-

eral math anxiety 

4. I get distracted by other thoughts while I 

am trying to solve math problems 

(2.1) Worry (cognitive) subdimension of gen-

eral math anxiety 

 
Table 5 includes three items from the social/evaluative subdimension of gen-
eral math anxiety, two from the math teaching anxiety subdimension, and two 
from the cognitive worry subdimension. 

Examining the items teachers most strongly endorsed suggests specific sit-
uations that teacher education programs would benefit from targeting. The 
following recommendations translate empirical findings into actionable steps 
to help teachers expand children’s opportunities for mathematical engage-
ment. These item-level patterns cluster around social/evaluative anxiety 
(items 5, 7, 6), teaching-specific avoidance and math knowledge concerns 
(items 11, 9), and cognitive worry related to task difficulty and distraction 
(items 3, 4). Practically, this suggests a call for teacher education and in-ser-
vice training prioritization of (a) reducing performance/evaluation threat, (b) 
rehearsing responses to spontaneous child questions, and (c) building interac-
tional fluency that supports deeper content engagement.  
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For instance, teachers expressed concern about teaching mathematics to 
slightly older age groups (item 9) and reported avoiding in-depth discussion 
of unfamiliar concepts (item 11). Such avoidance was already evident in the 
broader results of Study I, but the item-level analysis suggests that MAST-P 
can serve as a reflective diagnostic tool in teacher education. The tool can also 
be used with pre-service teachers to reason about the need of mathematics 
skills above the minimum required to teach in their group levels, and paired 
with occasions where pre- and in-service teachers put these higher levels of 
math knowledge to practice. This could help them prepare for addressing 
questions that go deeper than those they could foresee when planning activi-
ties for their preschool groups alone. Importantly, The MAST-P ranking is 
context-bound and the example presented here is intended as an illustrative 
diagnostic template. Interventions derived from these items should be piloted 
and evaluated locally before broad implementation. 

Study II (Affective relations & difficulty focus): Study II examined how 
self-reported affect (math anxiety) and task difficulty relate to pupil dilation 
(a proxy for emotional arousal / cognitive load) in adults and very young chil-
dren. The core empirical pattern was clear: task difficulty drove pupillary re-
sponses in both groups, but the link between self-reported math anxiety and 
pupil dilation differed by age. In adults, higher math anxiety was associated 
with increased pupil dilation during the initial phase of task processing (sug-
gesting an early, anxiety-related spike in cognitive load), whereas in children 
the math affect (anxiety)–pupil link was absent and pupillary changes related 
to task difficulty alone. The pattern in the children group was interpreted as 
either (a) early resilience/enjoyment of mathematical problem solving in these 
preschool class-age participants, or (b) an indicator of broader, systematic 
avoidance of math in preschool that delays the emergence of negative affect 
(anxiety)-related cognitive effects until after more formal schooling begins in 
this context. However, these findings do not suggest that math anxiety or af-
fect towards math is irrelevant in early childhood; rather they point at educa-
tionally important possibilities with distinct practical consequences.  

On the one hand, preserving low-threat, play-oriented math encounters 
align with a preventive focus. Preschool contexts that emphasize play, explo-
ration, and low-stakes problem solving may be helping keep early math expe-
riences enjoyable and non-anxious. Strategies to design frequent, brief, low-
stakes math interactions (games, story problems, use of manipulatives) and to 
introduce challenge gradually while minimizing performance evaluation may 
contribute to fostering positive affective relations to mathematics and act as a 
protective buffer against later anxiety. 
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On the other hand, evaluation threat can be supported by setting transparent 
expectations, group problem solving, public error-tolerant talk to reframe dif-
ficulty as common and informative. For instance, emphasizing process over 
speed (Ramirez et al., 2018), and establishing classroom norms that decouple 
mistakes from judgment (Tainio & Laine, 2015). Moreover, sequencing tasks 
with fine-graded increases in difficulty and scaffolding children’s processing 
(prompting, modelling, visual support) can help reframe challenge as manage-
able rather than evaluative. Discussing with teachers how to interpret chil-
dren's signs of load versus distress (e.g., task-related pausing, off-task distrac-
tion, avoidance behaviors) and on targeted responses: more scaffolding when 
load (e.g., difficulty) is high; affect-sensitive support (comfort, modelling) 
when distress is present. Over time, this might help teachers avoid either (a) 
removing all challenge (which may stifle learning) or (b) exposing children to 
evaluative pressure prematurely. 

Finally, math avoidance, though not immediately visible, poses a silent 
risk. Limited exposure may delay anxiety but also weaken foundational skills 
and reduce later resilience. Teachers can help mitigate this by combining low-
stakes, enjoyable math encounters with opportunities that expand children’s 
skills (e.g., practicing how to respond to unexpected questions as opportunities 
for mutual exploration rather than circumventing or avoiding them). Such bal-
anced exposure could help children develop both competence and tolerance 
for challenge before formal schooling raises evaluative pressures. 

These recommendations derive directly from the empirical pattern in Ga-
leano and Gredebäck (2024) and from conservative inference about develop-
mental trajectories; they are not claims of causation about long-term anxiety 
development. The study was sample-specific (preschool class-age children in 
Uppsala) and used pupillometry as a proximate measure of arousal/cognitive 
load. Both aspects counsel local piloting before broader changes are imple-
mented. Yet, Study II can be used as a principled guide for preventive, scaf-
folded, low-threat practice, and local evaluation. 

Study III examined how teachers’ responses to children’s affective stance 
initiatives shape engagement and participation in math-related activities. The 
findings illustrate that affective work is consequential for alignment and affil-
iation practices and also for the trajectory of mathematical activities, and that 
spontaneous activities afford more embodied co-engagement than pre-planned 
ones. These results point to the importance of recognizing that affect is not 
only a component of eventually measurable fixed traits, but that it is also sit-
uated within—and accomplished through— interactional practices, relations, 
and local mathematical contexts, thereby contributing to the social actions in 
which it is embedded. 
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Rather than prescribing specific affective strategies, these results suggest the 
value of sensitizing teachers to the role of affect in shaping mathematical en-
gagement. The extract-based approach in Study III (detailed multimodal and 
sequential analysis of representative examples) could be further developed into 
reflective tools that help teachers notice how affective practices emerge in real 
time and how they matter for participation and engagement in their own teach-
ing. Such tools would not aim to teach predefined behaviors but to sensitize 
teachers to the relational conditions that shape mathematical activity. At the 
same time, the study highlights the need for more research on affect in early 
math education, particularly across diverse contexts and populations. Future 
work should examine how age, gender, ethnicity, and social class intersect with 
affective practices, and how these dynamics play out in different educational 
settings. Such research can further inform teacher education and curriculum de-
sign by showing the relational conditions that support both engagement and par-
ticipation in early mathematics teaching and learning. 

7.5 Concluding Remarks 
Early interactions with mathematics can significantly influence an individual’s 
educational trajectory and career choices (Sokolowski & Ansari, n.d.; Szczygieł 
& Pieronkiewicz, 2022); Baas, 2020). Positive early math experiences can foster 
confidence, curiosity, and a sense of competence (Fitz & Price, 2025; Gashaj, et 
al., 2023; ten Braak et al., 2021). Negative experiences, particularly those involv-
ing or eventually resulting in math anxiety as a measurable trait, can lead to im-
mediate and long-term avoidance and disengagement (Shabab, 2024; Kyttälä & 
Björn, 2022; Pizzie & Kraemer, 2017). Math anxiety, if not addressed, can di-
minish a child's willingness to engage with math-related subjects (Lau et al., 
2024). This reluctance can limit opportunities for practice and development of 
critical mathematical skills and math content knowledge. For example, by reduc-
ing children’s help-seeking behavior (Wang, Zhang, & Pellicioni, 2025), which 
may hinder later academic performance and/or professional pursuits. Over time, 
these early affective experiences create patterns that can influence whether stu-
dents continue their studies in mathematics and related fields, or opt out, ulti-
mately contributing to the persistence of gender and other demographic dispari-
ties in STEM representation (Ahmed, 2018; Daker et al., 2021; Eidlin-Levy et 
al., 2023; Håkansson, 2024). 

Education, ideally, serves as a foundation for both competence and positive 
relations towards learning, targeting to nurture both skills and a genuine inter-
est in and resilience toward effort in subjects like mathematics. For this vision 
to be realized, early childhood education must provide environments that 
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promote exploration, experimentation, failure, and achievement in mathemat-
ics in a way that feels safe and supportive. Children need opportunities to 
grapple with mathematical ideas in a cognitively and affectively stimulating 
manner. Such developmental approach aligns with the broader socio-cultural 
processes that recognize learning as an interactional, relational, and emotional 
journey. Creating these environments requires educators who understand and 
address the affective dimensions of learning, which foster children’s comfort 
and confidence with math from the earliest stages. 

This thesis contributes to that vision by showing that affect in early mathe-
matics education is a set of complex interactional and relational phenomena that 
involves both teachers and children. By integrating relational realism and 
EMCA with empirical evidence from survey, physiological, and interactional 
data, the work frames affect as both theoretically significant and practically ac-
tionable, inviting a shift in teacher education toward shaping relational condi-
tions for mathematical engagement. Looking ahead, continued research across 
developmental stages and cultural contexts will be essential to refine these in-
sights and design interventions that promote positive affective relations to math-
ematics from the earliest years. A natural next step would be to integrate these 
methodological perspectives within a single longitudinal design, following the 
same children across time. Future studies might, for example, combine 
video-recorded interaction analysis with teacher recall interviews and physio-
logical or survey measures to provide a more comprehensive account of how 
affective relations to mathematics emerge, stabilize, and change. 
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Chapter 8. Sammanfattning på svenska 

Bakgrund och syfte 
Denna avhandling undersöker affektiva relationer till matematik i svensk ut-
bildning för yngre barn (förskola och förskoleklass). Den för samman psyko-
logiska, fysiologiska och interaktionella metoder för att öka förståelsen av hur 
yngre barns orienteringar mot matematik och matematiska aktiviteter skapas 
och upprätthålls. I forskningsfältet matematik och affekt finns en växande 
samstämmighet om att affekt är grundläggande – inte perifer – för matematiskt 
lärande och deltagande (Hannula, 2012, 2019; McLeod ,1992). Samtidigt fo-
kuserar mycket forskning på äldre barn, vilket lämnar begränsad kunskap om 
hur affektiva relationer till matematik formas och stabiliseras före den for-
mella skolstarten (Dowker et al., 2012). Mot bakgrund av förskolans läroplan 
Lpfö 18, som betonar både barns emotionella utveckling och tidig matematisk 
utforskning, undersöker avhandlingen lärares affektiva relationer till matema-
tik, barns affektiva och fysiologiska engagemang i matematikaktiviteter, samt 
affektiva praktiker som görs i vardaglig social interaktion.  

Det övergripande syftet var att fördjupa kunskapen om förskole- och för-
skoleklassbarns affektiva relationer till matematik, i relation till (i) lärares 
självskattade matematikängslan, (ii) barns samspelsnära engagemang i mate-
matikuppgifter i realtid, och (iii) interaktionella praktiker genom vilka affek-
tiva hållningar och positioneringar visas upp, responderas på och hanteras i 
vardagliga aktiviteter i förskolan. Ett andra syfte var att belysa hur olika me-
todologiska och teoretiska perspektiv kan belysa yngre barns affektiva relat-
ioner till matematik. Två forskningsfrågor vägledde arbetet: 

 
1. Hur (sam)konstruerar lärare och barn affektiva relationer till mate-

matik i tidig utbildning? 
 

2. Vad bidrar olika forskningsmetoder med i analyser av affektiva re-
lationer till matematik i tidig utbildning?  
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Teoretiskt ramverk 
Avhandlingen förenar en psykologisk konstruktionistisk syn på emotioner 
med ett dialogiskt perspektiv på emotioner som deltagares hållning eller po-
sitionering i social interaktion. Barretts teori om konstruerade emotioner utgör 
en teoretisk ram och beskriver emotion som en framväxande situerad process 
som bygger på interoceptiv, konceptuell och kontextuell information (Barrett, 
2017), vilket möjliggör att affektiva relationer till matematik förstås som kon-
textkänsliga, kulturellt formade och utvecklingsmässigt rörliga. Ytterligare en 
teoretisk ram hämtas från de båda närliggande traditionerna lingvistisk antro-
pologi och etnometodologisk samtalsanalys, där emotioner och affekt inte be-
handlas som ett intrapersonellt tillstånd utan som offentligt uppvisad affektiv 
hållning eller positionering, samskapad av deltagare genom löpande samord-
ning av språkliga och kroppsliga handlingar inom ramen för lokala sociala 
aktiviteter (Goodwin & Goodwin, 2000; Ochs, 1996). Hannulas metateori 
(2012) används som en heuristik för att lokalisera de olika teoretiska och me-
todologiska valen i Studie I–III inom det bredare forskningsfältet om affekt. 
Tillsammans stödjer de olika teoretiska ramarna en metodologisk design med 
blandade metoder (mixed methods) som kan hantera både intrapersonella 
(t.ex. fysiologiska indikatorer) och interpersonella dimensioner av affektiva 
relationer (t.ex. responser på affektiva initiativ) i tidig utbildning — utan att 
reducera affekt till vare sig bara ett inre tillstånd eller bara en interaktionell 
process.  

Metod 
Avhandlingen använder en design med flera metoder: en större enkät till yrkes-
verksam personal i förskolan (Studie I), laboratoriebaserade fysiologiska och 
beteendemässiga mått med förskoleklassbarn och en förälder vardera (Stu-
die II), samt detaljerad videoanalys av vardagliga matematikrelaterade aktivite-
ter i en förskola (Studie III). Designen möjliggör analys av affektiva relationer 
på flera nivåer — konceptuell, fysiologisk, beteendemässig och interaktionell 
— samt att följa hur nivåerna konvergerar och divergerar mellan kontexter. Del-
tagare var förskollärare, barnskötare, barn i förskoleklass och en av deras för-
äldrar, samt barn 3–6 år i förskola. Samtliga studier etikprövades.  

Data och deltagare: I korthet omfattade avhandlingen en kommunal enkät 
till personal i tidig utbildning (N = 357) med en anpassad lärarskala för mate-
matikängslan samt ett index över frekvensen av matematikrelaterade pedago-
giska handlingar (Studie I); en laboratoriestudie med barn i förskoleklass 
(M = 5,67 år) och en förälder vardera som kombinerade pupillometri med en 
barnanpassad affektskattning och visuospatialt arbetsminne (Studie II); samt en 
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videoetnografi (> 5 timmar video) inom vardagliga matematikaktiviteter i för-
skola analyserade med multimodal samtalsanalys (Studie III). Samtliga meto-
dologiska upplägg godkändes av Etikprövningsmyndigheten. Studie I: Dnr 
2021-04308. Studie II: Dnr 2022–01163–01. Studie III: Dnr 2023-03796-01. 

Studie I–III 
Studie I: Lärares matematikängslan och pedagogiska handlingar 
Tidigare forskning visar att matematikängslan är vanlig bland personal i tidig 
utbildning och kan prägla vilka matematikmöjligheter som barn erbjuds i 
praktiken, men kopplingen till vardagliga förskolepraktiker är otillräckligt 
specificerad (Jenßen, 2021; Palmer, 2020; Schaeffer et al., 2020; Beilock 
et al., 2010). I Sverige vilar mycket matematik i förskola på lärarinitierade 
matematiksamtal i dagliga rutiner, vilket gör det centralt att förstå om och hur 
personalens egna affektiva relationer till matematik samvarierar med frekven-
sen av och karaktären på sådana handlingar (Björklund & Barendregt, 2016; 
Lpfö 18). Studie I använde en anpassad MAST-P och ett frekvensmått för ma-
tematikrelaterade pedagogiska handlingar i återkommande situationer (sam-
ling, måltider, hall, planerad undervisning, utflykter) i en kommunal enkät 
(N = 357). Tvåfaktorlösningen (allmän respektive undervisningsnära ängslan) 
bekräftades. Studien visade att förskollärares matematikängslan hängde sam-
man med lägre rapporterad frekvens av matematikundervisning och matema-
tiksamtal, särskilt i mer strukturerade situationer, medan en motsvarande re-
lation inte framträdde för barnskötare. Detta identifierar en yrkesrollsspecifik 
möjlig väg genom vilken lärares affektiva relationer formar barns exponering 
för matematik före formell skolstart.  

Studie II: Förväntan och bearbetning av mattetal i förskoleklass 
I forskning om äldre deltagare har matematikängslan kopplats både till för-
väntan (före uppgift) och bearbetning (under uppgift) samt till arbetsminnes-
belastning, men tidig ålder och fysiologiska mått har studerats mindre och ofta 
utan tydlig åtskillnad mellan faser. Studie II prövade därför om (a) föregri-
pande aktivering uppträder inför mattetal, (b) uppgifts-svårighet driver pupill-
vidgning under bearbetning, och (c) barns barnanpassade självskattning av af-
fekt samvarierar med fysiologiska mått. Resultaten visar att uppgiftssvårighet 
tydligt driver pupillvidgning under bearbetning, medan föregripande aktive-
ring var minimal i gruppen. Samband mellan barns affektskattning och pupill-
mått framträdde inte, och ingen korrelation kunde ses mellan barns och för-
äldrars matematikängslan. Tolkningen är att fysiologiska komponenter knutna 
till matematikängslan ännu inte är konsoliderade i denna ålder i denna kontext 
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— inte att affekt saknas — och att lokala ekologier i förskola/förskoleklass är 
viktiga för hur affektiva relationer tar form.  

Studie III: Affektiv hållning i förskolans matematik 
Samtidigt som interaktionell forskning i förskola visar att lärare och barn ru-
tinmässigt förhandlar affektiv hållning eller positionering multimodalt (Björ-
klund et al., 2018; Johansson et al., 2012; Cohrssen et al., 2014), är de affek-
tiva dimensionerna av deltagande i tidiga matematikrelaterade aktiviteter re-
lativt outredda. Studie III analyserade >5 timmar vardaglig matematikinter-
aktion i en förskola med multimodal samtalsanalys och undersökte hur lärares 
responspraktiker i samband med barns uppvisade affektiva hållningar bidrar 
till att organisera deltagande i olika aktiviteter. Tre huvudsakliga sociala hand-
lingar dokumenterades i samband med olika responspraktiker: återengagering 
när lärare graderar upp barnets affektiva hållning genom att bjuda in till en 
multimodal räknesekvens i en lekaktivitet där barnet tagit initiativ till att dra 
sig ur, reparationsarbete och pedagogiska förklaringar när lärare graderar ner 
barnens affektiva hållning under produktionen av felaktiga svar under en pla-
nerad mattelektion, samt moraliskt arbete när lärare fördröjer responsen på ett 
barns milt retsamma och lekfulla ordlek och därmed värnar normer för delta-
gande i en gemensam emergent matteaktivitet. Samtliga responspraktiker in-
volverade verbala, prosodiska, kroppsliga och materiella resurser för att de-
monstrera tillhörighet eller avvikelse från en initierad/pågående affektiv hand-
lingssekvens, vilket möjliggjorde närmande, reparerande eller normåbero-
pande handlingar beroende på vad som stod på spel lokalt. Sammantaget visar 
resultaten att affekt som interaktionell hållning och koordinerat arbete inte är 
perifert utan centralt för hur matematikaktiviteter organiseras i förskola.  

Samlade resultat 
Tillsammans visar studierna att affektiva relationer till matematik i tidig ut-
bildning är relationella, situerade och utvecklingsmässigt emergenta. Studie I 
identifierar en yrkesrollsspecifik koppling mellan förskollärares matematik-
ängslan och barns tidiga möjligheter att möta matematik. Studie II visar att 
fysiologiskt engagemang under bearbetning av en matematisk uppgifts hos 
barn i förskoleklass främst drivs av uppgiftssvårighet (snarare än självrappor-
terad affekt). Studie III visar att affektivt arbete i matematiska aktiviteter bi-
drar till olika sociala handlingar beroende på sekventiell kontext och aktivitet. 
På avhandlingsnivå ger kombinationen av psykologiska, fysiologiska och in-
teraktionella metoder en lager-på-lager-bild av hur affektiva relationer formas, 
iscensätts och hanteras i tidig utbildning. Teoretiskt länkas en konstruktionist-
isk emotionssyn till en syn på affekt som multimodal, förkroppsligad och 
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kontextspecifik; metodologiskt visas genomförbarheten och mervärdet av 
blandade metoder i samband med forskning om och med yngre barn; praktiskt 
betonas behovet av att ge lärare kunskaper om betydelsen av affektiva orien-
teringar i samspelet med barn, se affektivt arbete som en kärna i pedagogiken 
och utforma tidiga matematikmiljöer där kognitiva utmaningar förenas med 
interaktionella praktiker som orienterar mot och tar till vara barns affektiva 
engagemang i matematiska aktiviteter.  

Betydelse/Implikationer 
Teoretiskt konceptualiserar arbetet tidig matematisk affekt som en emergent 
och relationell prestation snarare än som ett fast personlighetsdrag och för 
samman situerad analys av emotioner som fysiologiskt och kognitivt konstru-
erade med situerad analys av affekter som interaktionellt samskapade. Meto-
dologiskt visas att kombinationen av enkätinstrument, pupillometri och mul-
timodal samtalsanalys är genomförbar och insiktsgivande i studier av yngre 
barns emotioner/affekter i matematikaktiviteter och ger både konvergerande 
och divergerande fynd mellan analysnivåer. Praktiskt motiverar resultaten 
professionsutveckling som (i) stödjer lärares egna affektiva orienteringar till 
matematik, och (ii) framhäver kontextuella, kroppsligt förankrade, och relat-
ionsskapande praktiker tillsammans med kognitiv utmaning vid design av ti-
diga matematikmiljöer.  

Begränsningar och fortsatt forskning 
Avhandlingens resultat är baserade på data från en kommun och data från stu-
dier med observations och labbdesign; ett naturligt nästa steg är en longitudi-
nell inomkohortstudie som kombinerar återkommande videoinspelningar un-
der en längre tid, recall-intervjuer med lärare och barn efter inspelningarna, 
samt fysiologiska och självrapporterade mått för att pröva hur tidiga interakt-
ionella praktiker konsoliderar—eller buffrar—affektiva relationer till mate-
matik över tid.  
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Aguyje Mante! 

Då  
Jag hade precis flyttat tillbaka till Paraguay efter mitt år och ett halvt i Storbritan-
nien. Det var mitt under pandemins början, och jag bodde ensam i en månad. 
Pappa och mamma kom förbi med mat och kärlek i vardagen — det var faktiskt 
ganska fint. Jag trodde att det skulle ta lång tid innan jag skulle hitta en dokto-
randtjänst, särskilt efter att ha tackat nej till en PhD-plats i Bristol.  

Två eller tre dagar efter att jag äntligen kunde flytta hem till mamma och mor-
mor publicerade Marcus Lindskog en doktorandutlysning vid Institutionen för 
pedagogik, didaktik och utbildningssociologi. Han var också psykolog och ar-
betade vid ett Child and Baby Lab. Dreams do come true, va?!  

Uppsala lät fint. Jag tänkte: ja, där kan jag se mig själv. En internationaliserad 
stad där människor "säkert" skulle förstå vad jag sa om jag pratade norska. Jag 
mejlade Marcus och frågade om det fanns något hans labb ville undersöka 
mer. Han svarade bara: math anxiety. Det var allt.  

De tre veckorna som följde visste mamma och mormor att jag antingen skulle 
komma ner bara för lunch, middag eller för att träna i vår trädgård. Jag ringde 
några vänner och sa: “Jag har byggt ett projekt och sökt ett jobb i ett labb i 
Sverige. De kommer förmodligen inte ens läsa klart min ansökan — men det 
är okej. Min plan är ändå att flytta till djungeln, undervisa och översätta på 
distans tills någon svarar på mina ansökningar.”. 

Nu  
It’s been a bit over 5 years...  

        “Man, sometimes it takes a long time to sound like yourself.” 
-Miles Davis 
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I like to zoom in and out.  
 

Perspective taking has always been my method, 
long before I knew it had a name. 

  
This thesis was written without describing a single lobule of the brain in detail.  

 
Mitt i Mellan 

 
When my first supervisor team fell apart, it was Gustaf Gredebäck who first 
asked me whether I was going to stay. That question mattered more than 
he probably knows. Gustaf has repeatedly seen me as a whole person rather 
than only as a worker, and that way of relating has been central to my motiva-
tion and resilience through the most demanding parts of this project. His 
steady trust and willingness to engage with both my doubts and my ideas gave 
me the confidence to keep going. For that, I am deeply grateful.  

Niklas Norén invested an extraordinary amount of time in helping me under-
stand what EMCA was about — and just as importantly, in engaging seriously 
with where I was coming from in relation to it. Although we often started from 
markedly different worldviews, those differences became a productive space 
for learning together rather than an obstacle. Our conversations shaped both 
my methodological grounding and my confidence in inhabiting perspectives 
that do not always fit neatly within established traditions.  

I understand the trade-off between specialization and breadth in scientific 
work, and I made the conscious choice of standing in the middle of several 
research fields. This is because I'm trying to paint a better picture than the ones 
we already have, which is difficult. My thesis therefore reflects many rounds 
of discussions among colleagues in the Math Education group, the Uppsala 
Child and Baby Lab team, and the seminars with Gosia Marschall, Bert Jons-
son, and Markku Hannula.   

Three networks have also contributed decisively to my work: Studies in Child-
hood, Learning and Identities as Interactional Practices (CLIP); Preschool and 
Children: Experiences, Practices, and Development (PACED); and the Nordic 
Evidence-Based High-Quality Early Childhood Education and Care Research 
Network for Social Justice. Thank you all for holding patience and making 
room for a junior scientist full of —sometimes annoying— questions!   
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There is also Paul Howard-Jones, Constanza Zelaschi, and all the toddlers, 
children, adolescents, and adults with whom I have worked — first as a 
teacher, then as a researcher, always as a learner. Life is so much more than 
work. I can’t wait for what’s to come next, but today I hope these pages did 
some justice to the input I have gathered from these diverse contexts and the 
globetroattering that made me, me.  

My identity is not defined by whether I manage to momentarily communicate 
my ideas in a way that is accessible to experts in parallel fields. I always knew 
this, but sometimes I forget. Special thanks to Hanna & Matilda for the con-
stant reminders.  

To the wider support network that carried me to the final stages of this project: 
heartfelt appreciation to Hsing-fen, Patricia, Azra and Charly.  

For sharing confusion and laughter: Virginia, Hära, Emma N., Sarah, Kim N., 
Markus, Annie, Kicki, and Fredrika.  

For the banter and confidence. Also, for treating my sometimes complicated or 
unorthodox ideas as -polishable and feasible work in progress- material: Kahl, 
Kim A., Umay, Johan, Anton, Agnes, Emma J., Lilja, Amanda, Emily and Tom.  

For supporting my usual non-confrontative policies but also paying attention 
when I turn into a rebel: Karin N, Pia, Andrew, Olov V., Thomas N.  

For kindness and mindful support: Mathilda T., Elli, Jenni N., Mimmi, Fabi-
ola, Lisa, Ricardo, Karin L., Paula, and Elisabeth.  

Researchers whose words have wised or cheered me up: Helen Melander, Ka-
tarina Gustafsson, Ann-Carita E., Pär Nyström, Christine Fawcett, Jenny 
Folkeryd, Leif Östman, Carina Tångring, Linn Areskoug, Terje Falck-Yt-
ter and Linda Forssman.  

Elin and Eliana — you two have a special place in my heart for who you are, 
but also for joining the intercontinental research rollercoaster.  

För att ni inte gav upp förrän jag tackade ja till att undervisa på svenska — 
Maria Rasmusson och Gabriella Gejard, tusen hjärtlige tack!   

Gunilla Lindqvist and Eva Rosendal, to you simply: thanks for your ex-
tra warmth.  
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For understanding that my head was sometimes totally up in space (making 
me arrive at dancing class either five minutes late or a full hour early) and for 
accepting a millennial among you when it’s bubbles time: Emma, Leoni, and 
Tove <3  

Lastly, I need to address my family — both of them. Moving to Sweden felt 
homier knowing that mina Norska föreldrarna Anne-Gurie og Trond Erland-
sen were nearby, and that Tante Benthe, Loppa, and Thomas would come by 
to visit. It has been beautiful to watch Carroe and Fredrick’s family grow from 
a little closer over these years, just as inspirational as watching Carly and Fabi 
mature as partners and parents while sharing Rosalind Sofía’s joy through 
countless video calls.  

Thanks to my Papi for the calmness and trust. 

Thanks to my Mum for always showing up. 

You two —as a team & individually— have given me more than you ever 
planned. 

It's not like anyone was expecting me to pursue a PhD, thanks for teaching 
and reminding me in this and after taking any other decision, 

that I'm always allowed to change my mind. 

Thanks to Helge for the companionship and support, for genuine interest in 
my work and commitment to our relationship — and above all: for grounding 
me in safety and in opportunities to cultivate my hobbies alongside my pro-
fessional adventures. Including, hanging out with my Latino fam in Stock-
holm: Daniela, Sarita, Alma & Robert, Willy, Samantha & Sofie, Coly, 
Hugo! I also wish to thank the Fusion Festival crew, whose joy, humour, and 
friendship have kept me alive and energized throughout these years. Same 
goes for Alisher & fam, Pete and MadMax. Thanks to Stephan, and everyone 
who welcomed me to the UARS rowing club. 

For the everlasting friendship: Gaby, Pepi, Carmen, Anahi, Vero, Maje, Diego y 
los chicos, Camilo, Nadia, Sigfre, Kau & Choko, + la familia Soler represent-
ing Paraguay; Shanky, Fabio & Johana, Ioana and Gina representing Bristol; 
Haakon here representing Norway and Rafa representing Vermont. 
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To all of you — and the many unlisted, including those who may or may not 
still be walking among us —    

My sincere gratitude. 

 

Marcus left, mormor dog and Kajsa too.   

Now Marcus is back from the boring dark side, and it still feels like my nan 
and Kajsa never really left. I think of Ati, Clau, Esteban, Gabriel and all the 
seasonal friends... in much the same way.   

Workwise, my hope is that this thesis guides us toward more complex and 
more specific research questions — also, to richer avenues for future inter-
disciplinary collaborations. And fun! After all, if anything—I think I was at 
least partly hired to do this job because of my outsider—foreign—other-
worldly vibes.  



 

 155

References 

Ahmed, W. (2018). Developmental trajectories of math anxiety during adolescence: 
Associations with STEM career choice. Journal of Adolescence, 67, 158–166. 
https://doi.org/10.1016/j.adolescence.2018.06.010 

American Psychological Association. (n.d.). Cited by records for The Mathematics 
Anxiety Rating Scale: Psychometric data. APA PsycNet. Retrieved January 30, 
2026, from https://psycnet.apa.org/search/citedBy/1973-05788-001 

Anders, Y., & Rossbach, H. G. (2015). Preschool teachers’ sensitivity to mathematics 
in children’s play: The influence of math-related school experiences, emo-
tional attitudes, and pedagogical beliefs. Journal of Research in Childhood Ed-
ucation, 29(3), 305–322. https://doi.org/10.1080/02568543.2015.1040564 

Andries, F., Meissl, K., de Vries, C., Feyaerts, K., Oben, B., Sambre, P., Vermeerber-
gen, M., & Brône, G. (2023). Multimodal stance-taking in interaction: A sys-
tematic literature review. Frontiers in Communication, 8, Article 1187977. 
https://doi.org/10.3389/fcomm.2023.1187977 

Ansari, T. L., & Derakshan, N. (2021). The neural correlates of cognitive effort in 
anxiety: Effects on processing efficiency. Cognitive, Affective, & Behavioral 
Neuroscience, 21 (1), 85–101. https://doi.org/10.3758/s13415-020-00850-0 

Ashcraft, M. H., & Faust, M. W. (1994). Mathematics anxiety and mental arithmetic 
performance: An exploratory investigation. Cognition and Emotion, 8(2), 97–
125. https://doi.org/10.1080/02699939408408931 

Ashcraft, M. H., & Kirk, E. P. (2001). The relationships among working memory, 
math anxiety, and performance. Journal of Experimental Psychology: General, 
130(2), 224–237. https://doi.org/10.1037/0096-3445.130.2.224 

Ashcraft, M. H., & Krause, J. A. (2007). Working memory, math performance, and math 
anxiety. Psychonomic Bulletin & Review, 14(2), 243–248. https://doi.org/ 
10.3758/BF03194059 

Australian Government Department of Education. (2022). Belonging, being and becom-
ing: The Early Years Learning Framework for Australia (Version 2.0). Australian 
Government Department of Education. https://www.acecqa.gov.au/sites/de-
fault/files/2023-01/EYLF-2022-V2.0.pdf 

Aubrey, C., & Dahl, S. (2005). That child needs a good listening to! Reviewing ef-
fective interview strategies. Early Years, 25(1), 99–120. 

Aydin, S., & Coştu, S. (2016). A longitudinal study of the attitudes of early childhood 
preservice teachers towards mathematics. International Journal of Psychology 
and Educational Studies, 3(2), 25–35. https://doi.org/10.17220/ijpes.2016.02.003 

Baas, B. (2020). The perceptions and experiences of math anxiety (Master’s thesis). 
Dominican University of California. https://doi.org/10.33015/domini-
can.edu/2020.EDU.06 

Bandura, A. (1989). Social cognitive theory. In R. Vasta (Ed.), Annals of child devel-
opment. Vol. 6. Six theories of child development (pp. 1-60). Greenwich, CT: 
JAI Press. 



 

 156 

Barrett, L. F. (2006a). Solving the emotion paradox: Categorization and the experi-
ence of emotion. Personality and Social Psychology Review, 10(1), 20–46. 
https://doi.org/10.1207/s15327957pspr1001_2 

Barrett, L. F. (2006b). Are emotions natural kinds? Perspectives on Psychological 
Science, 1(1), 28–58. https://doi.org/10.1111/j.1745-6916.2006.00003.x 

Barrett, L. F., Lindquist, K. A., Semin, G. R., & Smith, E. R. (2008). The embodiment 
of emotion. In G. R. Semin & E. R. Smith (Eds.), Embodied grounding: Social, 
cognitive, affective, and neuroscientific approaches (pp. 237–262). Cambridge 
University Press. 

Barrett, L. F. (2009a). The future of psychology: Connecting mind to brain. Perspec-
tives in Psychological Science, 4(4), 326–339. https://doi.org/10.1111/j.1745-
6924.2009.01134.x 

Barrett, L. F. (2009b). Variety is the spice of life: A psychological construction ap-
proach to understanding variability in emotion. Cognition and Emotion, 23(7), 
1284–1306. https://doi.org/10.1080/02699930902985894 

Barrett, L. F. (2012). Emotions are real. Emotion, 12(3), 413–429. 
https://doi.org/10.1037/a0027555 

Barrett, L. F., Quigley, K. S., & Hamilton, P. (2016). An active inference theory of 
allostasis and interoception in depression. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 371(1708), 20160011. https://doi.org/ 
10.1098/rstb.2016.0011 

Barrett, L. F. (2017). The theory of constructed emotion: An active inference account 
of interoception and categorization. Social Cognitive and Affective Neurosci-
ence, 12(1), 1–23. https://doi.org/10.1093/scan/nsw154 

Barrett, L. F. (2022). Context reconsidered: Complex signal ensembles, relational 
meaning, and population thinking in psychological science.American Psy-
chologist, 77(8), 894–920. https://doi.org/10.1037/amp0001054 

Barrett, L. F. (2024, May 29). Relational Realism [Public lecture]. Pufendorf Lec-
tures, Lund University, Sweden. 

Barrett, F. L., & Thériault, J. (2025). What’s real? A philosophy of science for social 
psychology. In D. T. Gilbert, S. T. Fiske, E. J. Finkel, & W. B. Mendes (Eds.), 
The handbook of social psychology (6th ed.). Situational Press. 
https://doi.org/10.70400/BPQW3358 

Barrett, L. F., Atzil, S., Bliss-Moreau, E., Chanes, L., Gendron, M., Hoemann, K., 
Katsumi, Y., Kleckner, I. R., Lindquist, K. A., Quigley, K. S., Satpute, A. B., 
Sennesh, E., Shaffer, C., Theriault, J. E., Tugade, M., & Westlin, C. (2025). The 
theory of constructed emotion: More than a feeling. Perspectives on Psychologi-
cal Science, 20(3), 392–420. https://doi.org/10.1177/17456916251319045 

Barroso, C., Ganley, C. M., McGraw, A. L., Geer, E. A., Hart, S. A., & Daucourt, M. C. 
(2021). A meta-analysis of the relation between math anxiety and math achieve-
ment. Psychological Bulletin, 147(2), 134–168. https://doi.org/10.1037/ 
bul0000307  

Barsalou, L. W. (2008). Grounded cognition. Annual Review of Psychology, 59, 617–
645. https://doi.org/10.1146/annurev.psych.59.103006.093639 

Beatty, J. (1982). Task-evoked pupillary responses, processing load, and the structure 
of processing resources. Psychological Bulletin, 91(2), 276–292. 
https://doi.org/10.1037/0033-2909.91.2.276 

Beilock, S. L., Gunderson, E. A., Ramirez, G., & Levine, S. C. (2010). Female teachers’ 
math anxiety affects girls’ math achievement. Proceedings of the National Acad-
emy of Sciences, 107(5), 1860–1863. https://doi.org/10.1073/pnas.0910967107 



 

 157

Beilock, S. L., & Maloney, E. A. (2015). Math anxiety: A factor in math achievement 
not to be ignored. Policy Insights from the Behavioral and Brain Sciences, 
2(1), 4–12. https://doi.org/10.1177/2372732215601438 

Berggren, M., & Bergh, R. (2025). Simpson’s gender-equality paradox. Proceedings 
of the National Academy of Sciences of the United States of America, 122(23), 
e2422247122. https://doi.org/10.1073/pnas.2422247122  

Bishop, A. J. (1988). Mathematical enculturation: A cultural perspective on mathe-
matics education. Springer. 

Björklund, C. (2010). Broadening the horizon: Toddlers’ strategies for learning math-
ematics. International Journal of Early Years Education, 18(1), 71–84. 
https://doi.org/10.1080/09669761003661246 

Björklund, C., & Barendregt, W. (2016). Teachers’ pedagogical mathematical awareness 
in Swedish early childhood education. Scandinavian Journal of Educational Re-
search, 60(3), 359–377. https://doi.org/10.1080/00313831.2015.1066426 

Björklund, C. (2017). Aspects of numbers challenged in toddlers’ play and interaction. 
In Proceedings of the Tenth Congress of the European Society for Research in 
Mathematics Education (CERME 10) (pp. 1821–1828). European Society for 
Research in Mathematics Education. https://hal.science/hal-01938948/docu-
ment 

Björklund, C., Magnusson, M., & Palmér, H. (2018). Teachers’ involvement in chil-
dren’s mathematizing – beyond dichotomization between play and teaching. 
European Early Childhood Education Research Journal, 26(4), 469–480. 
https://doi.org/10.1080/1350293X.2018.1487162 

Björklund, C., van den Heuvel-Panhuizen, M., & Kullberg, A. (2020). Research on 
early childhood mathematics teaching and learning. ZDM, 52(4), 607–619. 
https://doi.org/10.1007/s11858-020-01177-3 

Björklund, C., & Palmér, H. (2022). Teaching toddlers the meaning of numbers—
connecting modes of mathematical representations in book reading. Educa-
tional Studies in Mathematics, 110, 525–544. https://doi.org/10.1007/s10649-
022-10147-3 

Björklund, C., & Palmér, H. (2024). The challenges of mathematizing in Swedish 
early childhood education. Journal of Early Childhood Education Research, 
13(2), 167–186. https://doi.org/10.58955/jecer.138122 

Bowers, J. S. (2016). The practical and principled problems with educational neuro-
science. Psychological Review, 123(5), 600–612. https://doi.org/10.1037/ 
rev0000025 

Bradley, M. M., Miccoli, L., Escrig, M. A., & Lang, P. J. (2008). The pupil as a meas-
ure of emotional arousal and autonomic activation. Psychophysiology, 45(4), 
602–607. https://doi.org/10.1111/j.1469-8986.2008.00654.x 

Bronfenbrenner, U., & Morris, P. A. (2006). The biological model of human develop-
ment. In R. M. Lerner (Ed.), Handbook of child psychology: Theoretical mod-
els of human development (6th ed., pp. 793–828). John Wiley & Sons. 
https://doi.org/10.1002/9780470147658.chpsy0114 

Bruer, J. T. (1997). Education and the brain: A bridge too far. Educational Re-
searcher, 26(8), 4–16. https://doi.org/10.3102/0013189X026008004 

Bruer, J. T. (2008). Building bridges in neuroeducation. In A. M. Battro, K. W. Fischer, 
& P. J. Léna (Eds.), The educated brain: Essays in neuroeducation (pp. 43–58). 
Cambridge University Press. https://doi.org/10.1017/CBO9780511489907.005 

Carey, E., Hill, F., Devine, A., & Szücs, D. (2016). The chicken or the egg? The direction 
of the relationship between mathematics anxiety and mathematics performance. 
Frontiers in Psychology, 7, 1987. https://doi.org/10.3389/fpsyg.2016.01987 



 

 158 

Caviola, S., Toffalini, E., Giofrè, D., Mammarella, I. C., & Passolunghi, M. C. (2022). 
Math performance and academic anxiety forms, from sociodemographic to 
cognitive aspects: A meta-analysis on 906,311 participants. Educational Psy-
chology Review, 34, 363–399. https://doi.org/10.1007/s10648-021-09618-5 

Cekaite, A., & Bergnehr, D. (2018). Affectionate touch and care: Embodied intimacy, 
compassion and control in early childhood education. European Early Child-
hood Education Research Journal, 26(6), 940–955. https://doi.org/10.1080/ 
1350293X.2018.1533710 

Cekaite, A., & Björk-Willén, P. (2018). Enchantment in storytelling: Co-operation 
and participation in children’s aesthetic experience. Linguistics and Education, 
48, 52–60. https://doi.org/10.1016/j.linged.2018.08.005 

Cekaite, A., & Ekström, A. (2019). Emotion socialization in teacher–child interaction: 
Teachers’ responses to children’s negative emotions. Frontiers in Psychology, 
10, Article 1546. https://doi.org/10.3389/fpsyg.2019.01546 

Cekaite, A. (2020). Triadic conflict mediation as socialization into perspective taking 
in Swedish preschools. Linguistics and Education, 59, 100753. 
https://doi.org/10.1016/j.linged.2019.100753 

Cekaite, A., & Evaldsson, A. (2020). The moral character of emotion work in adult–
child interactions. Text & Talk, 40(5), 563–572. https://doi.org/10.1515/text-
2020-2082 

Chang, H., & Beilock, S. L. (2016). The math anxiety–math performance link and its 
relation to individual and environmental factors: A review of current behav-
ioral and psychophysiological research. Current Opinion in Behavioral Sci-
ences, 10, 33–38. https://doi.org/10.1016/j.cobeha.2016.04.011 

Christensen, P., & Prout, A. (2002). Working with ethical symmetry in social research 
with children. Childhood, 9(4), 477–497. https://doi.org/10.1177/ 
0907568202009004007 

Clements, D. H., & Sarama, J. (2013). Math in the early years. Education Commission 
of the States Journal, 14(5), 1–7. https://www.researchgate.net/publicat-
ion/258932989 

Clements, D. H., & Sarama, J. (2014). The importance of the early years. In R. E. 
Slavin (Ed.), Proven programs in science, technology, & mathematics (STEM) 
(pp. 22–26). Corwin Press. 

Clements, D. H., & Sarama, J. (2020). Learning and teaching early math: The learn-
ing trajectories approach (3rd ed.). Routledge. 

Clore, G. L., & Ortony, A. (2008). Appraisal theories: How cognition shapes affect 
into emotion. In M. Lewis, J. M. Haviland-Jones, & L. F. Barrett (Eds.), Hand-
book of emotions (3rd ed., pp. 628–642). The Guilford Press. 

Cohrssen, C., Church, A., & Tayler, C. (2014a). Purposeful pauses: Teacher talk during 
early childhood mathematics activities. International Journal of Early Years Ed-
ucation, 22(2), 169–183. https://doi.org/10.1080/09669760.2014.900476 

Cohrssen, C., Church, A., & Tayler, C. (2014b). Pausing for learning: Responsive 
engagement in mathematics activities in early childhood settings. Australasian 
Journal of Early Childhood, 39(4), 95–102. https://doi.org/10.1177/ 
183693911403900413 

Cohrssen, C., & Church, A. (2017). Mathematics knowledge in early childhood: In-
tentional teaching in the third turn. In A. Bateman & A. Church (Eds.), Chil-
dren’s knowledge-in-interaction (pp. [insert page range if available]). 
Springer. https://doi.org/10.1007/978-981-10-1703-2_5 

  



 

 159

Couper-Kuhlen, E. (2012). On affectivity and preference in responses to rejection. 
Text & Talk, 32(4), 453–475. https://doi.org/10.1515/text-2012-0022 

Couper-Kuhlen, E., & Selting, M. (2017). Interactional linguistics: Studying lan-
guage in social interaction. Cambridge University Press. (Online-Chapter C) 

Creswell, J. W. (2013). Qualitative inquiry & research design: Choosing among five 
approaches (3rd ed.). SAGE. 

Cutter-Mackenzie, A., Edwards, S., Moore, D., & Boyd, W. (2014). Young children’s 
play and environmental education in early childhood education. Springer. 
https://doi.org/10.1007/978-3-319-03740-0  

Cvencek, D., Brečić, R., Gaćeša, D., & Meltzoff, A. N. (2021). Development of math 
attitudes and math self-concepts: Gender differences, implicit–explicit disso-
ciations, and relations to math achievement. Child Development, 92(4), 1323–
1341. https://doi.org/10.1111/cdev.13523 

Daker, R. J., Gattas, S. U., Sokolowski, H. M., Green, A. E., & Lyons, I. M. (2021). 
First-year students’ math anxiety predicts STEM avoidance and underperfor-
mance throughout university, independently of math ability. npj Science of 
Learning, 6(1), 17. https://doi.org/10.1038/s41539-021-00097-0 

Damasio, A. R. (1994). Descartes’ error: Emotion, reason, and the human brain. G. 
P. Putnam’s Sons. 

Damasio, A. R. (1996). The somatic marker hypothesis and the possible functions of the 
prefrontal cortex. Philosophical Transactions of the Royal Society of London. Se-
ries B, Biological Sciences, 351(1346), 1413–1420. https://doi.org/10.1098/ 
rstb.1996.0125 

Darwin, C. (1872). The expression of the emotions in man and animals. Project Gu-
tenberg. WWW: https://www.gutenberg.org/ebooks/1227 

Davis, K. L., & Montag, C. (2019). Selected principles of Pankseppian affective neu-
roscience. Frontiers in Neuroscience, 12, 1025. https://doi.org/10.3389/ 
fnins.2018.01025 

Delacour, L. (2013). Didaktiska kontrakt i förskolepraktik: Förskollärares trans-
formering av matematiska mål i ett läroplansdidaktiskt perspektiv [Didactical 
contracts in preschool practice: Preschool teachers’ transformation of mathe-
matical goals from a curriculum-didactic perspective] (Licentiate dissertation, 
Malmö University). Malmö Studies in Educational Sciences: Licentiate Dis-
sertation Series 2013:29. 

Descartes, R. (1985). Meditations on first philosophy. In J. Cottingham, R. Stoothoff, 
& D. Murdoch (Eds. & Trans.), The philosophical writings of Descartes (Vol. 
2, pp. 1–62). Cambridge University Press. (Original work published 1641) 

Denham, S. A., Bassett, H. H., & Wyatt, T. (2007). The socialization of emotional 
competence. In J. E. Grusec & P. D. Hastings (Eds.), Handbook of socializa-
tion: Theory and research (2nd ed., pp. 614–637). Guilford Press. 

Deppermann, A., & Schmidt, A. (2021). How shared meanings and uses emerge over 
an interactional history: Wabi sabi in a series of theater rehearsals. Research on 
Language and Social Interaction, 54(2), 203–224. https://doi.org/10.1080/ 
08351813.2021.1899714 

Dowker, A., Ashcraft, M. H., & Krinzinger, H. (Eds.). (2012). The development of 
attitudes and emotions related to mathematics [Special issue]. Child Develop-
ment Research, 2012, Article 238435. https://doi.org/10.1155/2012/238435 

Dowker, A., Sarkar, A., & Looi, C. Y. (2016). Mathematics anxiety: What have we 
learned in 60 years? Frontiers in Psychology, 7, 508. https://doi.org/ 
10.3389/fpsyg.2016.00508  

  



 

 160 

Dowker, A., Cheriton, O., Horton, R., & Mark, W. (2019). Relationships between atti-
tudes and performance in young children’s mathematics. Educational Studies in 
Mathematics, 100, 211–230. https://doi.org/10.1007/s10649-019-9880-5 

Drew, P. (2005). Is confusion a state of mind? In H. te Molder & J. Potter (Eds.), 
Conversation and cognition (pp. 161–183). Cambridge University Press. 

Du Bois, J. W., & Kärkkäinen, E. (2012). Taking a stance on emotion: Affect, se-
quence, and intersubjectivity in dialogic interaction. Text & Talk, 32(4), 423–
443. https://doi.org/10.1515/TEXT-2012-0021 

Duncan, S., & Barrett, L. F. (2007). Affect is a form of cognition: A neurobiological 
analysis. Cognition & Emotion, 21(6), 1184–1211. https://doi.org/10.1080/ 
02699930701437931 

Dweck, C. S. (2006). Mindset: The new psychology of success. Random House. 
Dweck, C. S., & Yeager, D. S. (2019). Mindsets: A view from two eras. Perspectives 

on Psychological Science, 14(3), 481–496. https://doi.org/10.1177/ 
1745691618804166 

Eden, C., Heine, A., & Jacobs, A. M. (2013). Mathematics anxiety and its develop-
ment in the course of formal schooling—A review. Psychology, 4(6A2), 27–
35. https://doi.org/10.4236/psych.2013.46A2005 

Englund, T. (2007). Om relevansen av begreppet didaktik [On the relevance of the 
concept of didaktik]. Acta Didactica Norge, 1(1), 2–10. 

Ekman, P. (1992a). An argument for basic emotions. Cognition & emotion, 6(3-4), 
169-200.  

Ekman, P. (1992b). Facial expressions of emotion: New findings, new questions. Psy-
chological Science, 3(1), 34–38. https://www.jstor.org/stable/40062750 

Ekman, P. (1993). Facial expression and emotion. American Psychologist, 48(4), 
384–392. 

Ekman, P., & Friesen, W. V. (1971). Constants across cultures in the face and emo-
tion. Journal of Personality and Social Psychology, 17(2), 124–129. 
https://doi.org/10.1037/h0030377 

Else-Quest, N. M., Hyde, J. S., & Linn, M. C. (2010). Cross-national patterns of gen-
der differences in mathematics: A meta-analysis. Psychological Bulletin, 
136(1), 103–127. https://doi.org/10.1037/a0018053  

Eidlin-Levy, H., Avraham, E., & Fares, L. (2023). Math anxiety affects career choices 
during development. International Journal of STEM Education, 10, 49. 
https://doi.org/10.1186/s40594-023-00441-8 

Eysenck, M. W., & Calvo, M. G. (1992). Anxiety and performance: The processing 
efficiency theory. Cognition and Emotion, 6(6), 409–434. https://doi.org/ 
10.1080/02699939208409696 

Eysenck, M. W., Derakshan, N., Santos, R., & Calvo, M. G. (2007). Anxiety and cog-
nitive performance: Attentional control theory. Emotion, 7(2), 336–353. 
https://doi.org/10.1037/1528-3542.7.2.336 

Finell, J., Eklöf, H., Korhonen, J., & Jonsson, B. (2024). Reliability and validity evi-
dence of the Swedish shortened Mathematics Anxiety Rating Scale – Elemen-
tary (MARS-E). Discover Education, 3, Article 240. https://doi.org/10.1007/ 
s44217-024-00348-8  

Fitz, J., & Price, H. (2025). Positive conditions for mathematics learning: An overview 
of the research [Brief]. Learning Policy Institute. https://learningpolicyinsti-
tute.org/product/positive-conditions-math-learning-brief 

Franzén, K. (2015). Under threes’ mathematical learning. European Early Childhood 
Education Research Journal, 23(1), 43–54. https://doi.org/10.1080/ 
1350293X.2014.970855 



 

 161

Foley, A. E., Herts, J. B., Borgonovi, F., Guerriero, S., Levine, S. C., & Beilock, S. 
L. (2017). The math anxiety–performance link: A global phenomenon. Current 
Directions in Psychological Science, 26(1), 52–58. https://doi.org/10.1177/ 
0963721416672463 

Flewitt, R. (2005). Conducting research with young children: Some ethical consider-
ations. Early Child Development and Care, 175(6), 553–565. https://doi.org/ 
10.1080/03004430500131338  

Gaete, A., Gómez, V., & Benavides, P. (2017). The overuse of self-report in the study 
of beliefs in education: Epistemological considerations. International Journal 
of Research & Method in Education, 41(3), 241–256. https://doi.org/10.1080/ 
1743727X.2017.1288205 

Galeano, L., Fawcett, C., Forssman, L., & Gredebäck, G. (2024). 
Early childhood educators’ math anxiety and its relation to their pedagogic ac-
tions in Swedish preschools. Journal of Cognition and Development, 25(1), 
100–126. https://doi.org/10.1080/15248372.2023.2256844 

Galeano, L., & Gredebäck, G. (2024). Exploring the impact of math anxiety and task 
difficulty on pupil dilation in adults and young children. Cognitive Science, 
48(9), e13493. https://doi.org/10.1111/cogs.13493 

Ganley, C. M., Schoen, R., LaVenia, M., & Tazaz, A. (2019). Construct validation of 
the Math Anxiety Scale for Teachers. AERA Open, 5(1), 1–15. 
https://doi.org/10.1177/2332858419839702 

Ghasemi, A., & Burley, H. (2019). Gender, affect, and math: A cross-national meta-
analysis of TIMSS 2015 outcomes. Large-scale Assessments in Education, 
7(1), 1–18. https://doi.org/10.1186/s40536-019-0078-1 

Geist, E. (2015). Math anxiety and the math gap: How attitudes toward mathematics 
disadvantage students as early as preschool. Education, 135(3), 328–336. 

Gallagher, S. (2005). How the body shapes the mind. Oxford University Press. 
Garfinkel, H. (1967). Studies in Ethnomethodology. Prentice Hall. 
Gashaj, V., Thaqi, Q., Mast, F. W., & Roebers, C. M. (2023). Foundations for future 

math achievement: Early numeracy, home learning environment, and the ab-
sence of math anxiety. Trends in Neuroscience and Education, 31, 100217. 
https://doi.org/10.1016/j.tine.2023.100217 

Gejard, G., & Melander, H. (2018). Mathematizing in preschool: Children’s participation 
in geometrical discourse. European Early Childhood Education Research Jour-
nal, 26(4), 495–511. https://doi.org/10.1080/1350293X.2018.1487143 

Gejard, G. (2018). Matematiserande i förskolan: Geometri i multimodal interaktion 
[Doctoral dissertation, Uppsala University]. Acta Universitatis Upsaliensis. 
https://www.diva-portal.org/smash/record.jsf?pid=diva2:1239564 

Gelman, R., & Gallistel, C. R. (1978). The child’s understanding of number. Harvard 
University Press. 

Gendron, M., & Feldman Barrett, L. (2009). Reconstructing the past: A century of 
ideas about emotion in psychology. Emotion Review, 1(4), 316–339. 
https://doi.org/10.1177/1754073909338877 

Goodwin, C. (1995). Co-constructing meaning in conversations with an aphasic man. 
Research on Language and Social Interaction, 28(3), 233–260. 
https://doi.org/10.1207/s15327973rlsi2803_4 

Goodwin, C. (2000). Action and embodiment within situated human interaction. Jour-
nal of Pragmatics, 32(10), 1489–1522. https://doi.org/10.1016/S0378-
2166(99)00096-X 

Goodwin, M. H., & Goodwin, C. (2000). Emotion within situated activity. In N. Bud-
wig, I. C. Užgiris, & J. V. Wertsch (Eds.), Communication: An arena of devel-
opment (pp. 33–54). Ablex. 



 

 162 

Goodwin, C. (2007). Participation, stance, and affect in the organization of activities. 
Discourse & Society, 18(1), 53–73. https://doi.org/10.1177/0957926507069457 

Goodwin, C. (2012). The co-operative, transformative organization of human action and 
knowledge. In Proceedings of the 14th ACM international conference on multi-
modal interaction (pp. 1–2). ACM. https://doi.org/10.1145/2388676.2388678 

Goodwin, C. (2013). The co-operative, transformative organization of human action 
and knowledge. Journal of Pragmatics. https://doi.org/10.1016/j.pragma. 
2012.09.003 

Goodwin, C. (2017). Environmentally coupled gestures. In Co-operative action (pp. 221–
245). Cambridge University Press. https://doi.org/10.1017/9781139016735.017 

Goodwin, M. H., Cekaite, A., & Goodwin, C. (2012). Emotion as stance. In M.-L. 
Sorjonen & A. Peräkylä (Eds.), Emotion in interaction (pp. 16–41). Oxford 
University Press. 

Gottman, J. M., Katz, L. F., & Hooven, C. (1996). Parental meta-emotion philosophy 
and the emotional life of families: Theoretical models and preliminary data. 
Journal of Family Psychology, 10(3), 243–268. https://doi.org/10.1037/0893-
3200.10.3.243 

Gottman, J. M., Katz, L. F., & Hooven, C. (1997). Meta-emotion: How families communi-
cate emotionally (1st ed.). Routledge. https://doi.org/10.4324/9780203763568 

Gresham, G. (2007). A study of mathematics anxiety in pre-service teachers. Early Child-
hood Education Journal, 35(2), 181–188. https://doi.org/10.1007/s10643-007-
0174-7 

Gripton, C., & Vincent, K. (2021). Using small world toys for research: A method for 
gaining insight into children's lived experiences of school. International Jour-
nal of Research & Method in Education, 44(3), 225–240. https://doi.org/ 
10.1080/1743727X.2020.1753692 

Hannula, M. S. (2005). Shared cognitive intimacy and self-defence: Two socio-emo-
tional processes in problem solving. Nordic Studies in Mathematics Education, 
10(1), 5–22. 

Hannula, M. S. (2006). Motivation in mathematics: Goals reflected in emotions. Ed-
ucational Studies in Mathematics, 63(2), 165–178. https://doi.org/10.1007/ 
s10649-005-9019-8 

Hannula, M. S. (2012). Exploring new dimensions of mathematics-related affect: Em-
bodied and social theories. Research in Mathematics Education, 14(2), 137–
161. https://doi.org/10.1080/14794802.2012.694281  

Hannula, M. S. (2020). Affect in mathematics education. In S. Lerman (Ed.), Ency-
clopedia of mathematics education. Springer. https://doi.org/10.1007/978-3-
030-15789-0_174 

Håkansson, A. (2024, April 3). Replik: Utmaningen är det låga intresset för teknik 
och naturvetenskap. Skolverket. https://www.skolverket.se/om-skolverket/ny-
heter-och-pressmeddelanden/debattartiklar/debattartiklar/2024-04-03-replik-
utmaningen-ar-det-laga-intresset-for-teknik-och-naturvetenskap 

Hayes, S. C., Luoma, J. B., Bond, F. W., Masuda, A., & Lillis, J. (2006). Acceptance 
and commitment therapy: Model, processes, and outcomes. Behaviour Re-
search and Therapy, 44(1), 1–25. https://doi.org/10.1016/j.brat.2005.06.006 

Hayes, S. C. (2019). A liberated mind: How to pivot toward what matters. Avery. 
Hedge, K., & Cohrssen, C. (2019). Between the red and yellow windows: A fine-

grained focus on supporting children’s spatial thinking during play. SAGE 
Open, 9(1). https://doi.org/10.1177/2158244019829551 

Hembree, R. (1990). The nature, effects, and relief of mathematics anxiety. Journal 
for Research in Mathematics Education, 21(1), 33–46. https://doi.org/ 
10.5951/jresematheduc.21.1.0033 



 

 163

Henderson, R. R., Bradley, M. M., & Lang, P. J. (2018). Emotional imagery and pupil 
diameter. Psychophysiology, 55(6), e13050. https://doi.org/10.1111/psyp.13050 

Heritage, J. (1984). Garfinkel and Ethnomethodology. Polity Press. 
Hess, E. H., & Polt, J. M. (1964). Pupil size in relation to mental activity during simple 

problem-solving. Science, 143(3611), 1190–1192. https://doi.org/10.1126/sci-
ence.143.3611.1190 

Heyd-Metzuyanim, E. (2011). Emotional aspects of learning mathematics: How the 
interaction between identifying and mathematizing influences the effectiveness 
of learning (Doctoral dissertation, University of Haifa). University of Haifa 
Repository. 

Hildén, E., & Löfdahl Hultman, A. (2021). Teaching as a new mission: Swedish pre-
school teachers’ collegial discussions. Early Years: An International Journal 
of Research and Development, 43(1), 1–14. https://doi.org/10.1080/ 
09575146.2021.1880374  

Hill, F., Mammarella, I. C., Devine, A., Caviola, S., Passolunghi, M. C., & Szűcs, D. 
(2016). Maths anxiety in primary and secondary school students: Gender dif-
ferences, developmental changes and anxiety specificity. Learning and Indi-
vidual Differences, 48, 45–53. https://doi.org/10.1016/j.lindif.2016.02.006  

Hoemann, K., & Barrett, L. F. (2018). Concepts dissolve artificial boundaries in the 
study of emotion and cognition, uniting body, brain, and mind. Cognition and 
Emotion, 33(1), 67–76. https://doi.org/10.1080/02699931.2018.1535428 

Hoemann, K., Xu, F., & Barrett, L. F. (2019). Emotion words, emotion concepts, and 
emotional development in children: A constructionist hypothesis. Develop-
mental Psychology, 55(9), 1830–1849. https://doi.org/10.1037/dev0000686 

Holm Kvist, M. (2020). Responses to children’s crying: Emotion socialization in a Swe-
dish preschool [Doctoral dissertation, Linköpings universitet]. DiVA Portal. 
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1426960&dswid=-
7893 

Hook, C. M., & Rosenshine, B. V. (1979). Accuracy of teacher reports of their class-
room behavior. Review of Educational Research, 49(1), 1–11. 
https://doi.org/10.2307/1169924 

Horwitz, E. K., Horwitz, M. B., & Cope, J. (1986). Foreign language classroom anx-
iety. The Modern Language Journal, 70(2), 125–132. https://doi.org/10.2307/ 
327317 

Howard-Jones, P., Woollacott, B., & Gilmore, C. (2024). The journey from educa-
tional research to classroom practice. Journal of Education for Teaching, 
51(1), 173–187. https://doi.org/10.1080/02607476.2024.2432942 

Huber, J. F., & Artemenko, C. (2021). Anxiety-related difficulties with complex arith-
metic: A web-based replication of the anxiety–complexity effect. Zeitschrift für 
Psychologie, 229(4), 236–240. https://doi.org/10.1027/2151-2604/a000469 

Hunt, T. E., & Maloney, E. A. (2022). Appraisals of previous math experiences play 
an important role in math anxiety. Annals of the New York Academy of Sci-
ences, 1515(1), 143–154. https://doi.org/10.1111/nyas.14805 

Hunting, R. P. (1997). Clinical interview methods in mathematics education research 
and practice. Journal of Mathematical Behavior, 16(2), 145–165. 
https://doi.org/10.1016/S0732-3123(97)90023-7 

Hyde, J. S., Fennema, E., Ryan, M., Frost, L. A., & Hopp, C. (1990). Gender compar-
isons of mathematics attitudes and affect: A meta-analysis. Psychology of 
Women Quarterly, 14(3), 299–324 https://doi.org/10.1111/j.1471-
6402.1990.tb00022.x  

  



 

 164 

Izard, C. E. (1971). The face of emotion. East Norwalk, CT: AppletonCentury-Crofts. 
Izard, C. E., & Abe, J. A. (2004). Developmental changes in facial expressions 
of emotions in the strange situation during the second year of life. Emotion, 4, 
251–265. doi:10.1037/1528-3542.4.251  

Izard, C. E., Hembree, E. A., & Huebner, R. R. (1987). Infants’ emotion expressions 
to acute pain: Developmental change and stability of individual differences. 
Developmental Psychology, 23, 105–113. doi: 10.1037/0012-1649.23.1.105  

Izard, C. E. (1993). Four systems for emotion activation: Cognitive and noncognitive 
processes. Psychological Review, 100(1), 68. https://doi.org/10.1037/0033-
295X.100.1.68 

Izard, C. E. (1994). Innate and universal facial expressions: Evidence from develop-
mental and cross-cultural research. Psychological Bulletin, 115(2), 288–299. 
https://doi.org/10.1037/0033-2909.115.2.288 

Izard, C. E., Levinson, K. L., Ackerman, B. P., Kogos, J. L., & Blumberg, S. H. 
(1998). Children’s emotional memories: An analysis in terms of differential 
emotions theory. Imagination, Cognition and Personality, 18, 173–188. Re-
trieved from http://www.baywood.metapress.com 

Jefferson, G. (1984). Transcript notation. In J. M. Atkinson & J. Heritage (Eds.), 
Structures of social action: Studies in conversation analysis (pp. 346–369). 
Cambridge University Press. 

Jenßen, L. (2021). A math-avoidant profession?: Review of the current research about 
early childhood teachers’ mathematics anxiety and empirical evidence. In S. 
Dunekacke, A. Jegodtka, T. Koinzer, K. Eilerts, & L. Jenßen (Eds.), Early 
childhood teachers’ professional competence in mathematics (pp. 79–96). 
Routledge. https://doi.org/10.4324/9781003172529-5 

Johansson, M., Lange, T., Meaney, T., Riesbeck, E., & Wernberg, A. (2012, July). What 
maths do children engage with in Swedish preschools? Paper presented at the 12th 
International Congress on Mathematical Education, Seoul, Korea. DiVA. 
https://www.diva-portal.org/smash/get/diva2:1006107/FULLTEXT01.pdf 

John, J. E., Nelson, P. A., Klenczar, B., & Robnett, R. D. (2020). 
Memories of math: Narrative predictors of math affect, math motivation, and 
future math plans. Contemporary Educational Psychology, 60, Article 101838. 
https://doi.org/10.1016/j.cedpsych.2020.101838 

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed Methods Research: A Research 
Paradigm Whose Time Has Come. Educational Researcher, 33(7), 14–26. 

Kahneman, D., & Beatty, J. (1966). Pupil diameter and load on memory. Science, 
154(3756), 1583–1585. https://doi.org/10.1126/science.154.3756. 1583 

Kelly, S., Rice, C., Wyatt, B., Ducking, J., & Denton, Z. (2015). Teacher immediacy 
and decreased student quantitative reasoning anxiety: The mediating effect of 
perception. Communication Education, 64(2), 171–186. https://doi.org/ 
10.1080/03634523.2015.1014383 

Kelly, S., Romero, A., Morrow, J. A., Denton, Z., & Ducking, J. (2020). Instructor 
misbehaviors and math anxiety. Communication Reports, 33(1), 27–40. 
https://doi.org/10.1080/08934215.2019.1675737 

Kirkland, H., & Hunt, T. (2024). Maths anxiety: Solving the equation. Routledge. 
https://www.routledge.com/Maths-Anxiety-Solving-the-Equation/Kirkland-
Hunt/p/book/9781032735443 

Klibanoff, R. S., Levine, S. C., Huttenlocher, J., Vasilyeva, M., & Hedges, L. V. 
(2006). Preschool children’s mathematical knowledge: The effect of teacher 
“math talk.” Developmental Psychology, 42(1), 59–69. https://doi.org/ 
10.1037/0012-1649.42.1.59 



 

 165

Koziol, S. M., Jr., & Burns, P. (1986). Teachers' accuracy in self-reporting about in-
structional practices using a focused self-report inventory. The Journal of Ed-
ucational Research, 79(4), 205–209. 

Krinzinger, H., Kaufmann, L., & Willmes, K. (2009). Math Anxiety and Math Ability 
in Early Primary School Years. Journal of Psychoeducational Assessment, 
27(3), 206–225. https://doi.org/10.1177/0734282908330583 

Kyttälä, M., & Björn, P. M. (2022). Mathematics performance profiles and relation to 
math avoidance in adolescence: The role of literacy skills, general cognitive 
ability, and math anxiety. Scandinavian Journal of Educational Research, 
66(7), 1221–1236. https://doi.org/10.1080/00313831.2021.1983645 

Laeng, B., Sirois, S., & Gredebäck, G. (2012). Pupillometry: A window to the pre-
conscious? Perspectives on Psychological Science, 7(1), 18–27. 
https://doi.org/10.1177/1745691611427305 

Lakoff, G., & Johnson, M. (1999). Philosophy in the flesh: The embodied mind and 
its challenge to Western thought. Basic Books. 

Lakoff, G., & Johnson, M. (2002). Philosophy in the flesh: The embodied mind and 
its challenge to Western thought. Basic Books. 

Lakoff, G., & Johnson, M. (1980). Metaphors we live by. University of Chicago Press. 
Landgraf, S., Van der Meer, E., & Krueger, F. (2010). Cognitive resource allocation 

for neural activity underlying mathematical cognition: A multi-method study. 
ZDM, 42, 579–590. https://doi.org/10.1007/s11858-010-0264-7 

Larsson, E. (2024, August 14). Den svenska förskolan. Lärarstiftelsen. https://la-
rarstiftelsen.se/den-svenska-forskolan/  

Lau, N. T. T., Hawes, Z., Tremblay, P., & Ansari, D. (2022). Disentangling the indi-
vidual and contextual effects of math anxiety: A global perspective. Proceed-
ings of the National Academy of Sciences of the United States of America, 
119(4), e2115855119. https://doi.org/10.1073/pnas.2115855119  

Lau, N. T. T., Ansari, D., & Sokolowski, H. M. (2024). Unraveling the interplay be-
tween math anxiety and math achievement. Trends in cognitive sci-
ences, 28(10), 937–947. https://doi.org/10.1016/j.tics.2024.07.006 

Layzer Yavin, L., Shechter, A., & Rubinsten, O. (2022). Mathematical and negative 
information are similarly processed: Pupil dilation as an indicator. Journal of 
Intelligence, 10(4), 79. https://doi.org/10.3390/jintelligence10040079 

Lazarus, R. S. (1991). Cognition and motivation in emotion. American Psychologist, 
46(4), 352. https://psycnet.apa.org/doi/10.1037/0003-066X.46.4.352 

Leikin, R. (2018). How can cognitive neuroscience contribute to mathematics educa-
tion? Bridging the two research areas. In G. Kaiser, H. Forgasz, M. Graven, A. 
Kuzniak, E. Simmt, & B. Xu (Eds.), Invited lectures from the 13th interna-
tional congress on mathematical education (pp. 363–384). Springer. 
https://doi.org/10.1007/978-3-319-71955-5_23 

Leikin, R., Hsu, H. Y., Ansari, D., Abrahamson, D., Obersteiner, A., Miskin, M., & 
Waisman, I. (2025). Systematics review of the interdisciplinary exchange 
among mathematics education and neuroscience. ZDM–Mathematics Educa-
tion, 57, 583–602. https://doi.org/10.1007/s11858-025-01705-z 

Leman, P., Bremner, A., Parke, R. D., & Gauvain, M. (2019). Emotional development 
and attachment. In P. Leman, A. Bremner, R. D. Parke, & M. Gauvain (Eds.), 
Developmental psychology (2nd ed., pp. 167–198). McGraw-Hill Education. 

Lénárd, T. (2025). Gendered processes in education: Exploring early sources of dif-
fering educational trajectories (Doctoral thesis, Stockholm University, Fac-
ulty of Social Sciences, Department of Sociology). Stockholm University. 
https://urn.kb.se/resolve?urn=urn:nbn:se:su:diva-241756 



 

 166 

Lench, H. C., Flores, S. A., & Bench, S. W. (2011). Discrete emotions predict changes 
in cognition, judgment, experience, behavior, and physiology: A meta-analysis 
of experimental emotion elicitations. Psychological Bulletin, 137(5), 834–855. 
https://doi.org/10.1037/a0024244 

Lerner, J. S., & Keltner, D. (2001). Fear, anger, and risk. Journal of Personality and 
Social Psychology, 81(1), 146–159. https://doi.org/10.1037/0022-3514.81.1.146 

Lewis, M. (2000). The emergence of human emotions. In J. M. Haviland-Jones & L. 
F. Barrett (Eds.), Handbook of emotions (2nd ed., pp. 269–281). Guilford 
Press. 

Lewis, M. (2008). Self-conscious emotions: Embarrassment, pride, shame, and guilt. 
In M. Lewis, J. M. Haviland-Jones, & L. F. Barrett (Eds.), Handbook of emo-
tions (3rd ed., pp. 742–756). Guilford Press. 

Lewis, M. (2014). The rise of consciousness and the development of emotional life. 
Guilford Press. 

Lewis, M. (2016). The emergence of human emotions. In L. F. Barrett, M. Lewis, & 
J. M. Haviland-Jones (Eds.), Handbook of emotions (4th ed., pp. 272–292). 
Guilford Press. 

Li, Q., Cho, H., Cosso, J. et al. Relations Between Students’ Mathematics Anxiety 
and Motivation to Learn Mathematics: a Meta-Analysis. Educ Psychol Rev 33, 
1017–1049 (2021). https://doi.org/10.1007/s10648-020-09589-z 

Li, D., Liew, J., Raymond, D., & Hammond, T. (2023). Math anxiety and math moti-
vation in online learning during stress: The role of fearful and avoidance tem-
perament and implications for STEM education. PloS one, 18(12), e0292844. 
https://doi.org/10.1371/journal.pone.0292844 

Lindquist, K. A., Wager, T. D., Kober, H., Bliss-Moreau, E., & Barrett, L. F. (2012). 
The brain basis of emotion: A meta-analytic review. Behavioral and Brain Sci-
ences, 35(3), 121–143. https://doi.org/10.1017/S0140525X11000446 

Lindquist, K. A., Satpute, A. B., & Gendron, M. (2013). Does language do more than 
communicate emotion? Current directions in psychological science. Current 
Directions in Psychological Science, 22(2), 99–108. https://doi.org/ 
10.1177/0963721414553440 

Liu, Y., Peng, P., & Li, S. (2025). How to reduce mathematics anxiety: A systematic 
review and meta-analysis on intervention studies. Journal of Educational Psy-
chology. Advance online publication. https://doi.org/10.1037/edu0000992  

Lloyd, N. (2024, May 15). Reality’s how we relate to it: Distinguished professor 
speaks at prestigious philosophy of mind lecture series. Northeastern Global 
News. https://news.northeastern.edu/research/archives/barrett-relational-real-
ism-rudolf-carnap-lectures 

Luttenberger, S., Wimmer, S., & Paechter, M. (2018). Spotlight on math anxiety. Psy-
chology Research and Behavior Management, 11, 311–322. https://doi.org/ 
10.2147/PRBM.S141421 

Lu, Y., Li, Q., Patrick, H., & Mantzicopoulos, P. (2021). Math gives me a tummy 
ache! Mathematics anxiety in kindergarten. The Journal of Experimental Edu-
cation, 89(2), 362–378. https://doi.org/10.1080/00220973.2019.1680518  

Lyons, I. M., & Beilock, S. L. (2012a). Mathematics anxiety: Separating the math 
from the anxiety. Cerebral Cortex, 22(9), 2102–2110. https://doi.org/10.1093/ 
cercor/bhr289 

Lyons, I. M., & Beilock, S. L. (2012b). When math hurts: Math anxiety predicts pain 
network activation in anticipation of doing math. PLOS ONE, 7(10), e48076. 
https://doi.org/10.1371/journal.pone.0048076 



 

 167

Ma, X. (1999). A meta-analysis of the relationship between anxiety toward mathe-
matics and achievement in mathematics. Journal for Research in Mathematics 
Education, 30(5), 520–540. https://doi.org/10.2307/749772 

Maloney, E. A., & Beilock, S. L. (2012). Math anxiety: Who has it, why it develops, 
and how to guard against it. Trends in Cognitive Sciences, 16(8), 404–406. 
https://doi.org/10.1016/j.tics.2012.06.008 

Maloney, E. A., Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2015). 
Intergenerational effects of parents’ math anxiety on children’s math achieve-
ment and anxiety. Psychological Science, 26(9), 1480–1488. https://doi.org/ 
10.1177/0956797615592630 

Mammarella, I. C., Hill, F., Devine, A., Caviola, S., & Szűcs, D. (2015). Math anxiety 
and developmental dyscalculia: A study on working memory processes. Jour-
nal of Clinical and Experimental Neuropsychology, 37(8), 878–887. 
https://doi.org/10.1080/13803395.2015.1066759 

Mammarella, I. C., Caviola, S., & Dowker, A. (Eds.). (2019). Mathematics anxiety: What 
is known and what is still to be understood. Routledge. 
https://www.routledge.com/Mathematics-Anxiety-What-is-Known-and-What-
is-still-to-be-Understood/Mammarella-Caviola-Dowker/p/book/9780367190392 

Mandler, G. (1980). The generation of emotion: A psychological theory. In R. 
Plutchik & H. Kellerman (Eds.), Theories of emotion (pp. 219–243). Academic 
Press. 

Mandler, G. (1989). Affect and learning: Causes and consequences of emotional in-
teractions. In D. B. McLeod & V. M. Adams (Eds.), Affect and mathematical 
problem solving (pp. 1–18). Springer. 

Marton, F., & Booth, S. (1997). Learning and awareness. Lawrence Erlbaum Asso-
ciates. 

McLeod, D. B., & Adams, V. M. (Eds.). (1989). Affect and mathematical problem 
solving: A new perspective. Springer. https://doi.org/10.1007/978-1-4612-
3614-6 

McLeod, D. B. (1992). Research on affect in mathematics education: A reconceptu-
alization. In D. A. Grouws (Ed.), Handbook of research on mathematics teach-
ing and learning (pp. 575–596). Macmillan Publishing Company. 

Mondada, L. (2007). Multimodal resources for turn-taking: Pointing and the emer-
gence of possible next speakers. Discourse Studies, 9(2), 194–225. 

Mondada, L. (2013). Embodied and spatial resources for turn-taking in institutional 
multiparty interactions: Participatory democracy debates. Journal of Pragmat-
ics, 46, 39–68. 

Mondada, L. (2018). Multiple temporalities of language and body in interaction: Chal-
lenges for transcribing multimodality. Research on Language and Social In-
teraction, 51(1), 85–106. https://doi.org/10.1080/08351813.2018.1413878 

Mononen, R., Niemivirta, M., Korhonen, J., Lindskog, M., & Tapola, A. (2022). Devel-
opmental relations between mathematics anxiety, symbolic numerical magnitude 
processing and arithmetic skills from first to second grade. Cognition and Emo-
tion, 36(3), 452–472. https://doi.org/10.1080/02699931.2021.2015296 

Namkung, J. M., Peng, P., & Lin, X. (2019). The relation between mathematics anxiety 
and mathematics performance among school-aged students: A meta-analysis. 
Review of Educational Research, 89(3), 459–496. https://doi.org/10.3102/ 
0034654319843494 

Normalplan för undervisningen i folkskolor och småskolor. (1878). Stockholm: 
Norstedt & Söner. 

Normalplan för undervisningen i folkskolor och småskolor. (1889). Stockholm: 
Norstedt. 



 

 168 

Normalplan för undervisningen i folkskolor och småskolor: Af K. Maj:t i nåder god-
känd d. 7 dec. 1900 (3rd ed., 1904). Stockholm: Norstedt. 

Oberleiter, J., Golle, J., & Scherer, R. (2023). Predicting cross-national sex differ-
ences in large-scale assessments of students’ reading literacy, mathematics, 
and science achievement: Evidence from PIRLS and TIMSS. Large-scale As-
sessments in Education, 11, Article 15. https://doi.org/10.1016/j.in-
tell.2023.101784  

OECD. (2019). PISA 2018 results: Sweden country note. OECD Publishing. 
https://www.oecd.org/content/dam/oecd/en/about/programmes/edu/pisa/pub-
lications/national-reports/pisa-2018/featured-country-specific-over-
views/PISA2018_CN_SWE.pdf 

OECD. (2023a). PISA 2022 results: Sweden country note. OECD Publishing. 
https://www.oecd.org/content/dam/oecd/en/publications/re-
ports/2023/11/pisa-2022-results-volume-i-and-ii-country-
notes_2fca04b9/sweden_3c417884/de351d24-en.pdf 

OECD. (2023b). PISA 2022 results (Volume I): The state of learning and equity in 
education. OECD Publishing. https://doi.org/10.1787/53f23881-en 

Ochs, E. (1996). Linguistic resources for socializing humanity. In J. J. Gumperz & S. 
C. Levinson (Eds.), Rethinking linguistic relativity (pp. 407–437). Cambridge 
University Press. 

Oral, S. C. (2025). An investigation into the effects of perceived teacher immediacy 
behaviors on students’ academic and affective variables. International Journal 
of Educational Researchers, 16(4), 41–59. https://doi.org/10.1016/j.lin-
dif.2022.102255 

Orquin, J. L., & Holmqvist, K. (2018). Threats to the validity of eye-movement re-
search in psychology. Behavior Research Methods, 50, 1645–1656. 
https://doi.org/10.3758/s13428-018-1065-5 

Palmer, A. (2009). “I’m not a ‘maths‐person’!” Reconstituting mathematical subjec-
tivities in aesthetic teaching practices. Gender and Education, 21(4), 387–404. 
https://doi.org/10.1080/09540250802467950 

Palmer, A. (2010). Becoming mathematical: Mathematical subjectivity and gender in 
early childhood teacher education (Doctoral dissertation, Stockholm Univer-
sity). Stockholm University. https://www.diva-portal.org/smash/rec-
ord.jsf?pid=diva2%3A331042 

Palmer, A. (2020). Hur blir man matematisk? Att skapa nya relationer till matematik 
och genus i arbete med yngre barn (2nd ed.). Liber. 

Palmér, H., & Björklund, C. (2023). The teaching of numbers in common preschool 
activities: A delicate balancing act. Early Childhood Education Journal, 51(5), 
971–980. https://doi.org/10.1007/s10643-022-01354-x 

Palmér, H., & Björklund, C. (2024a). Making toddlers’ numerical competence visible 
– without relying solely on verbal utterances. Early Years, 1–15. 
DOI: 10.1080/09575146.2024.2345169 

Palmér, H., Björklund, C. (2024b). The Real World of Toddler Mathematics. In: Pal-
mér, H., Björklund, C., Reikerås, E., Elofsson, J. (Eds) Teaching Mathematics 
as to be Meaningful – Foregrounding Play and Children’s Perspectives. 
Springer, Cham. DOI:10.1007/978-3-031-37663-4_17 

Panksepp, J. (1982). Toward a general psychobiological theory of emotions. Behavioral 
and Brain Sciences, 5(3), 407–422. https://doi.org/10.1017/S0140525X00012759  

Panksepp, J. (1998). Affective neuroscience: The foundations of human and animal 
emotions. Oxford University Press. 



 

 169

Panksepp, J. (2005). Affective consciousness: core emotional feelings in animals and 
humans. Consciousness and Cognition, 14(1), 30–80. https://doi.org/10.1016/ 
j.concog.2004.10.004 

Pelegrina, S., Toffalini, E., & Martín-Puga, M. E. (2025). Stability of math anxiety 
and its relation with math performance over time: A meta-analysis of longitu-
dinal studies. Journal of Educational Psychology. Advance online publica-
tion. https://doi.org/10.1037/edu0001008 

Peräkylä, A. (2012). Epilogue: What does the study of interaction offer to emotion 
research? In M.-L. Sorjonen & A. Peräkylä (Eds.), Emotion in interaction (pp. 
274–289). Oxford University Press. https://doi.org/10.1093/acprof:oso/ 
9780199730735.003.0013 

Petronzi, D., Staples, P., Sheffield, D., Hunt, T. E., & Fitton-Wilde, S. (2019a). Fur-
ther development of the Children’s Mathematics Anxiety Scale UK (CMAS-
UK) for ages 4–7 years. Educational Studies in Mathematics, 100, 231–249. 
https://doi.org/10.1007/s10649-018-9860-1 

Petronzi, D., Staples, P., Sheffield, D., & Hunt, T. (2019b). Acquisition, development 
and maintenance of maths anxiety in young children. In: Irene C. Mammarella, 
S. Caviola, & A. Dowker (Eds), Mathematics Anxiety (pp. 77-102). Routledge. 

Phillips, D. A., & Shonkoff, J. P. (Eds). (2000). From neurons to neighborhoods: The 
science of early childhood development. National Academies Press. 

Pizzie, R. G., & Kraemer, D. J. (2017). Avoiding math on a rapid timescale: Emotional 
responsivity and anxious attention in math anxiety. Brain and cognition, 118, 
100-107. 

Pizzie, R. G., McDermott, C. L., Salem, T. G., & Kraemer, D. J. M. (2020). Neural 
evidence for cognitive reappraisal as a strategy to alleviate the effects of math 
anxiety. Social Cognitive and Affective Neuroscience, 15(12), 1271–1287. 
https://doi.org/10.1093/scan/nsaa161 

Pizzie, R. (2022). Mind, brain, and math anxiety. In M. Danesi (Ed.), Handbook of 
cognitive mathematics. Springer. https://doi.org/10.1007/978-3-031-03945-
4_29 

Plomin, R., DeFries, J. C., McClearn, G. E., & Rutter, M. (1997). Behavioral genetics 
(3rd ed.). W. H. Freeman and Company. 

Potter, J. (2006). Cognition and conversation. Discourse Studies, 8(1), 131–140. 
https://doi.org/10.1177/1461445606059562 

Pramling, I. (1988). Att lära barn lära [Teaching children to learn]. Acta Universitatis 
Gothoburgensis. 

Pramling Samuelsson, I., & Johansson, E. (2006). Play and learning—inseparable 
dimensions in preschool practice. Early Child Development and Care, 176(1), 
47–65. https://doi.org/10.1080/0300443042000302654 

Pramling Samuelsson, I., & Asplund Carlsson, M. (2008). The playing learning child: 
Towards a pedagogy of early childhood. Scandinavian Journal of Educational 
Research, 52(6), 623–641. https://doi.org/10.1080/00313830802497265 

Pramling, N., Wallerstedt, C., Lagerlöf, P., Björklund, C., Kultti, A., Palmér, H., Mag-
nusson, M., Thulin, S., Jonsson, A., & Pramling Samuelsson, I. (2019). Play-
responsive teaching in early childhood education. Springer. 

Primi, C., Donati, M. A., Izzo, V. A., Guardabassi, V., O'Connor, P. A., Tomasetto, 
C., & Morsanyi, K. (2020). The Early Elementary School Abbreviated Math 
Anxiety Scale (the EES-AMAS): A new adapted version of the AMAS to 
measure math anxiety in young children. Frontiers in Psychology, 11, 1014. 
https://doi.org/10.3389/fpsyg.2020.01014 



 

 170 

Punaro, L., & Reeve, R. (2012). Relationships between 9-year-olds’ math and literacy 
worries and academic abilities. Child Development Research, 2012, Article 
359089. https://doi.org/10.1155/2012/359089 

Pyle, A., DeLuca, C., & Danniels, E. (2017). A scoping review of research on play-
based pedagogies in kindergarten education. Review of Education, 5(2), 1–35. 
https://doi.org/10.1002/rev3.3097 

Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2013). Math anxiety, 
working memory, and math achievement in early elementary school. Journal 
of Cognition and Development, 14(2), 187–202. https://doi.org/10.1080/ 
15248372.2012.664593  

Ramirez, G., Chang, H., Maloney, E. A., Levine, S. C., & Beilock, S. L. (2015). On 
the relationship between math anxiety and math achievement in early elemen-
tary school: The role of problem solving strategies. Journal of Experimental 
Child Psychology, 138, 1–13. https://doi.org/10.1016/j.jecp.2015.07.014 

Ramirez, G., Shaw, S. T., & Maloney, E. A. (2018). Math anxiety: Past research, promis-
ing interventions, and a new interpretation framework. Educational Psychologist, 
53(3), 145–164. https://doi.org/10.1080/00461520.2018.1447384 

Ramirez, G., Hooper, S. Y., Kersting, N. B., Ferguson, R., & Yeager, D. S. (2018b). 
Teacher math anxiety relates to adolescent students’ math achievement.  
AERA Open, 4 (1), Article 2332858418756052. https://doi.org/10.1177/ 
2332858418756052 

Ratner, C. (2000). A cultural-psychological analysis of emotions. Culture & Psycho-
logy, 6(1), 5–39. https://doi.org/10.1177/1354067X0061001 

Reis, M. (2011). Att ordna, från ordning till ordning: Yngre förskolebarns matemati-
serande [Doctoral dissertation, Göteborgs universitet]. 

Richardson, F., & Suinn, R. M. (1972). The Mathematics Anxiety Rating Scale: Psy-
chometric data. Journal of Counseling Psychology, 9, 551–554. 
https://doi.org/10.1037/h0033456 

Rogoff, B. (2003). The cultural nature of human development. Oxford University 
Press. 

Roth, W. M., & Walshaw, M. (2015). Rethinking affect in education from a societal-
historical perspective: The case of mathematics anxiety. Mind, Culture, and 
Activity, 22(3), 217–232. https://doi.org/10.1080/10749039.2015.1016239 

Rottenberg, J., Ray, R. D., & Gross, J. J. (2007). Emotion elicitation using film. In J. 
A. Coan & J. J. Allen (Eds.), Handbook of emotion elicitation and assessment 
(pp. 9–28). Oxford University Press. 

Russell, J. A. (2003). Core affect and the psychological construction of emotion. Psy-
chological Review, 110(1), 145–172. https://doi.org/10.1037/0033-
295X.110.1.145 

Rutter, M. (2006). Genes and behavior: Nature–nurture interplay explained. Black-
well Publishing. 

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of 
intrinsic motivation, social development, and well-being. American Psycholo-
gist, 55(1), 68–78. https://doi.org/10.1037/0003-066X.55.1.68 

Sacks, H., Schegloff, E. A., & Jefferson, G. (1974). A simplest systematics for the 
organization of turn-taking for conversation. Language, 50(4), 696–735. 
https://doi.org/10.2307/412243 

Sammallahti, E., Finell, J., Jonsson, B., & Korhonen, J. (2023). A Meta-Analysis of 
Math Anxiety Interventions. Journal of Numerical Cognition, 9(2), Article 
e8401. https://doi.org/10.5964/jnc.8401 

  



 

 171

Schaeffer, M. W., Rozek, C. S., Maloney, E. A., Berkowitz, T., Levine, S. C., & 
Beilock, S. L. (2021). Elementary school teachers' math anxiety and students' 
math learning: A large-scale replication. Developmental Science, 24(4), 
e13080. https://doi.org/10.1111/desc.13080 

Schegloff, E. A. (1992). Repair after next turn: The last structurally provided defense 
of intersubjectivity in conversation. American Journal of Sociology, 97(5), 
1295–1345. https://doi.org/10.1086/229903  

Schegloff, E. A. (2007). Sequence organization in interaction: A primer in conversa-
tion analysis (Vol. 1). Cambridge University Press. 

Schlöglmann, W. (2002). Affect and mathematics learning. In A. D. Cockburn & E. 
Nardi (Eds.), Proceedings of the 26th PME (Vol. 3, pp. 185–192). Norwich, 
UK. 

Schlöglmann, W. (2003). Can neuroscience help us better understand affective reac-
tions in mathematics learning. In M. A. Mariotti (Ed.), CERME 3 Proceedings: 
Third Conference of the European Society for Research in Mathematics Edu-
cation. http://erme.site/wp-content/uploads/2021/06/cerme3_TG2.zip 

Schoenfeld, A. H. (2002). Making mathematics work for all children: Issues of stand-
ards, testing, and equity. Educational Researcher, 31(1), 13–25. 
https://doi.org/10.3102/0013189X031001013 

Shabab, C. R. (2024). Understanding mathematics anxiety: Loss aversion and student 
engagement. Teaching Mathematics and its Applications: An International 
Journal of the IMA, 43(2), 107–124. https://doi.org/10.1093/teamat/hrad008 

Shamoon, S. (2014). Understanding the role of mathematical anxiety, disaffect and 
emotion in learning and teaching the subject of mathematics: A qualitative 
study of Swedish student teachers’ experiences and feelings towards mathe-
matics education (Doctoral dissertation, Stockholm University). Stockholm 
University. 

Shapiro, L. (2007). Embodied cognition. Routledge. 
Shapiro, L. (2019). Embodied cognition (2nd ed.). Routledge. 
Shonkoff, J. P., & Phillips, D. A. (Eds.). (2000). From neurons to neighborhoods: The 

science of early childhood development. National Academies Press. 
https://doi.org/10.17226/9824 

Sidnell, J. (2015). Conversation analysis. In B. Heine & H. Narrog (Eds.), The Oxford 
handbook of linguistic analysis (pp. 167–192). Oxford University Press. 
https://doi.org/10.1093/oxfordhb/9780199677078.013.0041  

Siegel, E. H., Sands, M. K., Van den Noortgate, W., Condon, P., Chang, Y., Dy, J., 
Quigley, K. S., & Barrett, L. F. (2018). Emotion fingerprints or emotion pop-
ulations? A meta-analytic investigation of autonomic features of emotion cat-
egories. Psychological Bulletin, 144(4), 343–393. https://doi.org/10.1037/ 
bul0000128 

Skagerlund, K., Skagenholt, M., & Träff, U. (2024). Mathematics anxiety and number 
processing: The link between executive functions, cardinality, and ordinality. 
Quarterly Journal of Experimental Psychology, 78(1), 17470218241234041. 
https://doi.org/10.1177/17470218241234041 

Skolverket. (2004). PISA 2003 – svenska femtonåringars kunskaper och attityder i ett 
internationellt perspektiv. https://www.skolverket.se/getFile?file=1390 

Skolverket. (2013). PISA 2012 – 15-åringars kunskaper i matematik, läsförståelse 
och naturvetenskap. https://www.skolverket.se/sok-publikationer/publikat-
ionsserier/ovrigt-material/2013/pisa-2012---15-aringars-kunskaper-i-matema-
tik-lasforstaelse-och-naturvetenskap 



 

 172 

Skolverket. (2018). Curriculum for the preschool – Lpfö 18 (Revised 2018). 
https://www.skolverket.se/sok-publikationer/publikationsserier/styrdoku-
ment/2019/curriculum-for-the-preschool-lpfo-18 

Skolverket. (2022). Curriculum for compulsory school, preschool class and 
school-age educare: Lgr22 [Curriculum document]. Swedish National Agency 
for Education. https://www.skolverket.se/undervisning/grundskolan/laroplan-
och-kursplaner-for-grundskolan/laroplan-lgr22-for-grundskolan-samt-for-for-
skoleklassen-och-fritidshemmet 

Skolverket. (2023). PISA 2022: 15-åringars kunskaper i matematik, läsförståelse och na-
turvetenskap. https://www.skolverket.se/download/18.485d2be118c8007f2b142/ 
1702995325702/pdf12177.pdf 

Skolverket. (n.d.). Kartläggning i förskoleklassen. https://www.skolverket.se/under-
visning/forskoleklassen/kartlaggning-i-forskoleklassen 

Sokolowski, H. M., & Ansari, D. (n.d.). Who is afraid of math? What is math anxiety? 
And what can you do about it? Retrieved February 2, 2026, from 
https://kids.frontiersin.org/articles/10.3389/frym.2017.00057 

Stivers, T. (2008). Stance, alignment, and affiliation during storytelling: When nod-
ding is a token of affiliation. Research on Language and Social Interaction, 
41(1), 31–57. https://doi.org/10.1080/08351810701691123 

Stoet, G., & Geary, D. C. (2018). The gender-equality paradox in science, technology, 
engineering, and mathematics education. Psychological Science, 29(4), 581–
593. https://doi.org/10.1177/0956797617741719 

Strid, E., & Cekaite, A. (2022). Calibrating joint attention and affective stances in 
young children's peer interactions. Journal of Pragmatics, 198, 29–42. 
https://doi.org/10.1016/j.pragma.2022.05.016 

Strid, E. H. (2024). Choreographing young children’s participation in teacher-led ac-
tivities through suspense practices. Research on Children and Social Interac-
tion, 8(1), 32–56. https://doi.org/10.1558/rcsi.25741 

Suárez-Pellicioni, M., Núñez-Peña, M. I., & Colomé, A. (2013). Mathematical anxi-
ety effects on simple arithmetic processing efficiency: An event-related poten-
tial study. Biological Psychology, 94(3), 517–526. https://doi.org/10.1016/j.bi-
opsycho.2013.09.012 

Sumpter, L., & Hedefalk, M. (2015). Preschool children’s collective mathematical 
reasoning during free outdoor play. Journal of Mathematical Behavior, 36, 1–
15. https://doi.org/10.1016/j.jmathb.2015.03.006 

Sumpter, L. (2020). Preschool educators’ emotional directions towards mathematics. 
International Journal of Science and Mathematics Education, 18, 1169–1184. 
https://doi.org/10.1007/s10763-019-10015-2 

Sumpter, L., & Sollerman, S. (2023). Changes in affect: Patterns in Grade 4 and Grade 
8 students’ expressed emotional directions. International Journal of Mathe-
matical Education in Science and Technology, 54(8), 1598–1613. 
https://doi.org/10.1080/0020739X.2023.2184279 

Sundström, J. (2025). Policy enactment in Swedish preschools: Preschool principals’ 
perspectives on the new curriculum and municipal support structures. Nordic 
Journal of Studies in Educational Policy, 11(3), 246–259. 
https://doi.org/10.1080/20020317.2025.2474273 

Swedish Education Act (SFS 2010:800). Sveriges riksdag. https://www.riks-
dagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/skol-
lag-2010800_sfs-2010-800 

Swedish Research Council. (2017). Good research practice. 
https://www.vr.se/english/analysis/reports/our-reports/2017-08-31-good-re-
searchpractice.html 



 

 173

Swedish Schools Inspectorate. (2016). Förskolans pedagogiska uppdrag: Om un-
dervisning, lärande och förskollärares ansvar [The pedagogical mission of 
preschool: Concerning teaching, learning and the responsibility of preschool 
teachers] (Inspection report No. 2015:5671). Swedish Schools Inspectorate. 

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cog-
nitive Science, 12(2), 257–285. https://doi.org/10.1207/s15516709cog1202_4 

Szczygieł, M., & Pieronkiewicz, B. (2022). Exploring the nature of math anxiety in 
young children: Intensity, prevalence, reasons. Mathematical Thinking and 
Learning, 24(3), 248–266. https://doi.org/10.1080/10986065.2021.1882363 

Tainio, L., & Laine, A. (2015). Emotion work and affective stance in the mathematics 
classroom: The case of IRE sequences in Finnish classroom interaction. Educa-
tional Studies in Mathematics, 89(1), 67–87. https://doi.org/10.1007/s10649-015-
9591-5 

Tangney, J. P., & Fischer, K. W. (Eds.). (1995). Self-conscious emotions: The psy-
chology of shame, guilt, embarrassment, and pride. Guilford Press. 

ten Braak, D., Lenes, R., Purpura, D. J., Schmitt, S. A., & Størksen, I. (2021). Why 
do early mathematics skills predict later mathematics and reading achieve-
ment? The role of executive function. Journal of Experimental Child Psychol-
ogy, 210, 105306. https://doi.org/10.1016/j.jecp.2021.105306 

Tobias, S. (1986). Anxiety and cognitive processing of instruction. In R. Schwarzer 
(Ed.), Self-related cognition in anxiety and motivation (pp. 35–54). Erlbaum. 

Tomasello, M. (1999). The cultural origins of human cognition. Harvard University 
Press. 

Tomkins, S. S. (1962). Affect imagery consciousness: Volume I. The positive affects. 
Springer. 

Turner, D. A. (2011). Promoting a dialogue between neuroscience and education. Educa-
tional Practice and Theory, 33(2), 23–42. https://doi.org/10.7459/ept/33.2.03 

Turner, D. A. (2014). Education and neuroscience. In D. Canter & D. A. Turner (Eds.), 
Biologising the social sciences: Challenging Darwinian and neuroscience ex-
planations (pp. 73–85). Routledge/Taylor & Francis Group. 

Tyng, C. M., Amin, H. U., Saad, M. N. M., & Malik, A. S. (2017). The influences of 
emotion on learning and memory. Frontiers in Psychology, 8, 1454. 
https://doi.org/10.3389/fpsyg.2017.01454 

Utbildningsdepartementet. (2001). En förnyad lärarutbildning [A renewed teacher 
education] (Prop. 2000/01:60). Stockholm: Utbildningsdepartementet. 

van der Wel, P., & van Steenbergen, H. (2018). Pupil dilation as an index of effort in 
cognitive control tasks: A review. Psychonomic Bulletin & Review, 25(6), 
2005–2015. https://doi.org/10.3758/s13423-018-1432-y 

Varela, F. J., Thompson, E., & Rosch, E. (1991). The embodied mind: Cognitive sci-
ence and human experience. MIT Press. 

Vogt, F., Leuchter, M., Dunekacke, S., Heinze, A., Lindmeier, A., Kuratli Geeler, S., 
Meier, A., Seemann, S., Wullschleger, A., & Moser Opitz, E. (2021). Kinder-
garten educators’ affective-motivational dispositions: Examining enthusiasm 
for fostering mathematics in kindergarten. In S. Dunekacke, A. Jegodtka, T. 
Koinzer, K. Eilerts, & L. Jenßen (Eds.), Early childhood teachers’ professional 
competence in mathematics (pp. 79–96). Routledge. https://doi.org/ 
10.4324/9781003172529-6 

von Spreckelsen, M., Dove, E., Coolen, I., Mills, A., Dowker, A., Sylva, K., Ansari, D., 
Merkley, R., Murphy, V., & Scerif, G. (2019). Let’s talk about maths: The role of 
observed “maths-talk” and maths provisions in preschoolers’ numeracy. Mind, 
Brain, and Education, 13(4), 276–289. https://doi.org/10.1111/mbe.12221 



 

 174 

Vos, H., Marinova, M., De Léon, S. C., Sasanguie, D., & Reynvoet, B. (2022). Gender 
differences in young adults' mathematical performance: Examining the contri-
bution of working memory, math anxiety and gender-related stereotypes. 
Learning and Individual Differences, 102, 102255. https://doi.org/10.1016/ 
j.lindif.2022.102255 

Vygotsky, L. S. (1986). Thought and language (A. Kozulin, Ed. & Trans.). MIT Press. 
(Original work published 1934) 

Vygotsky, L. S. (1998). Infancy. In R. W. Rieber (Ed.), The collected works of L. S. 
Vygotsky (Vol. 5, Child psychology, pp. 207–241). Plenum Press. 

Vukovic, R. K., Kieffer, M. J., Bailey, S. P., & Harari, R. R. (2013). Mathematics 
anxiety in young children: Concurrent and longitudinal associations with math-
ematical performance. Contemporary Educational Psychology, 38(1), 1–10. 
https://doi.org/10.1080/00220973.2012.727888 

Walkerdine, V. (1988). The mastery of reason: Cognitive development and the pro-
duction of rationality. Routledge. 

Wallin, H., & Grimlund, H. (Eds.). (1939). 1933 års förnyade läroverksstadga: Med 
förklaringar och hänvisningar, jämte timplaner och undervisningsplan m.m. 
rörande allmänna läroverken (2nd ed.). Stockholm: Svenska bokförlaget. 

Wang, Y., Zhang, J., & Pellicioni, M. S. (2025). Math anxiety is associated with skip-
ping problems and less help-seeking behavior after error commission. Learn-
ing and Individual Differences, 120, 102681. https://doi.org/10.1016/j.lin-
dif.2025.102681 

Wang, M.-T., Degol, J. L., & Ye, F. (2015). Math achievement is important, but task 
values are critical, too: Examining the intellectual and motivational factors 
leading to gender disparities in STEM careers. Frontiers in Psychology, 6, 1–
12. https://doi.org/10.3389/fpsyg.2015.00036 

Wang, M.-T., & Degol, J. L. (2016). Gender gap in science, technology, engineering, 
and mathematics (STEM): Current knowledge, implications for practice, pol-
icy, and future directions. Educational Psychology Review, 28(1), 119–140. 
https://doi.org/10.1007/s10648-015-9355-x 

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief 
measures of positive and negative affect: The PANAS scales. Journal of Per-
sonality and Social Psychology, 54(6), 1063–1070. https://doi.org/10.1037/ 
0022-3514.54.6.1063 

Wetherell, M. (2012). Introducing affect: Lines of argument. In Affect and emotion: 
A new social science understanding (pp. 1–26). SAGE Publications. 

Wetherell, M. (2013). Affect and discourse – What’s the problem? From affect as 
excess to affective/discursive practice. Subjectivity, 6(4), 349–368. 
https://link.springer.com/article/10.1057/sub.2013.13 

World Medical Association. (2013). World Medical Association Declaration of Hel-
sinki: Ethical principles for medical research involving human subjects. 
JAMA, 310(20), 2191–2194. https://doi.org/10.1001/jama.2013.281053 

Young, C. B., Wu, S. S., & Menon, V. (2012). The neurodevelopmental basis of math 
anxiety. Psychological Science, 23(5), 492–501. https://doi.org/10.1177/ 
0956797611429134 

Zan, R., Brown, L., Evans, J., & Hannula, M. S. (2006). Affect in mathematics edu-
cation: An introduction. Educational Studies in Mathematics, 63, 113–121. 
https://doi.org/10.1007/s10649-006-9028-2 

Zhang, J., Zhao, N., & Kong, Q. P. (2019). The relationship between math anxiety 
and math performance: A meta-analytic investigation. Frontiers in Psychol-
ogy, 10, Article 1613. https://doi.org/10.3389/fpsyg.2019.01613 



 

 175

Zhang, K. (2023). Intergenerational transmission of math anxiety: Discussion about re-
search on parents’ and children’s math anxiety. Journal of Education, Humanities 
and Social Sciences, 8, 1776–1781. https://doi.org/10.54097/ehss.v8i.4582 

Zöggeler-Burkhardt, L., Embacher, E.-M., & Smidt, W. (2023). Social relationships, 
interactions and learning in early childhood – theoretical approaches, empirical 
findings and challenges. Early Child Development and Care, 193(11–12), 
1199–1203. https://doi.org/10.1080/03004430.2023.2260976  

  



 

 176 

 



 

 177

Appendices  

Appendix 1. Study I 
11.1 Pre-school Personnel Survey 
I denna enkät kommer du få en rad frågor som undersöker hur du (och dina 
kollegor) upplever läroplanens olika mål, först allmänt och därefter mer spe-
cifikt i relation till språk och matematik. Vi kommer inte koppla resultatet 
tillbaka till dig som person. Istället är vi intresserade av hur ni som arbetar på 
förskolan upplever läroplanens olika mål och i vilken utsträckning ni upplever 
att ni har de verktyg och den kunskap som behövs för att uppfylla de många 
krav som ställs på förskolan. Kom ihåg att det inte finns några rätta svar, det 
är först när kunskaps- eller resursbrister identifieras som dessa diskuteras och 
åtgärdas. 

BAKGRUND 
Ålder _____ 

Kön 
 Kvinna 
 Man 
 Icke binär 

På vilken förskola arbetar du? _______________ 

Vad är din position? 
 Förskollärare 
 Barnskötare 
 Annat _____________ 

Vilken barnåldersgrupp arbetar du oftast med? 
 Yngre barn (ca. 1-3 år) 
 Äldre barn (ca. 3-6 år) 
 Både yngre och äldre barn 
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Vilken utbildning har du? 
 Förskollärare med legitimation 
 Pedagogisk högskoleexamen 
 Gymnasial utbildning för arbete med barn 
 Övrig utbildning 

o Om ja, vilken ________________ 

När avslutade du din utbildning? (år) _______ 

Var tog du din examen? __________________ 

Hur många år har du arbetat i förskolan (som förskollärare, barnskötare, etc.)?  

Hur trivs du på din nuvarande arbetsplats? 
 Mycket bra 
 Bra 
 Okej 
 Dåligt 
 Mycket dåligt 

TEMAN I LÄROPLANEN 
Rangordna följande nio teman från förskolans läroplan (Lpfö18) efter hur viktiga 
du tycker att de är som uppgifter i förskolan från (1) minst viktig till (9) viktigast. 

a.  Egen identitet och självständighet (t ex förmågan att uttrycka tankar 
och åsikter och att få inflytande i klassrummet) 

b.  Estetiska uttryck och skapande (t ex förmågan att uttrycka sig ge-
nom bild, sång och dans) 

c.  Mångfald och jämställdhet i samhället (t ex barns utveckling av sin 
kulturella identitet och lärares jämställdhetsperspektiv) 

d.  Matematik (t ex förståelse för rum, tid och form och förmågan att 
använda matematiska begrepp) 

e.  Motorik och fysiskhälsa (t ex barns koordinationsförmåga och 
kroppsuppfattning) 

f.  Natur och hållbarhet (t ex en förståelse för samband i naturen och 
intresse i hållbar utveckling) 

g.  Sociala förmågor med andra barn (t ex förmågan att kunna samar-
beta och förstå rättigheter) 

h.  Språk, kommunikation (ett nyanserat talspråk och ordförråd och ett 
intresse för skriftspråk) 

i.  Teknik och digitala verktyg (t ex förmågan att upptäcka och ut-
forska teknik i vardagen) 
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Jag har kunskapen och resurserna för att stödja barns utveckling inom detta 
område. För varje område, indikera i vilken grad du instämmer från (1) inte 
alls (5) stämmer helt. 

a.  Egen identitet och självständighet (t ex förmågan att uttrycka tankar 
och åsikter och att få inflytande i klassrummet) 

b.  Estetiska uttryck och skapande (t ex förmågan att uttrycka sig ge-
nom bild, sång och dans) 

c.  Mångfald och jämställdhet i samhället (t ex barns utveckling av sin 
kulturella identitet och lärares jämställdhetsperspektiv) 

d.  Matematik (t ex förståelse för rum, tid och form och förmågan att 
använda matematiska begrepp) 

e.  Motorik och fysiskhälsa (t ex barns koordinationsförmåga och 
kroppsuppfattning) 

f.  Natur och hållbarhet (t ex en förståelse för samband i naturen och 
intresse i hållbar utveckling) 

g.  Sociala förmågor med andra barn (t ex förmågan att kunna samar-
beta och förstå rättigheter) 

h.  Språk, kommunikation (ett nyanserat talspråk och ordförråd och ett 
intresse för skriftspråk) 

i.  Teknik och digitala verktyg (t ex förmågan att upptäcka och ut-
forska teknik i vardagen) 

Hur ofta undervisar du inom detta tema? För varje område, indikera hur ofta 
från nästan aldrig/aldrig, färre är en gång om månaden (1) till alltid, mer än en 
gång om dagen (5). 

a.  Egen identitet och självständighet (t ex förmågan att uttrycka tankar 
och åsikter och att få inflytande i klassrummet) 

b.  Estetiska uttryck och skapande (t ex förmågan att uttrycka sig ge-
nom bild, sång och dans) 

c.  Mångfald och jämställdhet i samhället (t ex barns utveckling av sin 
kulturella identitet och lärares jämställdhetsperspektiv) 

d. Matematik (t ex förståelse för rum, tid och form och förmågan att 
använda matematiska begrepp) 

e.  Motorik och fysiskhälsa (t ex barns koordinationsförmåga och 
kroppsuppfattning) 

f.  Natur och hållbarhet (t ex en förståelse för samband i naturen och 
intresse i hållbar utveckling) 

g.  Sociala förmågor med andra barn (t ex förmågan att kunna samar-
beta och förstå rättigheter) 

h.  Språk, kommunikation (ett nyanserat talspråk och ordförråd och ett 
intresse för skriftspråk) 

i.  Teknik och digitala verktyg (t ex förmågan att upptäcka och ut-
forska teknik i vardagen) 
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När du genomför aktiviteter inom detta område, är dessa planerade eller mer 
spontana? För varje område, indikera graden av planering/spontanitet från oft-
ast spontana (1) till oftast planerade i förväg (5). 

a.  Egen identitet och självständighet (t ex förmågan att uttrycka tankar 
och åsikter och att få inflytande i klassrummet) 

b.  Estetiska uttryck och skapande (t ex förmågan att uttrycka sig ge-
nom bild, sång och dans) 

c.  Mångfald och jämställdhet i samhället (t ex barns utveckling av sin 
kulturella identitet och lärares jämställdhetsperspektiv) 

d.  Matematik (t ex förståelse för rum, tid och form och förmågan att 
använda matematiska begrepp) 

e.  Motorik och fysiskhälsa (t ex barns koordinationsförmåga och 
kroppsuppfattning) 

f.  Natur och hållbarhet (t ex en förståelse för samband i naturen och 
intresse i hållbar utveckling) 

g.  Sociala förmågor med andra barn (t ex förmågan att kunna samar-
beta och förstå rättigheter) 

h.  Språk, kommunikation (ett nyanserat talspråk och ordförråd och ett 
intresse för skriftspråk) 

i.  Teknik och digitala verktyg (t ex förmågan att upptäcka och ut-
forska teknik i vardagen) 

I vilken utsträckning håller du med om påståendet att det finns en tydlig samord-
ning från förskola eller kommun kring undervisning och utveckling av aktiviteter 
som stärker barns utveckling inom detta område? För varje område, indikera i 
vilken grad du håller med från. Håller helt med (1) till mycket oenig (5). 

a.  Egen identitet och självständighet (t ex förmågan att uttrycka tankar 
och åsikter och att få inflytande i klassrummet) 

b.  Estetiska uttryck och skapande (t ex förmågan att uttrycka sig ge-
nom bild, sång och dans) 

c.  Mångfald och jämställdhet i samhället (t ex barns utveckling av sin 
kulturella identitet och lärares jämställdhetsperspektiv) 

d.  Matematik (t ex förståelse för rum, tid och form och förmågan att 
använda matematiska begrepp) 

e.  Motorik och fysiskhälsa (t ex barns koordinationsförmåga och 
kroppsuppfattning) 

f.  Natur och hållbarhet (t ex en förståelse för samband i naturen och 
intresse i hållbar utveckling) 

g.  Sociala förmågor med andra barn (t ex förmågan att kunna samar-
beta och förstå rättigheter) 

h.  Språk, kommunikation (ett nyanserat talspråk och ordförråd och ett 
intresse för skriftspråk) 
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i.  Teknik och digitala verktyg (t ex förmågan att upptäcka och ut-
forska teknik i vardagen) 

LÄROPLANENS MÅNGA MÅL 
Här kommer en lista med olika delmål från läroplanen (Lpfö18). För varje 
komponent, ange hur självsäker känner du dig för att integrera detta delmål i 
förskolan från Inte alls självsäker. (1) till mycket självsäker (5). 

Mångfald och jämställdhet i samhället 
Barnet ska ges förutsättningar att utveckla… 

1.  sin kulturella identitet 
2.  ett intresse för olika kulturer 
3.  en förståelse för värdet av att leva i ett samhälle präglat av mångfald 
4.  intresse för det lokala kulturlivet 
5.  en förmåga att upptäcka, reflektera över och ta ställning till etiska 

dilemman och livsfrågor i vardagen 
6.  en förståelse för demokratiska principer och förmåga att samarbeta 

och fatta beslut i enlighet med dem 

Förskolläraren/arbetslaget ska… 
7.  medvetet och aktivt inkludera ett jämställdhetsperspektiv så att alla 

barn får likvärdiga möjligheter till utvidgade perspektiv och val 
oavsett könstillhörighet 

8.  uppmärksamma barnen på att människor kan ha olika värderingar 
som styr deras uppfattningar och handlingar och samtidigt förankra 
de grundläggandena värdena 

9.  uppmärksamma och problematisera etiska dilemman och livsfrågor 
i vardagen 

10.  samarbeta med vårdnadshavare, samt diskutera regler och förhåll-
ningssätt i förskolan med vårdnadshavare, för att främja barnets ut-
veckling till en ansvarskännande människa och samhällsmedlem 

Sociala förmågor med andra barn 
Barnet ska ges förutsättningar att utveckla… 

11.  en förmåga att lyssna på och reflektera över andras uppfattningar 
samt kunna reflektera och ge uttryck för egna uppfattningar 

12.  en förmåga att ta ansvar för sina egna handlingar och för miljön i 
förskolan 

13.  en förmåga att ta hänsyn till och leva sig in i andra människors si-
tuation samt vilja att hjälpa andra 

14.  en förmåga att fungera enskilt 
15.  en förmåga att kunna samarbeta med andra, kompromissa, reda ut 

missförstånd och hantera konflikter när de uppstår 
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16.  en förmåga att förstå rättigheter och skyldigheter samt att ta ansvar 
för gemensamma regler 

17.  får goda förutsättningar att bygga upp tillitsfulla relationer och 
känna sig trygga i gruppen 

Förskolläraren/arbetslaget ska… 
18.  samverka i arbetet med aktiva åtgärder för att förebygga diskrimi-

nering och kränkande behandling 
19.  stimulera barnens samspel samt hjälpa och stödja dem att bearbeta 

konflikter, reda ut missförstånd, kompromissa och respektera 
varandra. 

Egen identitet och självständighet 
Barnet ska ges förutsättningar att utveckla 

20.  ett intresse för samt en förmåga att uttrycka tankar och åsikter så att 
de kan påverka sin situation 

21.  sin identitet 
22.  trygghet i sin identitet samt medvetenhet om rätten till sin kropps-

liga och personliga integritet 
23.  självständighet och tillit till sin egen förmåga 

Förskolläraren/arbetslaget … 
24.  ansvarar för att barnen får sina behov respekterade och tillgodo-

sedda och får uppleva sitt eget värde 
25.  ska säkerställa att alla barn får lika stort inflytande över och ut-

rymme i utbildningen oavsett könstillhörighet 
26.  ska inspirera och utmana barnen att bredda sina förmågor och in-

tressen på ett sätt som går utöver könsstereotypa val 
27.  ska respektera varje barns rätt att uttrycka sina åsikter med olika 

uttrycksformer samt säkerställa att barnens uppfattningar och åsik-
ter tas tillvara och kommer till uttryck i utbildningen 

Natur och hållbarhet 
Barnet ska ges förutsättningar att utveckla… 

28.  ett växande ansvar och intresse för hållbar utveckling och att aktivt 
delta i samhället 

29.  en förståelse för samband i naturen och för naturens olika kretslopp 
samt för hurcmänniskor, natur och samhälle påverkar varandra 

30.  en förståelse för hur människors olika val i vardagen kan bidra till 
en hållbarcutveckling 

31.  en förståelse för naturvetenskap, kunskaper om växter och djur 
samt enkla kemiskacprocesser och fysikaliska fenomen 
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32.  en förmåga att utforska, beskriva med olika uttrycksformer, ställa 
frågor om och samtala om naturvetenskap 

Förskolläraren/arbetslaget ska… 
33.  skapa förutsättningar för barnen att förstå hur deras egna handlingar 

kan påverka miljön och bidra till en hållbar utveckling 

Motorik och fysiskhälsa 
Barnet ska ges förutsättningar att utveckla… 

34.  motorik, koordinationsförmåga och kroppsuppfattning 
35.  förståelse för hur viktigt det är att ta hand om sin hälsa och sitt väl-

befinnande 

Förskolläraren/arbetslaget … 
36.  ansvarar för att erbjuda en god omsorg med balans mellan aktivitet 

och vila 

Matematik 
Barnet ska utveckla… 

37.  förmågan att använda matematik för att undersöka, reflektera över 
och pröva olika lösningar av egna och andras problemställningar 

38.  förståelse för rum, tid och form, och grundläggande egenskaper hos 
mängder, mönster, antal, ordning, tal, mätning och förändring, samt 
att resonera matematiskt om detta 

39.  förmågan att urskilja, uttrycka, undersöka och använda matema-
tiska begrepp och samband mellan begrepp 

Teknik och digitala verktyg 
Barnet ska ges förutsättningar att utveckla… 

40.  förmågan att utforska, beskriva med olika uttrycksformer, ställa 
frågor om och samtala om teknik 

41.  förmågan att upptäcka och utforska teknik i vardagen 

Förskolläraren/arbetslaget … 
42.  ska utmana barnens nyfikenhet och förståelse för teknik 
43.  ska försäkra att barnet får använda digitala verktyg på ett sätt som 

stimulerar utveckling och lärande 

Språk och kommunikation 
Barnet ska ges förutsättningar att utveckla… 

44.  förmågan att använda och förstå begrepp, se samband och upptäcka 
nya sätt att förstå sin omvärld 
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45.  ett intresse för berättelser, bilder och texter i olika medier, såväl 
digitala som andra, samt sin förmåga att använda sig av, tolka, ifrå-
gasätta och samtala om dessa 

46.  ett nyanserat talspråk och ordförråd samt förmåga att leka med ord, 
berätta, uttrycka tankar, ställa frågor, argumentera och kommuni-
cera med andra i olika sammanhang och med skilda syften 

47.  ett intresse för skriftspråk samt förståelse för symboler och hur de 
används för att förmedla budskap 

48.  sina kunskaper om det svenska språket 
49.  det egna nationella minoritetsspråket, om barnet till hör en nationell 

minoritet 
50.  sitt modersmål, om barnet har ett annat modersmål än svenska 
51.  svenskt teckenspråk, om barnet har hörselnedsättning, är dövt eller 

av andra skäl har behov av teckenspråk 

Förskolläraren/arbetslaget ska… 
52.  utmana barnens nyfikenhet och förståelse för språk och kommuni-

kation 

Estetiskt uttryck och skapande 
Barnet ska ges förutsättningar att utveckla… 

53.  sin förmåga att kommunicera, dokumentera och förmedla upplevel-
ser, erfarenheter, idéer och tankar med hjälp av olika uttrycksfor-
mer, såväl med som utan digitala verktyg (bild, form, drama, rö-
relse, sång, musik och dans) 

54.  förmågan att bygga, skapa och konstruera med hjälp av olika tek-
niker, material och redskap 

SPRÅK OCH LITTERACITET 
Nedan följer ett antal påståenden som beskriver olika aktiviteter och praktiker 
kopplade till språk och litteracitet i förskolan. För varje påstående, indikera i 
vilken grad du instämmer från. (1) aldrig till (6) alltid. 

Högläsningssituation 
1. Jag nämner saker i bilder medan jag läser högt. 
2. Jag spenderar tid på att prata om bilderna i böcker. 
3. Jag pratar om hur bilderna relaterar till texten. 
4. Jag ber barnen att relatera till sina egna upplevelser till berättelserna 
    jag läser. 
5. Jag ställer ”V-” frågor till barnen under läsningen (dvs. vem, vad, 
    var, varför). 
6. Jag ställer öppna frågor till barnen medan jag läser högt. 
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7. Jag låter barnen avbryta, kommentarer och ställa frågor medan jag 
    läser högt. 
8. Jag lägger lika mycket tid på att prata om den bok jag läser som att 
    läsa den. 
9. Jag ber barnen gissa vad som händer härnäst i berättelser. 

10. Jag förklarar okända ord när jag läser. 
11. Jag använder karaktärsröster medan jag läser högt. 
12. Jag pratar om de känslor som berättelserna förmedlar. 
13. Jag läste olika typer av böcker (dvs. rim, fiktion, sakprosa, alfabet). 
14. Jag väljer böcker relaterade till vad vi gör i förskolan. 
15. Jag ber barnen återberätta bekanta historier. 

Böcker och text 
1. Jag demonstrerar hur text fungerar (dvs. ord läses från vänster till  
    höger, upp till ner, etc.). 
2. Jag introducerar böcker genom att prata om titeln, författaren och  
    illustratören. 
3. Jag använder mitt finger för att följa ord när jag läser högt. 
4. Jag demonstrerar hur böcker fungerar (dvs fram och bak, håll rätt  
    uppåt, vänd sidor från höger till vänster, etc.). 

Litteracitet i lek 
1. Jag gör saker som att skriva menyer när barn leker restaurang, matlistor  
    när de leker affär eller bokstäver när de leker postkontor, etc. 
2. Jag initierar lekar som restaurang, butik, postkontor, bibliotek, skola etc. 

Fonologisk medvetenhet 
1. Jag läser böcker med rimtexter. 
2. Jag demonstrerar de ljud som bokstäverna ger. 
3. Jag hjälper barn att ljuda ord (dvs. / s / + / ol / = sol). 
4. Jag demonstrerar hur vissa ord slutar med samma ljud (dvs katt, hatt). 
5. Jag demonstrerar mönster i ord (dvs. bana, banan). 
6. Jag demonstrerar hur vissa ord börjar med samma ljud (dvs pojke, pall). 
7. Jag visar rimmönster när jag läser berättelser. 

Bokstavskunskap 
1. Jag hjälper barnen att bli bekanta med bokstäverna i alfabetet. 
2. Jag använder alfabetsböcker med barnen. 
3. Jag lär barnen bokstäverna i deras namn. 
4. Jag hjälper barnen att skriva bokstäverna i alfabetet. 
5. Jag lär barnen skillnaden mellan stora och små bokstäver. 
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Framväxande läs- och skrivförmåga 
1. Jag skriver ner de berättelser som barnen berättar och läser dessa  
    tillbaka. 
2. Jag lyssnar medan barnen läser eller låtsas läsa högt. 
3. Jag berömmer barnen för deras försök att läsa och skriva. 
4. Jag hjälper barnen att läsa enkla ord. 
5. Jag hjälper barnen att skriva sina egna namn. 

SPRÅK OCH LITTERACITET – TIDSOMFÅNG 
Nedan följer ett antal påståenden som beskriver olika aktiviteter och praktiker 
kopplade till språk och litteracitet i förskolan. För varje påstående, indikera 
hur ofta du gör detta i minuter under en typisk dag från (1) noll minuter till (6) 
tjugo eller fler minuter. 

1. Jag läser högt för barnen i förskolan. 
2. Jag skriver ner de berättelser som barnen berättar och läser dem tillbaka. 
3. Jag är inblandad i att läsa och skriva i lek (dvs. hjälpa till att skriva  
    inköpslistor, menyer, recept, kvitton etc.). 
4. Jag hjälper barnen att lära sig bokstäver. 
5. Jag pratar om förhållandet mellan bokstäver och ljud. 
6. Jag visar på ljudmönster i ord (dvs katt, hatt). 
7. Jag hjälper barnen att skriva. 
8. Jag gör alfabetiska aktiviteter med barn (dvs leker med bokstäver,  
    magneter, pussel etc.). 
9. Jag lyssnar på barn som läser eller låtsas läsa högt 

VAD TYCKER DU OM MATEMATIK? 
Nedan följer ett antal påståenden som beskriver olika aktiviteter och praktiker 
kopplade till matematik i förskolan. För var och en påståendena, indikera i 
vilken grad du instämmer i påståendet från (1) ”Instämmer inte alls” till (5) 
”Instämmer helt”. 

1. Jag svettas om handflatorna och känner mig olustig när jag behöver  
    göra matematiska beräkningar 
2. När jag försöker lösa matematiska övningar känner jag mig obekväm 
3. När jag ser ett komplicerat mattetal så oroar jag mig 
4. Jag blir distraherad av andra tankar när jag försöker lösa matematiska  
    problem 
5. Jag känner mig självmedveten om jag inte omedelbart vet hur man  
    ska lösa ett matematiskt problem 
6. Jag blir nervös när jag tror att någon utvärderar min matematiska  
    förmåga 
7. Jag skulle känna mig nervös om jag var tvungen att lösa ett mate- 
    matiskt problem framför andra 
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8. Jag oroar mig för att göra misstag när jag pratar om matematik med  
    barnen (på min avdelning/i min barngrupp) 
9. Jag skulle vara nervös över att undervisa elever i förskoleklass eller  
    första klass i matematik 
10. Jag skulle känna mig obekväm om en kollega iakttog mig när jag  
    pratade om matematik med barnen 
11. När jag pratar om matematik undviker jag att gå in på detalj om  
    olika koncept som jag inte känner mig helt bekväm med 
12. Om ett barn skulle be mig att utveckla ett matematiskt koncept så  
    skulle jag känna mig obekväm 
13. Det gör mig nervös att prata om matematiska problem om jag inte  
    redan har klurat ut lösningen 
14. Jag oroar mig för att inte kunna svara rakt av på barnens frågor om  
    matematik 

MATEMATIK I FÖRSKOLAN 
I detta avsnitt kommer du att få svara på frågor om i vilken utsträckning du 
pratar med barnen om olika matematiska begrepp i olika situationer på för-
skolan. För var och en påståendena (ae), indikera i vilken grad du instämmer 
i påståendet från (1) ”Aldrig” till (5) ”Alltid”. 

1. I vilken utsträckning pratar du med barnen om att räkna (t. ex räkna upp 
räkneorden, räkna antalet objekt i en mängd, eller be barnen att räkna) i föl-
jande situationer? 

a. Under samlingar 
b. När vi dukar bordet 
c. I hallen när vi ska gå in eller ut 
d. I specifika undervisningssituationer avsedda för att lära barnen vad  
    räkning är 
e. Under utflykter 

2. I vilken utsträckning pratar du med barnen om nummerordning (t. ex hän-
visa till ett objekt som det 5:e i en sekvens) i följande situationer? 

a. Under samlingar 
b. När vi dukar bordet 
c. I hallen när vi ska gå in eller ut 
d. I specifika undervisningssituationer avsedda för att lära barnen vad  
    räkning är 
e. Under utflykter 
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3. I vilken utsträckning pratar du med barnen om mönster (t. ex “din tröja har 
ränder. Röd, blå, röd, blå, röd, blå …”) i följande situationer? 

a. Under samlingar 
b. När vi dukar bordet 
c. I hallen när vi ska gå in eller ut 
d. I specifika undervisningssituationer avsedda för att lära barnen vad  
    räkning är 
e. Under utflykter 

4. I vilken utsträckning pratar du med barnen om geometriska begrep (t. ex, 
namnger geometriska former) i följande situationer? 

a. Under samlingar 
b. När vi dukar bordet 
c. I hallen när vi ska gå in eller ut 
d. I specifika undervisningssituationer avsedda för att lära barnen vad  
    räkning är 
e. Under utflykter 

5. I vilka situationer pratar du med barnen om matematiska begrepp (t.ex, räk-
ning, mönster, ordinarie, kardinalitet, etc) ? 
_____________________________________________________________________________________

_____________________________________________________________________________________ 
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Appendix 2. Study II 

12.1 Information letters, a) children; b) parent 
 

a) Matte, läsning och oro 
 

    
 

Information till forskningspersoner 
Vi vill fråga dig om du och ditt barn vill delta i ett forskningsprojekt. I det här 
dokumentet får du information om projektet och om vad det innebär att delta.  

Vad är det för ett projekt och varför vill ni att jag ska delta? 
Med detta dokument vill vi beskriva en studie om hur barn och vuxna oroar 
sig för matematik och läsning och hur det relaterar till förmågan att lösa upp-
gifter som kräver huvudräkning och högläsning. Du blir tillfrågad om delta-
gande eftersom du är förälder och/eller arbetar på förskola. 

Hur går projektet till? 
I studien kommer du och ditt barn att få lösa matematiska uppgifter (1+2 = ?) 
och läsa ord (med olika många bokstäver) och berätta svaret på varje uppgift 
högt för en försöksledare. Samtidigt kommer dina och ditt barns ögonrörelser 
och pupillstorlek mätas med en ögonrörelsekamera. Det viktiga är inte att svar 
rätt utan att göra så gott ni kan. Vissa uppgifter är svåra att lösa för de allra 
fresta personer som deltar. I samband med studien kommer du också få fylla i 
ett mindre antal frågeformulär som ställer frågor om oro kopplat till matte, 
läsning och mer generellt i vardagen. Du och ditt barn deltar en i taget, men 
ni kan hela tiden vara nära varandra, i samma rum. 

Studien kommer att ta ca 20 minuter att genomföra per person, samt lite 
extra tid för frågor och information. 

Information från studien kommer att användas för att skriva vetenskapliga 
artiklar och hjälpa oss förstå hur människor lär sig orsakssamband. När data 
från studien publiceras kommer all information om deltagarnas identitet vara 
borttagna.  

Forskningshuvudman för projektet är Uppsala universitet. Med forsknings-
huvudman menas den organisation som är ansvarig för projektet. Ansökan är 
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godkänd av Etikprövningsmyndigheten, diarienummer för prövningen hos 
Etikprövningsmyndigheten är Dnr 2022-01163-01.  

Möjliga följder och risker med att delta i projektet 
Vi ser inte några risker med eller följder av projektet.  

Vad händer med mina uppgifter?  
Projektet kommer att samla in och registrera information om dig.  

Data kommer att lagras utan information som kan identifiera dig eller ditt 
barn (vi kommer inte inkludera namn, adress eller annan information som kan 
användas för att spåra data tillbaka till deltagare). Data (ögonrörelser och svar 
på frågeformulär) kommer att kopplas till en 6-siffrig kod. Dessa kommer att 
sparas på en lösenordsskyddadad server på Uppsala universitet och enbart an-
vändas av forskare som aktivt deltar i projektet.  

Kvantitativa data (datamatriser med siffror) kommer att göras tillgängliga 
i publikationer men då utan information som kan användas för att identifiera 
deltagarna.  

Uppsala universitet är ansvariga för lagring och hantering av persondata 
som lagras i Uppsala. Data kommer att sparas i 10 år. 

Dina svar och era resultat kommer att behandlas så att inte obehöriga kan 
ta del av dem.  

Ansvarig för dina personuppgifter är Uppsala universitet. Dataskyddsom-
bud nås på dataskyddsombud@uu.se. Behandling av personuppgifter sker enligt 
EU:sdataskyddsförordning, GDPR. Vid missnöje med hur personuppgifter be-
handlas har ni rätt att lämna in klagomål till Integritetsskyddsmyndigheten. 

Hur får jag information om resultatet av projektet? 
Information om resultatet, på gruppnivå, kommer att läggas upp på sociala 
mediakonton som tillhör Uppsala Barn och BabyLab. 

Försäkring och ersättning 
Alla deltagande familjer får ett presentkort på 100 kronor för varje besök på 
labbet (reseersättning). Under deltagande är ni som deltar försäkrade av Kam-
markollegiet. 

Deltagandet är frivilligt  
Ditt deltagande är frivilligt och du kan när som helst välja att avbryta delta-
gandet. Om du väljer att inte delta eller vill avbryta ditt deltagande behöver 
du inte uppge varför.  

Om du vill avbryta ditt deltagande ska du prata den som genomför studien. 
Ansvariga för projektet  
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Ansvarig för projektet är Gustaf Gredebäck, gustaf.gredeback@psyk.uu.se, 
018-4712111 

 

b) Matte, läsning och oro 
 

    
 

Information till forskningspersoner 
Vi vill fråga dig om du vill delta i ett forskningsprojekt. I det här dokumentet 
får du information om projektet och om vad det innebär att delta.  

Vad är det för ett projekt och varför vill ni att jag ska delta? 
Med detta dokument vill vi beskriva en studie om hur barn och vuxna oroar 
sig för matematik och läsning och hur det relaterar till förmågan att lösa upp-
gifter som kräver huvudräkning och högläsning. Du blir tillfrågad om delta-
gande eftersom du är förälder och/eller arbetar på förskola. 

Hur går projektet till? 
I studien kommer du att få lösa matematiska uppgifter (3*5 = ?) och läsa ord 
(med olika många bokstäver) och berätta svaret på varje uppgift högt för en 
försöksledare. Samtidigt kommer dina ögonrörelser och pupillstorlek mätas 
med en ögonrörelsekamera. Det viktiga är inte att svar rätt utan att göra så gott 
du kan. Vissa uppgifter är svåra att lösa för de allra fresta personer som deltar. 
I samband med studien kommer du också få fylla i ett mindre antal frågefor-
mulär som ställer frågor om oro kopplat till matte, läsning och mer generellt i 
vardagen.  

Studien kommer att ta ca 20 minuter att genomföra, samt lite extra tid för 
frågor och information. 

Information från studien kommer att användas för att skriva vetenskapliga 
artiklar och hjälpa oss förstå hur människor lär sig orsakssamband. När data 
från studien publiceras kommer all information om deltagarnas identitet vara 
borttagna.  

Forskningshuvudman för projektet är Uppsala universitet. Med forsknings-
huvudman menas den organisation som är ansvarig för projektet. Ansökan är 
godkänd av Etikprövningsmyndigheten, diarienummer för prövningen hos 
Etikprövningsmyndigheten är Dnr 2022-01163-01.  
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Möjliga följder och risker med att delta i projektet 
Vi ser inte några risker med eller följder av projektet.  

Vad händer med mina uppgifter?  
Projektet kommer att samla in och registrera information om dig.  

Data kommer att lagras utan information som kan identifiera dig (vi kom-
mer inte inkludera namn, adress eller annan information som kan användas 
för att spåra data tillbaka till deltagare). Data (ögonrörelser och svar på fråge-
formulär) kommer att kopplas till en 6-siffrig kod. Dessa kommer att sparas 
på en lösenordsskyddadad server på Uppsala universitet och enbart användas 
av forskare som aktivt deltar i projektet.  

Kvantitativa data (datamatriser med siffror) kommer att göras tillgängliga 
i publikationer men då utan information som kan användas för att identifiera 
deltagarna.  

Uppsala universitet är ansvariga för lagring och hantering av persondata 
som lagras i Uppsala. Data kommer att sparas i 10 år. 

Dina svar och dina resultat kommer att behandlas så att inte obehöriga kan 
ta del av dem.  

Ansvarig för dina personuppgifter är Uppsala universitet. Dataskyddsom-
bud nås på dataskyddsombud@uu.se. Behandling av personuppgifter sker enligt 
EU:sdataskyddsförordning, GDPR. Vid missnöje med hur personuppgifter be-
handlas har ni rätt att lämna in klagomål till Integritetsskyddsmyndigheten. 

Hur får jag information om resultatet av projektet? 
Information om resultatet, på gruppnivå, kommer att läggas upp på sociala 
mediakonton som tillhör Uppsala Barn och BabyLab. 

Försäkring och ersättning 
Alla deltagande familjer får ett presentkort på 100 kronor för varje besök på 
labbet (reseersättning). Under deltagande är ni som deltar försäkrade av Kam-
markollegiet. 

Deltagandet är frivilligt  
Ditt deltagande är frivilligt och du kan när som helst välja att avbryta delta-
gandet. Om du väljer att inte delta eller vill avbryta ditt deltagande behöver 
du inte uppge varför.  

Om du vill avbryta ditt deltagande ska du prata den som genomför studien. 
Ansvariga för projektet  
Ansvarig för projektet är Gustaf Gredebäck, gustaf.gredeback@psyk.uu.se, 

018-4712111 
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12.2 Consent Forms a) children; b) parent 

a) Samtycke till att mitt barn deltar i projektet 
Jag har fått muntlig och/eller skriftlig information om studien och har haft 
möjlighet att ställa frågor. Jag får behålla den skriftliga informationen.  

Jag samtycker till att mitt barn deltar i projektet Matte, läsning och oro  
 

Plats och datum Underskrift 
 
 

 

 Namnförtydligande 
 
 

 

Plats och datum Underskrift 
 
 

 

 Namnförtydligande 
 
 

 

 

b) Samtycke till att delta i projektet 
Jag har fått muntlig och/eller skriftlig information om studien och har haft möjlighet 
att ställa frågor. Jag får behålla den skriftliga informationen.  
Jag samtycker till att delta i projektet Matte, läsning och oro  
 

Plats och datum Underskrift 
 
 

 
Namnförtydligande 
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Appendix 3. Study III 

13.1 Information letter for preschool principal 
Ämne: Inbjudan att delta I ett forskningsprojekt om yngre barns matematik-
undervisning 

Bästa [förskolerektorer namn], 

Mitt namn är Laura Galeano, och jag är doktorand i didaktik med fokus på 
kognitiv utveckling och lärande med ett stort intresse för utbildning av yngre 
barn i matematik. Jag kontaktar dig idag för att bjuda in [Förskolans namn] att 
delta i forskningsprojektet Affekt I förskolans läraktiviteter. 

Kärnan i detta projekt är att undersöka hur barn och förskolorspedagoger 
engagerar sig i matematik genom lek och social interaktion och vilken roll 
som känslor/emotioner spelar för detta engagemang. Vi vill belysa hur barn 
utvecklar matematisk förståelse samtidigt som de deltar i aktiviteter och situ-
ationer där gemensamma känslor och emotioner skapar olika förutsättningar 
för inlärningsresan. 

Genom denna forskning hoppas vi kunna bidra med värdefull kunskap om 
barns och elevers tidiga matematiklärande och stödja utvecklingen av en pe-
dagogik som förbättrar det matematiska lärandet och det emotionella välbe-
finnandet hos unga elever. Vi tror att din förskolas deltagande avsevärt skulle 
kunna berika våra resultat och bidra till att främja förskolepedagogiken. 

Forskningsprojektet kommer att innebära ett samarbete mellan forskare och 
förskolepedagoger på din skola. Vi kommer att arbeta nära ditt team för att 
fånga interaktioner och aktiviteter med matematikinnehåll i den vardagliga 
verksamheten, samt utforska vilken betydelse som affekt och emotioner spelar 
för barnens deltagande i aktiviteterna. Projektet är utformat för att vara mini-
malt störande för verksamhetens dagliga rutiner och kommer att involvera re-
spektfull observation och dokumentation av aktiviteter. 

Att delta i projektet kommer att hjälpa oss forskare att få större insikter i de 
affektiva aspekterna av barns matematiska lärande, och bidra till den bredare 
kunskapsbasen inom området. Vi förstår betydelsen av din tid och kraven på 
din förskolas resurser. Därför har vi noggrant utformat projektet för att mini-
mera eventuella besvär. Vi kommer att vara tillgängliga för att ta itu med alla 
problem eller frågor du kan ha under hela processen, för att säkerställa ett 
smidigt och ömsesidigt fördelaktigt samarbete. 

Om du är intresserad av att delta i detta forskningsprojekt eller vill veta mer 
om det, skulle jag gärna boka ett möte med dig när det passar dig. Du är väl-
kommen att kontakta mig via e-post eller telefon. Du hittar även bifogade sam-
tyckesformulär och frågeformulär som i en förstudie ska besvaras av de 
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förskollärare och pedagoger som arbetar på din institution med barn 5 år ifall 
du bestämmer dig för att vara med i projektet. 

Tack för att du överväger denna inbjudan, och jag ser fram emot möjlig-
heten att arbeta tillsammans för att främja vår förståelse av matematikunder-
visning för yngre barn. 

Vänliga Hälsningar, 
 
Kontaktperson 
Laura Galeano 
Doktorand i didaktik med fokus på 
kognitiv utveckling och lärande 
Institutionen för pedagogik, didak-
tik och utbildningsstudier 
Uppsala Universitet 
laura.galeano@edu.uu.se, 
+46702976938 
 
Projektansvar 
Niklas Norén 
Docent i pedagogik, Universitets-
lektor i didaktik 
Institutionen för pedagogik, didak-
tik och utbildningsstudier 
Uppsala Universitet 
niklas.noren@edu.uu.se,  
018-4712490 
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13.2 Basic Study Information 
  

 
Affekt i förskolans läraktiviteter 

 
 

Hej!  
Jag heter Laura Galeano och jag är doktorand 
på Uppsala Universitetsinstitutionen för peda-
gogik, didaktik och utbildningsstudier. 

Min forskning fokuserar på hur barn och för-
skolepedagoger engagerar sig i matematik och 
läsning genom lek och social interaktion och 
vilken roll som känslor/emotioner spelar för 
detta engagemang.  

I samband med (förskola 1) och (förskola 2) 
förskolors hjälp kommer jag att dokumentera 
olika spontana interaktioner mellan barn och 

förskolepedagoger för att öka kunskapen om hur känslor och emotioner på-
verkar aktiviteter i förskolor dagligen. Jag tycker att det finns mycket att lära 
oss från förskolors miljö! 

På universitetssidan finns mer information om mig och om ni vill ställa frågor 
om mitt projekt, du kan kontakta mig på: laura.galeano@edu.uu.se; 0702976938 

Vänliga hälsingar, 
 
Laura Galeano 
Doktorand i Didaktik med focus på kognitiv utveckling och lärande 
https://www.katalog.uu.se/profile/?id=N20-2239 
Department of Education 
https://www.edu.uu.se/research/curriculumstudies/mathmaticseducation/phd-
projects/mediators-of-preschool-children-and-teachers--math-anxiety-devel-
opment-in-sweden/  
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13.3 Printed Information Sheet About the Project 
 

Informationsbrev till vårdnadshavare 
 
Vi vill fråga dig om du vill delta i ett forskningsprojekt. I det här dokumentet 
får du information om projektet och om vad det innebär att delta.  

Vad handlar projektet om och varför vill vi att du ska delta? 
I projektet vill vi undersöka hur barn och förskolepedagoger visar upp, orga-
niserar och hanterar affekt/känslor i läraktiviteter med ett matematik- eller läs-
relaterat innehåll. Vi frågar dig om du vill delta eftersom du är förälder till ett 
barn i förskolan. Vi fick dina kontaktuppgifter av rektorn och pedagoger på 
ditt barns förskola. 

Hur går projektet till? 
I studien kommer forskaren att besöka förskolan under en vecka. Hon tar med 
sig en videokamera med mikrofon för att spela in olika matematik- och läsre-
laterade situationer som regelbundet utspelar sig på förskolan. I samband med 
studien kommer pedagoger och barn också få svara på frågor om oro kopplat 
dels till matematik och läsning och dels mer generellt i vardagen. 

Information från studien kommer att användas för att skriva och publicera 
vetenskapliga artiklar. Forsknings huvudman för projektet är Uppsala univer-
sitet. Med forskningshuvudman menas den organisation som är ansvarig för 
projektet. Ansökan är godkänd av Etikprövningsmyndigheten, diarienummer 
för prövningen hos Etikprövningsmyndigheten är Dnr 2023-03796-01 

Möjliga fördelar och positiva följder av att delta i projektet 
Genom att delta i detta projekt kommer du att bidra till att öka kunskapen om 
affekt/känslors roll i förskolepedagogers och barns tidiga möte med olika ty-
per av ämnesinnehåll i förskolans verksamhet. Denna kunskap kommer att 
användas för att förbättra förskoleundervisningen. 

Vad händer med dina uppgifter?  
Projektet kommer att samla in material och data där dina barn medverkar. Data 
(videoinspelningar och svar på frågor) kommer att lagras utan skriftlig informat-
ion som kan identifiera deltagare. Vi kommer inte inkludera namn, adress eller 
annan information som kan användas för att spåra data tillbaka till deltagare.  

Skriftliga beskrivningar av verksamheten och deltagarnas agerande, tabel-
ler med siffror och bilder ur videomaterialet kommer att göras tillgängliga i 
publikationer men i avidentifierad form, helt utan information som kan 
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identifiera deltagarna. Data och resultat kommer att behandlas så att obehöriga 
inte kan ta del av dem. Data kommer att kopplas till en 6-siffrig kod. Data och 
kod förvaras på en lösenordskyddad server på Uppsala universitet och används 
enbart av forskare som aktivt deltar i projektet.  

Uppsala universitet är ansvariga för lagring och hantering av persondata 
som lagras i Uppsala. Data kommer att sparas i 10 år efter att studien avslutats. 
Ansvarig för dina personuppgifter är Uppsala universitet. Dataskyddsombud 
nås på dataskyddsombud@uu.se. Behandling av personuppgifter sker enligt 
EU:s dataskyddsförordning, GDPR. Vid synpunkter på hur personuppgifter 
behandlas har du rätt att lämna in klagomål till Integritetsskyddsmyndigheten. 

Hur får jag information om resultatet av projektet? 
Information om resultatet, med fokus på gruppen och inte på enskilda indivi-
der, kommer att publiceras i en vetenskaplig tidskrift. 

Deltagandet är frivilligt  
Ditt deltagande är frivilligt och du kan när som helst välja att avbryta delta-
gandet. Om du väljer att inte delta eller vill avbryta ditt deltagande behöver 
du inte uppge varför. Om du vill avbryta ditt delta-
gande ska du prata med den forskare som genomför 
studien. 

Kontaktuppgifter till forskaren som genomför 
studien 
Den forskare som genomför studien på förskolan är 
Laura Galeano, doktorand i didaktik, laura.gale-
ano@edu.uu.se, 0702976938. 

Ansvarig för projektet är Niklas Norén, docent i pedagogik, niklas.no-
ren@edu.uu.se, 018-4712490.  

13.4 Information letters for preschool teachers 

Information till forskningspersoner 
Vi vill fråga dig om du vill delta i ett forskningsprojekt. I det här dokumentet 
får du information om projektet och om vad det innebär att delta.  

Vad handlar projektet om och varför vill vi att du ska delta? 
I projektet vill vi undersöka hur barn och förskolepedagoger visar upp, orga-
niserar och hanterar affekt/känslor i läraktiviteter med ett matematik- eller läs-
relaterat innehåll. Vi frågar dig om du vill delta eftersom du arbetar vid en 
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förskola. Vi fick tag på dina kontaktuppgifter efter att ha upprättat en dialog 
med rektorn på din förskola som visat intresse för att delta i projektet. 

Hur går projektet till? 
I studien kommer forskaren att besöka förskolan under en vecka. Hon tar med 
sig en videokamera med mikrofon för att spela in olika matematik- och läsre-
laterade situationer som regelbundet utspelar sig på förskolan. I samband med 
studien kommer du också få fylla i ett mindre antal frågeformulär som ställer 
frågor om oro kopplat dels till matematik och läsning och dels mer generellt i 
vardagen. 

Information från studien kommer att användas för att skriva och publicera 
vetenskapliga artiklar. 

Forskningshuvudman för projektet är Uppsala universitet. Med forsknings-
huvudman menas den organisation som är ansvarig för projektet. Ansökan är 
godkänd av Etikprövningsmyndigheten, diarienummer för prövningen hos 
Etikprövningsmyndigheten är Dnr 2023-03796-01 

Möjliga fördelar och positiva följder av att delta i projektet 
Genom att delta i detta projekt kommer du att bidra till att öka kunskapen 

om affektens roll i förskolepedagogers och barns tidiga möte med av olika 
typer av ämnesinnehåll i förskolans verksamhet. Denna kunskap kommer att 
användas för att förbättra förskoleundervisningen. 

Vad händer med dina uppgifter?  
Projektet kommer att samla in material och data där du medverkar.  

Data (videoinspelningar och svar på frågor) kommer att lagras utan skriftlig 
information som kan identifiera deltagare. Vi kommer inte inkludera namn, 
adress eller annan information som kan användas för att spåra data tillbaka till 
deltagare. Skriftliga beskrivningar av verksamheten och deltagarnas agerande, 
tabeller med siffror och bilder ur videomaterialet kommer att göras tillgäng-
liga i publikationer men i avidentifierad form, helt utan information som kan 
identifiera deltagarna.  

Data och resultat kommer att behandlas så att obehöriga inte kan ta del av 
dem. Data kommer att kopplas till en 6-siffrig kod. Data och kod förvaras på 
en lösenordskyddad server på Uppsala universitet och används enbart av fors-
kare som aktivt deltar i projektet.  

Uppsala universitet är ansvariga för lagring och hantering av persondata 
som lagras i Uppsala. Data kommer att sparas i 10 år efter att studien avslutats. 

Ansvarig för dina personuppgifter är Uppsala universitet. Dataskyddsombud 
nås på dataskyddsombud@uu.se. Behandling av personuppgifter sker enligt 
EU:s dataskyddsförordning, GDPR. Vid synpunkter på hur personuppgifter be-
handlas har du rätt att lämna in klagomål till Integritetsskyddsmyndigheten. 
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Hur får jag information om resultatet av projektet? 
Information om resultatet, med fokus på gruppen och inte på enskilda indivi-
der, kommer att publiceras i en vetenskaplig tidskrift. 

Deltagandet är frivilligt  
Ditt deltagande är frivilligt och du kan när som helst välja att avbryta delta-
gandet. Om du väljer att inte delta eller vill avbryta ditt deltagande behöver 
du inte uppge varför. Om du vill avbryta ditt deltagande ska du prata med den 
forskare som genomför studien. 

Kontaktuppgifter till forskaren som genomför studien 
Den forskare som genomför studien på förskolan är Laura Galeano, dokto-

rand i didaktik, laura.galeano@edu.uu.se, 0702976938. 
Ansvarig för projektet  
Ansvarig för projektet är Niklas Norén, docent i pedagogik, niklas.no-

ren@edu.uu.se, 018-4712490. 
 

  



 

 201

13.5 Consent Forms a) preschool teachers, b) legal guardians 

a) Samtycke till att delta i projektet 
Jag har fått muntlig och/eller skriftlig information om studien och har haft 
möjlighet att ställa frågor. Jag får behålla den skriftliga informationen.  

Jag samtycker till att delta i projektet Affekt i förskolans läraktiviteter  
 

Plats och datum Underskrift 
 
 

 

 Namnförtydligande 
 
 

 

 
b) Samtycke till att mitt barn deltar i projektet 
Jag har fått muntlig och/eller skriftlig information om studien och har haft 
möjlighet att ställa frågor. Jag får behålla den skriftliga informationen.  

Jag samtycker till att mitt barn deltar i projektet Affekt i förskolans lär-
aktiviteter  

Plats och datum Underskrift 
 
 

 

 Namnförtydligande 
  

 
Plats och datum Underskrift 
 
 

 

 Namnförtydligande 
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13.6 Pre-Planned Teacher-Initiated Mathematical Activities 

Matematik – mäta och jämföra 
Vad: Vi fortsätter arbeta med matematik genom att mäta och jämföra. Denna 
undervisning utgår från vårt tidigare arbete med våra Väpplarböcker, där bar-
nen fått jobba med matematik på olika sätt bland annat genom att mäta och 
jämföra sin egen och varandras längd. 

Syftet blir att undersöka vad som händer om vi lägger ihop våra längder? 
Hur långa blir vi tillsammans? Kan vår gemensamma längd nå från den ena 
väggen till den andra? Hur kan vi visa vår längd i siffror, med måttband samt 
med kroppen? 
Varför: 
- Mäta och jämföra med hjälp av olika redskap (mätsticka och med hjälp av 
kroppens egen längd). 
- Sätta ord på matematiska begrepp som t.ex.: meter, centimeter, lång, kort 
• förståelse för rum, tid och form, och grundläggande egenskaper hos mäng-
der, mönsöter, antal, ordning, tal, mätning och förändring, samt att resonera 
matematiskt om detta (Lpfö) 
Hur? Gemensam samling där vi skriver upp alla barns längd. Vi adderar allas 
längd och använder våra kroppar och mätstickor för att mäta, räkna och jäm-
föra. Barnen lägger sig på golvet från vägg till vägg, hur långa blev vi? Var vi 
längre än rummet? 

Bilder från sagans händelseförlopp i rätt ordning (sekvenssaga) 
Vad: Sex bilder från en saga läggs ut på golvet framför barnen. Bilderna ligger 
huller om buller och syftet är att bilderna från sagan ska hamna i rätt ordning. 
Varför: Öva på att förstå händelseförloppet, vad händer i vilken ordning och 
varför? Logiskt tänkande. 
•intresse för berättelser, bilder och texter i olika medier, såväl digitala som 
andra, samt sin förmåga att använda sig av, tolka, ifrågasätta och samtala om 
dessa (Lpfö) 
•förmåga att använda och förstå begrepp, se samband och upptäcka nya sätt 
att förstå sin omvärld, 
Hur och vilka: Vi sitter tillsammans på mattan, en pedagog presenterar bil-
derna och ger alla barn möjlighet att uttrycka sina tankar och funderingar. Bar-
nen samarbetar för att lägga bilderna i rätt ordning, sedan ”läser” vi sagan och 
ser om det blir rätt, om inte fortsätter vi för att lösa uppgiften tillsammans. 
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Appendix 4. Transcription Conventions 
 
This appendix presents the transcription conventions used in the analyses. Jef-
fersonian conventions (2004) are applied to capture the verbal and prosodic 
features of talk, while multimodal conventions following Mondada (2018) are 
used to represent embodied conduct such as gestures, gaze, and body move-
ments. Actions are temporally aligned with speech as closely as possible. 

 
Verbal Transcription (Jefferson, 2004) 
Symbol  Meaning 
( )  Uncertain or unclear hearing 
(word)  Possible hearing 
>text<  Talk produced faster than surrounding speech 
[   Overlapping talk 
:  Sound lengthening 
.  Falling intonation (final contour) 
↑   Slightly rising or continuing intonation 
_  Marked pitch rise 
   

Multimodal Transcription (Mondada, 2018) 
Symbol Meaning 

* Marks onset/offset of teacher’s embodied action  
€ Marks onset/offset of child’s embodied action  
-> Action continues across subsequent lines 
pt Pointing gesture 

bd Body movement (e.g., wiggling, leaning, posture 
shifts) 

gz Gaze direction 

prs Prosodic or rhythmic performance (e.g., singing, 
rapping) 

text alignment Embodied-action tiers are aligned temporally be-
neath corresponding talk 
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