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The International Association for the Evaluation of Educational Achievement (IEA)
is an independent nongovernmental nonprofit cooperative of national research
institutions and governmental research agencies that originated in Hamburg,
Germany in 1958. For over 60 years, IEA has developed and conducted high-quality,
large-scale comparative studies in education to support countries’ efforts to engage
in national strategies for educational monitoring and improvement.

IEA continues to promote capacity building and knowledge sharing to foster
innovation and quality in education, proudly uniting more than 60 member
institutions, with studies conducted in more than 100 countries worldwide.

IEA’s comprehensive data provide an unparalleled longitudinal resource for
researchers, and this series of in-depth peer-reviewed thematic reports can be
used to shed light on critical questions concerning educational policies and
educational research. The goal is to encourage international dialogue focusing on
policy matters and technical evaluation procedures. The resulting debate integrates
powerful conceptual frameworks, comprehensive datasets and rigorous analysis, thus
enhancing understanding of diverse education systems worldwide.
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In loving memory of Prof. Sigrid Blömeke

Your passion was a glowing flame,
brightening every discussion and igniting
inspiration within us. You taught us to
question, to explore, and to never settle for
the easy answers. This book is a tribute to
you, an effort to advance the conversation on
educational effectiveness and equity that you
so passionately advocated for. Although your
journey has come to an end, the paths you
carved continue to guide and inspire us, now
and always.

We remember, we honour, and we continue
the quest.



Series Editors’ Foreword

IEA’s mission is to enhance knowledge about education systems worldwide and
to provide high-quality data that will support education reform and lead to better
teaching and learning in schools. In pursuit of this aim, it conducts, and reports on,
major studies of student achievement in literacy, mathematics, science, citizenship,
and digital literacy. These studies, most notably TIMSS, PIRLS, and ICCS, are
well established and have set the benchmark for international comparative studies in
education.

The studies have generated vast datasets encompassing student achievement,
disaggregated in a variety of ways, along with a wealth of contextual information
which contains considerable explanatory power. The numerous reports that have
emerged from them are a valuable contribution to the corpus of educational research.

Valuable though these detailed reports are, IEA’s goal of supporting education
reform needs something more: deep understanding of education systems and the
many factors that bear on student learning advances through in-depth analysis of the
global datasets. IEA has long championed such analysis and facilitates scholars and
policy makers in conducting secondary analysis of our datasets. So, we provide soft-
ware such as the International Database Analyzer to encourage the analysis of our
datasets, support numerous publications including a peer-reviewed journal—Large-
Scale Assessments in Education—dedicated to the science of large-scale assess-
ment and publishing articles that draw on large-scale assessment databases. We also
organize a biennial international research conference to nurture exchanges between
researchers working with IEA data (https://www.iea.nl/our-conference).

The IEA Research for Education series represents a further effort by IEA to
capitalize on our unique datasets, so as to provide powerful information for policy
makers and researchers. Each report focuses on a specific topic and is produced by
a dedicated team of leading scholars on the theme in question. Teams are selected
on the basis of an open call for tenders; there are two such calls a year. Tenders are
subject to a thorough review process, as are the reports produced. (Full details are
available on the IEA website).
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viii Series Editors’ Foreword

The 14th volume in this series focuses on teacher practice, specifically in math-
ematics and science at grade 4, across the Nordic countries. In producing it, we are
delighted to be joined by the Nordic Council of Ministers, as we were for Volume
11 on civics and citizenship education (https://link.springer.com/book/10.1007/978-
3-030-66788-7).

It is easy to assert that good teaching is key to powerful learning by students.
What this means in practice is not so straightforward, however. What does good
teaching—especially for diverse groups—mean? How do we break it down into its
component parts?And howdo the different elements of good teaching relate to equity
considerations? How do we measure student learning across different systems and
schools? And how do we relate teacher practice to student learning, and in a way
that takes account, for instance, of students’ socioeconomic status?

The authors have drawn on Trends in Mathematics and Science Study (TIMSS)
data from four Nordic countries, over three cycles and eight years, to zone in on
specific aspects of teacher practice and how they relate to the familiar TIMSS
measures of student achievement in mathematics and science at grade 4. They also
draw on student socioeconomic status and ethnic minority membership data to build
up a picture of equity (or lack of) in accessing educational opportunities. In line
with the Nordic model of comprehensive schooling and aspiration toward equitable
provision, this enables an account, over time, of teacher practice in relation to both
effectiveness and equity.

Some findings in the report will be challenging to Nordic policy makers, teacher
educators, and teachers. If uncomfortable facts are not faced, however, both student
achievement and social equity will continue to be compromised. By delving into the
elements of teacher practice and relating them to student achievement and character-
istics, the report points toways forward for school practices and teacher education that
have resonance far beyond the Nordic community. It also makes an important contri-
bution to current debates on the tensions between the dominant standards agenda
and the ideal of an inclusive school where every student has access to appropriate,
high-quality education.

Future volumes in the series include one dedicated to examining the relationship
between socioeconomic segregation between classrooms and student outcomes and
another volume focusing on the Dinaric region that presents a collection of analyses
of reading literacy factors.

Coventry, UK
Bloomington, USA

Seamus Hegarty
Leslie Rutkowski

Series Editors

https://link.springer.com/book/10.1007/978-3-030-66788-7


Foreword

Nordic Council ofMinisters (NCM) is the official body for collaboration between the
Nordic governments. Over the years, this intergovernmental co-operation has been
a platform for generating synergies, removing obstacles for regional collaboration
and mobility, and for sharing knowledge and experiences of a wide range of issues,
to benefit the citizens of the region.

Currently, NCM is working toward its Vision 2030 to make the Nordic region the
most sustainable and integrated region in the world by 2030. The strategic priori-
ties for co-operation are based on the vision of a green, competitive, and socially
sustainable Nordic region.

Quality education and research are central prerequisites to reach this vision. In
times of growing inequalities in education, we need to further our knowledge about
teaching and learning in order to maintain the Nordic model of education and enforce
its ability to work for equity, equal opportunity, and inclusion.

Qualitative international comparable data is essential for evidence-based policy
making. For this reason, NCM has been running a series of publications named
Northern Lights that compares education within Nordic countries based on large-
scale international studies on school performance and teaching. We are delighted
to work once again with the International Association for the Evaluation of Educa-
tional Achievement (IEA), after establishing a fruitful co-operation in the first edition
of this series. This work is also supported by a Nordic expert group consisting of
representatives from the national organizations of educational evaluation.

This current edition focuses on a Nordic secondary analysis on the Trends in
International Mathematics and Science Study (TIMSS). The aim is to gain new
insights on the development of teaching and learning over time within the school
subjects of mathematics and science, and with a special focus on teaching practices.

ix



x Foreword

Our sincere hope is that this book provides food for thought in the continued
dialogue among a variety of stakeholders on how to best equip our children and
youth with relevant competencies in mathematics and science in a world calling for
solutions for sustainability.

I also want to express my warmest thanks for the excellent collaboration with
the Nordic expert group coordinated by chief adviser Hjalte Meilvang at the Danish
Agency for Education and Quality, IEA, series editors Seamus Hegarthy and Leslie
Rutkowski as well as to the editors of this book, associate professor Nani Teig and
research professor Trude Nilsen from the University of Oslo, and professor Kajsa
Yang Hansen from the University of Gothenburg.

Copenhagen, Denmark Karen Ellemann
Secretary General

Nordic Council of Ministers
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Chapter 1
Introduction: Student Achievement
and Equity Over Time in the Nordic
Countries

Christian Christrup Kjeldsen , Trude Nilsen , Jenna Hiltunen ,
and Nani Teig

1.1 Introduction

This book examines teacher practices in primary school by exploring the content
teachers cover in their teaching, the quality of their teaching, and their assessment
practices. The aim is to examine how these practices are related to achievement and
changes in achievement in mathematics and science over time, as well as how they
are related to educational equity in the Nordic countries. Hence, it is important to
provide a backdrop for the book with regard to student achievement, the changes
in these achievements, and the inequalities in outcomes over time, in the Nordic
countries.
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2 C. C. Kjeldsen et al.

The purpose of this chapter is twofold: (1) to provide the rationale and aims of
the book along with an overview of the subsequent chapters, and (2) to establish
the necessary backdrop for the book. Section 1.2 outlines the rationale and aim of
the book along with a summary of the chapters. Section 1.3 describes the backdrop
in terms of achievements and inequalities, comprising a theoretical foundation for
equity (Sect. 1.3.1), and three empirical sections (Sects. 1.3.2, 1.3.3, and 1.3.4).
Section 1.3.2 presents student achievements and standard deviations, Sect. 1.3.3
examines inequalities among students fromminority groups, and Sect. 1.3.4 provides
results on inequalities related to students’ socioeconomic backgrounds. All empirical
sections provide results for the Nordic countries over time. The concluding remarks
are presented in the final section (Sect. 1.4).

1.2 The Rationale of the Book and Overview of Chapters

The rationale behind the book lies in the need for more research on teacher prac-
tices in the Nordic context. Despite the importance of teacher practice in facilitating
effective and equitable learning (Kyriakides et al., 2018; Wahlström, 2022), most
research examining different factors of teacher practice and their relationships to
student outcomes has taken place outside of the Nordic countries, often in Germany
or the United States, and are predominantly focused on secondary education (e.g.,
Fauth et al., 2021; Kane & Staiger, 2012; Praetorius et al., 2017; Schmidt et al.,
2008). Consequently, there is a gap in research in this field for primary schools in
the Nordic countries. Accordingly, in order to maintain the Nordic model of educa-
tion where equity, equal opportunity, and inclusion play critical roles in schooling
(Frønes et al., 2020), the Nordic countries need further investigation into these key
educational factors. Better knowledge in these areas may strengthen policy and prac-
tice to better face the school and societal challenges of today and the future. Such
knowledge is even more urgent than ever before, due to the assumed recent increase
in educational inequalities caused by the COVID-19 pandemic. To this end, school
subjects within the science, technology, engineering, andmathematics (STEM) field,
are especially important in preparing students for challenges and opportunities for
sustainable development.

To fill this gap in the Nordic educational policy and practice, but also within
research in general, it is crucial to understand what makes a teacher practice effective
and equitable in mathematics and science education. In this regard, in this book,
we focus on what teachers teach (content coverage), how teachers teach (teaching
quality), and how teachers assess their students (assessment practice). Specifically,
it is crucial to understand to what extent teaching quality and assessment practices, as
well teaching content, have changed over time, which aspects are related to student
learning outcomes and educational equity, andwhether changes in these practices are
related to changes in student learning outcomes over time. Such knowledge may also
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contribute to addressing the inequalities in the development of student mathematics
and science learning outcomes in the Nordic countries. Increased knowledge in these
areas could potentially bring the countries closer to a more unified Nordic model of
education in terms of equitable outcomes.

The overall aim of the book is hence to examine how teacher practices change over
time, how they are related to student outcomes, whether changes in teacher practices
are related to changes in achievement, and how teacher practices are related to equity
in theNordic countries. To address this aim andfill the existing knowledge gap related
to the Nordic countries and primary school education, this book uses data from
IEA’s (International Association for the Evaluation of Educational Achievement)
Trends in Mathematics and Science Study (TIMSS), in which the Nordic countries
participated. TIMSS measures students’ competence in mathematics and science
according to the participating countries’ curricula in grades four and eight. TIMSS
is a trend study conducted every four years, enabling comparisons over time. While
all Nordic countries (except for Iceland) participated in the study for grade four,
only two countries participated in the study for grade eight between 2011 and 2019
(Mullis et al., 2020). Hence, in order to include as many Nordic countries as possible
and to consider the lack of research in primary school settings, we selected grade
four for analysis. Furthermore, TIMSS has representative samples of students and is
the only international large-scale assessment (ILSA) that includes intact classrooms
of students and teacher questionnaires, linking each student and classroom to their
respective teacher (Martin et al., 2020). Given these reasons, TIMSS is deemed the
most suitable ILSA for studying teacher practices in the Nordic context (for more
information on TIMSS, see Chap. 3).

To study teacher practices over time, the book focuses on the cycles of TIMSS
conducted in 2011, 2015, and 2019. These last three cycles provide the most compa-
rable measures of contextual information, such as teacher practices and student char-
acteristics. Earlier cycles were not included due to potential changes in the measures
that could compromise the validity of inferences.

The structure of this book is illustrated in Fig. 1.1 and follows the main aims
described above. While the present chapter establishes the contexts of the Nordic
countries in terms of achievements and equity, Chap. 2 provides the theoretical
foundation of the book by describing the conceptualizations of teacher practices
and reviewing previous research. Chapter 3 describes the methodological aspects of
the book, including the design and frameworks of TIMSS as well as the analytical
methods employed.

As illustrated in Fig. 1.1, the book organizes the empirical chapters according
to three approaches. The first approach, “relations to outcome in 2019,” investi-
gates the relations between teacher practices and student achievements in mathe-
matics and science, as well as the changes in the means of the variables measuring
teacher practices over time. This section focuses on content coverage (Chap. 4)
and teaching quality and assessment practices (Chap. 5). The second approach,
“explaining changes in achievement over time,” investigates whether changes in
teacher practices are related to changes in achievement from 2011 to 2019. This
approach is used to investigate content coverage (Chap. 6) and teaching quality
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Overarching 
chapters

Introduction
Chapter 1

Theory
Chapter 2

Methods
Chapter 3 

Relations to outcome in 2019

Content coverage 
Chapter 4

Teaching & assessment practices
Chapter 5

Explaining changes in achievement over time

Content coverage
Chapter 6

Teaching & assessment practices
Chapter 7

Equality over groups of students

Content coverage
Chapter 8

Teaching & assessment practices 
Chapter 9

Discussion
Chapter 10

Overarching 
chapters

Fig. 1.1 Structure of the book according to three empirical approaches

and assessment practices (Chap. 7). In the third approach, “equality over groups of
students”, the authors examine how teacher practices are related to inequity. This
analysis is used to investigate content coverage (Chap. 8) and teaching quality and
assessment practices (Chap. 9). The final chapter serves as an overarching chapter
that discusses the findings from the empirical chapters (Chap. 10).

Seeing how the overarching assumption of the book rests on the interconnection
between teacher practices and achievement and equity, it is important to provide
information about the current state as well as changes in achievement and equity
over time in the Nordic countries. This backdrop facilitates the interpretations of
findings from the chapters and is presented in Sect. 1.3.

1.3 Achievements and Inequity in Achievements Over Time

This section starts by discussing theoretical perspectives on equity in education,
including a discussion on the Nordic model of education (Sect. 1.3.1). It is followed
by three empirical subsections that present results on achievements and standard
deviations over time (Sect. 1.3.2), the relation between student minority status and
achievement over time (Sect. 1.3.3), and the link between socioeconomic status (SES)
and achievement over time (Sect. 1.3.4).

1.3.1 Theoretical Considerations on Equity in Education

Generally, the term educational equity denotes the provision of equal opportunities
for all students, irrespective of their SES, gender, ethnicity, cultural background, or
cultural capital, as defined by Bourdieu and Wacquant (2002). It embodies the prin-
ciple that pedagogical practices and policies should strive to eliminate disparities
in educational access, motivation, sense of belonging, well-being, and, importantly,
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learningoutcomes among students fromdiverse backgrounds.Theprinciple of educa-
tional equity therefore advocates for equal opportunities for all students to reach their
full potential, regardless of their sociodemographic circumstances.

The understanding of social inequity is intricately linked to various normative
considerations concerning the demarcation between just and unjust disparities in
society. Based on a synthesis of the different discussions on the concept of equity (see
e.g., Espinoza, 2007; Hansen, 1973; Pedersen, 2014; Sen, 1980, 2008; UNESCO,
2015), it can be argued that achieving fair and socially just educational equity at
a societal level necessitates a commitment to consistent equity when addressing
learningoutcomes across groups of students characterizedbyvarious external factors,
such as SES, gender, language spoken at home, or ethnic origin. By comprehending
and addressing the root causes of inequity, policymakers and educators can endeavour
to create a more equitable and just educational system.

Educational equity is inherently linked to matters of social justice and human
rights, grounded in the belief that education is a public good that benefits both indi-
viduals and society at large. From the vantage point of individual learners, access to
high-quality education not only pertains to their personal growth but also contributes
to fostering a more inclusive and equitable society. Moreover, this approach may
potentially enhance a society’s economic growth and social cohesion (Burroughs
et al., 2019; OECD, 2012).

According to theOECD (2012) and their findings from theProgramme for Interna-
tional Student Assessment (PISA), effective educational institutions require a proper
blend of skilled staff, sufficient educational assets, and motivated learners, with
resources allocated accordingly. The OECD’s findings indicate that disadvantaged
students often attend schools with limited resources, impacting various aspects of
education. Thus, equitable distribution of resources must be considered in school
systems (OECD, 2012). As Esping-Andersen (2008) formulates, “The point is that
welfare and efficiency concerns coincide. From an equity perspective, children’s life
chances should depend less on the lottery of birth than on their own latent abilities”
(p. 23). Skilled teachers and school resources are pivotal to the learning opportunities
of the individual. As such, teachers play a substantive key role in whether all students
experience equal opportunities to learn. Still, the question of equal opportunities for
all is a composite concept. Do equal opportunities also imply equal outcomes for all
students despite diversity in their characteristics, interests, effort, or innate potentials?
Or is it a question of providing the same opportunities for all? In thismatter, wewould
argue for the importance of the concept of educational equity in decision-making and
teacher practice, while additionally, recognizing the challenges involved in achieving
it. Nevertheless, schools face different obstacles in fulfilling this ambition.

A focus on equity implies that a specific allocation must be substantiated through
a combination of references to abstract principles and tangible evidence. Equity
entails examining the social justice implications of education, particularly the fair-
ness, justness, and impartiality in the distribution of resources and opportunities
across all levels or sectors of education. In this context, equity is understood as
the fair or justified allocation of resources or opportunities (UNESCO Institute for
Statistics, 2018).
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The Nordic Educational Model

The focal Nordic countries in this book, comprising Denmark, Finland, Norway, and
Sweden, are widely recognized for their extensive welfare systems that emphasize
equal opportunities and social justice, contributing significantly to their development.
These countries frequently receive recognition for their dedication to social justice
and equity, particularly within the realm of education. This commitment is most
evident during the classical period of theNordic educationalmodel,which spans from
the post-World War II era until the 1970s. During this period, “the main objective
was to involve the school in the realisation of social goals such as equal opportunity
and community fellowship” (Telhaug et al., 2006, p. 245). Consequently, one might
anticipate strong educational equity within the Nordic countries. Nevertheless, a
comparative analysis of these countries reveals opportunities for further improvement
in achieving this overarching ambition (see Frønes et al., 2020; Nilsen et al., 2018;
OECD, 2019).

Within the Nordic welfare state, diverse forms of equity have been explicitly
pursued as political objectives. This normative ambition materializes in numerous
manifestations, but as Hansen (1986) contends:

The Scandinavian welfare state has not only searched for the elimination of poverty, but the
decrease of inequality as well. When economic growth policy and the struggle against mass
poverty are combined with the demand for equality, one finds the combined elements in a
social development policy that justify talk of a Scandinavian development model in the form
of a vision as an ideological driving force. (p. 109)

The overall emphasis on equity in the Nordic countries described by Hansen
is well in line with the developments of a Nordic educational model. The Nordic
education model, which sought to balance equity and excellence for all children,
arguably peaked between the 1960s and 1980s. During this post-war era and up to
the 1980s, Nordic countries were guided by social democratic parties advocating for
a welfare state that prioritized equity, justice, and democracy (Tröhler et al., 2022). In
the time period examined in this book (2011–2019), theNordic countries continued to
prioritize educational equity. However, the spirit, focus, and emphasis on equity have
decreased since themodel’s peak, due to a number of factors (Frønes et al., 2020). For
instance, Sweden implemented free school choice in the early 1990s (YangHansen&
Gustafsson, 2019), and there have been shifts in the policy and with accumulating
evidence of decreased equity in several of the Nordic countries (Yang Hansen &
Gustafsson, 2019; Nilsen et al., 2018; OECD, 2019). It is thus important to provide
an overview of the development of equity in the Nordic countries over time, as
explored in the three following empirical subsections.
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1.3.2 Results: Student Achievement and Standard Deviation
in the Nordic Countries

Historically, the claim of an equity-efficiency trade-off, in which improvements in
overall student achievement come at the expense of a more equitable distribution of
educational resources, has been a topic of debate. However, contemporary empirical
evidence challenges this idea. In fact, recent findings demonstrate a positive correla-
tion between enhanced educational equity and higher average student performance
(e.g., Burroughs et al., 2019; Kyriakides et al., 2018).

Figures 1.2 and 1.3 illustrate the changes in mean achievement for mathematics
and science across the TIMSS cycles (2011, 2015, and 2019) in the Nordic coun-
tries (excluding Iceland). These figures depict both significant positive trends and
downturns over time. For mathematics, Sweden’s achievement increased from 2011
to 2019, while Denmark and Finland experienced the opposite trend. In the case of
Norway, their target grade changed from grade four to five in 2015, and hence their
grade four achievements have been left out. Norway changed the target population
of students from grades four and eight to grades five and nine to improve its compa-
rability to other Nordic countries (Bergem et al., 2016; Kavli, 2018). Specifically,
whereas Norwegian children start primary school at the age of six, Swedish, Danish,
and Finnish children start primary school at the age of seven. As illustrated in Fig. 1.2,
Norway’s mathematics achievement in grade five decreased from 2015 to 2019.

In science, as depicted in Fig. 1.3, Denmark and Finland’s achievements declined
from 2011 to 2019. There were no significant changes for Norway between 2015
and 2019, while Sweden’s achievement increased from 2011 to 2019. Sweden was
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Fig. 1.2 Mathematics achievement in the Nordic countries over time



8 C. C. Kjeldsen et al.

528 527
522

570

554 555

538 539
533

540
537

500

520

540

560

580

2011 2015 2019

Av
er

ag
e 

sc
ie

nc
e 

ac
hi

ev
em

en
t

TIMSS cycle

Denmark

Finland

Norway (5)

Sweden

Country:

Fig. 1.3 Science achievement in the Nordic countries over time

the only country in this group to observe increased achievements in both science and
mathematics from 2011 to 2019.

It is important to note that Iceland did not participate in TIMSS. They did partic-
ipate in PISA. However, results from PISA are not comparable with results from
TIMSS, as PISAmeasuresmathematics and science literacy for 15-year-old students,
while TIMSS measures students’ competence in mathematics and science according
to the participating countries’ curricula in grade four (and eight).

To contextualize these changes in achievement, it is helpful to consider the stan-
dard deviation within the TIMSS scale. The scale was established in 1995 with a
mean of 500 for participating countries and a standard deviation of 100 score points.
The standard deviation is generally viewed as an indicator of educational equality
and reflects the dispersion of students’ achievement (Ferreira & Gignoux, 2014).
Across these countries, a descriptive examination of the changes from 2011 to 2019
reveals an increased spread in student achievement in mathematics, as evidenced in
Fig. 1.4. The results are more mixed in science (see Appendix 1 for all standard
deviations and their standard errors in mathematics and science).

The increased standard deviation for the Nordic countries over time reflected in
Fig. 1.4 warrants attention, as it suggests that teachers may be faced with heightened
demands for differentiating instruction in classrooms where students’ competencies
exhibit greater variation than in the past.

Summary

The pattern across the Nordic countries points to declining achievements and
an increased dispersion over time among students. This finding aligns with
previous research highlighting the correlation between equity and achievement (e.g.,
Burroughs et al., 2019). It further points towards a negative trend in equity for the
Nordic countries.
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Fig. 1.4 Standard deviations in mathematics achievement in grade 4 (and grade 5 in Norway) in
the Nordic countries over time

1.3.3 Results: Differences in Student Achievement Related
to Language Spoken at Home

Whether the language spoken at home is the same as that of teachers’ instruction can
be regarded as a proxy for multiple dimensions of socioeconomic background and
cultural capital, as posited within Pierre Bourdieu’s theoretical framework (see e.g.,
Bourdieu & Wacquant, 2002). This framework suggests that the language spoken at
home is not only indicative of SES and cultural capital but also has a more direct
association with the overall process of language acquisition.

We first look at the proportions of students and the significant differences in the
percentages of students who “sometimes” or “never” speak the language of the test at
home over time and between countries. Note that the two categories “sometimes” and
“never” were collapsed due to the small number of students in the “never” category.

Figure 1.5 presents the percentages of students in TIMSS who “sometimes” or
“never” spoke the language of the test at home in the Nordic countries over time (for
more detailed information, including standard errors, see Appendix 2).

The changes in the proportion of students predominantly using a language other
than the national language at home present an intriguing phenomenon, particularly
in the context of the most recent TIMSS cycle (2019). Our analysis reveals a statis-
tically significant disparity in 2019 between Sweden on the one hand, and Norway
and Finland on the other hand. For example, there were nine percentage points
more Swedish students who “sometimes” or “never” speak the national language at
home compared to Norway, and seven percentage points more compared to Finland.
Upon examining the longitudinal changes within Sweden, a considerable diver-
gence between 2015 and 2011 was observed. Overall, nearly one-fifth of all Swedish
students fall under the category of students who “sometimes” or “never” speak the
national language at home in all the last three TIMSS cycles. Conversely, Finland
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of the test at home

has persistently maintained a lower proportion of students in this category among
fourth-grade participants in TIMSS, as compared to other countries, and this pattern
has remained stable across successive cycles.

Figure 1.6 presents the mean achievement gaps over time between students who
“always” or “almost always” speak the language of the test at home and students who
“sometimes” or “never” do. Substantial and statistically significant differences are
found, with variations across cycles and subjects. The gap in science achievement
is consistently higher than that of mathematics in all cycles and countries. One
plausible explanation is that language accounts for more of the variance in science
than mathematics because more advanced language skills are required in science.
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There is a strong tendency for higher achievement gaps over time. This trend
is evident from 2011 to 2019 across all countries and in both subjects, except for
Denmark, where the achievement gap in science decreased over time.

The effect sizes of the gaps illustrated in Fig. 1.6, range from 0.30 percent in
Norway in 2011 for mathematics to as high as 0.87 percent for science in Sweden
in 2015 (see Appendix 3). A study by Hill et al. (2008), which analyzed annual
mandatory assessments of American students, found an effect size 0.52 percent for
the transition from third to fourth grade and 0.56 percent for the transition from fourth
to fifth grade. These effect sizes are similar to the gaps illustrated in Fig. 1.6 and
are presented in a table in Appendix 3, indicating that the achievement gaps reflect
about one year of schooling between majority and minority language students (i.e.,
those who speak the language of the test “always or almost always” at home) and
minority language students (those who speak the language of the test “sometimes”
or “never” at home).

Summary

Section 1.3.3 investigated inequities associated with minority status, as indicated
by students who “sometimes” or “never” speak the national language at home. The
number of minority students varies across cycles and over countries, and the differ-
ences between the countries are especially striking. Similar to the results for the
standard deviations, which indicated a tendency towards less equity over time for the
Nordic countries, the findings for achievement gaps between majority and minority
students also revealed a widening gap from 2011 to 2019, indicating a negative trend
for equity.

1.3.4 Results: Variance in Achievements Explained by SES

The significance of socioeconomic background can be discerned through various
approaches, pertaining not only to the conceptualization, operationalization, and
quantification of socioeconomic background but also to the manner in which the
computed estimations are correlated with student performance (Mittal et al., 2020).
In large-scale assessment studies, such as TIMSS, the explained variance in a linear
regression between achievement and one or multiple socioeconomic background
variables is frequently utilized (e.g., Allerup et al., 2016; Mittal et al., 2020; Reimer
et al., 2018; Strietholt & Strello, 2022).

In the TIMSS 2015 and 2019, a scale for home resources for learning has
been developed, which offers insights into students’ socioeconomic backgrounds.
However, this scale has a large amount of missing data for some countries and is not
available for Denmark for TIMSS 2011. Hence, when examining the changes across
the three TIMSS cycles (2011, 2015, and 2019), we use the number of books in the
students’ home as this has previously been shown to be a valid and powerful proxy
for student SES (Allerup et al., 2016; Gustafsson et al., 2011).
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The concept of equal opportunity posits that the distribution of educational
resources should be equitable, regardless of factors that ought to be inconsequential,
such as gender, race, wealth, or geographical location. Within this context, both the
gap analysis, which focuses on disparities across various groups, and the proportion
of variance explained by student characteristics and home background (R2) are found
to be relevant indicators.

Figure 1.7 shows the proportion of variance in mathematics and science achieve-
ment explained by the number of books at home. A noticeable discrepancy can be
observed in the variance explained by this variable across subjects; SES accounts
for a greater proportion of the variation in student outcomes in science compared
to mathematics. Furthermore, significant differences can be observed over time and
across countries. At one end of the spectrum, the explained variance in students’
mathematics scores in Finland in 2011 is a mere six percent in mathematics, while at
the other end, Sweden demonstrates a considerably higher percentage of 14 percent
in 2019 for mathematics.

Furthermore, Fig. 1.7 shows that a greater percentage of the variance in achieve-
ment is explained by the number of books at home in 2019 compared to 2011. This
indicates a decrease in equity in the Nordic countries during this time period, and
that students’ home backgrounds matter more and more to their achievements.

Summary

This section examined the variance in student achievement explained by SES, as
indicated by the number of books at home. The results point to less equity over time
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for the Nordic countries since more variance is explained in 2019 than in 2011. The
situation shows more pronounced differences in science compared to mathematics,
and the results suggest a potential association between the achievement gap and the
language spoken at home.

1.4 Conclusion

In this chapter, we have presented the rationale, aim, and structure of the book. Seeing
how the main aim of the book is to investigate how teacher practices are related to
achievement and equity over time, the chapter further provided the backdrop for
the book in terms of achievements and inequalities in achievements for the Nordic
countries. Various theoretical considerations concerning equity in education were
discussed, supported by empirical insights at the national macro level. These empir-
ical insights included student achievement over time, as well as three indicators of
equity: the standard deviation of achievements as a measure of dispersion, language
spoken at home as an indicator of minority, and number of books at home as an
indicator of SES. All three indicators of equity suggest a negative development over
time for the Nordic countries, along with a negative development of achievement.

The decreasing equity and achievements are in line with previous research that
found correlations between the two (Burroughs et al., 2019; Kyriakides et al., 2018).
Sweden, however, is an outlier and does not follow this pattern. Sweden was the
only country with increased achievements in mathematics and science, while at
the same time being the least equitable of the Nordic countries. One explanation
could be that other factors, stronger than exogenous student characteristics, have
promoted positive achievement trends in Sweden. Teachers are the heart and key
of student learning, and Sweden has invested substantially in teacher education and
professional development (Boesen, et al., 2015;Ringarp&Parding, 2018). In general,
teachers have the potential to increase achievements and equity among students
(e.g., Darling-Hammond, 2018; Praetorius et al., 2017). Yet, the disturbing picture
emerging from our findings of negative trends for both achievements and equity in
the Nordic countries, suggests that it is critical to examine how teachers may promote
learning and equity in the Nordic countries. This is especially important to rectify
the damages of the pandemic and counter further negative developments in these
challenging times.

Appendices

Appendix 1 Standard Deviations with Standard Errors
in Parentheses
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Appendix 2 Percentages of Students Reporting on Language
Spoken at Home in the TIMSS 2011, 2015, and 2019 Student
Questionnaires for Mathematics

Country Always or almost always Sometimes or never

2019

Denmark 87 (0.8) 13 (0.8)

Sweden 81 (1.4) 19 (1.4)

Norway 90 (0.7) 10 (0.7)

Finland 88 (1.0) 12 (1.0)

2015

Denmark 88 (0.8) 12 (0.8)

Sweden 84 (1.3) 16 (1.3)

Norway 85 (1.2) 15 (1.2)

Finland 89 (0.7) 11 (0.7)

2011

Denmark 81 (1.0) 19 (1.0)

Sweden 80 (1.0) 20 (1.0)

Norway 82 (1.1) 18 (1.1)

Finland 89 (0.7) 11 (0.7)

Note Responses for TIMSS have been recoded into a dichotomous variable with 1: “always or
almost always” and “sometimes or never”

Appendix 3 Gap in Mean Achievement Between Students
Who Speak the Language “Sometimes or Never”
and “Always or Almost Always” at Home

Country Mathematics Science

Diff. in mean score Cohen’s d Diff. in mean score Cohen’s d

2019

Denmark 31 (4.6) 0.42 *** 34 (4.7) 0.50 ***

Sweden 39 (5.3) 0.54 *** 54 (5.1) 0.74 ***

Norway 31 (4.6) 0.42 *** 38 (4.4) 0.56 ***

Finland 35 (5.3) 0.45 *** 58 (4.4) 0.79 ***

2015

(continued)
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(continued)

Country Mathematics Science

Diff. in mean score Cohen’s d Diff. in mean score Cohen’s d

Denmark 28 (5.2) 0.37 *** 35 (4.9) 0.49 ***

Sweden 45 (5.8) 0.64 *** 64 (5.9) 0.87 ***

Norway 28 (5.9) 0.39 *** 37 (6.5) 0.58 ***

Finland 25 (6.2) 0.35 *** 36 (5.7) 0.52 ***

2011

Denmark 29 (5.3) 0.41 *** 40 (6.0) 0.54 ***

Sweden 24 (4.0) 0.36 *** 47 (4.6) 0.63 ***

Norway 21 (4.0) 0.30 *** 31 (4.2) 0.49 ***

Finland 23 (5.6) 0.33 *** 36 (6.5) 0.52 ***

Note Responses for TIMSS have been recoded into a dichotomous variable with 1: “always or
almost always” and “sometimes or never”. *** denotes that the significance level p < 0.001
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Chapter 2
Theoretical Framework of Teacher
Practice

Nani Teig , Trude Nilsen , and Kajsa Yang Hansen

2.1 Introduction

Understanding the factors that contribute to effective and equitable teacher practice
is of top priority within educational research. Researchers strive to determine how
various aspects of teacher practice can be customized to provide optimal learning
opportunities for diverse student populations (Dudek et al., 2019;Wallace, 2009). As
theworld becomes increasingly interconnected and diverse, it is imperative for educa-
tional systems to adapt and respond to the varying needs of students from different
cultural, linguistic, and socioeconomic backgrounds. By gaining novel insights into
effective and equitable teacher practice, we can establish a solid foundation for
evidence-based professional practice and teacher education that aims to enhance
student outcomes and narrow the gap in educational disparities.
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Fig. 2.1 The conceptual framework of teacher practice

But what exactly is teacher practice? The concept of “teacher practice” encom-
passes a wide range of teachers’ work and responsibilities within educational settings
(Klein, 2012). Teacher practice may relate to instructional methods and strategies,
classroom assessments, lesson planning, or curriculum implementation and can be
influenced by teachers’ beliefs and attitudes about the nature of teaching and learning
(Anderman & Anderman, 2020; Denessen et al., 2022; Wallace, 2009). This book
specifically focuses on three aspects of teacher practice that directly impact student
learning. As depicted in Fig. 2.1, the content coverage reveals what teachers teach,
teaching quality describes how teachers deliver the content, and assessment practice
shows how teachers assess their students’ learning outcomes.

These three aspects of teacher practice are interconnected and play a signifi-
cant role in shaping students’ learning experiences and their subsequent academic
outcomes (Fauth et al., 2014; Panadero et al., 2017; Schmidt et al., 2021). This
chapter provides an in-depth exploration of these aspects and discusses their
interrelationships, with specific emphasis on mathematics and science learning.

2.2 What Teachers Teach: Content Coverage

Within the context of teacher practice,what teachers teach, or content coverage serves
as a foundation for learning, determining the scope and depth of students’ learning,
influencing their understanding, critical thinking skills, and overall academic growth.
Content coverage refers to the amount of material that is covered or taught in a partic-
ular subject, making it an essential aspect of education as it ensures students to have a



2 Theoretical Framework of Teacher Practice 23

fundamental understanding of the subjectmatter (Porter, 2002).Content coverage can
vary depending on the educational level, subject matter, and objectives of the course.
Sufficient content coverage can provide students exposure to all the necessary topics,
concepts, and skills outlined in the curriculum or educational standards. Conversely,
inadequate content coverage can limit students’ opportunities to learn, potentially
leading to knowledge gaps and hindering their overall academic achievement.

Content coverage represents a critical aspect of any curriculum, as it outlines
the subject matter students will be exposed to and the knowledge they are expected
to acquire. The relationship between content coverage and curriculum is vital, as
it ensures the fulfilment of educational goals and objectives stipulated within the
curriculum. It is widely observed that students typically perform better on topics
they have been taught, compared to those they have not.

Content coverage has also been conceptualized as “opportunity to learn” (OTL) in
large-scale studies conducted by the International Association for the Evaluation of
Educational Achievement (IEA) including the Trends in International Mathematics
and Science Study (TIMSS) (see e.g., Schmidt et al., 1997). Generally, OTL encap-
sulates more than just content coverage; it refers to the extent to which students
have access to quality learning experiences, time, and resources that support the
acquisition of knowledge and skills (Floden, 2002; Perry et al., 2023; Schmidt et al.,
2021). Content coverage is an essential component of OTL, as it determines what
students are exposed to during their time in the classroom. There is a strong relation-
ship between content coverage and OTL. In order for students to comprehend the
material being covered, it is imperative that they are provided with sufficient OTL.
Inadequate time or resources can impede students’ ability to fully grasp the material,
ultimately resulting in suboptimal academic performance. Similarly, when the scope
of the content coverage is too extensive or intricate, students may not have enough
time to fully understand the subject matter, which can also lead to poor academic
performance.

In the TIMSS framework, content coverage is distinguished into three key
components (Mullis & Martin, 2017). The intended curriculum, prescribed at the
system level, refers to the officially prescribed learning objectives, standards, and
subject matter that students are expected to learn, as outlined by educational
authorities. The implemented curriculum, manifested at the classroom level, is the
actual content delivered by teachers in the classroom, which may differ from the
intended curriculum due to factors such as teachers’ competence, school or class-
room resources, and students’ backgrounds. The attained curriculum refers to the
knowledge, skills, and competencies that students acquired as a result of their educa-
tional experiences. Better alignment between educational goals (the intended and
implemented curricula) with educational outcomes (the attained curriculum) is an
important characteristic of effective teacher practice (Daus et al., 2018).

In general, when compared to other aspects of teacher practice, such as teaching
quality and assessment practice, the extent of content coverage largely depends on
the intended curriculum at the national level. However, Nordic countries use multi-
year curricula, which span across several years or grades and outline the learning
objectives, topics, and skills that students are expected to acquire over that period
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(see Chap. 4). For instance, in Norway, the curriculum is organized into three-year
cycles, with the first cycle covering grades 1–4, the second cycle covering grades
5–7, and the third cycle covering grades 8–10. Unlike annual curricula that provide
more specific guidance on what should be covered in a particular grade level, multi-
year curricula give teachers a certain degree of autonomy and flexibility to decide
when and how to cover specific topics and learning objectives within the curriculum
cycle. Consequently, content coverage emerges as a key aspect of teacher practice, as
teachers are tasked with selecting suitable topics and adjusting their instruction and
assessment strategies to meet their students’ needs and interests. At the same time,
they are responsible for ensuring the required curriculum is covered and providing a
coherent learning experience for students over several years.

This book conceptualizes content coverage as student exposure to TIMSS’ math-
ematics and science topics in grades four and five. Content coverage, in this context,
refers to the coverage of topics in the three content domains of mathematics (number,
geometry, and data) and of science (life science, physical science, and earth science).
Teachers reported whether and when they have covered the topics. This conceptu-
alization is applied in Chaps. 4, 6, and 8. Chapter 4 further examines the align-
ment between content coverage (implemented curricula) with educational goals
(intended curricula) and educational outcomes (attained curricula). Meanwhile,
Chaps. 6 and 8 investigate the relations between content coverage and student
achievement across the various content domains of mathematics and science.

2.3 How Teachers Teach: Teaching Quality

Teaching quality is a multifaceted construct that has garnered significant attention in
the field of education due to its pivotal role in shaping student learning outcomes and
experiences. Various definitions of teaching quality have emerged in the literature,
reflecting its diverse aspects and the complexity of the teaching process (Senden
et al., 2022). Some scholars interpret teaching quality through the lens of generic,
domain-specific aspects, or a blend of both (Blömeke et al., 2016). Others approach it
through specific instructional practices, such as differentiated instruction, problem-
based learning, inquiry-based teaching, and formative assessment (Hattie, 2009;
Ko & Sammons, 2013; Muijs & Reynolds, 2017). This perspective underscores the
importance of adapting teacher instruction with the diverse learning needs and styles
of students in order to maximize their potential for success. Additionally, the concept
of teaching quality has been closely linked to teacher effectiveness and the ability to
create a supportive and engaging learning environment (Goe et al., 2008). Another
perspective emphasizes the necessity of ongoing professional development and the
capacity to adapt teaching practices in response to students’ needs and the dynamic
nature of educational contexts (Darling-Hammond et al., 2017).

Despite the varying perspectives on teaching quality, a consistent feature in the
literature is the recognition that teaching quality serves as a crucial determinant of
student achievement, motivation, and overall educational success. This book adopted
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Fig. 2.2 Various aspects of teaching quality. Note Figure adopted from Klieme et al. (2009)

the three basic dimensions of teaching quality from Klieme et al. (2009) as a theo-
retical framework, which encompasses classroom management, supportive climate,
and cognitive activation. (Fig. 2.2).

Classroom management is a fundamental and the most generic aspect of teaching
quality. It refers to the strategies, techniques, and processes explored by teachers to
establish and maintain a well-organized, focused, and orderly learning environment
(Praetorius et al., 2018). An orderly classroom environment with minimal disrup-
tions allows students to focus on learning and making the most of their educational
experience (Freiberg et al., 2020; Marder et al., 2023). It involves effective time
management, task-oriented student behavior, consistent enforcement of rules and
consequences, and the establishment of routines.

The positive impact of classroommanagement on student outcomes across various
subjects is more robust than other aspects of instructional quality (Korpershoek et al.,
2016; Senden et al., 2023). High-achieving classrooms often exhibit effective class-
room management, which fosters a conducive learning atmosphere and encourages
student engagement (Dijk et al., 2019; Korpershoek et al., 2016).

Supportive climate refers to the overall classroom environment that facilitates
positive student learning experiences, including teacher support, classroom inter-
action (teacher-student and student–student relationships), and instructional clarity.
Creating a supportive climate in a classroom entails the teacher’s ability to foster an
atmosphere that promotes students’ intellectual, social, and emotional development.
This involves providing personalized support to address the individual students’
unique needs, establishing clear expectations, and utilizing varied instructional
approaches to enhance understanding (Senden et al., 2022).

The need for a supportive climate inmathematics and science classrooms is partic-
ularly critical due to the complex and abstract nature of the subjects. Students often
encounter challenging concepts and problem-solving tasks in these areas. Conse-
quently, establishing a safe and supportive environment, where students feel comfort-
able to ask questions and seek clarification, is crucial. This nurturing environment
not only fosters student engagement and motivation but also nurtures their interest,
curiosity, and enthusiasm for these subjects (Teig & Nilsen, 2022).
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Cognitive activation represents a domain-specific aspect of teaching quality,
involving instructional approaches and learning tasks that stimulate students’ cogni-
tive engagement, promote conceptual understanding, and encourage students to
engage in higher-order thinking (Baumert et al., 2010; Förtsch et al., 2017; Klieme
et al., 2009; Lipowsky et al., 2009). Lipowsky et al. (2009) identified three key
elements of cognitive activation: (1) emphasizing conceptual understanding and
connections between facts or ideas, and activating students’ prior knowledge, (2)
employing tasks that demand higher cognitive skills; and (3) encouraging student
engagement through argumentation, explanation, critique, or idea exchange. By
incorporating these elements into teaching practices, teachers can create a stimulating
learning environment that enhances students’ critical thinking and problem-solving
skills.

The level of cognitive activation largely depends on the selection and implemen-
tation of tasks and activities in the classrooms (Baumert et al., 2010; Lipowsky et al.,
2009). Cognitive activation is more likely to occur when teachers present challenging
tasks that stimulate students’ thinking, encourage them to recognize connections
between new content and their existing knowledge, and promote discussions about
potential problem solutions. Additionally, exploring multiple approaches to solve
a problem and emphasizing the importance of self-reflection can further enhance
cognitive activation (Baumert et al., 2010; Lipowsky et al., 2009). On the other hand,
cognitive activation is less likely to occur if teachers merely view learning as the
one-way transmission of subject knowledge (Lipowsky et al., 2009).

Cognitive activation can be distinguished into general and subject-specific forms
(Schlesinger et al., 2018; Teig et al., 2019). General cognitive activation repre-
sents practices applicable across all classrooms, regardless of the subject domain.
In contrast, subject-specific cognitive activation relates to the unique aspects of
cognitive activation that typically characterize a particular subject domain. Cognitive
activation may involve students independently applying what they have learned to
new problem situations, linking content with their everyday lives, and expressing
their ideas or explaining their answers to challenging exercises. Typical examples
of cognitive activation in mathematics include providing students with the opportu-
nity to deal with mathematical proof and engage in other mathematical processes,
including problem-solving, modeling, or reasoning (Schlesinger et al., 2018; Sigur-
jónsson, 2023). In science classrooms, cognitive activation typically involves students
in scientific inquiry practices, such as formulating research questions, designing and
conducting investigations, and analyzing and interpreting data (Teig et al., 2019;
Teig et al., 2022). Inquiry-based cognitive activation strategies enable students to
learn about scientific content and explore the nature of science more deeply through
first-hand experience in scientific investigations (Teig et al., 2019). Both general and
subject-specific cognitive activation play vital roles in determining the quality of
teaching.

The empirical chapters in this book examine various dimensions of teaching
quality. Chapter 5 explores the trends in classroom management, supportive climate
(specifically on teacher support and instructional clarity), and cognitive activation
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as well as their relations to mathematics and science achievement. Chapter 7 inves-
tigates whether changes in supportive climate and cognitive activation are related
to the changes in achievement in both subjects. Meanwhile, Chapter 9 delves into
similar dimensions by focusing on their roles inmitigating socioeconomic and ethnic
disparities in mathematics.

2.4 How Teachers Assess Their Students: Assessment
Practice

Teacher assessment practice encompasses a range of methods and strategies used by
teachers to gather evidence of their students’ understanding (Black &Wiliam, 1998;
Popham, 1999). This evidence serves as a basis for important educational decisions,
including adapting instruction, selecting assignments, providing feedback, assigning
grades, and planning lessons (Black &Wiliam, 1998; Gardner et al., 2010; Herppich
et al., 2018; Popham, 1999).

In general, three main types of assessment can be identified: assessment for
learning, assessment of learning, and assessment as learning, each serving distinc-
tive objectives and functions in educational settings. Assessment for learning, also
known as formative assessment, is used to inform and improve the teaching and
learning process (Black & Wiliam, 1998; Schildkamp et al., 2020). It takes place
during the learning process and provides teachers with valuable information about
students’ understanding, progress, and misconceptions (Schildkamp et al., 2020).
Teachers can then use this information to adjust their instruction, provide feedback,
and address any learning gaps. Assessment of learning or summative assessment
is typically conducted at the end of a unit, course, or academic year (Gao et al.,
2020; Harlen, 2007). Its primary purpose is to evaluate students’ overall achievement
and mastery of specific learning objectives (Harlen, 2007), for example, through
standardized tests, final exams, and end-of-term projects. Assessment as learning
emphasizes the students’ active involvement in their own learning process (Panadero
et al., 2017; Popham, 1999). It promotes metacognition, self-assessment, and reflec-
tion, enabling students to become more independent and self-regulated learners
(Panadero et al., 2017).

To accommodate these various assessment types, educators utilize a wide range
of assessment practices, from traditional exams and quizzes to more innovative
approaches like project-based assessments, peer evaluations, and learning journals
or reflection logs. One common example of assessment practice is the assignment
of homework, which among other things allows teachers to gauge students’ under-
standing of the material, helps students practice and reinforce skills learned in the
classroom, and can also serve as a way for students to learn new content (Fernández-
Alonso & Muñiz, 2022). Effective assessment practice enables teachers to iden-
tify strengths and weaknesses and efficacy of their teaching methods and allows
them to adjust their instruction to better meet the needs of their students (Black &
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Wiliam, 1998; Popham, 1999). Furthermore, effective assessment practice provides
valuable feedback to students and offers guidance for improvement, helping them
understand their progress (Gardner et al., 2010). Assessment practices can foster a
positive collaboration between teachers and students, ultimately contributing to the
development of student outcomes (Black&Wiliam, 1998;Muijs &Reynolds, 2017).

Assessment practices can also be used to establish high standards and expectations
for all students, including those from socioeconomically disadvantaged backgrounds
(Andrade & Brookhart, 2020; Panadero et al., 2017). The practices enable teachers
to identify learning gaps among disadvantaged students, thus allowing them to tailor
instruction, resources, and support accordingly. By upholding rigorous standards
for every student, teachers can promote a culture of achievement and ensure equal
opportunity to succeed.

In mathematics and science classrooms, assessment practices hold a significant
place due to the complex and abstract nature of these subjects (Gao et al., 2020).
Mathematics and science often require higher-order thinking, problem-solving, and
critical analysis, making it essential for teachers to employ adequate assessment
strategies to ensure positive learning outcomes and experiences for students. Addi-
tionally, assessment practices in mathematics and science may promote metacogni-
tion, persistence, and resilience, as students are encouraged to reflect on their learning
processes and work through challenges (Gao et al., 2020). By using assessment data
to inform instruction, teachers can ensure that their students are developing a deep
understanding of the material and are able to apply their knowledge to real-world
situations (Black & Wiliam, 1998; Muijs & Reynolds, 2017).

Subsequent chapters in this book delve into various aspects of assessment practice
in mathematics and science. Chapter 5 explores the trends in homework frequency,
homework time, how teachers use homework in the classroom (referred to as in-class
homework discussion), and the emphasis teachers place on assessment strategies.
Chapter 7 further investigateswhether changes in homework frequency, time spent on
homework, and in-class homework discussion correspond to the changes in achieve-
ment in both subjects. Meanwhile, Chapter 9 scrutinizes teachers’ emphasis on
assessment strategies inmitigating disparities inmathematics achievement. Together,
these chapters provide a comprehensive examination of assessment practices and
their implications for student learning outcomes.

2.5 An Integrated Framework

To emphasize the importance of aligning curriculum objectives with assessment
measures and understand the interconnection between content coverage, teaching
quality, assessment practice, and students’ learning outcomes, the book adopts the
theoretical model of Potential Educational Experiences (Schmidt et al., 1997). This
model describes the dynamicmechanismbetween content coverage, teaching quality,
and assessment practices in facilitating effective learning experiences for all students
(Floden, 2002; Perry et al., 2023; Schmidt et al., 2021).
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In the Potential Educational Experiences model, the implemented curriculum
functions as a mediator between the intended curriculum and the curriculum carried
out. It serves as a representation of the desired learning experiences outlined in the
intended curriculum, and at the classroom level, it can be referred to as the “oppor-
tunity” provided to students. The choices made by schools and teachers, such as
student grouping, timetable structuring, and resource selection, all have implica-
tions for the educational opportunities available. The model also highlights direct
and indirect effects on the attained curriculum, considering various antecedents and
contexts at the system level, school and classroom levels, and student level. These
antecedents may include, for example, teacher characteristics, teaching practice,
learning conditions, and student attributes (see Fig. 2.3).

The model identifies three main channels through which the implemented
curriculum impacts the attained curriculum. These channels involve the influence of
student characteristics and peers on teaching quality, the effects of teacher practice-
related factors (e.g., content coverage, instructional activities, and supportive func-
tions) on student achievement, and the impact of organizational differentiation on
teacher resources and teaching support. In this book, our primary examination focuses
on the second channel of teacher practice and its impact on students’ learning
outcomes. Specifically, we delve into content coverage, teaching quality, and assess-
ment practice, either independently to analyze changes over time, or in an integrated
manner to explore the interrelationship between these constructs.

Fig. 2.3 The TIMSS model of potential educational experiences. Source Schmidt et al. (1997,
p. 188)
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2.6 Closing Remarks

Oneof the primary challenges in investigating effective and equitable teacher practice
involves acknowledging that different aspects of teaching practice—what teachers
teach (content coverage), how teachers teach (teaching quality), and how teachers
assess their students (assessment practice)—are not static or isolated factors. Instead,
they are dynamic and interconnected factors that exert their influence on student
outcomes, as depicted in Fig. 2.3. Adequate content coverage ensures students’
opportunity to learn essential concepts and competencies. High-quality teaching
fosters a positive learning environment, encourages student engagement with the
subjectmatter, and promotes deep understanding. Effective assessment practices help
teachers to identify student strengths and weaknesses, allowing for tailored instruc-
tion and support, which in turn contribute to improved student outcomes. When
these three aspects of teacher practice are well-aligned and consistently applied,
they collectively create a cohesive and effective learning experience for students,
ultimately leading to better outcomes.

Understanding the impact of any single aspect of teacher practice requires consid-
ering its relationship with other aspects. For instance, content coverage and teaching
quality are inextricably linked. A solid understanding of the curriculum empowers
teachers to determine, integrate, and present mathematics and science content in a
coherent and meaningful way, making it more accessible and engaging for students.
Similarly, teacher assessment practices play a crucial role in shaping both content
coverage and teaching quality, as they provide valuable feedback on student learning
and progress that can inform instructional decisions and adaptations. These inter-
connected aspects of teacher practice work together to create a conducive environ-
ment that fosters academic growth and success for all students. By recognizing the
interdependence of these aspects, researchers and practitioners can develop a more
comprehensive understanding of effective and equitable teacher practice, essential
for improving educational outcomes for all students.
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Chapter 3
Analytical Framework

Trude Nilsen and Nani Teig

3.1 Introduction

The present book adopts a common approach in terms of theories, conceptualiza-
tions, andmethodology throughout all chapters. The primary objective of this chapter
is to describe the common methodology that serves as a foundation for each chapter.
While the individual chapters can be read independently, it is important to under-
stand that they all share common methodologies and assumptions, which will be
thoroughly outlined in this chapter. For instance, a key aspect of the methodology
is the uniformity in data preparation across all chapters. Furthermore, this chapter
also aims to provide a comprehensive overview of the Trends in International Math-
ematics and Science Study (TIMSS) and its design. As we progress through the
chapter, the overall methodology employed in the book will be examined in greater
detail. This examination will cover various aspects of the methodology, including
the reliability and validity of the constructs examined in the chapters, the process of
data preparation, and the analytical approaches employed. By presenting a clear and
coherent understanding of the shared methodology, readers will be better equipped
to appreciate the interconnectedness of the chapters and the holistic approach taken
in this book.
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3.2 About TIMSS

3.2.1 The TIMSS Assessment and Questionnaires

TIMSS was first implemented in 1995, following the existence of earlier studies like
the First and Second International Mathematics Study (FIMSS and SIMS) (Brown,
1996). TIMSS is made possible through the International Association for the Eval-
uation of Educational Achievement (IEA), with its administration managed by the
TIMSS & PIRLS International Study Centre, Boston College. TIMSS measures
students’ competence in mathematics and science and is conducted every four years,
primarily targeting fourth and eighth-grade students. However, since 2015, Norway
shifted the target grades from grade four to grade five and from grades eight to
nine to enable better comparisons with other Nordic countries. This was necessary
because Norwegian students were typically younger than students in these countries
by approximately one year, and adjusting the target grades would help to ensure a
fairer comparison (Bergem et al., 2016).

Themathematics test containsmore than 200 tasks (hereafter referred to as items),
while the science test includes about 250 items (Mullis & Martin, 2017a). Approx-
imately half of these items are in multiple-choice, and the rest are in open-ended
format. The test frameworks are based on the participating countries’ curricula. All
the countries provide feedback to the frameworks and participate in the development
of the mathematics and science items in every cycle. The frameworks, test items,
and questionnaires are subject to an extensive quality assurance process,
which includes several rounds of feedback and revisions as well as a field-trial study
(Cotter et al., 2020).

The TIMSS 2019 mathematics assessment for fourth-grade students is divided
into three content domains: number, measurement and geometry, and data (Mullis &
Martin, 2017a). These domains represent 50%, 30%, and20%of the test, respectively.
Each domain has specific objectives for students to achieve. For instance, in the
number domain, students should be able to add and subtract up to 4-digit numbers in
simple contextual problems. Similarly, the science assessment for fourth grade also
has three content domains: life science (45%), physical science (35%), and earth
science (20%), eachwith its own set of specifications. For example, life science covers
a topic about human health, which requires students to be able to identify or describe
some methods of preventing disease transmission (e.g., vaccination, washing hands,
avoiding peoplewho are sick) and recognize common signs of illness (e.g., high body
temperature, coughing, stomach-ache). The framework for the test also specifies a
detailed description of the content and objectives for each domain.
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In addition to the content domains, the frameworks for mathematics and science
assessments also have a cognitive domain that specifies the thinking processes to
be assessed (Martin et al., 2017). This domain is divided into three areas: knowing
(40%), applying (40%), and reasoning (20%) in the fourth-grade assessment. This
cognitive dimension ensures that all aspects of competence are assessed, as students
are expected to demonstrate their knowledge of the topic, apply this knowledge to
different contexts, and engage in reasoning through processes such as synthesis,
evaluation, and generalization.

In addition to themathematics and science assessments, TIMSS also gathers infor-
mation related to teaching and learning processes through questionnaires (Mullis &
Martin, 2017b). The questionnaires are administered to students, teachers, and school
leaders (principals) in grades four and eight, as well as to parents in grade four.
The student questionnaires include, among other things, questions about socioeco-
nomic status (SES), minority status (in terms of language), bullying, perceptions of
teaching quality, andmotivation to learnmathematics and science. Teachers are asked
a number of questions, including their educational background, teaching experience
and specialization, what they teach in the classroom (content coverage), how they
teach and assess their students, and perceptions of the school environment. Similarly,
principals are asked, among other things, about their educational background, school
composition, instructional resources, and learning environment. Parents answer ques-
tions related to their children’s education, including educational resources at home
and their child’s early numeracy and literacy. These questionnaires provide valuable
contextual information that can help to better understand the factors that influence
student achievement in mathematics and science (Mullis & Martin, 2017b).

3.2.2 The TIMSS Design

International large-scale assessments (ILSAs), such asTIMSS, have complex designs
that require special consideration that should be taken into account when analyzing
the data.

Hierarchical Design

The target population in TIMSS typically includes students in the fourth and eighth
grades, and representative samples are drawn from these populations in each partici-
pating country. To achieve this, TIMSS employs a hierarchical design in its sampling
and data collection process (Martin et al., 2020). The sampling procedure consists of a
two-stage random sample design, which involves selecting schools and then selecting
one or more classrooms within these schools (Martin et al., 2020). In addition to
the selected students in an intact classroom, the sample also includes their mathe-
matics and science teachers, their principals, and their parents (parents are included
only in grade four). While the teachers of the students do not constitute a repre-
sentative sample, each student is linked to their mathematics and science teachers,
which contributes to the validity of inferences related to teachers. This hierarchical
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design ensures that the data collected is representative of the target population and
provides valuable insights into the mathematics and science achievement of students
in participating countries.

The hierarchical design has implications for data analysis. If this design is not
accounted for in the analyses, the standard errors of the estimates may be under-
estimated (Rutkowski et al., 2010). This is because students within the same class-
room or school tend to resemble one another, hence, violating the requirement of
a random sample (Rutkowski et al., 2010). To address this issue, several methods
can be employed. The empirical chapters in this book apply multi-level analysis to
account for the clustering of the data.

Sampling Weight

Sampling weights are used to adjust the data so that it accurately represents the popu-
lation being studied and ensures that the data collected from the sample is represen-
tative of the entire population (Meinck &Vandenplas, 2020). Without weighting, the
datamay be biased andmay not provide accurate estimates of population parameters.
In TIMSS, appropriate sampling weights are necessary to account for the complex
sample design and to provide accurate estimates of population parameters (Martin
et al., 2020). Researchers need to use the appropriate sampling weights in their
analyses to account for the hierarchical design of the sample and to ensure that the
results are representative of the population being studied (Rutkowski et al., 2010;
Stapleton, 2013). Failure to use appropriate sampling weights can lead to biased
estimates of population parameters, which can compromise the validity of the study
findings (Meinck & Vandenplas, 2020).

In this book, TIMSS sampling weights and weight factors were taken into account
when analyzing the data at the individual or classroom level in the empirical chapters.
For analyses using a multilevel model, the chapters use multilevel weights following
the recommendations from Rutkowski et al. (2010) and Stapleton (2013). At the
student level, the weight is set to a product of student response adjustment and
student weight factor (WGTADJ3×WGTFAC3). At the classroom level, the weight
is a product of school response adjustment, school weight factor, classroom response
adjustment, and classroomweight factor (WGTADJ1×WGTFAC1×WGTADJ2×
WGTFAC2). For more information onweights andweight factors, see LaRoche et al.
(2020).

Trend Design

TIMSS is designed to allow for comparisons of student performance in grades
four and eight across different cycles of the assessment, which is known as the
trend design. This approach allows for the tracking of changes and trends every
four years. This is made possible by retaining approximately half of the test items
from one cycle to the next, ensuring continuity in the content assessed (Martin &
Mullis, 2019). Furthermore, most countries participate in every cycle of TIMSS,
which enables the concurrent calibration of scales (Martin & Mullis, 2019). This
method allows researchers to scale achievements on the same scale as previous
cycles using trend items and trend countries, making direct comparisons across
cycles possible (Martin & Mullis, 2019). The trend design helps in identifying
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changes in student achievement over time, as well as examining the impact of factors,
such as content coverage and teaching practices on student performance. However,
few take advantage of the trend design in secondary analyses. In this book, the trend
design is utilized to examine how changes in content coverage, teaching quality, and
assessment practice are related to the changes in achievements over time (seeChaps. 6
and 7).

Plausible Values

As in other ILSAs, TIMSS uses plausible values to represent student proficiency in
mathematics and science. In each subject, there are over 200 test items that are used
to thoroughly assess mathematics and science (Martin et al., 2017). To minimize the
time students spend on the test, items are divided into blocks, preserving the same
distribution across content and cognitive domains as the overall test, following the
assessment framework (Martin et al., 2020). In TIMSS 2019, there were 28 blocks of
items, which comprised 16 blocks of trend items from previous cycles (eight blocks
in mathematics and eight blocks in science) and 12 blocks of items that were new
in 2019. TIMSS 2015 and 2011 had the same design with 28 blocks. Each student
receives two blocks of mathematics items and two blocks of science items (Martin
et al., 2020). As individual students only receive a subset of the entire test, plausible
values estimate group content-related scale scores for the population, rather than
providing accurate individual-level scores (von Davier et al., 2009).

From TIMSS 2011 to 2019, five plausible values were drawn for each student.
These values are randomly drawn from an empirically derived distribution of score
values based on the student’s observed responses to assessment items and selected
background variables (von Davier et al., 2009). When analyzing data, researchers
must consider these plausible values to ensure accurate estimates of the relationships
between variables (Rutkowski et al., 2010; von Davier et al., 2009). This proce-
dure requires separate analyses for each set of plausible values. Once analyses are
conducted for all sets, the resultant model parameters are pooled (Laukaityte &
Wiberg, 2017). The pooling involves calculating the means across all sets of model
parameters, while the variances are quantified according to Rubin’s combination
rules, which consider the variances within and between plausible values and the
number of plausible values (Laukaityte & Wiberg, 2017). The empirical chapters in
this book employedMplus, a statistical analysis software, which offers a convenience
option (i.e., TYPE = IMPUTATION) to perform analysis for each set of plausible
values and automatically combines the resultant model parameters.

Cross-sectional Design

TIMSS, along with other ILSAs, employs a cross-sectional design (Martin et al.,
2017). This design involves collecting data at a specific point in time, typically once
every four years in the case of TIMSS, to assess and compare the performance of
students across participating countries. In a cross-sectional design, data are collected
from different participants in the same age group or grade level, without following
them over time. This approach allows researchers to identify patterns, trends, and
relationships between various factors, such as education systems, teaching practices,
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and student achievement.However, since data are collected only at a single timepoint,
it is not possible to establish causal relationships or determine why some variables
change over time (Cummings, 2018). As a result, causal language should be avoided
in favor of discussing “relationships” rather than “effects”. For instance, instead of
discussing the “effect” of content coverage on achievement, it is more appropriate
to refer to it as the “relationship” between content coverage and achievement.

Given that this book is intended for educational policy stakeholders, practitioners,
and researchers, using overly technical language may hinder clarity and compre-
hension, particularly when discussing advanced methodologies. As a result, some
language choices in this book may be simplified to improve understanding. Never-
theless, it is crucial to emphasize that causal relationships between predictors and
outcomes cannot be established through cross-sectional designs.

3.3 The Main Measures Used in This Book

This section focuses on describing common measures of teacher practice examined
throughout the book (for the theoretical foundations of teacher practice, see Chap. 2).

3.3.1 What Teachers Teach: Content Coverage

Content coverage represents a critical aspect of any curriculum, as it outlines the
topics students will learn and the knowledge they are expected to acquire. TIMSS
distinguishes between the intended curriculum at the national level, the implemented
curriculum at the classroom level, and the attained curriculum as learning outcomes
at the student level (Mullis &Martin, 2017b). This book mostly focuses on a narrow
concept of content coverage to describe student exposure to various topics in mathe-
matics and science. Specifically, content coverage refers to the TIMSS’ mathematics
and science topics implemented by the teachers in classrooms using the TIMSS
teacher questionnaire. This measure of content coverage is employed in Chaps. 4, 6,
and 8. In addition, Chap. 4 examines the alignment between content coverage (the
implemented curriculum)with the topics covered by the intended national curriculum
in the Nordic countries (the curriculum questionnaire) and the attained curriculum
as assessed in the TIMSS test. Meanwhile, Chaps. 6 and 8 investigate the relations
between content coverage and student achievement across the various domains of
mathematics and science (the attained curriculum).
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Content coverage was assessed using the teacher questionnaire, focusing on the
extent to which teachers had taught specific topics covered in the TIMSS test to
fourth-grade students (Martin et al., 2020). Teachers were asked to rate when they
taught various topics within the subdomains of mathematics and science. In TIMSS
2019 for mathematics, there were seven topics in the content domain number, seven
in measurement and geometry, and three in data, whereas, in science, there were
seven topics in life science, 12 in physical science, and seven in earth science. For
example, in mathematics, for the number domain, teachers were asked when the
class had been taught the topic “concepts of whole numbers, including place value
and ordering”. The response scale includes mostly taught before this year, mostly
taught this year, and not yet taught or just introduced. There are two main issues with
this scale. First, new teachers may not know what students have been taught before.
Second, the relatively large number of items may lead to a higher rate of missing
data, particularly in science (which is asked after mathematics in the questionnaire).
Furthermore, “not yet taught” and “just introduced” represent distinct concepts.

Given the challenges with the response scale, it was challenging to measure
content coverage as an indicator of the implemented curriculum. To address this
issue, this book used the percentages of students who had been taught each of the
topics (before or during the school year) as reported by their teachers, averaged across
all topics in each subject domain, and also across all topics in all subject domains. In
mathematics, these percentages are represented by three variables: the percentages
of students taught the topics number (ATDMNUM), measurement and geometry
(ATDMGEO), and data (ATDMDAT). In science, the percentages of students taught
the topics life science (ATDSLIF), physical science (ATDSPHY), and earth science
(ATDSEAR) were used. It is worth noting that the missing values at the item level
were quite large, especially in science. In TIMSS 2019, data for the percentages of
students taught science topics are available for at least 70% but less than 85% of the
students in Denmark and Sweden, whereas, in Norway, the data are available for at
least 50 percent but less than 70% of the students. The high proportion of missing
values in these countries highlights the need for caution when interpreting the results,
as they may not fully reflect the true content coverage.

In the curriculum questionnaire, TIMSS’ National Research Coordinators (NRC)
responded to a set of questions focusing on national curriculum policies and prac-
tices related to each country’s education system, as well as the organization and
content of mathematics and science curricula (Martin et al., 2020). The NRCs were
asked whether each of the TIMSS mathematics and science topics were included
in their countries’ intended curriculum and, if so, whether the topics were intended
to be taught to “all or almost all students” or “only the more able students”. The
TIMSS 2019 curriculum questionnaire was administered online, and participants
were advised to draw on the expertise of curriculum specialists and educators.
However, there were no reliability checks or procedures in place to reduce measure-
ment uncertainty or improve reliability (Martin et al., 2020). Consequently, the
curriculum questionnaire was examined together with the teacher questionnaire in
this book.
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To measure the attained curriculum, student achievement in the specific content
domains was used. For mathematics, five plausible values of achievement were used
for number, measurement and geometry, and data, similarly five plausible values
were used for life science, physical science, and earth science for science.

3.3.2 How Teachers Teach: Teaching Quality

TIMSS measures teaching quality using a combination of student and teacher ques-
tionnaires. As discussed in Chap. 2 this book used three basic dimensions of teaching
quality consisting of classroom management, supportive climate, and cognitive acti-
vation (Klieme et al., 2009). Classroom management was assessed for the first time
in TIMSS 2019 using student questionnaires that asked students how often various
situations happened in their mathematics classrooms. Students were presented with
six items (e.g., “my teacher has to keep telling us to follow the classroom rules” or
“students interrupt the teacher”) and were asked to indicate the frequency of their
occurrence using a response scale that includes: never, some lessons, about half the
lessons, and every or almost every lesson. A scale called Disorderly Behavior During
Mathematics Lessons was also created based on students’ responses to these items.

Supportive climate encompasses various aspects, including teacher support, class-
room interaction (teacher-student and student–student relationships), and instruc-
tional clarity. This book focuses on the teacher support and instructional clarity that
was assessed using the student questionnaires in TIMSS 2011 to 2019. It measured
student agreement on various statements with a response scale that includes agree a
lot, agree a little, disagree a little, and disagree a lot. Note that only two items were
similar across these cycle (i.e., “I know what my teacher expects me to do” and “my
teacher is easy to understand”). The items were situated separately in mathematics
and science classrooms.

This book differentiates between general and subject-specific cognitive activation
(see Chap. 2 for further details). Teachers reported how often they engaged students
in various activities with a response scale that ranges from never to every or almost
every lesson. Few items are similar across TIMSS 2011 to 2019; two items in generic
cognitive activation (e.g., “relate the lesson to students’ daily lives”), three items
in mathematics cognitive activation (e.g., “apply what students have learned to new
problem situations on their own”), and five items in science cognitive activation (e.g.,
“design or plan experiments or investigations”). For the first time in 2019, TIMSS
added an item to the student questionnaire and asked students how often they conduct
experiments in their science lessons with a response scale of never, a few times a
year, once or twice a month, and at least once a week. This item represents inquiry-
based cognitive activation in science and is included in the analysis to supplement
the teacher questionnaire.
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TheTIMSS’hierarchical design,which involves clustering students in intact class-
rooms and collecting information from both student and teacher questionnaires, is
highly suitable formeasuring teaching quality. A significant advantage of thismethod
is that students’ responses provide first-hand experiences of the teaching process.
Ideally, if the goal is to accurately measure teaching quality, all students would rate
their teacher similarly. However, perceptions may vary among students. To account
for these variations, the chapters that explore whether teaching qualitymay “explain”
achievement differences between classrooms employ a two-levelmodel at the student
and classroom levels. In this model, the perceptions of teaching quality are controlled
at the student level, and the results are focused on the classroom level. This approach
aligns with previous research and offers a reliable method for measuring teaching
quality (e.g., Lüdtke et al., 2007; Marsh et al., 2009).

Some challenges may arise in measuring teaching quality using student and
teacher questionnaires. Research has shown that young studentsmay have difficulties
in evaluating their teachers and distinguishing between different aspects of teaching
quality (Lüdtke et al., 2007). This means that students may perceive teachers who
generally perform well as having high quality in all aspects of teaching, regardless
of whether or not this is the case. Conversely, teachers who perform poorly in one
aspect may be perceived as having low quality in all aspects of teaching (Teig &
Nilsen, 2022). TIMSS also collects information about teaching quality through the
teacher questionnaire that covers more items and deeper aspects of teaching quality
than the student questionnaire. Nevertheless, these self-reported measures may be
susceptible to social desirability bias (Muijs, 2006). Teachers may feel pressure to
provide responses that theybelieve are socially desirable, rather thanprovidinghonest
answers. This can lead to the over-reporting of positive behaviors and under-reporting
of negative behaviors. This book used both the student and teacher questionnaires to
minimize the challenges associated with both approaches.

As previously discussed, the TIMSS’s design, which links students with their
teachers, is well-suited for measuring teacher practice, and indeed, teacher prac-
tices have been measured in all TIMSS cycles since 1995 (Klieme & Nilsen, 2022).
However, the measurement of teaching quality—tailored specifically to classroom
management, teacher support and instructional clarity, and cognitive activation—is a
more recent inclusion. These aspects of teaching quality were not specifically incor-
porated into the TIMSS context questionnaire framework until 2015. The aspect of
classroommanagement was later added in 2019 but only for mathematics. Moreover,
with each TIMSS cycle, more information is gathered, leading to valuable insights
and improvements in the measures for teaching quality. Therefore, the quality of the
teaching quality measures in TIMSS has improved through both pilot studies and the
main studies in 2015, 2019, and 2023 (Klieme & Nilsen, 2022). This implies that
the validity of teaching quality is higher in the chapters that utilize data from TIMSS
2019 (i.e., Chaps. 5 and 9) than in the trend chapter that analyses changes from 2011
to 2019 (i.e., Chap. 7).
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3.3.3 How Teachers Assess Their Students: Assessment
Practice

TIMSShasmeasured various aspects of teachers’ assessment practices in 2011, 2015,
and 2019. Nevertheless, only items related to homework were similar across these
cycles. Measuring homework in TIMSS is challenging due to varying definitions and
frequencies across countries and schools. Two primary homework measures exist:
the frequency of assigned homework and the expected time students spend on it.
Interpreting these measures separately can be difficult because teachers may allo-
cate homework rarely but provide tasks that would take the students a long time to
complete. However, combining the frequency and time spent on homework provides
a more useful estimate (see Chap. 7 for a description of the procedure). In addi-
tion, teachers were also asked how they integrate homework into their teaching
(in-class homework discussion). Teachers reported on how often they correct assign-
ments, provide feedback, discuss homework in class, and monitor the completion
of the homework. This additional information helps create a more comprehen-
sive understanding of homework as an assessment practice in different educational
contexts.

In TIMSS 2019, five new items were added to measure how much importance
teachers place on various assessment strategies in mathematics and science, such as
observing students, asking questions during class, short written assessments, longer
tests, and long-term projects. These new items allow for a more in-depth analysis
of teachers’ assessment practices and contribute to a better understanding of their
impact on students’ learning outcomes.

3.4 Analytical Approaches

3.4.1 Data Preparation

To maintain coherence and enable comparisons across the chapters of this book, all
data were prepared in advance and analyzed in the same manner. Two main files
were created: one for the chapters that analyze TIMSS 2019 data, and another file
containing merged data from 2011, 2015, and 2019 for the chapters conducting trend
analyses. The IDB Analyzer was employed to merge teacher and student data and
to combine data from different countries. Some variables required reverse coding to
ensure that higher values represented more positive outcomes.
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To accommodate multi-level analyses at the student and classroom levels, data
that includemultiple teachers per student (between 2 and 6%)were deleted randomly
so that each student was only linked to one mathematics and one science teacher.
This simplification helps to provide a clear, one-to-one relationship between each
student and their respective teachers. This straightforward link improves the clarity
and interpretability of the results, as it avoids potential bias from averaging responses
across different teachers, who may have different teaching practices and interactions
with the student. It also eliminates the potential issue of students having varying
experiences with different teachers, which could complicate the interpretation of the
findings. For example, if one teacher interacts with the student more than another, it
may not be appropriate to weigh their responses equally. This approach also adheres
to the nested structure assumed in multi-level models, where students are nested
within teachers. This approach is taken to maintain clear hierarchical data analyses,
even though it necessitates the removal of some data (between 2 and 6%).

For the trend analysis that required merged data from the three TIMSS cycles, a
dummy variable called TIME was created and coded as 0 for 2011, 1 for 2015,
and 2 for 2019. This variable allowed for an easy comparison of trends across
different cycles and aided in the identification of patterns or changes over time.
Furthermore, unique identification numbers were assigned to students and teachers
to guarantee uniqueness across countries and over time. This approach facilitated
the tracking of individual data points and the comparison of trends across different
cycles. By ensuring the uniqueness of identification numbers, potential issues related
to data duplication or misinterpretation were minimized, contributing to the overall
reliability and validity of the findings.

3.4.2 Preliminary Analysis

In all empirical chapters, we employed Mplus software to analyze the data within
the Structural Equation Modeling (SEM) framework. SEM consists of two parts:
a measurement part, which assesses the reliability and validity of constructs and
the model itself, and a structural part, which consists of regression between one
or more variables or constructs. The measurement part of the modelling includes
Confirmatory Factor Analysis (CFA). Whenever possible or appropriate, CFA was
used to create latent variables, which represent the underlying constructs that are
not directly observable (Brown, 2015). CFA is a valuable approach to assessing the
reliability and validity of a latent variable. Using Mplus, we can estimate the so-
called factor loadings (with values between 0 and 1) to ascertain how well each
item in a latent variable measures the underlying concept. For instance, if we want
to measure student motivation in mathematics, items like: “I like mathematics” or
“mathematics is my favorite subject” would typically present high factor loadings
(e.g., 0.9). Conversely, if we included an item on whether the students like chocolate,
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the factor loading for this item would be very low and probably insignificant. Thus,
careful item selection based on relevant theories inCFA is crucial to create an accurate
representation of the constructs under investigation.

SEM integrates factor analysis, path analysis, and regression techniques, allowing
researchers to test and estimate the relationships between observed and latent vari-
ables (Brown, 2015). SEM is a robust methodology that enables researchers to
perform estimations simultaneously at both the student and classroom levels (Hox
et al., 2017; Morin et al., 2014). This approach allows for a more comprehensive
analysis of the complex relationships among variables in educational research. Keys
in this process are model fit and factor loadings, which serve as indicators of relia-
bility and validity, supporting the overall quality of the findings. By assessing model
fit, researchers can determine how well the proposed model represents the observed
data (Brown, 2015; Hu & Bentler, 1999). Factor loadings, on the other hand, show
the strength of the relationships between observed variables and their underlying
latent constructs (Brown, 2015). These assessments are crucial for establishing the
credibility of the results and for interpreting the implications of the findings in the
context of educational research.

Before conducting the main analyses within the chapters, it was crucial to deter-
mine if the measures were comparable across countries. Therefore, Measurement
Invariance (MI) testingwas conducted to determine whether the constructs of teacher
practicesmeasure the sameunderlying construct across different groups.MI testing is
essential in cross-cultural research to ensure that comparisons made between groups
are meaningful and valid. Note that the MI testing was only conducted to ensure
comparison across Nordic countries for the TIMSS 2019 data. The MI testing across
timewas not conducted due to the very few similar items thatmeasure teacher practice
across TIMSS 2011 to 2019.

TheMI testing was conducted within the framework of SEM or CFA. The process
involves a series of hierarchical model comparisons, where increasingly restrictive
models are compared to assess the invariance of the measurement. There are three
primary levels of measurement invariance (Kang et al., 2015; Sass & Schmitt, 2013):

(1) Configural invariance. This level establishes that the same factor structure
(i.e., the relationship between items and the underlying latent construct) holds
across groups. In this stage, no equality constraints are imposed on the model
parameters.

(2) Metric invariance (weak invariance). At this level, the factor loadings (the
strength of the relationship between items and the latent construct) are
constrained to be equal across groups. Establishing metric invariance suggests
that the units of measurement are the same across groups, allowing for
meaningful comparisons of relationships between constructs.

(3) Scalar invariance (strong invariance). This level tests whether the item intercepts
(the point at which the item is expected to have a zero score) are equal across
groups. Scalar invariance is necessary for meaningful comparisons of latent
means or group differences.
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To assess the fit of the invariance models, fit indices such as the Comparative Fit
Index (CFI), Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation
(RMSEA), and the Standardized Root Mean Square Residual (SRMR) were used.
If the fit of a more restrictive model was not substantially worse than the fit of the
previous model, it could be concluded that the measurement is invariant at that level
(Chen, 2007; Cheung & Rensvold, 2002). When comparing the nested models, the
following cut-off values for fit indiceswere used to determine the degree of invariance
achieved: a decrease of 0.01 or less in the CFI or TLI (Cheung & Rensvold, 2002), a
change in RMSEA of 0.015 or less, and an increase in SRMR of 0.03 or less (Chen,
2007).

As shown in Appendix 1, all constructs of teacher practice exhibited metric or
scalar invariance, with the exception of cognitive activation strategies in mathe-
matics using the student questionnaire, in-class homework discussion, and teachers’
emphasis on various assessment strategies. Consequently, analyses involving these
aspects of teacher practice are considered as manifest variables rather than latent
constructs. Moreover, cross-country comparisons that incorporate these variables
need to be carefully interpreted. It is essential to acknowledge that these non-invariant
constructs might reflect differences in understanding or interpretation across coun-
tries. Caution should be exercised when drawing conclusions based on these vari-
ables, as the observed differences may not necessarily indicate true differences in
the constructs themselves.

By using a consistent analytical approach across chapters, this book offers a
comprehensive and coherent view of teacher practice. The utilization of MI testing,
SEM, and CFA analyses allows for reliable and valid comparisons across coun-
tries, contributing to the overall understanding of various aspects of teacher practice
in different educational contexts. This approach strengthens the book’s capacity to
provide insights and inform policy discussions, helping stakeholders make informed
decisions for improving educational practices and outcomes.

3.5 Concluding Remarks

To facilitate the comparison of findings across the chapters, it was crucial for all
authors to use the same prepared data and adopt a consistent methodology. However,
certain deviations in operationalizing the constructs were occasionally needed. For
instance, authors might have made minor adjustments to the operationalizations to
enable model convergence or enhance model fit. Furthermore, due to changes in
some items across the 2011 to 2019 cycles, the constructs used in chapters analyzing
trends might differ from those in chapters utilizing TIMSS 2019 data.
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Regardless of these minor discrepancies, the overall coherent approach across
the chapters supports a valuable integration of knowledge about what teachers teach
(content coverage), how teachers teach (teaching quality), and how teachers assess
their students (assessment practice) from a range of perspectives. This uniformity
ensures that the findings fromdifferent chapters can be effectively compared, offering
a comprehensive understanding of the intricate relationship between teacher practice
and student achievement in various educational contexts.

Appendices

Appendix 1 The Results of Measurement Invariance Across
Nordic Countries Based on TIMSS 2019

Teaching quality: Classroom management (student questionnaire)—Mathe-
matics

Items: How often do these things happen in your mathematics lessons?

1. Students don’t listen to what the teacher says
2. There is disruptive noise
3. It is too disorderly for students to work well
4. My teacher has to wait a long time for students to quiet down
5. Students interrupt the teacher
6. My teacher has to keep telling us to follow the classroom rules.
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Teaching quality: Teacher support and instructional clarity (student question-
naire)—Mathematics

Items: How much do you agree with these statements about your mathematics
lessons?

1. I know what my teacher expects me to do
2. My teacher is easy to understand
3. My teacher has clear answers to my questions
4. My teacher is good at explaining mathematics
5. My teacher does a variety of things to help us learn
6. My teacher explains a topic again when we don’t understand.
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Teaching quality: Teacher support and instructional clarity (student question-
naire)—Science

Items: How much do you agree with these statements about your science lessons?

1. I know what my teacher expects me to do
2. My teacher is easy to understand
3. My teacher has clear answers to my questions
4. My teacher is good at explaining mathematics
5. My teacher does a variety of things to help us learn
6. My teacher explains a topic again when we don’t understand.
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Nilsen, A. Stancel-Piątak, & J.-E. Gustafsson (Eds.), (pp. 1089–1134). Springer International
Publishing. https://doi.org/10.1007/978-3-030-88178-8_37

LaRoche, S., Joncas, M., & Foy, P. (2020). Sample design in TIMSS 2019. In M. O. Martin, M.
von Davier, & I. V. S. Mullis (Eds.), Methods and procedures: TIMSS 2019 technical report
(pp. 3.1–3.33). TIMSS & PIRLS International Study Center , Boston College. https://timssandp
irls.bc.edu/timss2019/methods/chapter-3.html

Laukaityte, I., & Wiberg, M. (2017). Using plausible values in secondary analysis in large-
scale assessments. Communications in Statistics—Theory and Methods, 46(22), 11341–11357.
https://doi.org/10.1080/03610926.2016.1267764

Lüdtke, O., Trautwein, U., Kunter, M., & Baumert, J. (2007). Reliability and agreement of student
ratings of the classroom environment: A reanalysis of TIMSS data. Learning Environments
Research, 9(3), 215–230. https://doi.org/10.1007/s10984-006-9014-8

Marsh, H. W., Lüdtke, O., Robitzsch, A., Trautwein, U., Asparouhov, T., Muthén, B., & Nagengast,
B. (2009). Doubly-latent models of school contextual effects: Integrating multilevel and struc-
tural equation approaches to control measurement and sampling error. Multivariate Behavioral
Research, 44(6), 764–802. https://doi.org/10.1080/00273170903333665

https://doi.org/10.18261/97882150279999-2016-02
https://doi.org/10.1080/0969594960030206
https://doi.org/10.1080/10705510701301834
https://doi.org/10.1207/S15328007SEM0902_5
https://timssandpirls.bc.edu/timss2019/methods/chapter-1.html
https://doi.org/10.4135/9781483381411
https://doi.org/10.4324/9781315650982
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1177/0013164415603764
https://doi.org/10.1007/978-3-030-88178-8_37
https://timssandpirls.bc.edu/timss2019/methods/chapter-3.html
https://doi.org/10.1080/03610926.2016.1267764
https://doi.org/10.1007/s10984-006-9014-8
https://doi.org/10.1080/00273170903333665


3 Analytical Framework 55

Martin, M. O., Mullis, I. V. S., & Foy, P. (2017). TIMSS 2019 assessment design. In I. V. S.Mullis &
M. O. Martin (Eds.). TIMSS & PIRLS International Study Center, Boston College. http://tim
ssandpirls.bc.edu/timss2019/frameworks/framework-chapters/science-framework/

Martin, M. O., von Davier, M., Mullis, I. V. S., & Foy, P. (2020). Methods and procedures: TIMSS
2019 technical report. TIMSS & PIRLS International Study Center, Boston College. https://tim
ssandpirls.bc.edu/timss2019/methods

Martin, M. O., & Mullis, I. V. (2019). TIMSS 2015: Illustrating advancements in large-scale inter-
national assessments. Journal of Educational and Behavioral Statistics, 44(6), 752–781. https://
doi.org/10.3102/107699861988203

Meinck, S.,&Vandenplas, C. (2020). Sampling design in ILSA. InT.Nilsen,A. Stancel-Piątak,& J.-
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Chapter 4
Content Coverage: Development Over
Time and Correlation with Achievement

Rune Müller Kristensen and Victoria Rolfe

4.1 Introduction

From a didactical perspective, alignment between the intended and implemented
curriculum (educational goals at the system and classroom level) and the achieved
or attained curriculum (learning outcomes as gained by students) is considered to
support students’ learning. Such alignment is thus seen as a vital characteristic of
effective teacher practice (Daus et al., 2019) and as essential in offering equal opportu-
nities to students across schools. These different levels of content coverage develop
continuously, as educational reforms change national curricula, didactical princi-
ples develop, and teachers’ experiences and the materials they have access to shape
how they implement the curriculum over time. For an example of the latter, one
need to look no further than how much the use of information technology (IT) in
schools has changed between the most recent rounds of TIMSS.1 However, it can be
difficult to compare the three different levels of content coverage as they describe
the content in three different ways. A national curriculum describes the intended
curriculum in relatively broad and abstract terms, extending across several school
years. The implemented curriculum in the form of teachers’ descriptions of the
content covered when responding to the TIMSS teacher questionnaire’s section on

1 The share of Danish fourth grade students with access to their own device in all lessons increased
from 32 percent in TIMSS 2015 to 72 percent in TIMSS 2019 (Kjeldsen et al., 2020).

R. M. Kristensen (B)
Danish School of Education, University of Aarhus, Tuborgvej 164, 2400 Copenhagen, NV,
Denmark
e-mail: ruvk@edu.au.dk

V. Rolfe
Department of Education and Special Education, University of Gothenburg, P.O. Box 300, 40530
Gothenburg, Sweden
e-mail: victoria.rolfe@gu.se

© The Author(s) 2024
N. Teig et al. (eds.), Effective and Equitable Teacher Practice in Mathematics
and Science Education, IEA Research for Education 14,
https://doi.org/10.1007/978-3-031-49580-9_4

57

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-49580-9_4&domain=pdf
https://orcid.org/0000-0001-5132-2462
https://orcid.org/0000-0001-8176-6718
mailto:ruvk@edu.au.dk
mailto:victoria.rolfe@gu.se
https://doi.org/10.1007/978-3-031-49580-9_4


58 R. M. Kristensen and V. Rolfe

content coverage is based on somewhat technical terms associated with the subject,
while their everyday descriptions are presumably closer to the terminology they
use during lessons. Finally, the attained curriculum in terms of students’ learning
outcomes is described empirically, using specific test items within the subject that
may not be clearly associated with the different topics within the curriculum.

This chapter presents how these three curriculum levels are measured and the
changes that have occurred based on the 2011, 2015, and 2019 cycles of the TIMSS
fourth-grade study conducted in the Nordic countries. Furthermore, it comments on
the Icelandic curriculumwhere relevant, as the only Nordic country not participating
in TIMSS.

4.2 TIMSS and Curricula in the Nordic Countries

The TIMSS goal of assessing and comparing student learning necessitates close
collaboration with representatives from all participating educational systems. In
general, the student assessments implemented in TIMSS and described in the TIMSS
Assessment Frameworks (Mullis & Martin, 2013, 2017; Mullis et al., 2009) are
considered to cover the participating countries’ curricula relativelywell.However, the
overlap between assessment frameworks and the national curriculum varies between
countries (Wagner & Hastedt, 2022).

4.2.1 The Test-Curriculum Matching Analysis

To measure how well TIMSS covers a country’s curriculum, a Test-Curriculum
Matching Analysis (TCMA) was conducted for each country, comparing student
performance based on all items included in TIMSS with performance based only on
those items that were considered within the country’s curriculum. A summary of the
TCMA for the four Nordic countries participating in TIMSS is presented in Table 4.1
(mathematics) and Table 4.2 (science) for the years 2011 to 2019. The tables show
the number of score points for test items within each domain and the number of
score points considered as falling within each country’s curriculum in each cycle. In
2011 and 2015, the results of the analyses were presented as the average percentage
of correct test-item responses for all test items compared to the average percentage
corrected for country specific test items. This was changed in 2019 to the calculated
student score based on all test items vs the score based on the test items considered to
be within the country’s curriculum. Thus, the TCMA analyses cannot be compared
before 2019.
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Table 4.1 Test-curriculum matching analysis for the years 2011 to 2019 in mathematics

Mathematics 2011 2015 2019

Number of test items in TIMSS 175 169 171

Number of test-item score points in TIMSS 184 178 183

Denmark

Test items included in national curriculum 170 140 164

Test-item score points in national curriculum 179 146 176

Mathematics achievement based on all items 525 (1.9)

Mathematics achievement on country test items 526 (1.9)

Percentage correct, all test items 59 (0.6) 61 (0.7)

Percentage correct, national test items 60 (0.6) 56 (0.7)

Finland

Test items included in national curriculum 163 156 163

Test-item score points in national curriculum 169 166 175

Mathematics achievement based on all items 532 (2.3)

Mathematics achievement on country test items 532 (2.4)

Percentage correct, all test items 60 (0.6) 55 (0.5)

Percentage correct, national test items 61 (0.6) 56 (0.5)

Norway

Test items included in national curriculum 172 167 157

Test-item score points in national curriculum 181 176 168

Mathematics achievement based on all items 543 (2.2)

Mathematics achievement on country test items 543 (2.2)

Percentage correct, all test items 48 (0.7) 59 (0.7)

Percentage correct, national test items 49 (0.7) 59 (0.7)

Sweden

Test items included in national curriculum 149 130 131

Test-item score points in national curriculum 156 138 142

Mathematics achievement based on all items 521 (2.8)

Mathematics achievement on country test items 525 (2.8)

Percentage correct, all test items 53 (0.5) 51 (0.7)

Percentage correct, national test items 50 (0.5) 55 (0.7)

Source Mullis et al. (2012a, 2012b, 2016, 2020). Standard errors in parentheses
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Table 4.2 Test-curriculum matching analysis for the years 2011 to 2019 in science

Science 2011 2015 2019

Number of test items in TIMSS 169 168 169

Number of test-item score points in TIMSS 181 180 174

Denmark

Test items included in national curriculum 164 139 155

Test-item score points in national curriculum 177 149 159

Science achievement based on all items 522 (2.4)

Science achievement on country test items 524 (2.4)

Percentage correct, all test items 54 (0.5) 53 (0.4)

Percentage correct, national test items 55 (0.5) 58 (0.4)

Finland

Test items included in national curriculum 124 107 97

Test-item score points in national curriculum 133 113 99

Science achievement based on all items 555 (2.6)

Science achievement on country test items 555 (2.6)

Percentage correct, all test items 63 (0.4) 58 (0.4)

Percentage correct, national test items 66 (0.5) 62 (0.4)

Norway

Test items included in national curriculum 138 109 143

Test-item score points in national curriculum 149 116 146

Science achievement based on all items 539 (2.2)

Science achievement on country test items 541 (2.2)

Percentage correct, all test items 47 (0.4) 55 (0.5)

Percentage correct, national test items 47 (0.4) 59 (0.5)

Sweden

Test items included in national curriculum 140 101 128

Test-item score points in national curriculum 152 107 131

Science achievement based on all items 537 (3.3)

Science achievement on country test items 539 (3.3)

Percentage correct, all test items 55 (0.5) 56 (0.7)

Percentage correct, national test items 56 (0.5) 58 (0.7)

Source Martin et al. (2012, 2016) and Mullis et al. (2020). Standard errors in parentheses
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The TIMSS 2019 curriculum questionnaire was administered online with the
suggestion to draw “on the expertise of curriculum specialists and educators”2 to
judge whether an item falls within the curriculum, but without documentation of the
procedures used or measures for reliability checks (Martin et al., 2020).

The test items in TIMSS usually assigned one score point for a correct answer,
but in each cycle a few test items could assign up to two score points, with one point
assigned for a partially correct answer to the test item. The number of score points
that were assigned to the test items solved by students differed slightly between
cycles. By contrast, according to responses to the curriculum questionnaires, there
were considerable variations in the number of score points assigned to test items in
a cycle that were considered within the national curriculum. In general, fewer test
items were considered to be covered by the national curricula in science than in
mathematics, and there was greater variation in the number of test items not reported
as covered by the national curricula in science than mathematics—both between
countries and within countries between cycles. As around one-third of the test items
were released and replaced with new items in each cycle, some variation should be
expected. However, the swapping out of test items does not seem able to explain the
changes seen in differences between the total number of test-item score points and
score points for test items in the national curriculum. For example, Table 4.2 shows a
fall from 149 score points for test items in the Norwegian national science curriculum
in the 2011 cycle to 116 score points in the 2015 cycle before increasing again to
146 score points in 2019. Whether the 2015 rise in the number of excluded test items
due to previous items being replaced by test items outside the curriculum, should be
reflected in the TCMA for the 2019 cycle, which would still include items introduced
in 2015. As the tested grade level changed in Norway from fourth to fifth grade in the
2015 cycle, the Norwegian drop seems to be for some unaccountable reason. There
were similar patterns in science for Sweden (score points 2011: 152, 2015: 107,
2019: 131) and mathematics for Denmark (score points 2011: 179, 2015: 146, 2019:
176). It seems implausible that these fluctuations were caused by the swapping out of
test items alone as all test items were based on the TIMSS Assessment Framework,
which only underwent minor revisions between 2011, 2015, and 2019 (Mullis &
Martin, 2013, 2017).

Turning our attention to the consequences of the measurement of students’ ability
by the TIMSS assessments, the 2019 analyses showed no clear and significant differ-
ences between the countries’ average scale scores based on all test items and scale
scores based only on country-specific test items. Observed differences ranged from
zero points (Finland, both for mathematics and science, Norway for mathematics) to
four points on the TIMSS scale (Sweden for mathematics). The rest of the analyses
showed differences of one (Denmark for mathematics) or two points on the TIMSS
scale.

2 Quotation from the introduction to the TIMSS 2019 online curriculum questionnaire (https://tim
ssandpirls.bc.edu/timss2019/questionnaires/index.html).

https://timssandpirls.bc.edu/timss2019/questionnaires/index.html
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A significant difference was seen in the percentage of correct test-item score
points between the 2011 and 2015 cycles. The difference varied between countries,
subjects, and cycles, but there was a clear pattern showing a higher difference in the
years when a country had marked relatively many of the test items as being outside
the curriculum. The TCMAs showed no clear patterns of coherence between the
TIMSS Assessment Framework, and the test items considered part of the individual
country’s curriculum for each cycle. In some cases, there appeared to be a strong
and stable connection with little variation in the number of excluded items (e.g., for
mathematics in Finland and Norway) while in other cases, the differences seemed
more substantial (e.g., the generally lower number of included items for mathematics
in Sweden). Nonetheless, there was variation across cycles, (e.g., for mathematics
in Denmark).

4.2.2 Test Items Covered by the Nordic Curricula Over Time

As described above in Sect. 4.2.1, there were relatively large variations in the number
of test items considered not covered in the national curricula. Examining these test
items (see the respective appendices of the international reports on eachTIMSScycle,
Martin et al., 2012, 2016;Mullis et al., 2012a, 2016a, 2020), revealed inconsistencies
across the three cycles in all four countries in terms of which test items were counted
as covered in the national curricula. In all countries, there are examples of test items
that were considered part of the curriculum in one cycle but not covered in the next
cycle—and vice versa—with no obvious link to changes to the national curriculum.
While some of these differences might be ascribable to adjustments in the respective
curricula, as described in Sect. 4.3.1, it must be assumed that others were caused by
national changes in interpretations of which test items were within the curriculum.

Hence, the results of the TCMA should be regarded as an indicator of the degree to
which the curriculumcovered the assessment framework rather than a clear indication
of whether or not specific test items were within the curriculum. Further, these incon-
sistencies demonstrate that rather than a statement of objective truth, such measures
are based on subjective judgments. However, we agree with Wagner and Hastedt’s
(2022) conclusion that TIMSS provides a relatively accurate measurement of student
performance also in relation to the national curriculum. This certainly seems to be
the case in the Nordic countries, with comparisons between the 2019 assessments
of achievement based on all test items and achievement based solely on those test
items included in the national curriculum showing only minor differences—likewise
when looking at cases where relatively many test-items were considered outside the
curriculum. Nonetheless, there was an unexplained variance between the three cycles
of TIMSS in the number of excluded items within countries.
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4.3 TIMSS and the Intended Curriculum

The intended curriculum in a school or country changes over time, governed by
changes in national legislation and, to the extent that local adaptation is permitted,
changes in municipal or school-level curriculum frameworks. The following section
describes broad overall changes in the national curricula for Denmark, Finland,
Norway, and Sweden based on the reporting of the respective curricula in the Ency-
clopedia entries in the international reports for each cycle of TIMSS, including a few
comments on the Icelandic curriculum based on national curriculum documents.

4.3.1 The Nordic Curricula and Changes Over Time

A simple overview of curricular development in the Nordic countries is provided
in Table 4.3. For the 2019 cycle of TIMSS, all countries reported that a national
curriculum was in place with some possibilities for local (municipal or school-level)
adaptations.

All the Nordic countries had presented the national curriculum in a format
describing the intended content for each subject across a range of grade levels.
However, these grade-specific curriculum objectives were not aligned with the grade
levels at which TIMSSwas conducted, with the exception of science in Denmark and
the 2011 TIMSS cycle in Norway. Thus, the curricula describedwhat students should
have achieved one (Finland) or two (Denmark formathematics, Norway, and Sweden
for both subjects) grade levels later than those measured in TIMSS. Consequently, it
is difficult to ascertain precise learning objectives for the point at which TIMSS was
administered as no particular order was stipulated for the implementation of various
elements of the curriculum.

Table 4.3 shows that the Nordic countries have changed their respective curricula
at different times relative to the last three TIMSS cycles. In Norway, there was no
reform of the curriculum between the three cycles, but while TIMSS 2011 assessed
fourth grade students, later cycles assessed students in fifth grade. As such, it might
be expected that students in the 2015 and 2019 cycles would have covered more of
the curriculum objectives than students in the 2011 cycle. A reform of the Swedish
curriculum was implemented after the 2011 cycle of TIMSS with some later minor
revisions, and reforms were enacted in Finland and Denmark between the 2015
and 2019 cycles. In Iceland, a new curriculum came into force in 2014 following a
revision of the school act in 2008.

Looking across the curriculum changes implemented in the four countries that
participated in TIMSS, in all cases, a revision seemed to be curriculum-wide, imple-
menting changes in both mathematics and science. According to the TIMSS Ency-
clopedias (Kelly et al., 2020; Mullis et al., 2012b, 2016b), the curricula all outlined
a number of broad motivations and an overall purpose for the subject, as well as
underlining the importance of nurturing students’ engagement and self-confidence
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Table 4.3 Overview of curriculum revisions in the years 2011 to 2019

TIMSS cycle Curriculum in force Grades covered,
mathematics

Grades covered,
science

Denmark 2019 2015 Grade 1–3, 4–6,
7–9

Grade 1–2, 3–4, 5–6

2015 2003 Grade 1–3, 4–6,
7–9

Grade 1–2, 3–4, 5–6

2011 2003 Grade 1–3, 4–6,
7–9

Grade 1–2, 3–4, 5–6

Finland 2019 2016 Grade 1–2, 3–6,
7–9

Grade 1–2, 3–6, 7–9

2015 2004 Grade 1–2, 3–5,
6–9

Grade 1–5

2011 2004 Grade 1–2, 3–5,
6–9

Grade 1–5

Norway 2019 2006 Grade 1–2, 3–4,
5–7, 8–10

Grade 1–4, 5–7

2015 2006 Grade 1–2, 3–4,
5–7, 8–10

Grade 1–4, 5–7

2011 2006 Grade 1–2, 3–4,
5–7, 8–10

Grade 1–4, 5–7

Sweden 2019 2011, with minor
revisions in 2017/18

Grade 1–3, 4–6,
7–9

Grade 1–3, 4–6, 7–9

2015 2011 Grade 1–3, 4–6,
7–9

Grade 1–3, 4–6, 7–9

2011 1994 Goals to be met
by grade 5

Goals to be met by
grade 5

Iceland 2019 2014 Grade 1–4, 5–7 Grade 1–4, 5–7

2015 2014 Grade 1–4, 5–7 Grade 1–4, 5–7

2011 2007 Grade 1–4, 5–7 Grade 1–4, 5–7

in the subject. Further, they stipulated general goals, which was also the case for
the Icelandic curriculum (Icelandic Ministry of Education Science & Culture, 2014).
Revisions shifted descriptions towards more specific learning goals that students
should reach by the end of the grade levels covered.

4.4 Students’ Opportunity to Learn—The Implemented
Curriculum According to Teachers

Students’ opportunity to learn (OTL) specific content areas (Scheerens, 2017) was
measured using the teacher questionnaire, which asked teachers whether they had
taught specific content in previous years, during the current school year leading up
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to TIMSS, or whether they expected to cover it later. Consequently, teachers had
no opportunity to indicate that a given content area was not part of the national
curriculum. The National Research Coordinators (NRC) also reported on whether
or not the various content areas were part of the national curriculum at the fourth-
grade level, with the same content areas included in the curriculum and teacher
questionnaires. Appendix 1 shows the items used, whether an area was considered
within the national curriculum, and provides an overview of the content coverage
as reported by teachers for the last three cycles of TIMSS (2011, 2015, and 2019).
As the TIMSS Assessment Framework has changed over time, the corresponding
questions to both teachers and NRCs concerning content coverage also changed
slightly between cycles.

4.4.1 Content Coverage in Mathematics in the Intended
and Implemented Curriculum

For fourth grade assessment in TIMSS, mathematics content was divided into three
content domains across the three cycles. In 2019, the three content domains were
labeled number, measurement and geometry, and data. In each cycle, 50 percent of
test items in the assessment relate to the content domain number, while the proportion
of test items assessing measurement and geometry decreased from 35 to 30% from
2015 to 2019, with a corresponding increase in test items concerning data from 15
to 20%.

The curriculum questionnaire and teacher questionnaire were used to determine
whether topics within each of these three content domains were included in the
national (intended) curriculum and covered in class (implemented curriculum), with
17 items in the 2011 and 2015 cycles and 18 items in the 2019 cycle. For example,
within the content domain data, teachers and NRCs were asked whether students
had or would be expected to have worked with “reading and representing data from
tables, pictographs, bar graphs, line graphs, and pie charts”. As this item illustrates,
the questions addressing whether a topic had been covered could address multiple
sub-topics. An overview of the items is provided inAppendix 1, which also illustrates
that there were minor changes in phrasing between cycles.

Based on responses from NRCs, there were fluctuations between countries and
cycles concerning the number of topics that were expected to have been covered,
with no clear link to changes to the curriculum or the number of topics considered
outside the respective curriculum (Sect. 4.2.2). Norway, where there were no major
revisions to the national curriculum between cycles, provides an illustrative case.
Despite the switch from assessing grade four students to grade five students between
the 2011 and 2015 cycles, there was no change in the number of topics that were
expected to have been covered. This was followed by an increase in the number of
excluded topics in 2019.
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Integers and the four basic arithmetic operations seemed to comprise the core
content within mathematics, considered part of the curriculum by NRCs across all
cycles and countries except for Denmark in 2011, and taught to between 96 and
100% of students across all cycles. All other topics within mathematics seemed to be
less central, and with large variations. When a topic was not considered within the
curriculum by the NRC, it tended to have lower coverage by teachers, but all topics
had been presented to some students, however, in cases where the NRC indicated
that a topic was included in the curriculum during one cycle but not the next, or vice
versa, teachers’ responses regarding their implementation of this topic in classroom
teaching did not reflect such fluctuations.

4.4.2 Content Coverage in Science in the Intended
and Implemented Curriculum

Fourth grade science content was likewise divided into three content domains: life
science, physical science, and earth science. These domains were covered by 45%,
35%, and 20% of the test items respectively. There was an increase in the number of
items in the curriculum questionnaire and teacher questionnaire concerning whether
various topics were included in the curriculum and covered in class, rising from 20
items in 2011 to 26 items in 2019. There were likewise changes in how each topic
was worded. For instance, in 2011, the topic of fossils was referred to as “fossils of
animals and plants (age, location, formation)”; in 2015, the word “understanding”
was part of the question on the topic; and in 2019, it was rephrased as “fossils and
what they can tell us about past conditions on Earth”, thus shifting the focus.

Among teacher responses, the content domain of life science had the highest
coverage, with an apparent correlation between the number of students encountering
each topic and whether the topic was considered part of the national curriculum.
However, the content domain of life science differed from the content domain of
number within mathematics in the sense that no topic was covered by teachers to the
same extent as the central topics within number. The topic with the highest coverage
within life science was “physical and behavioral characteristics of living things and
major groups of living things (e.g., mammals, birds, insects, flowering plants)” with
93% coverage by the end of fourth grade among students in Finland in 2015 and
91% in 2019. However, the vast majority of topics had less than 90% coverage.

In general, more topics were considered outside the curriculum in science than
in mathematics by the NRCs, with between 25 and 69% of topics considered not
included in the country’s national curriculum in a given cycle. The exception was
Sweden, which only reported one topic that was not included in each of the three
cycles. Of the 26 topics identified in the 2019 questionnaires, 7 topics were consid-
ered not included in the Danish curriculum, and 17 not included in the Finnish and
Norwegian curricula.



4 Content Coverage: Development Over Time and Correlation … 67

Compared to mathematics, larger variations were found in teachers’ coverage of
topics within science, which was to be expected given the NRCs’ indication that
fewer topics were included in the respective national curricula. However, teachers
reported covering all topics to a limited extent, with some correlation as to whether
or not NRCs indicated that the topic was included in the national curriculum.

4.5 The Attained Curriculum—Student Learning and Its
Relationship with the Implemented Curriculum

In TIMSS, the attained curriculum is measured by an overall score and scores within
each of the three content domains in both mathematics and science, based on all
test items. This implies that the measure of attained curriculum covers more than the
intended and implemented curriculum, as described above in Sect. 4.2. The following
section describes how this measure relates to the implemented curriculum.

4.5.1 The Attained Curriculum in Mathematics

Figure 4.1 shows the development in teachers’ reported content coverage within
the three different mathematical content domains across the three cycles, as well as
student attainment. As described in the previous sections, there were some variations
in content coverage within countries. It is notable that, at the national level, an
increase or decrease in content coverage in one content domain was shadowed by
similar changes in other content domains. One notable exception can be observed in
Finland, where coverage of the data domain decreased sharply from 2015 to 2019
following changes in the curriculum.

Average student scores within the different content domains generally fluctuated
in linewith the overall score,withminor variations between cycles. The large increase
in scores seen in Norway from 2011 to 2015 can be attributed to the shift in the target
population from grade four to grade five students between the two cycles. However,
it is noteworthy that this shift did not seem to lead to major changes in the reported
content coverage in geometry, which decreased with each cycle from 2011 to 2019.
While the content domains numbers and data saw minor increases in coverage from
2011 to 2015, for data, this increase was not significantly greater than the increase
between the 2015 and 2019 cycles, suggesting a general trend to focusmore on topics
related to processing and interpreting data rather than a direct result of an additional
year of teaching.
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Fig. 4.1 Bar graphs showing achievement in mathematics content domains for the years 2011 to
2019 for all countries. Note One bar graph per country.
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Fig. 4.2 Structural equation model of the relationships between content coverage and scores. Note
Content coverage = percentage of students taught topics.

The data used to produce Fig. 4.1 are presented in greater detail in the table
in Appendix 2, divided into teachers with and without specialization as a mathe-
matics teacher. This revealed differences in both content coverage and achievement
scores,with specializedmathematics teachers in general covering slightlymore of the
curriculum and their students achieving slightly higher scores on average, although
the differences go in both directions. It should be noted that not all countries require
specialized mathematics training to teach the subject.
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Appendix 3 presents the results of a structural equation model (SEM) of the
relationship between content coverage in the three content domains and student
scores in these domains for all three cycles, as described in Chap. 3. The model, as
shown in Fig 4.2, controls for student socioeconomic background (SES) using the
student-reported number of books in the home, as students in general are found to
profit differently from teaching quality based on their SES level (Atlay et al., 2019).

Some clear relationships are seen in certain countries in some years. However,
although the number of significant predictions (all being positive) exceeded what
would be expected by chance alone, no clear pattern emerged in the analyses in
terms of which content domain predicts scores or across countries.

4.5.2 The Attained Curriculum in Science

Content coverage for the three content domains life science, physical science, and
earth science fluctuated slightly between cycles and between countries, with physical
science having a lower degree of coverage than the other two content domains in all
countries. A higher proportion of missing data was observed for content coverage in
science than for mathematics in all countries and cycles, which means that the results
should be interpretedwith some reservations, especially in relation toDenmarkwhere
the rate of missing data exceeded 50 percent for all content domains in each cycle.
Appendix 4 provides similar content to Fig. 4.1 for the subject science.

Examining student scores in the different content domains as well as the overall
score revealed similar patterns to those found for mathematics. The scores followed
similar trendswithin countries across cycles,with aminor exceptionbeing an increase
in the Danish students’ average score in earth science between 2015 and 2019 while
scores in the other domains decreased between these two cycles.

Dividing student scores and content coverage between teachers with and without
subject specialization in science, as presented in Appendix 2, some variations were
found in both content domain scores and content coverage—both within countries
between cycles and within cycles across countries. Once again, it should be noted
that subject specialization in science is not a requirement in all countries.

The SEM analyses assessing whether coverage in science content domains
predicted student scores within these domains are presented in Appendix 4. These
analyses revealed a slight deviation from the patterns previously described for math-
ematics. Content coverage in physical science significantly predicted student scores
in all three content domains for Denmark in 2011 and Finland in 2015, as well as
predicting Swedish students’ scores in physical science and earth science in 2019.
However, a negative correlationwas found between content coverage in earth science
and scores in physical and earth science in Finland in 2019. Thus, while there seemed
to be some significant correlations between content coverage and achievement within
and across content domains, there were no consistent patterns across countries or
cycles.
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4.6 Conclusion

The starting point for this chapter is the didactical expectation that there is (and should
be) a connection between the intended, implemented, and achieved curriculum. The
analyses presented here do not corroborate the conclusion fromWagner and Hastedt
(2022) that TIMSS can be used to draw inferences about the performance of educa-
tion systems, including those of the Nordic countries, due to the study’s coverage
of national curricula. Instead, the analyses highlight difficulties in measuring and
describing the intended, implemented, and achieved curriculum.

The chapter shows that the measures of implemented curriculum in TIMSS corre-
late with the measures of achieved curriculum in terms of students’ scores in math-
ematics and science (for further analyses, see Chap. 6). However, the results also
illustrate divergence between the different measures of intended and implemented
curriculum, which are less reliable than one might hope. Based on the analyses, a
range of possible explanations for the low reliability of themeasures can be identified.

The first of these explanations relates to differences in how content is defined
across the different measures. National curricula are described in general terms with
content covering broad areas that students should be taught—oftenwithin a time span
covering a longer period than the gradewhere outcomes aremeasured in TIMSS.As a
result, decisions as to whether or not a TIMSSmeasure of intended, implemented, or
achieved curriculum falls within the national curriculummust be based on subjective
judgment by the NRC.

Secondly, the terminology that teachers use in their daily work may differ from
the terms used in the questionnaires developed to measure teachers’ implementation
of the curriculum. This can once again introduce reliability issues by requiring inter-
pretations of questions by teachers, which might be complicated further by some
questions being ambiguous and hence, force teachers to make a choice about content
coverage if only parts of the content are covered. As outlined in the description
of curriculum development processes, local adaptations of national curricula can
likewise muddy the waters.

Thirdly, whether or not a test item concerns a topic covered by the national
curriculum is based on an assessment of whether or not it is included in the
curriculum’s description of learning objectives and an estimate of the point at which
it is taught, given that the curricula generally cover a period extending beyond the
TIMSS assessment. For example, there are test items covering the order of opera-
tions when using parentheses in mathematics. While not directly mentioned in the
Danish curriculum, this is something students would be expected to have learned
by the end of the period covered by the curriculum, which ends with sixth grade,
but it is difficult to determine more precisely whether this is a topic that will have
been covered at the time of the TIMSS assessment. One possible solution might be
to consult commonly used textbooks to determine whether the use of parentheses is
generally introduced.
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Fourthly, and especially relevant when measuring the intended curriculum, some
measures are reported for the whole country by a single person, whether the NRC
or someone delegated the task by the NRC. Thus, the uncertainties outlined in our
previous point will have more serious implications for reliability than the measures
conducted at the teacher or student level, where the samples are much larger. These
variations in measures may be explained by a change of NRC or in the staff reporting
on behalf of the NRC with other content knowledge or other preferences related
questionnaire answering.

As indicated throughout this chapter, changes between cycles in the TIMSS
Assessment Framework have led to changes in the phrasing of questions collecting
information on the intended and implemented curriculum. One limitation of
the analyses presented here is that they do not consider how such changes are
implemented in the national translations of the teacher questionnaire or whether the
translations have been revised without any changes in the international source.

The identified changes in the TIMSS Assessment Framework and its measures of
content coverage at different levels are to be expected as they reflect developments in
national curricula and teaching practices. As such, we conclude that this framework
is well-suited to measuring attained curriculum in the forms of Nordic students’
achievement inmathematics and science and tomonitoring changes over time despite
reliability issues in measuring development in specific areas within the curriculum.

Appendices

Appendix 1 OTL Descriptives from TIMSS 2011, 2015,
and 2019

OTL Descriptives 2011—Students
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Appendix 2 Mean Differences in Student Achievement
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Appendix 3 The Relationships Between Content Coverage
and Student Achievement at the Within/Student
and Between/Classroom levels
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Appendix 4 Bar Graphs Showing Achievement in Science
Domains for the Years 2011 to 2019 for All Countries
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Chapter 5
Teaching Quality and Assessment
Practice: Trends Over Time
and Correlation with Achievement

Nani Teig and Jennifer Maria Luoto

5.1 Introduction

Examining teaching quality and assessment practices in primary schools is of
paramount importance, particularly in the context of mathematics and science educa-
tion. These subjects play a significant role in fostering the development of problem-
solving and critical thinking skills, which are crucial for students’ academic and long-
term success (Delahunty et al., 2020). Although there has been a growing interest
in examining teaching quality and assessment practice as key factors influencing
student learning outcomes (Andrade, 2019; Klieme & Nilsen, 2022), few studies
have compared these constructs in primary mathematics and science classrooms
across Nordic countries. This chapter aims to contribute to this expanding field of
research by investigating the trends in teaching quality and assessment practice over
time as well as their relations to student achievement in mathematics and science
across Nordic countries (i.e., Denmark, Finland, Norway, and Sweden). The find-
ings can offer valuable insights for policymakers and practitioners in designing and
implementing evidence-based policies and interventions that promote high-quality
teaching and assessment practices. Ultimately, this research seeks to support the
continuous improvement of education systems inNordic countries, enabling students
to reach their full potential through mathematics and science classrooms.
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5.2 The Nordic Educational Contexts: Mathematics
and Science Education

Nordic countries share similar historical, cultural, and economic characteristics,
suggesting that schools and teachers operate under relatively comparable conditions
(Teig & Steinmann, 2023). Despite these similarities, significant differences exist in
the trends of average mathematics and science achievement across Nordic countries
(see Chap. 1). While trends in average achievement have largely remained stable in
Norway and Denmark, these trends have been decreasing in Finland and increasing
in Sweden over several of IEA’s Trends in International Mathematics and Science
Study (TIMSS) cycles (Mullis et al., 2020).

Previous research has highlighted performance level differences across schools
and classrooms within Nordic countries (Yang Hansen et al., 2014). In Finland,
no school-level differences existed in grades four and eight, while Norway and
Sweden displayed substantial school-level differences for both grades (Yang Hansen
et al., 2014). Classroom-level differences also existed in these countries, with Finland
showing considerable variation in performance compared to Norway and Sweden
(Yang Hansen et al., 2014). While classroom differences may arise from the sorting
of students into various classes, they could also reflect the disparities in classroom
activities and student experiences (Creemers & Kyriakides, 2008). Teachers play a
crucial role in providing learning opportunities through instruction and assessment,
allowing them to monitor and improve student performance. Given the differences
in achievement levels and the potential role of teaching quality and assessment prac-
tices in shaping student performance, it is increasingly important to examine these
factors over time in Nordic countries.

5.3 Teaching Quality and Student Achievement

Teaching quality is a multidimensional construct and generally considered to be
teaching practices that are related to some types of students’ cognitive and non-
cognitive outcomes (Baumert et al., 2010; Klieme et al., 2009; see Chap. 2 Theo-
retical Framework of Teacher Practice for further details). The conceptualization
of teaching quality in this book is closely aligned with the Three Basic Dimensions
(TBD) of teaching quality: classroommanagement, supportive climate, and cognitive
activation (Klieme et al., 2009).

Classroom management refers to the strategies, techniques, and processes
that teachers use to create and maintain a well-organized, focused, and orderly
learning environment with minimal disruptions (Praetorius et al., 2018). This
includes managing instructional time effectively, ensuring that students stay on task,
implementing clear rules, and maintaining order and discipline (Marder et al., 2023).
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Supportive climate pertains to the quality of interactions in the classroom
and encompasses various aspects, including teacher support, classroom interaction
(teacher–student and student–student relationships), and instructional clarity (Nilsen
et al., 2016; Praetorius et al., 2018). Supportive climate includes addressing indi-
vidual student needs, offering various learning opportunities and engaging mate-
rials, helping students to understand and link new concepts, clarifying conceptual
misunderstandings, and setting clear expectations (Nilsen et al., 2016). This chapter
focuses specifically on teacher support and instructional clarity.

Cognitive activation involves instructional approaches and learning tasks that
stimulate students’ cognitive processing, promote conceptual understanding, and
encourage students to engage in higher-order thinking (Baumert et al., 2010; Förtsch
et al., 2017; Klieme et al., 2009). The level of cognitive activation often depends on
task selection and implementation in the classrooms (Baumert et al., 2010; Lipowsky
et al., 2009).

Previous studies investigating the correlation between teaching quality and student
achievement in mathematics and science using survey data have produced mixed
results. Reviewing studies that investigate these correlations with TIMSS and the
OECD’s Programme for International Student Assessment (PISA) data, Klieme and
Nilsen (2022), highlighted that most studies demonstrated a small positive correla-
tion between teaching quality and achievement. (e.g., Bellens et al., 2019). For class-
room management, findings have been inconsistent when correlating with student
achievement (e.g., Bellens et al., 2019). Supportive climate displayed the strongest
correlation with achievement among the TBD dimensions, while cognitive activation
showed a positive correlation with mathematics achievement but often had a nega-
tive or insignificant correlation with science achievement when considering inquiry
practices. In another review by Klieme (2019), classroom management was posi-
tively related to achievement in both subjects across all countries, after control-
ling for student background and school composition. In contrast, teacher support
was not significantly related or only spuriously related to achievement. Cognitive
activation showed a slightly positive correlation with mathematics achievement in
most countries. However, inquiry-based teaching, as a form of cognitive activa-
tion, was negatively associated with science achievement. Both review studies also
showed that the relations between TBD dimensions and student outcomes may vary
across the teaching activities representing the TBD dimensions, subjects, and coun-
tries (Klieme & Nilsen, 2022). Hence, studies examining these relationships should
account for and clearly explain these variations.

Focusing on Nordic countries (excluding Iceland), Nilsen et al. (2018) exam-
ined teachers’ perceptions of teaching quality related to cognitive activation and
teacher support in science for fourth and eighth grades using TIMSS 2015 data.
While teaching quality was found to have a positive correlation with student achieve-
ment, the strength of the correlation, however, varied across the Nordic countries.
In Denmark, science teachers’ self-reported instructional quality showed no signifi-
cant relationship with student achievement, while in Finland, Sweden and Norway,
teaching quality was positively and significantly correlatedwith fourth-grade science
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achievement. For grade eight,1 Nilsen et al. (2018) revealed a significant correlation
between teaching quality and student achievement in science inNorway and Sweden.
Furthermore, Teig and Nilsen (2022) investigated the profiles of science teaching
quality focusing on teacher support and instructional clarity by exploring Norwe-
gian students’ perceptions of teaching quality in grades five and nine using TIMSS
2015 data. They found that teaching quality patterns varied across both grades. In
general, students who perceived their teachers as having high teaching quality were
somewhat more likely to have higher science achievement.

These studies also highlight the importance to exercise caution when inter-
preting the relationships between teaching quality and learning outcomes due to
the potential for reverse causality (e.g., Nilsen et al., 2018; Teig &Nilsen, 2022). For
instance, students with low achievement and negative attitudes towards schooling
might perceive their teachers’ instruction as low quality or more cognitively chal-
lenging compared to others. This complexity highlights the need to further explore
the intricate relationship between teaching quality and student outcomes.

5.4 Teacher Assessment Practice and Student Achievement

Teacher assessment practice encompasses various methods and strategies that
teachers use to gather evidence of students’ current understanding and use it to inform
educational decisions, such as in planning lessons, adapting instruction, selecting
assignments, providing feedback, and assigning grades (Black & Wiliam, 2009;
Gardner et al., 2010; Herppich et al., 2018). These assessments can take multiple
forms, including formal assessments such as tests and quizzes, as well as informal
assessments like observations and discussions with students.

The primary goal of classroom-level assessments is to provide support to both
teachers and students as they work towards determining, monitoring, and enhancing
performance (Andrade&Brookhart, 2020;Gardner et al., 2010).Byemploying effec-
tive assessment practices, teachers can better identify their students’ strengths and
weaknesses, gain valuable insights for adapting their instructional approaches, and
empower students with a clearer understanding of the steps they need to take in order
to improve their learning (Andrade & Brookhart, 2020; Kanjee, 2009). A holistic
assessment practice facilitates a positive collaboration between teachers and students,
leading to the development of engaging and effective learning environments.

Research has demonstrated that teacher assessment practice is an essential compo-
nent of effective teaching and learning, as it often significantly impacts student
outcomes (Andersson & Palm, 2017; Hattie, 2009; Palm et al., 2017; Panadero et al.,
2017). Palm et al. (2017) conducted a review that revealed a positive relationship
between student achievement in mathematics and three types of teacher assessment
practice: feedback, student self-assessment, and teacher assessment with subsequent

1 Only Norway and Sweden participated grade eight survey in TIMSS 2015.
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instructional actions. In contrast,Mostafa et al. (2018) discovered a negative relation-
ship between teacher feedback and science performance in nearly all countries partic-
ipating in PISA 2015. When it comes to students’ perceptions of teacher feedback in
Nordic countries, students inDenmark, Finland, and Iceland seemed to perceive feed-
back less frequently than those inNorway and Sweden (Sortkær, 2019). Additionally,
Nordic students perceived less feedback than students from other OECD countries
(Sortkær, 2019). A recent study also showed that a high frequency of teacher feed-
back in Nordic countries was more commonly reported in low-achieving students
and schools (Rohatgi et al., 2022).

Homework is a common practice that holds significant potential as an assess-
ment tool when used for monitoring student learning in mathematics and science
(Martin et al., 2016). While it may not be immediately apparent, homework can
indeed be considered an assessment practice. This is because homework assign-
ments allow teachers to evaluate a student’s understanding and application of the
content covered in the classroom.Moreover, it provides an opportunity for students to
assess their own learning progress, identify gaps in their understanding, and practice
problem-solving skills (Fan et al., 2017; Fernández-Alonso &Muñiz, 2022). Despite
its widespread use, homework showed limited effects on student learning (Fan et al.,
2017; Scheerens, 2016). This could be attributed to whether or not homework is
used strategically to assess students’ developing knowledge, such as identifying the
specific types of tasks that may pose challenges.

The use of homework in Nordic classrooms has not been extensively studied,
yet it is often a topic of political debate. In Finland, homework in mathematics is
an integrated classroom practice at the lower secondary level, with lessons typi-
cally starting with homework review and ending with new homework assignments
(Krzywacki et al., 2016; Luoto et al., 2022). This pattern suggests a cultural tradition
of homework routines (Fernández-Alonso &Muñiz, 2020). Investigating homework
as a potentially important part of teacher assessment practice can provide valuable
insights into its cultural tradition and contribute to the ongoing debate on the efficacy
of homework in promoting student learning.

Previous research highlights the complex relationship between assessment prac-
tices and student achievement, emphasizing the importance of context and subject
matter. There is a clear need for conducting research that examines teacher assessment
practice over time, especially in Nordic countries, to better understand the nuances of
these relationships and to develop optimal assessment strategies for various subjects
and educational contexts. Investigating the relations between teacher assessment
practices and student achievement is also crucial, as it can provide invaluable insights
into the effectiveness of current practices and help identify areas for improvement.

5.5 The Present Study

In the present study,weutilize data fromTIMSS2011, 2015, and2019 inmathematics
and science for grade four across Nordic countries to address the following research
questions (RQs):
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RQ 1. What are the trends in teaching quality and assessment practice over time?
RQ2.What is the relationship between teaching quality and student achievement?
RQ 3. What is the relationship between teacher assessment practice and student
achievement?

5.6 Methods

5.6.1 Data and Variables

Data for the analyses were drawn from TIMSS, a large-scale international survey
that assesses student performance in mathematics and science at the fourth- and
eighth-grade levels in participating countries every fourth year. To examine trends in
teaching quality and assessment practices over time (RQ 1), data from TIMSS 2011
to 2019 were analyzed. Additionally, the study focused on the TIMSS 2019 grade
four data to investigate the relations between teaching quality and achievement (RQ
2) and the relations between teacher assessment practice and student achievements
(RQ 3).

Table 5.1 summarizes the different aspects of teaching quality and assessment
practice that were addressed in the specific RQs and TIMSS data. It is important to
note that only a few items measuring teaching quality and assessment practice were
consistent across TIMSS 2011 to 2019. As a result, RQ 1 had less comprehensive
coverage of these constructs compared to RQs 2 and 3, which examined the most
recent TIMSS cycle in 2019. Further details on the specific items used to measure
the constructs are presented in Sect. 5.7 Findings and Appendix 1.

Teaching quality

TIMSS assessed teaching quality using both student and teacher background ques-
tionnaires, examining various aspects of classroommanagement, teacher support and
instructional clarity, and cognitive activation. To assess classroom management, the
student questionnaire measured the frequency of various disruptive and disorderly
behaviors in the mathematics classroom using six items (e.g., “my teacher has to
keep telling us to follow the classroom rules” or “students interrupt the teacher”)
with a response scale: every or almost every lesson, about half the lessons, some
lessons, and never. Teacher support and instructional clarity, as important aspects of
supportive climate, were measured using student agreement on various statements
(e.g., “my teacher does a variety of things to help us learn” or “my teacher is easy to
understand”) with a response scale that ranges from agree a lot to disagree a lot.

The manifestation of cognitive activation varies depending on the subject. Since
a distinction can be made between general and subject-specific cognitive activation
(Teig et al., 2019), this study operationalizes cognitive activation differently for
mathematics and science. In mathematics, teachers were asked on how often they
engaged students in generic cognitive activation (e.g., “relate the lesson to students’
daily lives”) or problem-solving (e.g., “apply what students have learned to new
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Table 5.1 The aspects of teaching quality and assessment practice across RQs and TIMSS data

Construct Questionnaire RQ 1
Trends in
teaching quality
and assessment
practice
(TIMSS
2011–2019)

RQ 2
Relations
between teaching
quality and
student
achievement
(TIMSS 2019)

RQ 3
Relations
between
assessment
practice and
student
achievement
(TIMSS 2019)

Student Teacher

Teaching quality

Classroom
management

√ √

Teacher
support and
clarity of
instruction

√ √ √

Cognitive
activation

√ √ √ √

Assessment practice

Homework
frequency

√ √ √

Homework
time

√ √ √

In-class
homework
discussion

√ √ √

Teacher
emphasis on
assessment
strategies

√ √

problem situations on their own”). In science, teachers were asked how often they
engaged students in various inquiry-based cognitive activation (e.g., “design or plan
experiments or investigations”). The items related to cognitive activation employ
a frequency-based response scale, ranging from “every or almost every lesson” to
“never”.

To supplement the teacher questionnaire, this study also used students’ responses
on the frequency with which they conduct experiments in their science lessons to
represent inquiry-based cognitive activation. The response scale for this component
ranged from “never”, “a few times a year”, “once or twice a month”, to “at least once
a week”. This approach provides a more comprehensive understanding of the role of
cognitive activation in different subject areas.



162 N. Teig and J. M. Luoto

Teacher assessment practice

As shown in Table 5.1, only homework frequency, the time needed to complete home-
work, and in-class homework discussion were measured repeatedly across TIMSS
2011–2019. New items representing howmuch importance teachers place on various
assessment strategies in mathematics and science were first introduced in TIMSS
2019 (e.g., “asking students to answer questions during class”). Further details on
the specific items used are presented in Sect. 5.7 Findings and Appendix 2.

Student achievement in mathematics and science

TIMSS assessed student achievement with a standardized test that covers cognitive
domains and subject-specific content domains. Student achievement was estimated
via a measurement model that produced a set of five plausible values to represent the
likely distribution of student performance. All plausible values were incorporated
into the analyses to produce an average of the model estimates and adjusted standard
errors (see Chap. 3 Analytical Framework).

5.6.2 Data Analysis

Data were first prepared using the IDB Analyzer 4.0, while the main analyses were
conducted usingMplus 8.8 (Muthén&Muthén, 2022) and IBMSPSS Statistics 28.0.
To address RQ 1 about the trends in teaching quality and assessment practice over
time, descriptive statistics and one-way ANOVAs were performed to test for signif-
icant mean differences within-country across three pairwise comparisons: TIMSS
2011 versus 2015, 2015 versus 2019, and 2011 versus 2019.

To investigate the relationship between teaching quality and student achievement
(RQ2) and the relationship between teacher assessment practice and student achieve-
ment (RQ 3), we implemented a two-level approach to account for TIMSS’ cluster
sampling design in which students were nested within classrooms. Specifically, we
employed multilevel structural equation modelling (MSEM) with students nested
in classrooms. The MSEM approach served two main purposes: (a) established
measurement models to represent teaching quality dimensions; (b) examined the
relations between teaching quality, assessment practice, and student achievement.
To accomplish (a), we used multilevel confirmatory factor analysis (MCFA)—an
extension of CFA, to multilevel situations that have proved useful to study the factor
structure of instructional practices at two levels (Brown, 2015; Morin et al., 2014).
Model fit was evaluated using Ryu’s (2014) partial saturation approach by obtaining
test statistics and fit indices for each level separately. We referred to common guide-
lines for an acceptable model fit (i.e., CFI ≥ 0.95, TLI ≥ 0.95, RMSEA ≤ 0.08, and
SRMR ≤ 0.10; Marsh et al., 2005).
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We further performedMSEMwith a multi-group approach to separately examine
the distinct relationships between teaching quality, assessment practice, and student
achievement in each of theNordic countries.Measurement invariancewas conducted
to ensure valid comparisons across groups (Sass&Schmitt, 2013). The data generally
supported sufficient levels of measurement invariance (further details are presented
in Chap. 3 Analytical Framework).

Analyses for RQ 2 were conducted at both the student and classroom levels,
with two exceptions: (a) the relationship between the construct cognitive activation
and student achievement, and (b) the relationship between assessment practice and
student achievement, both of which were analyzed only at the classroom level.

5.7 Findings

5.7.1 The Trends in Teaching Quality and Assessment
Practice Over Time

Figures 5.1, 5.2, 5.3, and 5.4 provide a graphical representation of the mean differ-
ences of these items across two-time TIMSS cycles (i.e., TIMSS 2011 versus 2015,
2015 versus 2019, and 2011 versus 2019).

Teaching quality

Classroom management was first introduced in TIMSS 2019 and is not included in
the analyses of the mean differences between 2011 and 2019.

Two itemswere related to supportive climate anddirectly related to teacher support
and instructional clarity in mathematics and science. As shown in Fig. 5.1, Nordic
countries experienced an overall decline in teacher support and instructional clarity
from 2011 to 2019. This decrease wasmore pronounced between 2015 and 2019 than
in 2011 to 2015 in Denmark and Norway, while in Sweden, a different pattern was
observed. Finland exhibited a significant increase between 2011 and 2015, followed
by a decrease from2015 to 2019. Similar patternswere identified in bothmathematics
and science.

Cognitive activation was measured using two items for general cognitive activa-
tion, three items for mathematics, and five items for science. The mean differences
showed mixed patterns in cognitive activation across cycles, countries, and activities
in both mathematics and science (Fig. 5.2). For instance, between 2011 and 2015,
students’ opportunities to observe natural phenomena and describe their observations
decreased inDenmark, increased in Finland andNorway, and remained unchanged in
Sweden. Between 2015 and 2019, the same activity decreased in Finland, increased
in Norway and Sweden, and showed no significant changes in Denmark.
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Assessment practice

Two aspects of teachers’ self-reported assessment practice were consistent across the
cycles: homework and in-class homework discussion. Figure 5.3 shows an overall
decrease in homework frequency and time to complete homework for both subjects
across Nordic countries. Another aspect of assessment practice concerns the inte-
gration of homework into classroom instruction, represented by three items. Mixed
findings were observed for the frequency of in-class homework discussions in the
Nordic countries (Fig. 5.4). In Finland, there was a clear decrease in in-class home-
work discussions from 2011 to 2019. In Sweden, a similar decline occurred in both
subjects between 2011 and 2015; however, while in-class homework discussion in
mathematics (i.e., monitor whether or not the homework was completed) decreased
between 2015 and 2019, the same activity increased in science. The changes varied
across cycles, subjects, and even different activities within the same subjects in
Denmark and Norway.

5.7.2 The Relationship Between Teaching Quality
and Student Achievement

Findings from TIMSS 2019 revealed similar response patterns of teaching quality
across Nordic countries (see Appendix 1 for further details on the items used to
measure teaching quality).With respect to assessment practice, some variations were
found in homework frequency, time to complete homework, and in-class homework
discussion, but a similar response patternwas observed in terms of howmuch teachers
place emphasis on various assessment strategies in mathematics and science. As
shown in Appendix 2, among Nordic countries, the highest proportion of students
taught by teachers who assigned homework was found in Finland. Nevertheless,
the majority of Finnish students received homework that took only 15 min or less
to complete. Homework assignments were more prevalent in mathematics than in
science classrooms across these countries. Additionally, longer tests were more
commonly used as assessment strategies in mathematics rather than science lessons,
while the opposite was true for long-term projects.

The relations between teaching quality and student achievement

Findings from the MSEM analyses revealed stronger relationships between teaching
quality and student achievement inmathematics than science across Nordic countries
(Table 5.2). In mathematics, students’ perceptions of classroom management were
the most robust predictor of achievement compared to other dimensions of teaching
quality. Note that classroom management was measured for the first time in TIMSS
2019 and only in mathematics. Perceived teacher support and instructional clarity
were related to student achievement in mathematics, especially at the student level.
These relations were only significant at the student level for science achievement in
Denmark and Finland.
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Teachers’ perception of cognitive activation was not related to student achieve-
ment in both subjects (Table 5.2). However, the findings revealed that the frequency
of conducting experiments, measured using the student questionnaire, was related
to science achievement in non-linear (inverted U-shape) rather than linear patterns.
These relations were observed at the student level in all Nordic countries and at the
classroom levels in Finland, Norway, and Sweden.

5.7.3 The Relationship Between Assessment Practice
and Student Achievement

Asdemonstrated inTable 5.3, therewere limited associations between teacher assess-
ment practices and student achievement. Homework frequencywas positively related
to mathematics achievement in Denmark and Sweden, while the time needed to
complete homework had a negative relationship with mathematics achievement in
Finland. Correcting assignments and providing feedback to students was negatively
related to mathematics and science achievement in Finland and Sweden. Notably, no
correlations were found between the amount of emphasis teachers placed on various
assessment strategies and student achievement in either mathematics or science.

5.8 Discussion and Conclusion

This study examines teaching quality and assessment practices in primary mathe-
matics and science classrooms across Nordic countries (Denmark, Finland, Norway,
and Sweden) using TIMSS 2011 to 2019 data. It investigates the trends in teaching
quality and assessment practices over time, as well as the relationships of these
aspects of teacher practice with student achievement.

5.8.1 The Trends in Teaching Quality and Assessment
Practice Over Time

Analyses of TIMSS data from 2011 to 2019 have revealed a decline in aspects of
teaching quality related to teacher support and instructional clarity across Nordic
countries. One possible explanation for this decline is the changing characteristics
of student populations. The TIMSS data showed an increase in the percentages of
low socioeconomic status (SES) students and limitations to teaching (Mullis et al.,
2020). The percentages of low SES students, as indicated by those who responded to
having none or only 1 to 10 books at home, have increased from 7.3 percent in 2011
to 10.2 percent in 2019 (see Chap. 1). Teachers have reported increased limitations
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Table 5.3 The relations between assessment practice and student achievement at the classroom
level

Predictors Denmark Finland Norway Sweden

β (SE) β (SE) β (SE) β (SE)

Mathematics

Homework frequency 0.23* (0.11) 0.74 (0.09) 0.32* (0.14) 0.09 (0.11)

Homework time 0.07 (0.11) − 0.24* (0.08) 0.03 (0.13) − 0.02 (0.08)

In-class homework discussion

• Correct assignments and give
feedback to students

0.07 (0.04) − 0.09* (0.04) − 0.07 (0.04) − 0.07 (0.06)

• Discuss the homework in class 0.02 (0.05) 0.04 (0.04) − 0.03 (0.04) − 0.15 (0.06)

• Monitor whether or not the
homework was completed

0.07 (0.05) 0.06 (0.11) 0.09 (0.08) − 0.02 (0.07)

Emphasis on assessment strategies

• Observing students as they work − 0.02 (0.08) − 0.11 (0.06) − 0.02 (0.08) − 0.10 (0.07)

• Asking students to answer
questions during class

− 0.04 (0.05) 0.02 (0.05) 0.00 (0.05) − 0.07 (0.06)

• Short, regular written
assessments

0.02 (0.04) − 0.03 (0.05) 0.07 (0.07) 0.02 (0.05)

• Longer tests (e.g., unit tests or
exams)

0.05 (0.04) 0.09 (0.05) 0.05 (0.04) 0.09 (0.06)

• Long-term projects 0.05 (0.04) − 0.01 (0.04) − 0.05 (0.08) − 0.03 (0.05)

Science

Homework frequency 0.05 (0.14) 0.11 (0.09) 0.00 (0.18) 0.00 (0.16)

Homework time 0.29 (0.26) − 0.12 (0.09) − 0.08 (0.22) − 0.12 (0.26)

In-class homework discussion

• Correct assignments and give
feedback to students

− 0.04 (0.11) − 0.08* (0.03) − 0.04 (0.07) − 0.20* (0.07)

• Discuss the homework in class 0.02 (0.21) 0.06 (0.06) − 0.05(0.07) 0.20 (0.30)

• Monitor whether or not the
homework was completed

0.01 (0.21) − 0.02 (0.07) 0.04 (0.07) − 0.18 (0.10)

Emphasis on assessment strategies

• Observing students as they work − 0.03 (0.07) − 0.16 (0.05) − 0.00 (0.09) − 0.02 (0.09)

• Asking students to answer
questions during class

0.03 (0.07) − 0.09 (0.06) 0.04 (0.11) − 0.14 (0.09)

• Short, regular written
assessments

− 0.05 (0.07) − 0.03 (0.04) − 0.04 (0.07) − 0.07 (0.07)

• Longer tests (e.g., unit tests or
exams)

0.04 (0.07) 0.08 (0.04) 0.02 (0.08) 0.00 (0.07)

• Long-term projects 0.04 (0.06) 0.03 (0.04) − 0.07 (0.08) − 0.01 (0.05)

* p < 0.05,
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to teaching, including students lacking prior knowledge, being tired, hungry, and
causing more disturbances (see Chap. 7). The increasing diversity of student popu-
lations may pose greater challenges for teachers in meeting the needs of all students,
which could contribute to lower perceived teacher support and instructional clarity.

Additionally, changes in the curricula could be another factor that influences
students’ perceptions of teacher support and instructional clarity. The current
curricula have become more demanding in terms of what is expected from students,
and teachers are now expected to act as facilitators rather than giving strict directions
(Carlgren et al., 2006). This shift in instructional practice places more responsibility
on the students, which could lead to more students perceiving less teacher support.
If teachers are not adequately trained or supported in providing effective instruc-
tion, students may perceive less support and instructional clarity in the classroom
(Creemers et al., 2012; Darling-Hammond et al., 2017).

Although there is a lack of Icelandic studies investigating trends in teaching quality
and assessment practice over time, prior research provides some insight into the
prevalence of such practices. For example, studies from lower secondary schools
indicate an overall low teaching quality inmathematics related to cognitive activation
(Sigurjónsson, 2023) and instructional clarity related to feedback and clear learning
goals (Svanbjörnsdóttir et al., 2023). While homework is generally considered an
important practice by Icelandic school teachers, low-achieving students and their
parents view it as too demanding, and these are the students that spend most time on
homework (Sigurgeirsson & Björnsdóttir, 2016). This perception is unlikely unique
to Iceland, and in what way such findings are related to achievement across diverse
student groups needs to be investigated in future research.

The study also found an overall decline in homework frequency in mathematics
and science between 2011 and 2019 across Nordic countries. This trend may be due
to the growing emphasis on providing students with more meaningful and relevant
learning experiences (Clement, 2010; Remmen & Iversen, 2022). Equity is another
possible explanation for the decline in homework frequency in Nordic countries.
Homework assignments may not always align with the needs and interests of all
students, and low SES students may be less likely to have access to resources and
parental support that can help them complete assignments effectively (Bempechat
et al., 2011; Rønning, 2011). Consequently, some schools and educational systems
may have shifted towards alternative forms of assignments that are more flexible and
better aligned with students’ backgrounds.

It is important to note that the reasons for the decline in the aspects of teacher
support and instructional clarity, as well as homework frequency, are likely complex
and multifaceted. Further research is necessary to identify the underlying factors
contributing to these trends in order to inform policy and practice aimed at improving
teaching quality and assessment practices in Nordic countries.
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5.8.2 The Relationship Between Teaching Quality
and Student Achievement

Classroom management was identified as having the largest correlation with student
achievement inmathematics compared to other dimensions of teaching quality,which
is consistent with previous research (e.g., Senden et al., 2023). Good classroom
management is considered a prerequisite to facilitate other dimensions of teaching
quality, such as in creating a supportive classroom climate and implementing cogni-
tive activation (Charalambous & Praetorius, 2020), which can promote student
achievement (Wolff et al., 2021). For example, by minimizing disruptions during
learning, teachers can create a structured environment that fosters positive relation-
ships between students and teachers and among students and maximize the amount
of time available for cognitively challenging instruction.

This study also suggests that teacher support and instructional clarity seem to
be better predictors of achievement at the student level compared to the classroom
level. This could be due to individual differences in students’ characteristics andback-
ground, such as their language abilities and socioeconomic status, which may impact
the level and type of support they require from their teachers. Previous research has
shown that students’ perceptions of teaching quality can vary across diverse groups of
students (e.g., Senden et al., 2023; Teig&Nilsen, 2022;Wang et al., 2018). Therefore,
it is important to consider individual student characteristics when examining the rela-
tionships between teacher support, instructional clarity, and achievement. Measuring
these factors at the student level may provide a more accurate understanding of these
relationships.

Although previous studies have suggested that cognitive activation is an important
dimension of teaching quality related to student learning outcomes (Baumert et al.,
2010; Klieme et al., 2009; Lipowsky et al., 2009), the current study did not find
any significant relationship between cognitive activation and achievement in math-
ematics and science across the Nordic countries. One possible explanation for this
discrepancy could be related to the way cognitive activation was operationalized and
measured in TIMSS, as some items were more related to low- rather than high-level
of cognitive activation. For example, in mathematics, the items include memorizing
rules, procedures, and facts. Therefore, this finding highlights the need for future
research to explore the effects of various conceptualizations of cognitive activation
and to what extent these variations matter for student achievement.

Measuring high-level cognitive activation can be challenging via the student or
teacher questionnaire due to its context-specific nature. Thus, incorporating a qual-
itative perspective, like classroom observation, could be beneficial. For instance, a
recent video study in Iceland reported frequent occurrences of low-level cognitive
activation in mathematics classrooms (Sigurjónsson, 2023). Students often engaged
in individual work that focused on procedural fluency, with limited connection to
understanding mathematical concepts.



174 N. Teig and J. M. Luoto

Additionally, the use of teacher rather than student questionnaires to measure
cognitive activation may have impacted the findings. Teacher questionnaires may be
more susceptible to social desirability bias, a tendency for teachers to answer the
questionnaire in a way that will be perceived favorably by others (Muijs, 2006). By
using the student questionnaires, this study found that the frequency of conducting
experiments, as an indicator of cognitive activation in science, was related to student
achievement in a non-linear pattern (inverted U-shape). This finding aligns with
previous research (Cairns, 2019; Teig et al., 2018, 2021), and suggests that there may
be an optimal level of conducting experiments that leads to the highest achievement
in science.

Discrepancies in findings on the relationship between cognitive activation and
achievement in mathematics and science may be due to how cognitive activation was
measured and whether teacher or student questionnaires were used. Further research
is needed to better understand this relationship and identify effective strategies for
optimizing cognitive activation in these subjects.

5.8.3 The Relations Between Assessment Practice
and Student Achievement

The findings of this study suggest that the associations between homework as
part of teacher assessment practice and student achievement were limited. While
the frequency of homework was positively related to mathematics achievement in
Denmark and Sweden, homework time had a negative relationship with mathematics
achievement in Finland. This finding may indicate that completing more homework
does not necessarily lead to higher achievement, but rather that the quality and rele-
vance of homework assignments are more important factors to consider (see a review
by Fernández-Alonso & Muñiz, 2022). In Finland and Sweden, correcting assign-
ments and providing feedback to students was negatively related to mathematics
and science achievement, which is a finding that may warrant further investigation.
These findings could indicate reversed causality, where low-achieving students spent
more time completing homework and high-achieving students finished their work at
school, and teachers placed more emphasis on correcting assignments and giving
feedback to the struggling students. In Iceland, a recent study using classroom video
data showed that although providing feedback is a common practice in mathematics
classrooms, there was limited evidence of feedback being delivered with a clear
purpose and of high quality to students (Svanbjörnsdóttir et al., 2023).
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Moreover, no clear correlations emerged between the amount of emphasis teachers
placed on various assessment strategies and student achievement in either mathe-
matics or science. This may suggest that while assessment strategies are important
for monitoring and evaluating student learning, they may not necessarily have a
direct impact on student achievement. Furthermore, it is possible that the assess-
ments used by teachers may not be aligned with the content and skills emphasized in
the curriculum, and thus may not be as effective in promoting learning (Andrade &
Brookhart, 2020; Gardner et al., 2010). Teachers may also need additional support
and training in developing and using assessments that are alignedwith the curriculum
and promote student learning.

An alternative explanation might be linked to the limitations of the items utilized
to measure assessment strategies in TIMSS. The items used in TIMSS might not
encompass the complete array of assessment practices employed by teachers in the
classroom, or they may not fully capture the complexity of these practices.

To conclude, this study highlights the need for amore holistic approach to teaching
quality and assessment practices in mathematics and science education, one that
considersmultiple dimensions of teachingquality and emphasizes the need for further
analysis of how the composition of the classroom may also impact the relationships
between these constructs. With more nuanced understandings of these relationships,
policymakers can allocate targeted resources, allowing educators to create a more
supportive and equitable learning environment that promotes student achievement
and success in mathematics and science.

Appendices

Appendix 1 Response Patterns of Teaching Quality Across
Nordic Countries in TIMSS 2019

Classroom management (only in mathematics)

Student questionnaire: How often do these things happen in your mathematics
lessons?
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Teacher support and clarity of instruction in mathematics

Student questionnaire: How much do you agree with these statements about your
mathematics lessons?



5 Teaching Quality and Assessment Practice: Trends Over Time … 177

Teacher support and clarity of instruction in science

Student questionnaire: How much do you agree with these statements about your
science lessons?

Cognitive activation (general)

Teacher questionnaire: In teaching mathematics/science to the students in this class,
how often do you usually ask them to do the following?
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Cognitive activation in science

Student questionnaire: In science lessons, how often does your teacher ask you to
conduct science experiments?

Appendix 2 Response Patterns of Assessment Practice
Across Nordic Countries in TIMSS 2019

Homework frequency in mathematics and science

Teacher questionnaire: How often do you usually assign mathematics/science
homework to the students in this class?
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Duration of assigned homework in mathematics and science

Teacher questionnaire: When you assign mathematics homework to the students in
this class, about how many minutes do you usually assign?
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In-class homework discussion in mathematics

Teacher questionnaire: How often do you do the following with the mathematics
homework assignments for this class?

In-class homework discussion in science

Teacher questionnaire:Howoften doyoudo the followingwith the science homework
assignments for this class?
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Teachers’ emphasis on various assessment strategies in mathematics

Teacher questionnaire: How much emphasis do you place on the following sources
to monitor students’ progress in mathematics?

Teachers’ emphasis on various assessment strategies in science

Teacher questionnaire: How much emphasis do you place on the following sources
to monitor students’ progress in mathematics?
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Chapter 6
Are Changes in Content Coverage
Related to Changes in Achievement Over
Time?

Monica Rosén and Trude Nilsen

6.1 Introduction

Understanding changes in educational achievement over time is an essential goal for
most stakeholders within the field of education. Countries taking part in recurring
International large-scale assessments, such as IEA’s Trends in International Mathe-
matics and Science Study (TIMSS), are not only provided with reliable and compa-
rable measures of achievement trends in mathematics and science but also with a
vast amount of contextual data, which are valuable for further analysis. Educational
circumstances and potential causes behind changes in educational outcomes are at
the core of interest for policymakers, practitioners, researchers, students, parents,
and the public. It is often difficult to provide evidence of the reasons behind changes
in achievement. Not only because measures of knowledge, for example, the TIMSS
achievement scores inmathematics, are complex, in the sense that there are verymany
determining factors behind student performances on these tests, but also because the
design of these studies is cross-sectional, and this makes it hard to determine what is
the cause and what is the result, as a cause must appear before the effect. However,
there are statistical techniques and methodologies with which one can investigate
theories of plausible causes despite the cross-sectional design (see Gustafsson &
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Nilsen, 2022, for an overview and examples). Even if each cycle of TIMSS is cross-
sectional for the respondents, it is longitudinal at the country level. This fact opens
possibilities to investigate factors that may have contributed to the observed changes
in achievement.

In this chapter, we focus on the classroom level, and investigate changes in
students’ Opportunity to Learn (OTL) with respect to the core aspect of OTL at the
implemented level of the curriculum, content coverage. We investigate if changes in
content coverage may account for any of the changes in mathematics and science
achievement in grade four over the three TIMSS cycles 2011, 2015, 2019 in the
Nordic countries. The concept content coverage refers to the content assessed by the
TIMSS achievement tests in mathematics and science, as reported by the teachers of
the assessed students who reported whether the topics in the test had been taught to
the class before the tests were administered.

6.2 Theoretical Framework

In this chapter we address OTL at the implemented level of the curriculum, i.e., the
classroom level, to find out if students in schools have had similar content coverage
in school as is represented in the TIMSS tests. The question relates to the concept of
OTL, which is an old multidimensional educational construct with roots in curricular
theory (Dahllöf, 1970; Husén & Dahllöf, 1965) and also in learning and instruction
research (Caroll, 1963) and further developed within the framework of educational
effectiveness research (e.g., Scheerens, 2016). The curricular strand of OTL was
coined by IEA (International Association for the Evaluation of Educational Achieve-
ment) in the 1960swhen the research design for thefirst early international large-scale
assessments of mathematics and science achievements was developed (Husen, 1967;
Pelgrum, 1989). Students’ OTL is one of those multidimensional factors that hold
explanatory power at both school- and system levels (The OTL construct and its
relation to different curricular levels are explained in Chap. 4).

Measuring students’ OTL is challenging, and its measures vary over the years (see
e.g., Schmidt et al., 2009; McDonnell, 1995; for a brief history of the construct’s
origin and development). Nevertheless, OTL measures are taken in TIMSS, which
aim to indicate whether the students have had an opportunity to learn the topics or
cognitive tasks included in the achievement test.

The aim of measuring OTL is to reflect what opportunities have been offered
in the classroom to learn the tasks and content of the test and is primarily aligned
with the implemented curriculum. In the classroom, the following three teaching
factors moderate students’ opportunities to perform on knowledge and skills tests:
content coverage, the time spent on the content/task and quality of teaching. Content
coverage refers to whether the tasks and content of the test have been taught to
the student or not, and to what extent. Time on content refers to how much time
has been spent learning the content/tasks. The time spent on the task also includes
timing, which refers to the time gap between when the content was taught and the
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test administration. Quality of teaching refers to the teacher’s competence to teach
the content to the students and provide a good learning environment for the students.
Of these three OTL factors, content coverage is the first and necessary condition for
enabling students to achieve on the test (Schmidt et al., 2010). Time on the task or
content, and quality of teaching, come second and are relevant moderating factors to
determine the level of learning.

These days, the OTL construct is often used in a much broader sense, including
factors related to students’ backgrounds and the learning conditions outside of school.
For IEA, the measure of OTL was, and still is, primarily meant to capture curricular
differences when studying achievement differences across school systems. Indica-
tors of OTL are included in all IEA studies and observed at different curricular
levels. Chapter 4 offers a comprehensive presentation of the links between different
curricular levels and the OTL construct, and a presentation of the indicators used in
TIMSS.

In this chapter, the investigation of OTL factors’ relationship with achievement
and changes in achievement is limited to content coverage at the classroom level and
whether the student has been taught the topics included in the TIMSS assessment
of student achievement. Differences in content coverage across classrooms and time
may account for some of the differences and changes in achievement.

6.2.1 Content Coverage in Grade Four Mathematics

Relative to other predictors of achievement, at present, there are fewer studies on
the relationships between achievement on large-scale international assessments and
content coverage in the classroom. However, one of relevance is a study by Scheerens
(2016), where the relationship between OTL and achievement was investigated in
both TIMSS 2011 (grade four and grade eight) and PISA 2011 (15-year-olds).
Scheerens conducted a series of regression analyses to assess the effect of OTL
on mathematics and science achievement while controlling for the “books at home”-
variable as a proxy for students’ home background. Themany content coverage items
from the teacher questionnaire in TIMSS were combined first into domain indices
(three in science and three in mathematics), all with a scale from 0 to 100, and then
averaged into a single mathematics OTL index and a single science OTL index. The
findings for grade four were surprising. The results showed that content coverage
in mathematics was significantly related to mathematics achievement in only 12 out
of the 23 included countries, and the average effect was a modest 0.074. In science,
there were virtually no effects of the science OTL index on achievement. Scheerens
concludes that there are methodological challenges attached to the OTL indicators
and calls for a closer examination of the validity of the OTL measures in TIMSS.
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6.3 Research Question

The overarching aim of the present study is to investigate whether changes in content
coverage are related to the changes in mathematics and science achievement from
2011 to 2019 in Sweden, Norway, Finland, and Denmark. We address this aim more
specifically through the following research questions:

1. Is there a positive correlation between the OTL measures of content coverage
and achievement?

2. Has the amount of content coverage changed from 2011 to 2019?
3. Are the possible changes in content coverage related to changes in grade four

mathematics and science achievement from 2011 to 2019?
4. Are there notable differences between Denmark, Finland, Norway, and Sweden?

6.4 Methodology

6.4.1 Data and Sample

In the present study, we use data from the 2011, 2015, and 2019 TIMSS cycles.
We include data from the teacher questionnaires and the results from the students’
achievement tests in mathematics and science. Included are the fourth graders and
their teachers from the Nordic countries that participated in these cycles: Sweden,
Norway, Finland, and Denmark. In Norway, however, the target population changed
in 2015 from fourth to fifth grade, so our sample includes Norwegian fourth graders
in 2011 and fifth graders in 2015 and 2019. Findings from Norway hence need to be
interpreted with caution. Part of the explanation for the large increase in achievement
in Norway from 2011 to 2019 is that students are both older and have one more year
of schooling (Olsen & Bjørnsson, 2018). For further descriptions of TIMSS data,
including sampling, plausible values, and weights, please see Chap. 3.

6.4.2 Measures

In the present study, we use a set of derived variables available in the TIMSS database
which are based on teachers’ responses to whether and when they have covered the
contentwithin each of the three content domains formathematics (number, geometry,
and data) and the three domains for science (life science, physical science, and earth
science). There are a number of different topics within each domain for which the
teacher is asked to select one of the following three response options: “mostly taught
before this year”, “mostly taught this year”, “not yet taught or just introduced”. For
example, within the domain number, one topic (out of many) is: “adding, subtracting,
multiplying, and dividing with whole numbers”. It should be noted that these content
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coverage questions do not include any information about to what extent the topics
have been taught. These topic items were then combined to form indices, one for
each domain in mathematics and science, respectively.

The description of how TIMSS constructed the indices is available in the TIMSS
2019 User Guide for the International Database (Fishbein et al., 2021). In short,
the three response options were re-coded into two categories, to inform whether the
topics had been taught or not. After that, the questionnaire items were combined
into indices, one for each content domain. The indices then reflect the percentage of
topics within each content domain (three in mathematics and three in science) that
had been taught to the students.

In mathematics, the three indices represent percentage of number topics taught,
percentage of measurement and geometry topics taught, andpercentage of data topics
taught. For simplicity, in this study, we refer to these content coverage indices as
OTL in number, OTL in geometry, and OTL in data, respectively.

Similarly, for science, the three content coverage indices in the TIMSS database
represent the percentage of life science topics taught, percentage of physical science
topics taught, and percentage of earth science topics taught, and we refer to these
indices as OTL in life science, OTL in physical science, and OTL in earth science.

Descriptive information for the OTL variables inmathematics, in the three TIMSS
cycles studies and for all four countries analyzed, is presented in the bar graphs below
(Fig. 6.1). Additional descriptive statistics for these OTL mathematics indices are
presented in Chap. 4, along with those for science. The descriptive information
about the OTL variables is selected from the TIMSS 2019 International Results in
Mathematics and Science (Mullis et al., 2020).

The graphs show that the average proportion of topics covered in eachmathematics
content domain is relatively high, but also that it changes across time in all countries.
The graphs also show that the countries differ in the pattern of change.

6.4.3 The Analytical Approach

The method of analyses in this study resembles that of longitudinal growth models
(Murnane & Willete, 2010) but is adjusted to trend analyses. Such causal methods
enhance the robustness of inferences (Gustafsson, 2010).

Causality and causal language. To investigate the relationship between predictors
and outcomes in ILSA, most studies utilize data from one cycle only (Scherer, 2022).
Some include two or more cycles and do the analyses separately for each cycle and
compare results across time. The present study merged the data from three cycles
(2011, 2015, and 2019) and used a causalmethod to utilize the trend design of TIMSS
(see Chap. 2 for details on the trend design of TIMSS). This approach is far more
robust and enhances the plausibility of causal inferences, as well as the reliability
and validity of inferences.

The analytical approach. The analytical approach in the present chapter is the
same as in Chap. 7, a structural equation model (SEM) with mediation. We used the
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Fig. 6.1 Bar graphs showing the average proportion of topics in the TIMSS mathematics test for
grade four that had been taught to the students at school by the time of testing. Note One bar per
country and cycle for each content domain. Data derived from the teacher questionnaire



6 Are Changes in Content Coverage Related to Changes in Achievement … 193

Fig. 6.2 The null model

software Mplus 8 for the analyses (Muthén & Muthén, 2017). Student and teacher
data were merged using the IEA International Database Analyzer (IDB Analyzer),
and a dummy variable called Timewas added to each of the three datasets for the three
cycles. Time is coded 0 for 2011, 1 for 2015, and 2 for 2019. The data for the three
cycles were then merged. In Mplus, a null model estimate changes in achievement
over time. In Fig. 6.2, c is the regression coefficient for the relation between time
and achievement and describes the slope of the effect of time on achievement. The
c-coefficient represents the average change in achievement for one unit change in
time. Thus, to get the average change in achievement between 2011 and 2019, the
c-coefficient should be multiplied by two.

We hypothesize that other factors besides the passing of time may “explain”
changes in achievement. More specifically, we hypothesize that changes in OTL
may account for any of the changes in achievement. Another (more technical) way
of phrasing this is that we hypothesize that OTL to some degree may mediate the
effect of time on achievement, as illustrated in Fig. 6.3.

Suppose OTL mediates the effect of time on achievement. In that case, it may
mean that changes in OTL are related to changes in achievement. It may, in turn,
indicate that changes in OTL, which in our analysis refers to changes in content
coverage in the classrooms, explain changes in achievement over time.

If OTL has improved over time, the regression coefficient a would be positive.
If OTL is positively related to achievement, the regression coefficient b is positive.
However, we still needed to test whether themediation is significant, which was done
through the command Model indirect in Mplus. This estimate of the indirect effect
is the main focus of the present study, as it tells us whether, and to what extent, OTL
may mediate (or “explain”) changes in achievement.

This analysis aims to explain student achievement changes over time, not differ-
ences in achievement between classrooms. Therefore, the analyses were done at

Fig. 6.3 Hypothesized mediation model in which OTL mediates the effect of time on achievement
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the student level. However, to take into account the hierarchical design of the data
where students are nested within classes that are nested within schools, and to avoid
under-estimation of standard error, we used the option in Mplus called “TYPE =
COMPLEX” where the data is clustered at the class-level. This way, the analyses
take the hierarchical clustering of students and the between classroom variation into
account.

6.5 Results

6.5.1 The Base Model—Changes in Achievement Over Time

We started by examining the effect of time on achievement. The results reflect the
slope of the relation between time and achievement. A positive regression coefficient
means that achievement increased over time.A large positive coefficientwould reflect
a large increase. The regression coefficients reflect the mean change in achievement
across the three cycles and are provided in Table 6.1.

The findings show an average increase in science and mathematics achievement
from 2011 to 2019 for Norway and Sweden. The numbers represent changes in score
points on the test from one time-point to the next. The total change in achievement
from 2011 to 2015 to 2019 is thus 2 * the regression coefficient, which for Sweden
equals 10.6 score points in science and 22.6 score points inmathematics. ForNorway,
a substantial part of the large increase (2 * 22.6 = 45.2 score points in mathematics
and 2 * 22.1= 44.2 score points in science) is explained by the shift of target grade in
Norway from grade four to five in 2015 (Olsen & Bjørnsson, 2018). For Finland and
Denmark, the achievements declined in both subject domains. The regression model
assumes a linear relationship between time and achievement, that is that the changes
are evenly distributed between study cycles, which is not necessarily the case as can
be noted when looking at the descriptive statistics for each time point. Instead, these
model estimates represent the average across the three cycles of TIMSS analyzed in
this study. For further details on changes in achievement, see Chap. 1.

Table 6.1 Regression coefficients for the effect of time on achievement inmathematics and science
in grade four

Subject domain SWE NORa FIN DEN

Science 5.3* 22.1* − 6.3* − 3.1*

Mathematics 11.3* 22.6* − 6.1* − 6.1*

Note * Indicate statistical significance at the p < 0.05 level
a Note that Norway changed its target population from grade four to grade five in 2015
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6.5.2 Relations Between Changes in OTL and Changes
in Mathematics Achievements

Interpretation of results. For the analyses of the percentage coverage of the topic
within each content domain in mathematics, we first analyzed each domain sepa-
rately, and these results are shown in Table 6.2. This table presents the results as
text and symbols (see Appendix 1 for all estimates). To interpret the results, one
must remember that previous research and our hypothesis predict that OTL should
be positively related to achievement and that if OTL increases over time, it should
cause increased achievements. If OTL decreases over time, it should cause a decline
in achievement.

However, the four Nordic countries analyzed in this study have different achieve-
ment profiles over time (see Chap. 1). In Norway and Sweden, achievements
have increased from 2011 to 2019, while in Denmark and Finland, achievements
decreased. Here, we use Finland as an example to illustrate how to interpret results.
Firstly, one must recall that Finland had declining student achievements from 2011
to 2019. If OTL is positively related to achievement and if OTL increases over time
in Finland, and if the indirect effect is significant and positive, it means that OTL
probably prevented a further decline in Finland’s negative trend in achievement.
Hence, an increase in OTL over time could prevent further achievement declines for
countries with a negative achievement trend. For countries with positive achievement
trends, an increase in OTL may explain part of this increase. At the same time, a

Table 6.2 How changes in the proportion of students having received instruction in the topics;
number, geometry, and data are related to changes in mathematics achievement over time

What is the average effect of
content coverage (OTL) on
overall mathematics
achievement?

How has content
coverage changed over
time? (has it decreased
↓, or increased ↑)

How are changes in
content coverage related
to changes in
achievement (indirect
effect in score points)?

SWE NOR FIN DEN SWE NOR FIN DEN SWE NOR FIN DEN

Content
coverage
number
topics

NS Small,
positive
effect

Small,
positive
effect

Small,
positive
effect

↑ ↑ ↑ ↑ NS ↑ by
3

↑
by
1

↑ by
1

Content
coverage
geometry
topics

NS Small,
positive
effect

Small,
positive
effect

Small,
positive
effect

↑ ↓ ↑ NS NS ↓ by
2

↑
by
1

NS

Content
coverage
data
topics

NS Small,
positive
effect

Small,
positive
effect

Small,
positive
effect

↓ ↑ ↓ NS NS ↑ by
1

↓
by
1

NS

Note ↓ denotes a decrease, ↑ denotes an increase. OTL means the opportunity to have learned the test
content in school
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decrease in OTL may have prevented an additional increase in the already positive
achievement trend.

Results. We first provide the results for the relations between the different OTL
measures and mathematics achievement, which are provided in the first column of
Table 6.2 (“what is the effect of OTL on mathematics achievement?”). There were
no significant relations between any OTL variables and mathematics achievement
for Sweden, but slight, positive, and significant findings for all the other countries
for all three OTLmeasures. Minor effects here reflect effect sizes below 0.2. In other
words, a clear pattern of positive associations between OTL in mathematics and
achievement exists.

OTL in number increased from 2011 to 2019 in all the four Nordic countries. This
means teachers reported higher percentages of students having covered the topics in
the content domain number in 2019 compared to 2011. In Norway, this increase in
OTL for the content domain number, accounts for about 6.5 points of their 45 points
increase in achievement from 2011 to 2019. The remaining 38 points of increase
are explained by other factors (e.g., the change in target grade from grade four to
five and the age of students). Achievements in both Finland and Denmark decreased
from 2011 to 2019; however, had it not been for the increase in OTL for the content
domain number, their achievements could have decreased by yet another two points.
In Sweden, the OTL for the content domain number was not significantly related
to achievement; thus, it could not explain any part of the increased achievements in
Sweden.

OTL in geometry increased from 2011 to 2019 in Sweden and Finland but
decreased in Norway. There was no significant change in Denmark. OTL in geom-
etry was related to changes in achievement only in Norway and Finland. In Norway,
the decrease in OTL in geometry, hindered a further increase in achievements. The
indirect effect was about minus 3.3 points, meaning that Norway’s achievement
could have increased by about 3 points, had it not been for this decrease in OTL. In
Finland, the opposite was the case. In Finland, mathematics achievement decreased
by 12 points from 2011 to 2019. Had it not been for the increase in OTL in geometry,
their achievements could have declined by almost 14 points.

OTL in data did not change significantly in Denmark, but in Sweden and Finland
the level decreased, and in Norway, it increased. The increase in OTL in data in
Norway explained two of the 45 points of increased achievement over time (and/or
from grade four to grade five). In Finland, the indirect effect was about two points.
This means that had it not been for the decrease of OTL in data over time, their
achievements could have declined by only 10 points rather than 12 points.

The results from the analyses of the mediation model, where all three OTL vari-
ables were included as mediators at the same time, are provided in Table 6.3. The
relations between OTL and achievements and changes in OTL over time are not
different from the results provided in Table 6.2. Hence, only the indirect effects for
each OTL variable and the total indirect effect are provided. The total indirect effect
reflects the sum or the total contribution of the three OTL variables when they are
controlled for each other.
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Table 6.3 Indirect effects and the total indirect effect for the model where all three OTL variables
in mathematics were included simultaneously in one model

SWE NOR FIN DEN

Indirect effect. OTL number 0.7 3.0** 0.6** 0.8*

Indirect effect. OTL geometry 0.5 − 1.8* 0.8** 0.0

Indirect effect. OTL data 0.0 1.9* − 0.2 0.3

Total indirect effect. All OTL variables included 1.3 2.2** 1.2* 1.0*

Note Indicate statistical significance at the * p < 0.05 level, and ** at the p < 0.01 level. Model fit
was good

Similar to the results provided in Table 6.2, there were no significant effects
for Sweden. For Norway, the total indirect effect of all three OTL variables was
about four points. Meaning that four out of the 45 points of increase in achievement
may be explained by changes in OTL. Note that the increase in achievement in
Norway may stem from changes in time and/or the change in grade (from grade
four to five). However, while OTL in number and data contributes positively, OTL
in geometry contributed negatively. The total effect for Finland was about one point,
which reflects a positive contribution by OTL. Had it not been for the increase in
OTL in geometry and number, their achievements could have declined by another
two points. In Finland, there was no significant contribution from OTL in data. In
Denmark, only OTL in number contributed significantly to the total indirect effect.
Like Finland, Denmark’s decline in achievement could have been worse had it not
been for the increased OTL in number.

6.5.3 Relations Between Changes in OTL and Changes
in Science Achievements

For science, none of the relations between the three OTL variables (OTL in life
science, OTL in physical science, and OTL in earth science) and achievement were
significant. This may be because the proportion of missing data for these OTL vari-
ables was relatively high in all countries but Finland, so the resultsmay not be trusted.
Appendix 2 presents the proportion of teachers/classrooms missing information on
the OTL variables for all countries in each of the analyzed TIMSS cycles.

Due to the absences of data in the OTL variables, we did not include a large table
like Table 6.2 for science achievement. The mediation model indicated that neither
the indirect effect of each OTL variable nor the total indirect effects of the three
OTL variables joined together were significant for any country (see Appendix 3).
Regarding significant changes, there was a large decline in OTL for earth science
over time and a slight decline in life science in Norway. Swedish data also indicated
a significant decline concerning OTL in earth science. There were no significant
changes over time in Finland or Denmark. However, whether these results may be
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generalized is doubtful as the level of missing responses to the content coverage
questions in the teacher questionnaire were high in Denmark, Norway, and Sweden.

6.6 Summary and Discussion

This study aimed to investigate if changes in students’ opportunities to learn the
content and tasks included in the TIMSS tests can explain any of the changes in
achievement. The first question was if the OTL measures of content coverage were
positively related to achievement. In mathematics, the content coverage items are
combined into threeOTL-scales for the three differentmathematical content domains
in TIMSS; one for number, one for geometry and measures, and one for data. The
items in each scale were aimed to indicate whether the topics within the domain had
been taught to the students. All three OTL scales in mathematics were positively
related to mathematics achievement on the tests in all four countries, The effect was
small and statistically significant in all countries except Sweden, where the effect
was too small to be significant.

The OTL scales in science were constructed in a similar way to mathematics,
one for each content domain in the science TIMSS test; one for life science, one
for physical science and one for earth science. However, the proportion of missing
data on these scales was too high in Norway, Sweden, and Denmark for any reliable
interpretation of the analysis of relationships. Finland had an acceptable level of
missing data, but since no reliable comparisons could be done with the other Nordic
countries, we chose to not discuss those results.

The second questionwas onwhether there had been any change between 2011 and
2019 in theOTLmeasures. An increasewas found inOTL in the number domain in all
countries. An increase in OTL in geometry was found in Sweden and Finland, while
Norway showed a decrease andDenmark showed no change. OTL in the data domain
decreased in Sweden and Finland but increased in Norway. There was no change in
Denmark. Finland and Denmark reported higher levels of content coverage in the
number content domain compared to Norway and Sweden. Finland also reported
higher levels of content coverage in data, but apart from this, the differences in content
coverage between the Nordic countries were small. The overall picture indicates a
medium–high level of OTL in all three mathematics content areas for all Nordic
countries.

The last question was on whether the changes in content coverage explain any
achievement changes. The analysis showed small but significant contributions of all
three OTL variables in Norway and Finland. In Denmark, only the change in OTL
in the number domain contributed to the change in achievement, whilst in Sweden,
none of the changes in OTL (mathematics domains) are related to achievement.

We can conclude that our results align with previous findings in mathematics;
more content coverage is positively associated with higher achievements in all coun-
tries (Scheerens, 2016). Furthermore, an increase in content coverage over time is
associated with increased achievements (or a less negative decline), while a decrease
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from 2011 to 2019 in students’ learning opportunities is associated with decreased
achievements (or a less positive incline in achievement).

It must be pointed out that although most findings were significant, the effects
are minor. There may be several reasons for this, one is that average level content
coverage is high in all countries. Moreover, the changes in content coverage appear
small and mostly in the positive direction. Low levels of variation cause low effects.
For policymakers and teachers, low effects of content coverage are desired as it
signals that the assessed topics have been addressed in most of the classrooms.

Another reason for the small effects could be related to the reliability of the OTL
scales, which are low due to limited items and response options. Furthermore, the
questions in the teacher questionnaire regarding topics covered in the classroom
can be interpreted in different ways, potentially adding some inconsistency or noise
to these measures. Another reason for minor effects may be the small sample of
teachers participating, which affects the power. Had similar questions been asked to
the representative samples of students, the effects would probably have been larger
(see e.g., Schmidt et al., 2011; Scheerens, 2016). However, it would be hard for
fourth-grade students to answer such questions.

Finally, it should be noted that all the content coverage items in the teacher ques-
tionnaire suffer from large levels of non-responses, in science, even more than in
mathematics. This is true for Norway, Denmark, and Sweden. This is unfortunate
as it also contributes to weakening the effect sizes. No such missing problems were
found in the Finnish data.

6.6.1 Limitations, Reliability, and Validity

The method used in the present study is more robust than analyses of one cycle
of TIMSS, and more robust than comparing results from separate analyses of each
cycle. Data is longitudinal at the country level, which is good when investigating the
effect of system level factors, as many plausible important factors (social, cultural,
and economic) remain stable over time at this level. Nevertheless, in this analysis,
we only investigate a limited number of potential country level factors that may
underlie the achievement changes between 2007 and 2019. So strictly speaking, no
causal inferences can be made regarding content coverage as an explanatory factor
to changes in grade four mathematics achievement. We can, however, conclude that
our results concord with previous research and theory, that content coverage matters,
and on average, when content coverage increases, so does achievement.

One limitation of this study is the assumption of linear changes in achievement
over time. The model assumes such a linear relation, but the changes in achievement
from 2011 to 2019 are not always linear. For instance, in Sweden, achievements
inclined much more between 2011 and 2015 (15 points) than between 2015 and
2019 (2 points). The regression coefficient between time and achievement in our
models reflects a mean growth from 2011 to 2015. This prevents us from providing
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detailed information about the differences in growth between each cycle.Our findings
instead reflect mean changes across the whole period from 2011 to 2019.

The OTL measures have changed over time, as has the test. While this is reason-
able, it makes it harder to connect to changes in the countries’ curricula. However, in
this study, we have only used those content coverage items that have been repeated
over all three cycles, which is the major part. Not including the new content coverage
items may have limited the coverage of each sub-topic. Further research is warranted
to investigate this possibility.

The large number of missing responses from the teachers in Denmark, Norway,
and Sweden, to the questions about content coverage in science, prevented a proper
analysis ofOTL in science. The countriesmaywant to encourage and inform teachers
of the importance of the OTL measures for research and policy (even if there are
many items for the teachers to respond to). Also, these rather demanding questions
regarding content coverage in science to the teacher are currently located late in the
teacher questionnaire, relocation of these should be considered for a more optimal
response rate.

6.6.2 Concluding Remarks, Contributions, and Implications

The main aim of the present study was to examine whether changes in OTL with
respect to content coverage were related to changes in achievement. Our findings
confirmed this, and this may imply that changing the implemented curriculum
may have consequences for students’ competence. All countries have a national
curriculum that all teachers should follow. Given the within-country variation in
achievement, there is a need to investigate to what degree this variation may be
due to a lack of content coverage of the assessed curriculum in the schools. Lack
of, or variation in content coverage in schools implies an unequal opportunity for
students to learn, and unequal opportunities to be fairly assessed. The topic of unequal
opportunities for students to learn is further examined in Chap. 8.

The findings from this study contribute to teacher education, stakeholders in
education and educational policy, and curriculum makers, as content coverage
considers the alignment between what is taught and what is assessed and the align-
mentwith the curriculum. The study further contributes to research,more specifically
to OTL research. The content coverage variables in TIMSS are far from optimal from
ameasurement point of view.We agreewith Scheerens’s (2016) conclusion that there
is a need to address the methodological challenges attached to the OTL indicators.
A closer examination of the validity of the OTL measures in TIMSS, and actions
and methods to improve the measurement properties of the indicators are urgently
needed. Actions include considerations of the questionnaire design, the location of
the OTL items, the phrasing and the translations of the items, and some validation
studies to ensure that the questions and the response scales are working as intended
and interpreted in the same way by the responding teachers.
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The study also contributes to research within assessment, measurement, and
psychometrics. The methodological approach should interest researchers who wish
to examine relations between changes in predictors and outcome variables, such as
achievement in other ILSAs and/or other countries.

Appendices

Appendix 1 How Changes in OTL in Number, Geometry,
and Data Are Related to Changes in Mathematics
Achievement Over Time
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Appendix 2 Percentages of Teachers/classrooms
with no Responses to the Content Coverage Items in Science

Life science Physical science Earth science

2011 2015 2019 2011 2015 2019 2011 2015 2019

Denmark 32.7 16.9 20.0 32.9 17.3 21.1 32.0 17.4 19.8

Finland 4.8 4.7 2.6 5.2 4.7 3.1 4.8 5.1 3.0

Norway 7.2 23.1 36.0 8.0 23.4 36.0 7.2 23.8 36.0

Sweden 28.4 7.1 15.1 30.0 6.2 14.3 31.2 4.6 15.7

Note The information about the missingness is selected from the almanacs provided by TIMSS &
PIRLS International Study Centre, Boston College

Appendix 3 Indirect Effects and the Total Indirect Effect
for the Model Where All Three OTL Variables in Science
Were Included Simultaneously in One Model

SWE NOR FIN DEN

Indirect effect. OTL in Life science 0.0 0.4 0.0 0.0

Indirect effect. OTL in Physical science 0.1 0.3 0.0 0.1

Indirect effect. OTL in Earth science 0.3 − 0.6 0.0 0.2

Total indirect effect. All OTL variables included 0.4 0.2 0.0 0.1

Note None of the indirect effects are significant
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Chapter 7
Changes in Teacher Practices Related
to Changes in Student Achievement

Trude Nilsen and Jan-Eric Gustafsson

7.1 Introduction

One of the most useful and reliable results from international large-scale assessment
(ILSA) is the changes in student achievement across time within countries. While
comparisons across countries can sometimes be problematic due to cultural differ-
ences and variations between the educational systems, comparisons within countries
over time can be very useful for policy and practice. Knowledge of why achieve-
ment changes over time can be as informative and useful as making cross-national
comparisons at any point in time. It is, however, difficult to provide evidence of
the reasons behind changes in achievement. Most ILSAs are cross-sectional, and
hence causal inferences based on these data are limited. However, there are so-called
causal methodologies that provide more robust and reliable results and that increase
the plausibility for causal inferences (Gustafsson&Nilsen, 2022;Nilsen et al., 2022).
The present study utilizes such an approach to investigate plausible reasons behind
the changes in science andmathematics achievement in the Nordic countries over the
last three cycles (2011, 2015, and 2019) of the Trends in Mathematics and Science
Study (TIMSS).

Several factors may have caused changes in student achievement. From previous
research, we know that teachers are the most proximal to students, and key to student
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learning outcomes (Baumert et al., 2010; Charalambous&Praetorius, 2020;Darling-
Hammond, 2000; Nilsen & Gustafsson, 2016). Especially, teacher practices are
known to shape student learning, well-being, and motivation (Fauth et al., 2014;
Senden et al., 2022). Teacher practices are part of a broad concept that may include
teaching quality and homework practices. Teaching quality is defined as the aspects of
teaching, that previous research has found, that promote learning, and refers to what
teachers do in the classroom (Praetorius et al., 2018). Homework practices may refer
to how often and how long (number of minutes) the homework assigned to students
is, the type of homework assigned, and what the teachers do with the homework,
such as discussing the homework in class or correcting the homework (Fernández-
Alonso & Muñiz, 2021). Previous research on the effect of homework practices on
student achievement is mixed; some research finds that homework promotes learning
and others don’t (Fan et al., 2017; Gustafsson, 2013; Trautwein, 2007). This can often
depend on the conceptualizations and methodologies used in the research.

The overarching aim of the present study is to investigate whether changes
in teacher practices are related to changes in student science and mathematics
achievement from 2011 to 2019 using TIMSS data.

7.2 Theoretical Framework

In this sectionwedefine the concepts included in this studybasedonprevious research
and describe what previous research has found in terms of relations between teacher
practices and student learning outcomes.

This study defines teacher practices to encompass teaching quality, homework,
and assessment practices, as detailed in Chap. 2. However, assessment practices are
only included in one of the three cycles and are hence excluded from this chapter.

7.2.1 Teaching Quality

There are several frameworks describing teaching quality, and the concept itself has
many names, such as instructional quality, teaching quality, and teacher practices.
This is problematic and has hence been a topic of debate recently (Charalambous &
Praetorius, 2020; Senden et al., 2022). The frameworks describing teaching quality
are different depending on the type of data. For instance, frameworks describing
teaching quality in studies using video observations of classrooms may differ from
those using questionnaires (Senden et al., 2022).However, the key aspects of teaching
quality are very similar. The present study uses the framework of the three basic
dimensions (TBD) by Klieme and colleagues (Klieme et al., 2009; Praetorius et al.,
2018), as this has been tested and validated in several studies in Europe (Senden
et al., 2022, 2023).

Teaching quality refers to the aspects of teaching, more specifically the teachers’
behavior in the classroom, that in previous studies have been found to promote
learning outcomes (Baumert et al., 2010; Fauth et al., 2014). The TBD framework
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includes three main aspects of teaching. Classroom management, referring to main-
taining order and discipline in class and time on task, is the strongest predictor
of achievement (Marder et al., 2023). TIMSS included this measure in the student
questionnaire for the first time in 2019. Teacher support and clarity refers to both
social-emotional support and support for learning, aswell as clear and understandable
teaching (Praetorius et al., 2018). This second aspect of teaching has been found to
be a stronger predictor of student motivation than student achievement (Fauth et al.,
2014; Nilsen et al., 2018). The third aspect of teaching quality is cognitive activation,
which refers to challenging students to go beyondwhat they have learned, to promote
reflection, reasoning, and critical thinking. In mathematics, problem-solving is an
example of cognitive activation. In science, inquiry is a typical approach that would
challenge students cognitively, for instance, by making students plan and interpret
findings from an experiment (Teig et al., 2018, 2021). This aspect has been found
to promote student learning, although findings are mixed as it is hard to measure
(Baumert et al., 2010; Charalambous & Praetorius, 2020).

The TBD framework is a generic framework that works well across subject
domains, and all three aspects have been found to be relevant in both mathematics
and science (Fauth et al., 2014; Praetorius et al., 2018). However, cognitive activation
is more content specific than the other two (Praetorius et al., 2018).

7.2.2 Interaction Between the Teaching
and the Students—Limitations to Teaching Quality

The teaching that goes on in the classroom is not a one-way street; the quality
of teaching depends not just on the teacher, but also on the class. The classroom
composition matters. For instance, a classroom dominated by students who lack
prior knowledge, who do not speak the language well, or who are hungry or sleepy,
would limit high quality teaching (Kaarstein & Nilsen, 2021). Even if the teacher
is competent and usually provides high quality teaching, such limitations would be
challenging. Hence, considering such limitations when examining teaching quality
is necessary.

7.2.3 Homework

Findings from research on the effects of homework are mixed (Fernández-Alonso &
Muñiz, 2021; Gustafsson, 2013; Trautwein, 2007). This may be explained by several
factors, such as the type of homework. For instance, in mathematics, teachers may
provide homework that includes repetitions of tasks the students have done at school,
or they may provide cognitively challenging tasks that would require reasoning or
problem-solving. Further, the teacher may provide homework often, but could assign
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tasks that may be done quickly by students, or they could assign homework more
seldom but that could take the students a long time to complete. Low-achieving
students, and/or students from homes of low socioeconomic status (SES), usually
need longer time to complete a homework task than high-SES students (Gustafsson,
2013). The findings may also depend on the operationalization of homework, the
sampling design, the level of analyses, and the methods of analyses. For instance,
using data with a cross-sectional design, operationalizing homework by the number
of minutes students spend on homework, and analyzing the effect of homework on
achievement at the student level, may produce negative regression coefficients. Low
achieving students often usemore time on homework, and hence, a longitudinal study
would be needed to control prior achievement to enable reliable results. However,
with data aggregated to the class-level, the impact of characteristics of individual
students is reduced, and the influence of teacher-assigned homeworkmaybe expected
to be more pronounced (Gustafsson, 2013).

7.3 Research Questions

The overarching aim of the present study is to investigate whether changes in teacher
practices are related to changes in science and mathematics achievement from 2011
to 2019. Seeing how Norway changed the target grade in 2015 from grade four to
grade five, the aim forNorway differs somewhat, andwe investigate whether changes
in teacher practices are related to changes in science and mathematics achievement
over time (from 2011 to 2015) and/or changes in achievement from grade four to
five.We address this aim more specifically through the following research questions:

1. How have teacher practices changed from 2011 to 2019?
2. Are changes in teachers’ practices related to changes in achievement? In Sweden,

Denmark, and Finland the changes in achievement refer to changes from 2011 to
2019, while in Norway, the changes in achievement refer to changes from 2011
to 2019, and/or changes from grade four to five.

Achievements have increased in some countries during this time span and
decreased for others. For the countries where achievements have increased, this
could be related to an increase in one or several of the teachers’ practices. In other
words, the increased achievementsmay be explained by better teaching practices over
time. For this to happen, then the increased achievement must be related to increased
teacher practices. The same is true for decreased achievements and teacher practices.
If teacher practices have not changed, or if they are not related to achievement, they
cannot explain any changes in achievement.
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7.4 Methodology

7.4.1 Data and Sample

The data used in the present study is achievement and questionnaire data from repre-
sentative samples of students from Sweden, Norway, Finland, and Denmark as well
as their teachers. These data are retrieved from three cycles of TIMSS: 2011, 2015,
and 2019. In Sweden, Finland, and Denmark, the students who participated were in
grade four. In Norway, the target grade changed in 2015 from fourth to fifth grade, so
that the present sample includes Norwegian fourth graders in 2011, and fifth graders
in 2015 to 2019. The reason why the target grade changed from grade four to five in
Norway, was because the Norwegian students in grade four were one year younger
than students in grade four in the other Nordic countries. This is because Norwegian
students start school the year they turn six years old, while students from the other
Nordic countries start school the year they turn seven years old. Hence, to compare
Norwegian results fromTIMSSwith that of other Nordic countries, Norway changed
the target grade to grade five. This means that findings from Norway need a different
interpretation. Part of the explanation for the increased achievement in Norway from
2011 to 2019, is that studentswere older and had onemore year of schooling (Olsen&
Björnsson, 2018). For instance, if findings show that teacher practices explain part
of the changes in achievement, it means that teacher practices may explain changes
in achievement across time and/or across grades. For descriptions of TIMSS data,
including sampling, plausible values, and weights, please see Chap. 3.

7.4.2 Measures

Some of the measures in the TIMSS questionnaires have changed over time, espe-
cially teaching quality. To be able to compare measures across time, only items that
have stayed the same over time are included.

Teacher practices

Several variables were used to measure the different aspects of teaching quality.
Teacher support and clarityweremeasured by students’ responses to their perceptions
of their teachers (e.g., I know what my teacher expects me to do, my teacher is
easy to understand). Cognitive activation in mathematics was measured by teachers’
responses to how often they ask students to do various tasks (e.g., listen to me
explain how to solve problems, work problems together in the whole class with
direct guidance from me). The same question was asked for science (e.g., observe
natural phenomena such as the weather or a plant growing and describe what you
see, design or plan experiments or investigations). Classroom management was not
introduced before 2019 and was thus excluded from the study.
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Limitations to teaching were measured by teachers’ responses to the extent their
teachingwas limited by various challenges (e.g., students lacking prerequisite knowl-
edge or skills, students suffering from lack of basic nutrition, students suffering from
not enough sleep).

There were two measures for homework. The first is related to how teachers use
the homework, and this was measured by teachers’ responses to how often they
do the following with the homework: correct assignments and give feedback to
students, discuss the homework in class, monitor whether or not the homework was
completed. In addition, the teachers were asked how often (frequency) and howmany
minutes of homework they assign. To create an estimate of time spent onmathematics
homework, an algorithm was created which multiplied the categories in the teacher
questionnaire of frequency and time into an estimate of minutes spent on homework
eachweek by each student (seeGustafsson, 2013, for a description of this procedure).
In a parallel fashion an algorithm for estimating time spent on science homework
was created.

A relatively large number of teachers reported that homework was never assigned,
and particularly so for science. The proportion of teachers reporting any homework in
mathematics was for Denmark 72%, Finland 86%, Norway 68%, and Sweden 65%.
For science, the proportion of teachers reporting any homework was for Denmark
less than 10%, Finland 88%, Norway 34%, and Sweden 33%. Thus, for science
only, Finland assigns homework to such an extent that meaningful analyses can be
conducted from the data. Formathematics, resultsmust also be cautiously interpreted,
given that only about two thirds of the students in Denmark, Norway and Sweden
were assigned any homework.

7.4.3 The Analytical Approach

The method of analyses in this study resembles that of longitudinal growth models
(Murnane & Willett, 2010) but adjusted to examine trend analyses.

Causality and causal language. The method of analyses implemented in this
study utilizes merged data from three cycles. The method is far more robust than
analyzing one cycle of an ILSA with cross-sectional data, or by analyzing data from
each cycle separately, and then comparing results across time. The present method
enhances the plausibility of causal inferences. That being said, the design is not truly
longitudinal, as the same students are not followed over time.Yet, taking advantage of
the representative samples and the trend-design of TIMSS—where achievements are
scaled to enable comparisons across time—the reliability and validity of inferences
is enhanced.

Still, this is not a randomized controlled trial, and hence, the inferences are not
strictly causal. This means there is a need to examine the findings in light of previous
research, and to consider omitted variables that may introduce bias. This further
implies that causal language should not be used. However, this book is aimed at
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Time Achievement 
c

Fig. 7.1 The effect of time on achievement using the null model. Note The regression coefficient
is c

education policy, stakeholders, and researchers. To clarify advanced methodolo-
gies, terms like effect are used to describe the relationship between predictors and
outcomes. Nevertheless, both in this chapter and the conclusions, it is emphasized
that the inferences are not based on causal relationships.

The analytical approach. The approach in the present chapter is that of a struc-
tural equation model (SEM) with mediation, and we use the software Mplus for the
analyses (Muthén & Muthén, 1998–2017). A dummy variable called Time is coded
0 for 2011, 1 for 2015, and 2 for 2019. In a null model we first examine changes in
achievement over time as described in Fig. 7.1.

The regression coefficient c reflects how achievement has changed over time and
describes the slope of the effect of time on achievement.

The idea is to examine whether there are other factors that may “explain” changes
in achievement, besides the passing of time. In this case, we wish to examine whether
teacher practices may explain changes in achievement. We do this by examining
whether teacher practicesmaymediate the effect of time on achievement as illustrated
in Fig. 7.2.

If an aspect of teacher practices (e.g., teaching quality) mediates the effect of time
on achievement, this means that changes in teacher practices are related to changes
in achievement, and it may indicate that changes in teacher practices explain changes
in achievement over time.

If teacher practices have improved over time, the regression coefficient a would
be positive, and if it is positively related to achievement, it means the regression
coefficient b is positive. If both coefficients a and b are statistically significant, then
the conditions for mediation are present. Whether or not the mediation is significant,

a

Time Achievement

Aspect Teacher 
Prac ces

c’

b

Fig. 7.2 Hypothesized mediation model in which aspects of teachers’ practices mediate the effect
of time on achievement
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is tested inMplus through the commandModel indirect. This so-called indirect effect
is themain focus of the present study, as it tells uswhether, and towhat extent, teacher
practices may mediate (or “explain”) changes in achievement.

Seeing how the aim is to explain changes in students’ achievement over time, and
not differences in achievement between classes, the analyses are done at the student
level. However, to take into account the hierarchical design of the data where students
are nestedwithin classes that are nestedwithin schools, and to avoid under-estimation
of standard errors, we use the option in Mplus called “TYPE = COMPLEX” where
the data are clustered at the class-level. This way, the analyses take the hierarchical
clustering of students into account. With regards to socioeconomic status (SES), it
is a fixed effect, as it does change over time and is hence redundant in the analyses.

7.5 Results

In regard tomeasures of reliability and validity, themodel fitwas good (i.e., satisfying
the cut-off points: the root of mean square error approximation [RMSEA] < 0.05,
comparative fit index [CFI] > 0.95), and the factor loadings of the latent variable
were between 0.51 and 0.92.

The nullmodel.Before introducing themediator and predictor of teacher practices,
we examined the effect of time on achievement. The results reflect the slope of the
relation between time and achievement. If the regression coefficient is positive, it
means that achievement increased over time, and a large positive coefficient would
reflect a large increase. Table 7.1 shows the results of the null model for science and
mathematics.

The findings show an increase in science andmathematics achievement from 2011
to 2019 for Sweden and Norway. For Norway, part of the large increase was because
the target grade changed from grade four to five in 2015 (Olsen & Björnsson, 2018).
For Finland and Denmark, the achievements decreased in both subject domains.
These findings are in line with the international TIMSS report (Mullis et al., 2020).
However, Table 7.1 reflects regression coefficients for the slope of changes over two
cycles. The actual changes in achievement are available in Chap. 1.

The full model. The results of the analyses examining relations between changes
in teacher practices and changes in achievement are provided in Table 7.2 for science
and Table 7.3 for mathematics. These results are depicted as text and symbols, the
numbers are provided in Appendices 1 and 2.

Table 7.1 Regression coefficients for the effect of time on achievement

Subject domain SWE NOR FIN DEN

Science 5.3* 22.1* − 6.3* − 3.1*

Mathematics 11.3* 22.6* − 6.1* − 6.1*
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Science. In Table 7.2, the results are provided for the different teacher practices.
In the first two rows, we explain in detail the first two aspects of teacher prac-
tice, clarity of instruction and cognitive activation, and thereafter we only comment
on noteworthy findings. The first aspect of teacher practice, clarity of instruction
(reported by students), has a positive and statistically significant relation to science
achievement in Norway (small effect) and Finland (medium effect), while findings
for Denmark and Sweden were not significant. Students’ perception of clarity of
instruction decreased from 2011 to 2019 in all countries, except for Finland. This
means that students perceived the instruction as less clear in 2019 than in 2011. To
address the main focus of the present study, i.e., whether changes in teacher practices
are related to changes in achievement, changes in the clarity of instruction were only
significantly related to changes in achievement in Norway. In Norway, the slope
of the relation between time and achievement was about 22 points, meaning that
achievement increased by 22 points from 2011 to 2019 (where parts of this large
increase in achievement is explained by the change of target grade from grade four
to grade five). The indirect effect was negative and about one point. This may indi-
cate that Norway could have increased their achievement by 23 points (rather than
22 points) had it not been for the decrease in clarity of instruction. This relation,
between changes in clarity of instruction and changes in achievement, could indicate
that decreased clarity of instruction may explain changes in achievement over time,
and/or changes in achievement from grade four to grade five.

Cognitive activation in science, more specifically inquiry, as reported by teachers,
had a significant and positive relation to science achievement in all countries, except
for Denmark. However, it only changed significantly over time in Sweden and
Norway. It decreased in Sweden and increased in Norway, meaning that teachers
reported providing less inquiry-based teaching in 2019 than in 2011 in Sweden. In
Norway, it could mean that teachers provided more inquiry-based teaching in 2019
than in 2011, and/or that teachers provided more inquiry-based teaching in grade five
than in grade four. In both these countries these changes were significantly related
to changes in achievement. The relation between time and achievement in Sweden
was about five points, meaning that achievement increased by five points. The indi-
rect effect was negative, and about one point. This may indicate that Sweden could
have increased their science achievement by six points (rather than five points), had
it not been for the decrease of cognitive activation. In Norway, the indirect effect
was positive and about two points. This may indicate that Norway would only have
had an increase of 20 points in their science achievement (rather than 22), had it
not been for the increase in cognitive activation. This relation between changes in
inquiry-based teaching and changes in achievement could indicate that the increase in
cognitive activation may explain changes in achievement over time, and/or changes
in achievement from grade four to grade five.

Table 7.2 further provides results on limitations to teaching, howhomework is used
in class, and the time and frequency of homework. For these, there are two noteworthy
findings. First, limitations to teaching worsened in all countries, meaning that the
teachers’ reported that the following aspects limited instruction more in 2019 than
they did in 2011: more students lacking sleep, more students being hungry in school,
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less students with prior knowledge, and more students disturbing and being less
interested in the instruction. This negative change is related to changes in achievement
over time. In Sweden, limitations to teaching decreased achievement by seven points,
inNorway by three points, in Finland by nine points, and inDenmark by seven points.
Thismeans that, for instance, Finland could have turned their decreased achievement,
to increased achievement. For Norway, changes in limitations to teaching could
explain either changes in achievement over time or over grades, or both. Second, the
data show that very little science homework was assigned in grade four. Except for
Finland, most students were not assigned any homework at all and for those who
do get homework the assignments only require between three and 11 min of work
each week. Even for Finland, where 88% of the students were assigned homework,
the weekly average spent on science homework was eight minutes, or less than two
minutes per day. Such small doses of science homework can hardly be expected to
yield any significant effect, because of low statistical power. As expected, there was
no significant indirect effect of homework on science achievement. The means of
homework for the Nordic countries, and how these change over time, is provided in
Fig. 5.3 in Chap. 5.

Mathematics. Table 7.3 provides results for relations between changes in teacher
practices and changes in mathematics achievement. As for science, in the first two
rows we also explain in detail the first two aspects of teacher practice, clarity of
instruction and cognitive activation, and thereafter we only comment on noteworthy
findings for mathematics. The first aspect of teacher practice, clarity of instruction
(reported by students) has a positive and significant relation to mathematics achieve-
ment in all countries. Students’ perception of clarity of instruction decreased from
2011 to 2019 in all countries, except for Finland. For Norway, clarity of instruc-
tion could have changed over time or over grades, or both. Changes in clarity of
instruction were significantly related to changes in achievement in all countries. In
Sweden, Norway, and Denmark the indirect effects were negative, while in Finland
it was positive. This means that Norway and Sweden’s inclining achievements may
have increased even further, and Denmark’s achievement could have declined less,
if clarity of instruction had increased rather than decreased for these three countries.
In Finland, on the other hand, clarity of instruction increased, and this may have
prevented a further decrease of their achievements.

Cognitive activation in mathematics was not significantly related to mathematics
achievements in any of the countries. This is probably due to the low validity of the
construct that only includes two items. However, it increased significantly over time
in Sweden. In Norway it decreased, either over time or over grades, or both. There
were no significant indirect effects, meaning that changes in cognitive activation are
not related to changes in achievement.

Table 7.3 further provides results on limitations to teaching, how homework is
used in class, and the time and frequency of homework. As for science, there are two
noteworthy findings. First, limitations to teaching worsened over time in all countries
(in Norway it decreased over time and/or from grade four to five). This means that
the teachers’ reported that the following aspects limited instruction more in 2019
than they did in 2011: more students lacking sleep, more students being hungry
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in school, less students with prior knowledge, and more students disturbing and
being less interested in the instruction. This negative change is related to changes in
achievement over time (and/or change in grades in Norway). In Sweden, limitations
to teaching decreased changes in achievement by six points, in Norway, by three
points, in Finland by nine points, and in Denmark by six points. This means that,
for instance, Finland could have turned their decreased achievement, to increased
achievement. Again, changes in limitation to teaching in Norway, could be related
to changes in achievement over time and/or grade.

The amount of homework assigned in mathematics was somewhat larger than in
science, and particularly so for Norway and Denmark (24 and 14 min, respectively).
The weekly mean was 13 and nine minutes for Finland and Sweden, respectively. No
significant indirect effect of homework was found for mathematics, but for Sweden
an effect of 1.4 (t = 1.92) was found. However, until this borderline significance has
been replicated it should be regarded as a chance effect, given the large number of
statistical tests conducted.

7.6 Discussion

7.6.1 Interpretation of Findings and Discussion in Light
of Previous Research

Relations to achievement. In bothmathematics and science, there is a strong pattern of
positive and significant relations between teacher practices and student achievement,
except for homework where there were no/few significant findings. The positive,
significant relations between clarity of instruction and student achievement in both
subject domains are in line with previous research (Fauth et al., 2014; Nilsen et al.,
2018). The relation between cognitive activation and achievement was only positive
and significant in science but was insignificant in all countries in mathematics. In
science, cognitive activationwasmeasured in terms of inquiry, and the positive results
have been identified in previous research (Teig et al., 2018). The measure of inquiry
has remained the same across all cycles and includes five items. The measure of
cognitive activation in mathematics, however, has changed substantially over time;
only two items were equal over time (i.e., how often the teacher asks the students to:
“listen to me explain how to solve problems,” and “work problems (individually or
with peers) with my guidance”). The validity of this measure is hence very low, and
we believe this may explain the insignificant findings.

Besides the aspects of teaching quality, there was also a strong pattern of signifi-
cant and positive relations across all countries and in both subject domains between
limitations to teaching and student achievement. This means that students with
teachers who perceived less limitations to teaching, perform better. This finding
is supported by previous research (Kaarstein & Nilsen, 2021; Vik et al., 2022a).
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Changes in teacher practices over time. In regard to changes in clarity of instruc-
tion, there is a clear pattern across both subject domains: students perceive their
teachers to provide less clear instruction in 2019 than in 2011. The exception is
Finland: in mathematics, Finnish students perceive their teachers to provide clearer
instruction in 2019 than in 2011, while there are no significant changes in science.

However, there is no clear pattern of findings for cognitive activation, except that
in both subjects there are no significant changes in Denmark or Finland. In science,
teachers reported implementing inquiry practices more often in 2019 than in 2011
(and/or in grade five than in grade four) in Norway, and less often in Sweden. In
mathematics, teachers reported implementing cognitive activation less often in 2019
than in 2011 in Norway (and/or in grade five than in grade four) and more often in
Sweden. These opposite results and lack of patterns across mathematics and science
are not surprising, due to the aforementioned low validity of the measure of cognitive
activation in mathematics.

Findings on limitations to teaching show a clear pattern; a negative change in all
countries. Thismeans that teachers reportedmore limitations to teaching in 2019 than
in 2011 (and/or more limitations to teaching in grade five than grade 4 in Norway).
The samples in TIMSS are representative, so this could imply that the composition
and habits of the populations of students have changed over time. To a large extent,
this is backed by previous research; students’ habits in terms of gaming and social
media have changed over time, and this could cause lack of sleep (Vik et al., 2022b).
Moreover, there was a larger number of minority students who did not speak the
language of the test as well as majority students did in 2019 as compared to in 2011
(Mullis et al., 2020). However, more research is needed to investigate how the student
population has changed over time, and the consequences of this change.

Changes in teacher practices related to changes in student achievement. Clarity
of instruction decreased over the time period for all countries except for Finland.
However, if the change is not related to achievement, and if there is no significant
indirect effect, this change cannot explain changes in achievement. For science, the
indirect effect was only significant for Norway, and the effect was small and negative
(one point). Norway’s increased achievement of 22 points (due to changes in time
and/or grade), would have been 23 points had it not been for the decrease in clarity of
instruction. For mathematics, on the other hand, the changes in clarity of instruction
were related to changes in achievement in all countries. This could indicate that
clarity of instruction is more important for student achievement in mathematics than
in science. This is indeed confirmed by our findings through the stronger relations
between clarity of instruction and achievement inmathematics than in science.While
clarity of instruction is also important in science (Nilsen et al., 2018), it could be that
other aspects of teaching quality are also important in science, such as inquiry-based
teaching. Our findings confirm that the aspect of cognitive activation (inquiry), is
positively associatedwith student science achievement, as has been found in previous
research (e.g. Teig et al., 2018). This aspect of teaching quality in science only
changed over time in Sweden and over time and/or grade in Norway. In Sweden, the
increase in achievement would have been one point, had it not been for the decrease
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in inquiry. In Norway, the increase in inquiry explained two of the 22 points of their
increased achievement over time and/or grade.

The analyses of effects of time spent on homework in science and mathematics
did not yield any significant effects. However, this lack of findings must be inter-
preted cautiously, given that only limited amounts of homework were assigned to
students, and particularly so for science. The fact that only a few students were actu-
ally assigned homework caused the statistical power to be limited, in spite of the
relatively large samples of students involved in the study.

The most striking results of our analyses are those of limitations to teaching.
As pointed out earlier, less limitations to teaching were positively associated with
achievement, but in all countries, the teachers perceived more limitations to teaching
in 2019 than in 2011. If it had not been for this negative development of limita-
tions to teaching, Finland and Denmark could have turned their negative develop-
ments of achievements to the positive, and in Norway and Sweden, their increased
achievements would have been increased even more.

In conclusion, our findings indicate that while teaching quality is important for
student achievement, there have been no major changes in teaching quality, and
these small changes only explain minor parts of changes in achievement. However,
limitations to teaching have changed in all the Nordic countries, and this change
is strongly related to changes in achievements. In Norway, more in depth studies
of this have been published, where findings point to a negative development over
time; students got less sleep and were more often tired in school in 2019 than in
2015 (Kaarstein & Nilsen, 2021; Vik et al., 2022a, 2022b). Moreover, this explained
changes in achievement in mathematics and science (ibid). Further, the decrease in
how often students spoke Norwegian at home explained the decreased achievements
of eighth grade science students from2015 to 2019 (Lehre&Nilsen, 2021). Students’
conceptual understanding in science decreased during this time period (Lehre et al.,
2021). The decreased science achievement in eighth grade was further related to
more students being uninterested and interrupting the instruction, and more students
lacking prior knowledge (Kaarstein & Nilsen, 2021), as well as a less safe school
environment (Nilsen et al., 2022). The changes in the students’ habits and compo-
sition were confirmed by previous research that found: a negative development of
school environment (Wendelborg et al., 2020); increased challenges related to sleep
and nutrition (Vik et al., 2022a, 2022b); and an increase in the number of minority
students (Sentralbyrå, 2023). The findings from Norway from 2015 to 2019, support
the findings in the present study from 2011 to 2019, and may point to effects of
negative developments of limitations to teaching being associated with changes in
achievements over time rather than over grade.Moreover, two of the three timepoints
(i.e., 2015 and 2019) included students from the same grade.

However, further in-depth studies, preferably with longitudinal designs, are
needed to confirm these findings, especially in Denmark, Finland, and Sweden.



222 T. Nilsen and J.-E. Gustafsson

7.6.2 Limitations, Reliability, and Validity

The method used in the present study is more robust than analyses of one cycle
of TIMSS, and more robust than comparing results from separate analyses of each
cycle. Still, this trend study is based on cross-sectional data, and hence no causal
inferences can be made. The validity is low for some constructs, due to changes of
items in the construct over time. This is especially the case for cognitive activation
in mathematics.

Since Norway changed their target grade in 2015, it is hard to interpret whether
changes in teacher practices are related to changes in achievement over time or over
grades, or both. This weakens the inferences related to Norway. However, as pointed
out earlier, previous analyses for Norway from 2015 to 2019 regarding limitations
to teaching, support our findings on this in the present study.

7.6.3 Concluding Remarks, Contributions, and Implications

The main aim of the present study was to examine the relationship between changes
in teacher practices and changes in achievement over time. The findings indicate that
teaching quality matters for students, that clarity of instruction decreased somewhat
in all countries except in Finlandwhere it increased, and that these changes are related
to changes in achievement.However, changes in teachingquality only explain aminor
part of the changes in achievement. The increased limitations on teaching quality do,
however, explain a large part of the changes in achievement in all countries and in
both subject domains. This finding is a serious one and points to a need for further
research into why student composition and students’ habits in terms of sleep and
hunger at school have changed in the Nordic countries and what consequences this
may have.

This study contributes to the field of research on teacher practices and teaching
quality by confirming previous research from other countries (e.g. Baumert et al.,
2010; Charalambous & Praetorius, 2020; Darling-Hammond, 2000) in the context
of the Nordic countries. It further contributes to educational policy, stakeholders
and practice, and points to the need for helping students in terms of their interest in
mathematics and science, avoiding hungry students at school, and helping students
who lack the necessary language skills. Parents may help their children get sufficient
sleep, and researchers may want to further examine the impact of avoiding social
media and gaming on sleep deprivation (Vik et al., 2022b).
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Appendices

Appendix 1 How Changes in Teacher Practices Are Related
to Changes in Science Achievement Over Time
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Appendix 2 How Changes in Teacher Practices Are Related
to Changes in Mathematics Achievement Over Time
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Chapter 8
Equality in Content Coverage
in the Nordic Countries?

Sigrid Blömeke

8.1 Introduction

Systematic inequalities in student achievement are of concern in all Nordic coun-
tries. The state of research reveals, for example, substantial gaps in mathematics
achievement between children from families with high and low socioeconomic
status (SES) (Sandsør et al., 2021). It is rarely questioned that such inequalities
are caused by different family backgrounds of students. However, these provide
students with different prerequisites for succeeding at school and different support
during schooling. Which role schooling itself plays in contributing to socioeco-
nomic inequalities in student achievement is largely an open question, although such
research could point to malleable factors that either contribute to or could have the
potential to mitigate inequalities.

A feature of schooling that is discussed very little in this context is the content
taught to students, although students’ chance to learn a subject depends on the
content they are exposed to (Schmidt & McKnight, 2012). The role of “content
coverage” defined as the extent to which “students have had the opportunity to study
a particular topic” (Husén, 1967, p. 162) for socioeconomic inequalities in student
achievement in the Nordic countries has received limited attention in the existing
research. In principle, content coverage should largely be the same for all students
during compulsory schooling. Equal opportunities in a “School for All” has been
a cornerstone of the educational philosophy in the Nordic countries since after the
Second World War (Blossing et al., 2014). Students of all backgrounds should learn
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together, and education should be free and public (Bostad & Solberg, 2022). During
the 1950s to 1960s, all Nordic countries introduced comprehensive school systems
without formal tracking and since then, private schools have only been allowed to
a very limited extent (Antikainen, 2006). Furthermore, national curricula should
further ensure that all students receive equal opportunities to learn independently
from where they go to school or whom they are.

However, whether the reality of equal opportunities is in line with this ideal is an
open question since there is little research in this area. One may even argue that there
is no longer a “Nordic” model in education (Lundahl, 2016). The education systems
both in Denmark, Finland, Norway, and Sweden—the Nordic countries included
in the present study—have developed (to varying degrees) towards decentralization
and school choice. Among these countries, Sweden represents an extreme case in
these developments. In line with this development, studies have provided evidence
for increasing inequalities between schools with respect to educational resources
and teacher quality and in addition increasing inequalities in student achievement
(Buchholtz et al., 2020). This development may also include a risk of inequalities in
opportunities to learn in terms of content coverage—with theworst-case consequence
that schooling may contribute to inequalities instead of mitigating them.

On the other hand, themission of public education in all Nordic countries is still—
more or less explicitly—to increase social mobility and to contribute to equal societal
chances of every student (Opheim, 2004). Schools are therefore required to compen-
sate for student disadvantages caused by differences in their family background, with
the minimization of social differences as the objective (Imsen&Volckmar, 2014). To
use Denmark as an example, where the law states: “Folkeskolen skal mindske betyd-
ningen af social baggrund i forhold til faglige resultater” [The public school should
reduce the significance of social background in relation to academic outcomes].
(cf. Reimer et al., 2018). Similar regulations exist in all Nordic countries. More-
over, preparing teachers for supporting students in accordance with their individual
needs has become the focus of educational policy, as heterogeneity has increased
in the Nordic as in all other European countries. With respect to content coverage,
such a development could mean exactly the opposite of the concerns mentioned
above, namely providing additional content coverage for studentswith disadvantaged
backgrounds.

Based on the 2019 data from the Trends in Mathematics and Science Studies
(TIMSS), the present study examines whether inequalities in the content taught to
students exist in Denmark, Finland, Norway, or Sweden and whether these inequal-
ities are related to student SES. To address this aim, this chapter first describes any
variation in student SES and the mathematics content taught to students in the four
countries. Secondly, it examines whether the mathematics content taught varies by
students’ SES. Finally, this study formally tests the joint effect of SES and content
coverage on students’ achievement in mathematics.
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8.2 Conceptual Framework

8.2.1 Socioeconomic Inequalities

The socioeconomic status of students can be measured in different ways, depending
on the theoretical understanding of this construct and the data available. Based on
Bourdieu (1986), sociological theories often distinguish between cultural, economic,
and social capital. In principle, it is possible to assess all of these dimensions with
TIMSS data, and TIMSS also provides an index including all dimensions. However,
when it comes to relations to educational outcomes, research has provided evidence
that cultural capital might be more important than economic or social capital. These
results apply to the Nordic countries with their still relatively flat societal structure
in an international context and free public education (Møllegaard & Meier Jæger,
2015). Moreover, the TIMSS indicators of economic capital have large proportions
of missing data in several countries, which hampers the representativeness of the
results. The validity of the social-capital indicators and the validity and reliability
of the composite index have also been questioned (Ye et al., 2021). In this chapter,
we therefore focus on students’ cultural capital by utilizing the variable “number of
books at home”.

Wiberg and Rolfsman (2021) provided evidence for grade eight students in
Sweden that this TIMSS indicator is a valid representation of students’ backgrounds.
These researchers had the unique opportunity to link students’ TIMSS data to offi-
cial Swedish register data via students’ personal identification numbers, and they
found that both provided the same information. However, it has been argued that
younger students in grade four might not be fully capable of reliably providing this
information (Brese & Mirazchiyski, 2013). TIMSS provides information about the
number of books at home, both from students and from the parents’ responses. Newer
evidence with non-TIMSS samples supports greater validity of this source (Heppt
et al., 2022). However, the response rate of parents in TIMSS has turned out to be
rather low. Although there is no reason to believe that the respective limitations of
either the student or the parent indicator would play out differently across the Nordic
countries (which means that they do not bias the comparison; Reimer et al., 2018),
we address the concerns regarding validity and representativeness by combining
parents’ and students’ reports about the number of books at home. By combining
these sources, we are able to mutually compensate for the respective weaknesses.

8.2.2 Content Coverage

TIMSS distinguishes between the intended curriculum prescribed at the system level,
the implemented curriculum at the classroom level, and the attained curriculum as
students’ learning outcomes (Mullis & Martin, 2017). In line with these distinc-
tions, the intended curriculum can be assessed by analyzing national curricula, the
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implemented curriculum by asking teachers what they have taught, and the attained
curriculum by testing students on their achievement. Most of the curriculum research
has made use of the first approach, since there has been a general lack of large-scale
information on the specific topics taught by teachers (Schmidt et al., 2015). The
international large-scale assessments close this gap. In the present study, we use
teachers’ reports about the topics they covered in mathematics either taught this year
or the year before, versus not yet covered to assess the implemented curriculum
in Denmark, Finland, Norway, and Sweden. Mathematics has traditionally been a
domain accessible for international comparisons since a joint understanding about
content areas and topics exists. The list of topics has been developed by content
experts, and TIMSS has conducted a range of validity studies to make sure that
teachers’ reports provide meaningful information.

8.2.3 Inequalities in Content Coverage

There are different ways to examine inequalities in content coverage: One can, firstly,
look at the variance in topics taught to students with the underlying hypothesis that
the larger the variance, the less equal opportunities exist. Such a study can be done
at the individual student level and the aggregated (classroom or school) level. The
latter would indicate so- called composition effects, with the underlying hypothesis
that there are additional SES effects on content coverage if more students of the
same type of background are present in a class. Evidence in this respect exists for
societies with highly fragmented neighborhoods or school systems with tracking. In
the Nordic countries, however, with their comprehensive school systems up to the
end of lower-secondary school, and less fragmented societies, it is an open question
whether composition effects exist.

Secondly, one can examine the differences in content coverage by students’
socioeconomic background. Given that the state of research points to particular
advantages or disadvantages at the ends of the distributions, the student groups should
be defined rather than fine-grained. We distinguish between five groups, each repre-
senting one quintile of a country’s SES distribution (20%). This approach takes into
consideration absolute SES differences between the four Nordic countries and poten-
tial problems with measurement invariance of the SES measure. Low- or high-SES
background is defined relative to a country’s distribution, instead of using one fixed
SES threshold across countries. The results can thus be compared meaningfully,
relative to countries’ SES distribution (Ye et al., 2021).
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8.2.4 Socioeconomic Inequalities in Content Coverage
and Student Achievement

Socioeconomic inequalities in student achievement due to different family back-
grounds are a well-known phenomenon. If, in addition, inequalities in content
coverage exist by socioeconomic background and if content coverage is related
to student achievement, the inequalities could exacerbate the inequalities stemming
from student background. However, the relationship between SES, content coverage,
and student achievement is largely an open question with respect to the Nordic coun-
tries. This means that a risk exists of exaggerating SES effects and masking the role
of schooling if the models do not include potential inequalities in the topics taught
to students and just include their background. In line with Schmidt et al. (2015), we
test a mediation model, where student SES has an effect on achievement but also on
the content they are exposed to.

This is not the first study to apply the idea of effects of family background on
student achievement mediated by inequalities in education. However, while this is
a common approach in the USA, research on this topic in the Nordic countries is
scarce. It is not far-fetched to assume that this is related to the general belief of
equal opportunities for all children. We found only one study (Rolfe et al., 2021)
where this approach was applied to grade eight students in a large set of countries
including Finland, Norway, and Sweden. The present study with grade four students
will therefore enter largely uncharted territory.

8.2.5 Research Questions

The following research questions guide this study:

1. How much variance in student SES exists in the Nordic countries?
2. How much variance in content coverage in mathematics exists in the Nordic

countries? Are there differences across subdomains?
3. Are groups of students with different SES backgrounds exposed to different

amounts of topics taught in the Nordic countries? Are there differences across
content domains?

4. How much variance in mathematics achievement exists in the Nordic countries?
Do groups of students with different SES backgrounds have different levels of
mathematics achievement?

5. Are the effects of student SES on achievementmediated by inequalities in content
coverage?
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Table 8.1 Country-specific data

Country No. students No. classes/teachers Average class size

Denmark 3227 195 16.5

Finland 4730 321 14.7

Norway 3951 230 17.2

Sweden 3965 224 17.7

8.2.6 Methodology

Sample and Procedure

We utilized TIMSS 2019 data, in which one or more intact classes were selected
from randomly sampled schools via a two-stage stratified cluster sampling design
(Mullis &Martin, 2017). The raw data included, in most cases, one teacher per class.
For brevity, we also selected randomly one teacher per class in cases where there
were several teachers per class. The sample comprises fourth-grade students (N =
15,873) and their teachers (N = 970) from Denmark, Finland, Norway, and Sweden
(see Table 8.1 for the exact size of the samples). For Denmark and Norway, the
samples did not fully meet the required response rates, with teacher data available
for at least 70 percent but less than 85 percent of the students. Therefore, the results
have to be used with great care. Moreover, Norway collected data from grade five,
while all other Nordic countries collected data from grade four.1

Measures

Socioeconomic status of students

Student SES was assessed with the item “about how many books are there in
your home?” with five categories: 0–10, 11–25, 26–100, 101–200, and more than
200 books. Students and parents provided information to the item. Reliability was
moderate to good on the within level, and very good on the between level, in all
four Nordic countries: On the within-level, the two measures correlated at around
0.50–0.60 and on the between level at around 0.90. The individual student SES vari-
able (i.e., differences within classrooms) was created by averaging the information
from students and parents. In case one source was missing, the other one was used.
The class composition variable (i.e., differences between classrooms) was created
by aggregating the individual information on the between level.

1 Since TIMSS 2015, Norway has shifted the target population from grade four to grade five. In
Norway, formal education starts at age six with grade one, which means that students in grade
four are usually younger compared to their counterparts in many other participating countries. By
shifting the target grade, Norway aimed to match more closely the age of students being tested in
other countries.
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Content coverage

We used, firstly, the percentage of students taught the corresponding topics. This is
an index provided by TIMSS where teachers’ responses “mostly taught before this
year” or “mostly taught this year” were coded as 1 and then averaged across all
items belonging to the respective area, such as number in mathematics. Prompted by
“the following list includes the main topics addressed by the TIMSS mathematics
test. Choose the response that best describes when the students in this class have
been taught each topic”, teachers had to rate 17 mathematics items respectively that
covered three content domains:

• Seven items for number, e.g., “concepts of whole numbers, including place value
and ordering”.

• Seven items for measurement and geometry, e.g., “solving problems involving
length, including measuring and estimating”.

• Three items for data, e.g., “reading and interpreting data from tables, pictographs,
bar graphs, line graphs, and pie charts”.

Student Achievement

The TIMSS 2019 test for students in fourth grade included 175 mathematics items
resulting in 190 score points requiring students to use knowing (33%), application
(43%), and reasoning (24%) skills (Mullis & Martin, 2017). Forty-six percent of
the score points came from selected-response and 54% from constructed-response
items. The test covered three content domains, with 47% devoted to number, 31%
devoted to measurement and geometry, and 23% devoted to data. Since our objective
is to examine the effects of content coverage in the respect subareas, we will also
use the mathematics subscores provided by TIMSS for number, measurement and
geometry, and data.

8.2.7 Statistical Analyses

TIMSS 2019 data are available from the International Association for the Evaluation
of Education Achievement (IEA) database2. Statistical modelling was conducted
with Mplus version 8.8 (Muthén &Muthén, 2017). We used all five plausible values
provided by TIMSS based on students’ responses to the test items and conditioned
all available background data (Laukaityte & Wiberg, 2017). Maximum likelihood
estimation with robust standard errors (MLR) was applied, and missing data were
handledwith the full informationmaximum likelihood (FIML). TheNordic countries
were included simultaneously by implementing a multigroup model. To evaluate the

2 TIMSS 2019 data can be accessed from the IEA database (https://timss2019.org/international-dat
abase/).

https://timss2019.org/international-database/
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model fit, we used common guidelines with respect to a series of fit indices (Marsh
et al., 2005). Weights were used in line with Rutkowski et al. (2010).

8.3 Results

RQ 1: Variance in student SES in the Nordic countries

In all four Nordic countries, there were on average enough books at home to fill
one bookcase, which means roughly between 26 and 100 books (see Table 8.2).
There were significantly fewer books at home in Denmark than in the other three
countries. Student background was more heterogenous in Sweden than in Denmark
and Norway, and in all three countries more heterogenous than in Finland.

RQ 2: Variance in mathematics content coverage in the Nordic countries

Mathematics teachers in Sweden reported significantly fewer topics taught to grade
four students than teachers in Norway, and these again were significantly fewer than
teachers in Denmark and Finland (see Table 8.3).

Table 8.2 Mean student SES based on parent and student information (standard error)

Country Min–max M (SE) Variance

Denmark 0–4 2.00 (0.02) 1.24

Finland 0–4 2.20 (0.01) 1.00

Norway 0–4 2.22 (0.02) 1.25

Sweden 0–4 2.20 (0.02) 1.34

Notes 0=None or very few (0–10 books), 1= Enough to fill one shelf (11–25 books), 2= Enough
to fill one bookcase (26–100 books), 3 = Enough to fill two bookcases (101–200 books), 4 =
Enough to fill three or more bookcases (more than 200)

Table 8.3 Mean percentages of students taught mathematics topics (standard error)

Country Mathematics Number Geometry Data

Denmark 77 (1.1) 84 (1.3) 75 (1.5) 62 (2.8)

Finland 77 (1.0) 93 (0.8) 69 (1.5) 58 (2.5)

Norway 70 (1.5) 77 (1.7) 60 (2.2) 78 (3.7)

Sweden 65 (1.5) 72 (1.4) 57 (2.4) 68 (3.7)

Note Source: Mullis et al. (2020)
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In Denmark and Finland, number topics are very pronounced in relation to the
average amount of mathematics topics, while students are less exposed to data topics.
The pattern is different in Sweden and Norway where data is very pronounced in
relation to the average amount of mathematics topics, while students are less exposed
to geometry topics.

The between-classroom variance reveals that there is large variation in the amount
of number topics taught in Denmark, Norway and Sweden, while the amount of
number topics taught in Finland are relatively homogenous across different class-
rooms (see Table 8.3 and Fig. 8.1). The variance is in all countries larger when it
comes to geometry and measurement, and again even larger when it comes to data.

RQ 3: Inequalities in mathematics content coverage in the Nordic countries

With respect to the content covered in Denmark, there is the same tendency visible
in all three content domains (see Fig. 8.2): The number of topics taught to grade four
students increases by students’ SES.
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Fig. 8.2 Content coverage in mathematics in Denmark by SES quintiles



240 S. Blömeke

50

55

60

65

70

75

80

85

90

95

OTL Number OTL Geometry OTL Data

Pe
rc

en
ta

ge
s 

of
 s

tu
de

nt
s 

ta
ug

ht
 th

e 
co

nt
en

t d
om

ai
n FIN20

FIN40

FIN60

FIN80

FIN100

Fig. 8.3 Content coverage in mathematics in Finland by SES quintiles

The data for Finland reveal a relatively balanced SES profilewith a slight tendency
of covering more topics at the upper end of the SES specter. This applies to all three
content domains of mathematics (see Fig. 8.3).

With respect to Norway, there seems to be a tendency that more number topics are
taught to higher SES students (see Fig. 8.4). In contrast, there is no clear tendency
for geometry or data—if at all, there is a tendency of more content coverage at the
lower and upper ends of the SES specter.

Finally, there is no clear pattern for Sweden (see Fig. 8.5). If at all, one could infer
a tendency of fewer topics taught to high-SES students in all three subdomains.
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Fig. 8.5 Content coverage in mathematics in Sweden by SES quintiles

RQ 4: Mathematics achievement in the Nordic countries

The average achievement level in mathematics was highest in Norway (grade five
students) and lowest in Denmark and Sweden, with Finland in the middle (see
Table 8.4). All four Nordic countries typically score lower in the number content
domainwhile they do better in geometry, relative to their averagemathematics scores.
Denmark stands out with the largest differences between geometry and average
mathematics achievement, whereas no such difference was found in Sweden.

If one splits up the variance inmathematics achievement intowithin- and between-
school variance, the data reveal that Finland, Sweden, and Norway have larger
between-school variance than Denmark (see Fig. 8.6).

The distribution ofmathematics achievement per student group reveals that SES is
clearly related to achievement in all Nordic countries (see Fig. 8.7). It is particularly
noteworthy how similarly large the gaps are between students from the lowest and
the highest quintiles of the SES distributions and how evenly the gaps increase by
percentile.

Table 8.4 Student achievement in mathematics and its content domains

Country Mathematics Number Diff. Geometry Diff. Data Diff.

Denmark 525 (1.9) 518 (2.1) − 7 (1.1) 536 (2.4) 12 (1.8) 525 (2.3) 1 (1.5)

Finland 532 (2.3) 528 (2.3) − 4 (1.0) 538 (3.0) 6 (2.2) 534 (2.8) 2 (1.8)

Norway (5) 543 (2.2) 540 (2.0) − 3 (1.0) 546 (2.8) 4 (1.5) 547 (3.2) 4 (2.4)

Sweden 521 (2.8) 517 (2.9) − 4 (1.4) 521 (3.4) 0 (1.7) 527 (3.5) 6 (1.8)

Source Mullis et al. (2020)
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RQ 5: Effects of SES and content coverage on mathematics achievement

Results from themediationmodel that jointly estimates the effects of SES and content
coverage on grade four students’ achievement in mathematics are documented in
Table 8.5.

On thewithin-classroom level, achievement has little variation that is significantly
related to student SES in all three content domains for mathematics and in all four
countries (as displayed in Fig. 8.7).

On the between-classroom level, students’ achievement is strongly related to SES
in all domains and countries aswell. Such a composition effect indicates an additional
effect of how similar students’ SES is in a class beyond individual SES effects,
meaning the higher a class’s average SES is, the higher its average achievement is.
Vice versa, the lower students’ average SES is in a class, the lower their achievement
is. Note the particularly strong composition effect of SES on achievement in all three
domains in Finland.
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Student achievement is also significantly related to the content students have been
exposed to. This applies to all three content domains in Denmark, while the degree
varies in the other three countries from not significant at all to effects of medium
size.

With respect to inequalities in content coverage, one needs to distinguish between
countries and content domains of mathematics. In Finland, the data do not reveal
systematic relations between student SES and the number of topics taught in the
different domains. Consequently, nomediation effects of content coverage exist. This
means that the slight upwards tendencies visible in Fig. 8.3 are not large enough to
be regarded as systematic gaps in opportunities to learn.

As displayed in Fig. 8.2, Danish teachers have on average taught more topics
on number and geometry to high-SES classrooms than to low-SES classrooms. The
corresponding indirect effect on student achievement is significant in geometry. A
similar tendency is visible in data but not large enough to be regarded as systematic.

The data for Norway and Sweden again reveal different results. Whereas most of
the relations displayed in Figs. 8.4 and 8.5 are not strong enough to be statistically
significant, Norwegian students from lower socioeconomic backgrounds are more
often exposed to topics on data than students fromhigher SES backgrounds.A similar
tendency exists in Sweden for number topics. However, none of the effects are large
enough to state an additional mediation effect on student achievement.

8.4 Discussion

The Nordic countries strive to provide equal learning opportunities for all students.
However, the reality looks quite different both in Denmark, Finland, Norway, and
Sweden. All four countries have systematic gaps in grade four students’ individual
achievement in mathematics, and the gaps are with little variation and strongly relate
to students’ SES. The causes of these relations are difficult to identify. The present
chapter may provide some preliminary answers based on cross-sectional data:

1. The variation in students’ SES points to much larger socioeconomic differences
in Sweden than in Denmark, Finland, and Norway. This result confirms earlier
studies that the Swedish schools in Sweden have become more fragmented
(Yang Hansen & Gustafsson, 2016). A number of reasons for this development
exist. However, it is noteworthy that the relationship between achievement and
SES is not stronger in Sweden than in the other three countries. One could
interpret this as an indicator for schools’ success in striving for providing equal
opportunities (Trumberg et al., 2022).

2. Nevertheless, strong composition effects of SES on achievement exist in all
Nordic countries. This means that individual SES effects are exacerbated by the
similarity of students’ SES background in a classroom: The more homogenous
students are, the higher or lower a classes’ achievement is, outside of individual
differences. This applies to all three TIMSS content domains for mathematics in
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Finland, a surprising result given most of the discussions in the literature where
“success through equity” (Ahonen, 2021) is assumed. However, as pointed out
by Yang Hansen and Gustafsson (2014) substantial differences in achievement
between classrooms exist in Finland based on TIMSS 2011 data. Furthermore,
Finnish researchers showed in their TIMSS 2019 national report (Vainikainen &
Harju-Luukkainen, 2020), that a big proportion of this variance can be explained
by classes where most of a school’s students with special needs are compiled
together (Sundqvist & Hannås, 2021) and through selective classes with an
emphasis on language, arts, or sports where intake is based on an aptitude test
(Kosunen&Seppänen, 2015). The strong composition effects of SES on achieve-
ment therefore indicate that equal opportunities to learn are a myth in the case
of Finland but that tracking within schools related to student SES3 exists.

3. With respect to content coverage, the data about the mathematics topics taught
to grade four students reveal remarkably different amounts and profiles in the
Nordic countries. A sharp distinction exists betweenDenmark and Finland on the
one hand and Norway and Sweden on the other hand. In the first two countries,
more mathematics topics are taught to grade four students than in the latter two
countries. In addition, there is a pronounced exposure to the number content
area, whereas students in Norway and Sweden are exposed to more topics on
data. Finally, the variance is much larger in Norway and Sweden compared to
Denmark and Finland. These results point to a clear idea of mathematics as a core
school subject, where basic number skills need to be taught extensively during
the first years of primary school to provide a solid foundation for later success in
Denmark and Finland. In contrast, there is disagreement between teachers and
schools in Norway and Sweden about how much mathematics and which topics
to teach to grade four students, while favoring the data content domain—which
probably due to its association with real-world applications.

4. Similar amounts of mathematics and similar profiles of content exposure do not
mean that there are similar effects on outcomes. In Denmark, strong socioeco-
nomic inequalities in content coverage exist. The higher students’ SES is, the
more content they receive for number and geometry topics, with an additional
indirect effect of SES on student achievement in geometry. This means that
schooling linearly exacerbates the SES effects of students’ family background.
The results for Finland in contrast do not point to increased linear differences
in content coverage between classes with higher and lower SES students. Thus,
there is no additional indirect effect of SES due to this feature of schooling (see
footnote 1 for one potential explanation). If the increase is not linear from low-
to high-socioeconomic students, traditional linear modelling cannot estimate an
effect. Non-linear modelling would be more appropriate.

3 Note that this does not necessarily mean that schooling exacerbates socioeconomic inequalities
in mathematics achievement. Imagine for example a scenario where high-SES students are concen-
trated in selective classes with an emphasis on language, arts, or sports where they receive fewer
mathematics lessons. This only would reduce socioeconomic inequalities. Imagine in addition that
students in special needs classes receive a lot of individualized support adjusted to their needs in
learning mathematics.
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5. The data for Norway and Sweden again reveal different results. Most of the rela-
tions between SES and content exposure are not statistically significant. This can
be because of two reasons: the effects are not strong enough, or there may also be
non-linear relationships withmore content at the lower and upper ends of the SES
specter. The descriptive results point to this hypothesis. Moreover, Norwegian
students from lower socioeconomic backgrounds are significantly more often
exposed to data topics than students from higher SES backgrounds. A similar
tendency exists in Sweden for number topics. Such results may point to compen-
satory approaches by schools and teachers to provide additional opportunities
for disadvantaged students in terms of data.

These results and their interpretations reveal that the seriousness of the challenges
regarding content coverage varies in theNordic countries andby content domain. This
is particularly interesting given such differences should not exist in education systems
that offer comprehensive schools and/or compensate for family disadvantages. An
obvious mechanism that plays here may be school fragmentation. Fragmentation
could mean differences in continuous family support or in teaching quality so that
students learn more or less of the content.

8.4.1 Limitations

One potential limitation of this study is that the opportunity to learn (OTL) may not
be directly related to achievement for several reasons. Students could learn content
elsewhere, teachers may not accurately report content coverage, and the items may
be phrased in such a way that teachers fail to recognize their correct meaning.

Content coverage was assessed via teacher reports, which may be prone to bias in
terms of differential benchmarks and accuracy. Teachersmay have forgotten ormisre-
membered the content they taught, potentially skewing the results. Daus and Braeken
(2018) note that teachers may interpret the term “covered” differently depending on
the level of detail they associate with it. Additionally, not all topics are taught by
one teacher in every country, which may affect the results. This variability in inter-
pretation can introduce inconsistencies in the data and make it difficult to draw firm
conclusions about the relationship between OTL and achievement.

While the data in this study is correlational, Schmidt et al. (2015) argue that in
mathematics, OTL and achievement are cumulative by nature, allowing for causal
interpretations. Due to the hierarchical structure of mathematics, it is unlikely that
more advanced topics are taught before basic ones. This means that even though the
data is correlational, the cumulative nature of mathematics learning allows for some
level of confidence in interpreting the results as causal relationships.

Additionally, the quality of the OTL might not be sufficient to foster student
learning. Factors such as classroom environment, teaching materials, and access to
resources can all impact the quality of the OTL. In this context, teaching quality
could also serve as a mediating factor between OTL and student achievement.
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Finally, the concept of “socioeconomic background” is limited to cultural capital,
which can be argued as the most proximal socioeconomic indicator to student
learning. However, this limitation should be acknowledged, as other aspects of
socioeconomic background, such as financial resources or parental education, may
also influence student learning outcomes. By focusing solely on cultural capital,
the study may not capture the full extent of socioeconomic effects on student
achievement.

8.5 Conclusions and Further Research

The results point to differential effects on various subgroups. However, themediation
model used in this study estimates linear effects, which should be further investigated,
especially given that other descriptive evidence supports the presence of a non-linear
relationship between content coverage and achievement. Schmidt et al. (2013) also
observed that in many countries, achievement tends to decline at the highest levels
of content coverage.

Gaining a deeper understanding of the relationship between societal inequalities
and educational success or failure is crucial. In the Swedish case, the findings suggest
that schools may be successful in countering segregation, a conclusion supported by
existing literature. However, it is almost impossible to state this based on solely
cross-sectional data.

The Finnish case deserves more in-depth examination. It is essential to explore
the potential consequences of excluding special classes to the observed variance in
the data. More importantly, researchers should investigate whether students in these
special classes would perform better academically if theywere integrated into regular
classes. Addressing this question is crucial from a policy standpoint.

To build on these findings, future research should focus on examining the non-
linear relationship between content coverage and achievement, as well as identifying
potentialmediating factors that could help explain the varying effects observed across
different student subgroups. Longitudinal studies could offer a more comprehensive
understanding of the complex interplay between content coverage, societal inequal-
ities, educational policies, and student outcomes over time. By pinpointing the key
drivers of educational success and failure, policymakers can develop more effective
strategies to ensure equal opportunities for all students, regardless of their socioeco-
nomic background. Ultimately, this will help create a more inclusive and equitable
educational environment for future generations.
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Chapter 9
Examining the Role of Teaching Quality
and Assessment Practice in Reducing
Socioeconomic and Ethnic Inequities
in Mathematics Achievement

Kajsa Yang Hansen , Victoria Rolfe , and Nani Teig

9.1 Introduction

Numerous studies have investigated factors that address socioeconomic and ethnic
disparities in academic achievement. One area of research, often referred to as oppor-
tunity gaps, highlights the importance of teaching quality and practices in promoting
educational equity (Akiba, et al., 2007; Klieme et al., 2009; Nilsen & Gustafsson,
2016; Seidel & Shavelson, 2007).

However, a lack of consensus makes defining measures for teaching quality
and assessment practices challenging. A widely accepted framework (the three-
dimension conceptualization framework) attempting to do so, defines teaching
quality as a three-dimensional construct encompassing classroom management,
supportive climate, and cognitive activation (Baumert et al., 2010; Creemers &
Kyriakides, 2007; Lazarides & Ittel, 2012; Sogunro, 2017). Adopting this frame-
work, this study aims to examine the impact of teaching quality on students’ perfor-
mance across different contexts, thereby identifying effective strategies to reduce
educational disparities.
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In recent decades, the education systems in the Nordic countries have evolved
towards a high degree of autonomy, privatization, and marketization, leading to
increased school segregation in terms of students’ intake, educational resources,
teacher and teaching quality, and academic achievement (Fjellman et al., 2018; Yang
Hansen & Gustafsson, 2016). In this context, this chapter explores the potential
influence of teaching and assessment practices on socioeconomic and ethnic equity
in mathematics achievement across Nordic classrooms. The study examines how
differences in teaching practices, including teaching quality, formative assessment
practices, and teachers’ emphasis on academic success, contribute to educational
equity considering the students’ socioeconomic and language backgrounds.

9.2 Review of Previous Research

9.2.1 Students’ Socioeconomic and Ethnic Backgrounds
and Their Academic Achievement

Socioeconomic background is perhaps the best known and most extensively studied
predictor of educational outcomes (see e.g., Sirin, 2005; Strietholt et al., 2019), and
is fundamental in determining an individual’s life chances (Pinquart & Sörensen,
2000; Tan et al., 2020). As a collective endeavor, schooling is an arena in which
students’ performance is influenced by their peers. The composition of the student
body within a school and a classroom has a profound impact on individual students’
achievement, with schools that admit more socioeconomically advantaged students
typically displaying stronger academic outcomes (e.g., Agirdag et al., 2012).

Multiple classroom composition effects have been documented as predictors of
achievement. Firstly, studying alongside more socioeconomically advantaged peers
has been established as a predictor of student outcomes (e.g., van Ewijk & Sleegers,
2010; Yang Hansen et al., 2022). Secondly, increased ethnolinguistic diversity in
a classroom is associated with lower average performance in assessments of the
national language of the school system (Seuring et al., 2020). Lastly, students
benefit from studying alongside high-performing classmates, a phenomenon which
particularly benefits high-achieving students (e.g., Lavrijsen et al., 2022).

Domestic studies have observed notable segregation between schools across the
Nordic region (e.g., Bernelius & Vilkama, 2019; Rangvid, 2007; Rogne et al.,
2021; Yang Hansen & Gustafsson, 2016). These local studies are reflected in perva-
sive achievement gaps in the Nordic countries across multiple international studies
targeting different age groups, including IEA’s Trends in International Mathematics
and Science Study (TIMSS) 2015 and 2019, and the OECD’s Programme for Inter-
national Student Assessment (PISA) 2015 and 2018 (Mullis et al., 2020; OECD,
2016). Pertinently to this study, composition effects can be observed in the inter-
national results for mathematics in TIMSS 2019 grade four, which show variation
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in achievement scores between schools with differing language use populations and
socioeconomic composition (Mullis et al., 2020).

9.2.2 School Emphasis on Academic Success of Teachers
and Student’s Academic Achievement

While teachers and students are key actors within the classroom, they are not the
sole stakeholders in schools as learning communities. Administrators and parents
also play an essential role in building the culture within the school. While autonomy
to create a school culture varies between countries, one common aspect of school
culture that exists across educational systems is the school’s emphasis on promoting
academic success, which has been shown to relate to student learning (i.e., Bryk &
Schneider, 2003; Hoy et al., 2006; Kythreotis et al., 2010; Martin et al., 2013).

In TIMSS, the belief in group success within the school context is conceptual-
ized as the school emphasis on academic success (SEAS). SEAS is compiled from
the teacher and principal responses to questionnaire items indicating a supportive
environment for academic success (Martin et al., 2013), and a moderate relation-
ship between SEAS and achievement across mathematics, reading, and science has
been found among fourth graders. Further, Martin et al.’s (2013) SEAS model has
been demonstrated to have high construct validity and be applicable across multiple
national contexts. It is also a strong predictor of science achievement in countries like
Norway (Nilsen & Gustafsson, 2014). SEAS is strongly associated with classroom
SES composition, with teachers reporting higher levels of SEAS in schools with
higher SES classrooms (Rolfe et al., 2022). However, while SEAS is highly related
to SES, it has been found not to predict achievement when modelling teacher quality
and opportunity to learn in Sweden (Rolfe et al., 2022).

9.2.3 Teaching Quality and Student’s Academic Achievement

High quality teaching is an established explanatory factor for student achievement
(e.g., Blömeke et al., 2016; Darling-Hammond, 2000). However, there is no fixed
consensus on what defines teacher quality. Goe (2007) proposes a framework in
which various indicators of teacher quality can be grouped as inputs, processes,
or outcomes. The present study focuses on the processes and outcomes of teacher
quality, particularly on the quality of teaching and assessment practices and student
mathematics achievement.

In terms of teaching processes as indicators of teacher quality, the present study
examines cognitive activation, classroom management, and supportive climate in
line with the three-dimension conceptualization framework of teaching quality
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(see Baumert et al., 2010; Creemers & Kyriakides, 2007; Lazarides & Ittel, 2012;
Sogunro, 2017). Teaching processes involve complex and interweaving sets of behav-
iors that teachers embody through their professional practice. Many of the findings
discussed in the literature which illuminate these processes are the results of locally
and regionally administered survey studies (see Goe, 2007).

Cognitive activation, as summarized by Lipowsky et al (2009), involves devel-
oping conceptual understanding between new and old content, selecting activities
which operate on progressively higher cognitive levels, and engaging in quality
discourse with students. Cognitive activation is a significant predictor of student
achievement (e.g., Baumert et al., 2010; Li et al., 2021; Lipowsky et al, 2009). This
relationship may be related to compositional effects, with Le Donné et al. (2016)
proposing a stronger predictive relationship in more socioeconomically advantaged
schools.

The previously discussed concept of SEAS is distinct from the concept of class-
room climate. SEAS focuses on the prioritization of learning and achievement by
multiple stakeholders, including students, teachers, parents, and school leadership–
all of whom contribute to the school having a good climate for success (e.g., Nilsen&
Gustafsson, 2014). In contrast, a supportive climate for learning can be summa-
rized as allowing individual students exposure to ideas and feedback, supporting
them in self-reflection, and promoting behavior modification to facilitate learning
(Gibb, 1958).

Established research on the interrelationships between school climate, SES,
and achievement is somewhat contradictory (Berkowitz et al., 2017). A positive
supportive climate has been suggested as a moderator of the SES-achievement rela-
tionship (see, e.g., Cheema & Kitsantas, 2014). School climate is, in turn, seen as a
compensatory mechanism for low SES (Brand et al., 2003; Schagen & Hutchison,
2003), or as a phenomenon influenced by the SES of the student body. For example,
schools with lower SES students experiencing higher out-of-school social risks may
struggle to establish the type of supportive climate,which can affect student outcomes
(McCoy et al., 2013).

Additionally, it is worth noting that there is some disagreement in the literature
regarding the presence of ethnic bias in teacher ratings of student behavior (see
Mason et al., 2014). However, as much of the research in this field is situated in the
American context and uses race as its conceptualization of ethnicity, the findings of
these studies may not be directly applicable to the Nordic educational context.

9.2.4 Assessment Practices and Students’ Academic
Achievement

Assessment plays a crucial role in classroom practices, as it informs teachers
about students’ progress and can be used as a tool to motivate students’ learning
(e.g., Broadfoot et al., 2002; Gronlund, 2006). Extensive research has explored
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the impact of teacher assessment practices on student behaviors and outcomes,
including learning depth, self-motivation, and achievement (Crooks, 1988). Notably,
frequent use of tests in the classroom has a moderate effect size on student attain-
ment (Bangert-Drowns et al., 1991; Yang et al., 2021). However, teachers’ percep-
tions of student achievement may be clouded by implicit biases, such as student
ethnicity and socioeconomic background (Darling-Hammond, 1995) or gender (e.g.,
Guez et al., 2020).

Brookhart (1997) introduced the classroom assessment model, which views the
assessment environment as a communal experience for students. In this model,
teachers define assessment purposes, set tasks and criteria, provide feedback, and
monitor outcomes (see also Brookhart, 2001). The classroom assessment environ-
ment influences cognitive and non-cognitive outcomes of students. As students
progress through middle school, teachers reported an increased use of assessment
tools considered more informative for grading (Martínez et al., 2009). Research
conducted in socioeconomically disadvantaged schools has demonstrated that imple-
menting evidence-based instructional and behavior management strategies leads
to improved student mathematics knowledge during the elementary and middle
years (Reddy et al., 2020). This highlights the importance of effective instructional
practices in fostering student progress.

9.2.5 Opportunity to Learn and Students’ Academic
Achievement

Opportunity to learn (OTL) is a concept which rests on the assumption that an indi-
vidual will not performwell on tests covering content they have not been taught (e.g.,
Eggen et al., 1987).While some scholars emphasize the importance of time dedicated
to covering content (e.g., Carroll, 1963), as elaborated on inChap. 2,OTL inTIMSS is
considered as the alignment between the intended curriculum (formal curricula docu-
ments based on national or regional standards), the implemented curriculum (what
teachers have taught), and the attained curriculum (what students have learned) (see
Schmidt et al., 1997). However, as noted in Chap. 4, the mathematics curricula in the
Nordic countries are structured in such a way that expected learning is not expressed
in grade-specific knowledge, but across multi-year phases, which do not align with
the grades assessed by TIMSS. This may potentially impact the alignment between
the intended and implemented curricula measured through the OTL construct for the
national samples in this study.

The relationship between OTL and student achievement has been extensively
studied at both the individual (e.g., Schmidt et al., 2013, 2015) and collective levels
(see Scheerens et al., 2007; Seidel & Shavelson, 2007). Existing evidence indi-
cates that OTL is a positive predictor of achievement and a mediator of the SES-
achievement relationship (e.g., Schmidt et al., 2015). From secondary analyses of
ILSA data, it appeared that the strength of this relationship varies depending on the
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study (PISA vs TIMSS) and the formulation of the construct (Luyten, 2017; Rolfe
et al., 2021; Schmidt et al., 2015; Yang Hansen & Streitholt, 2018) and the subject,
being evident in mathematics but not science (Luyten, 2017; Rolfe et al., 2021).

9.3 The Hypothesis Model and Research Questions

In summary, the relationships between teaching quality, assessment practices, content
coverage, and students’ achievement in mathematics are complex and interrelated.
It can be hypothesized that teaching quality and assessment practices influence the
delivery of curriculum content, which in turn affects students’ achievement in a
specific subject. It can also be hypothesized that such a conditional classroommech-
anism may help to reduce the achievement inequality among students due to their
family socioeconomic and ethnic backgrounds (see Appendix 1 for the hypothesis
model).

Applying data from TIMSS 2019, the present study aims to address the following
research questions by testing the hypothesized conditional mechanism:

1. What are the differences in students’ mathematics achievement, socioeconomic
status, and ethnic composition across classrooms?

2. Is there socioeconomic and ethnic inequality in students’ mathematics achieve-
ment?

3. Do socioeconomic and ethnic inequalities in students’ mathematics achievement
differ significantly across different classrooms?

4. Do teachers’ instructional and assessment practices as well as content coverage
impact student’s mathematics achievement and socioeconomic and ethnic
inequality in their achievement?

Considering the institutional differences in the Nordic education systems, the
conditional mechanism may vary. This chapter adopts a comparative perspective in
exploring the above-mentioned research questions.

9.4 Method

9.4.1 Samples

The current study used TIMSS 2019 data from four Nordic countries, i.e., Denmark,
Finland, Norway, and Sweden. Table 9.1 shows the number of individual students
and classrooms in the four samples. In total, there are 15,873 students and 966 class-
rooms to facilitate the current analyses. Finland holds the largest number of sampled
classrooms (316) and students (4730), while Denmark has the lowest numbers with
195 classrooms and 3227 students. Norway and Sweden have rather similar sample
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Table 9.1 The number of
cases in each Nordic
education system from
TIMSS 2019

Country Number of individuals Number of classrooms

Denmark 3227 195

Finland 4730 316

Norway 3951a 231

Sweden 3965 224

Total 15,873 966

Note a Norwegian sample is fromgrade five and all other countries’
samples are from grade four

sizes. It should be noted that Norway participated in TIMSS 2019 with grade five
students and for the rest of the analyzed Nordic countries, grade four students were
included in the samples.

9.4.2 Variables

Appendix 2 presents a comprehensive list of all the variables that were involved
in the current study. Student socioeconomic status is measured by the number of
books at home, ranging from 0 (none to 10 books) to 4 (more than 200 books). The
dummy-coded ethnic background is based on student responses as to how often they
speak the language of the test at home. If students responded with “always or almost
always speak the language of the test at home”, they are classified as native, whereas
if they reported to “sometimes or never speaking the language of the test at home”,
they are classified as immigrant. The aggregated cluster mean of SES and ethnicity
are used as indicators of socioeconomic and ethnic compositions of classrooms.
Teachers’ instructional quality (i.e., cognitive activation and supportive climate),
assessment practices, their emphasis on academic success (SEAS), and OTL in terms
of the percentage of content coverage for the three-mathematics content domains in
TIMSS were measured using the teacher questionnaire data (see Appendix 2 for
detailed information on these teacher-related constructs). Finally, students’ mathe-
matics achievement was captured using five plausible values of the test score and
used as the outcome variable in the analysis (see Chap. 3 Analytical Framework for
further details).

9.4.3 Analytical Method and Process

Data in TIMSS 2019 were collected using a stratified two-stage cluster sampling
design, resulting in a hierarchical data structure where students were nested within
classrooms and schools (LaRoche et al., 2020). A two-level structural equation
modelling technique (Hox et al., 2017) was therefore required to decompose the total



258 K. Yang Hansen et al.

variance of an outcome into individual-level and classroom-level variance compo-
nents, allowing for accurate standard error estimation based on the correct sources of
variation and avoiding type I error in statistical inference. The Intraclass Correlation
Coefficient (ICC) quantifies the proportion of total variance in an outcome variable
that can be ascribed to variations among students belonging to different classrooms.
It serves as a measure of the extent of heterogeneity among students across class-
rooms, with a higher ICC indicating greater disparities in student outcomes across
different classrooms.

Table 9.2 provides information on the ICCs of SES, ethnicity, and mathe-
matics achievement in the four Nordic countries. Sweden held the highest between-
classroom differences in mathematics (0.18), SES (0.17), and ethnicity (0.24), indi-
cating a higher level of classroom segregation. Finland also has a relatively high
proportion of cross-classroom differences in mathematics scores (0.17) and ethnicity
(0.19), but lowSESdifferences.Denmark has themost homogenous classrooms,with
the lowest ICCs in mathematics (0.10), SES and ethnicity (both 0.08). The ICCs in
Norway were at the intermediate level among the four Nordic countries. In general,
cross-classroom differences in the Nordic countries are low when compared interna-
tionally, especially in Denmark. However, from an educational inequality perspec-
tive, these differences are still substantial and need to be further explained by the
teacher-level relevant factors.

The analyses were conducted in multiple steps. Firstly, the sub-dimensions of
teaching quality (i.e., cognitive activation and supportive climate) and SEAS were
tested formeasurement invariance to ensure the comparability of the constructs across
the Nordic countries. Metric invariance level was successfully achieved, assuring the
comparison of the relationship among the constructs across the four Nordic countries
(see Appendix 3). Secondly, a principal component factor score was estimated for
these three constructs and used as manifest variables in the two-level models. The
average values for formative assessment practices in mathematics classrooms and
mathematics OTL were computed, based on the corresponding indicators of the
constructs. Subsequently, a series of two-level models at the student and classroom
levels were estimated in each of the Nordic countries.

To address research questions 1 and2,model 1 tested the relationship betweenSES
and ethnicity with mathematics achievement in a two-level structural model for each
country, where socioeconomic and ethnic inequality in achievement and classroom
segregation can be estimated. Model 2 comprised a set of two-level random slope
models, examining whether the socioeconomic and ethnic inequality in mathematics

Table 9.2 Intraclass correlation coefficients of mathematics score, socioeconomic status, and
ethnic background

Denmark Finland Norway Sweden

Mathematics achievement 0.10 0.17 0.12 0.18

Ethnic background 0.08 0.19 0.17 0.24

Socioeconomic status 0.08 0.08 0.11 0.17
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achievement varied significantly across different classrooms in the Nordic countries.
The result frommodel 2 provides the answer to research question 3. Finally, model 3
examined whether teaching and assessment practices, teacher emphasis on academic
success, and OTL account for the variation in mathematics achievement and socioe-
conomic and ethnic inequality in achievement (i.e., the random slopes), which will
unveil the results of the research question 4 (see Appendix 1).

Modelling was done in Mplus (Muthén & Muthén, 1998–2017) with MLR
(maximum likelihood estimator with robust mean and variance) for model 1,
where missing data was handled using the expectation–maximization algorithm.
The Bayesian estimator was applied for models 2 and 3 with random slopes. For all
models, five plausible values for mathematics achievement were used.

9.5 Results

9.5.1 Socioeconomic and Ethnic Inequality in Mathematics
Achievement at Student and Classroom Levels

Socioeconomic and ethnic inequality in mathematics achievement is measured by
the relationship between students’ SES and respective ethnic backgrounds with their
mathematics achievement. Table 9.3 shows that at the individual level, the rela-
tionship between SES and mathematics was positive and significant in all Nordic
countries, and the beta coefficients were rather even, ranging from 0.24 in Denmark
and 0.28 in Norway and Sweden. The same is true for the relationship between
students’ ethnic backgrounds and mathematics achievement, indicating that native
students generally have higher achievement than students with migration back-
grounds. However, the regression coefficients were rather small after controlling
for SES.

At the classroom level, the relationship between classroom SES composition
and average mathematics achievement was much higher, compared to those at the
individual level. The beta coefficient ranges from around to above 0.70. This implies
that about or over half of the variation inmathematics achievement across classrooms
can be explained by the differences in the SES composition of the student intake.
Finland had the highest SES contextual relationship at 0.79, while Norway had the
lowest at 0.66. It is important to note that the ethnic contextual relationship with
average mathematics achievement was not significant in Finland and Norway. While
in Denmark and Sweden, an additional ethnic contextual relationship was found,
being 0.25 and 0.22, respectively. In total, the SES and ethnic context of classrooms
explained 62% of the mathematics achievement variation in Finland, followed by 58
percent in Denmark, 52 percent in Sweden and 44% in Norway.
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Table 9.3 Relationship between socioeconomic status, ethnic background, and mathematics
achievement at individual and classroom levels

Parameters Denmark Finland Norway Sweden

Beta z Beta z Beta z Beta z

Within-level

Relationship
between
mathematics and
SES

0.24 12.55 0.26 16.63 0.28 16.55 0.28 19.06

Relationship
between
mathematics and
ethnicitya

0.13 5.89 0.08 4.88 0.06 3.34 0.08 4.62

Correlation
between
SES-ethnicity

0.19 8.90 0.16 8.33 0.21 10.66 0.21 11.54

Between-level

Relationship
between class
average math and
SES

0.72 8.81 0.79 11.38 0.66 7.35 0.69 8.97

Relationship
between class
average math and
ethnicity

0.25 2.36 ns 1.51 ns 1.13 0.22 2.55

Correlation
between class
average
SES-ethnicity

ns − 0.25 0.43 4.66 0.49 5.60 0.57 8.27

Note a The ethnicity is coded as 1 for native students and 0 for students with amigration background.
ns = not statistically significant at p < 0.05 level; Beta = Standardized regression coefficients; z =
z-value

9.5.2 Testing Random Slopes

The socioeconomic and ethnic inequalities in mathematics achievement among
students in the current analysis were captured by the regression coefficients (i.e.,
the slopes) of mathematics achievement on SES or ethnicity. Previous research indi-
cates that the prevalence of neoliberal ideology has resulted in a global trend towards
market-like school systems that emphasize school choice and education provision
on demand (e.g., Blossing et al., 2014). Unfortunately, this trend has led to greater
social and ethnic segregation as well as quality differences between schools in many
countries (e.g., Bonal & Bellei, 2018; OECD, 2012). It can be assumed that some
schools and classrooms can effectively compensate for students’ disadvantages in
sociodemographic backgrounds andhelp to reduce theSES- or ethnicity-achievement
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Table 9.4 Estimated mean and variance of the random slopes

Denmark Finland Norway Sweden

Est. P. SD Est. P. SD Est. P. SD Est. P. SD

Mean S1 0.169 0.012 0.195 0.011 0.190 0.011 0.182 0.010

Mean S2 0.217 0.033 0.205 0.033 0.116 0.028 0.152 0.026

Variance S1 0.002 0.001 0.002 0.001 0.002 0.001 0.001 0.000

Variance S2 0.021 0.010 0.005 0.005 0.013 0.009 0.003 0.002

Note S1 = relationship between SES and mathematics achievement; S2 = relationship between
ethnicity and mathematics achievement; P. SD= Posterior Standard Deviation. Since the estimates
for the random slopes were very small, they were presented with three decimals

relationship, while others may fail to fulfil their compensatory mission for disadvan-
taged students. This mechanism is reflected by the so-called random slopes, meaning
that the two slopes vary depending on which school or classroom the student attends.

Table 9.4 shows the estimated mean and variance of the two random slopes. The
estimated mean of the slopes S1 (SES-mathematics relationship) and S2 (ethnicity-
mathematics relationship) were found to be positive and significant for all Nordic
countries. Albeit small in effect, the impact of students’ family SES and ethnic back-
ground on their mathematics achievement once again was confirmed (e.g., Rolfe &
Yang Hansen, 2021). The variance of the two slopes was also statistically signifi-
cant, implying that the impact of SES and ethnicity of children on their mathematics
achievement varies significantly across different classrooms. It should be interesting
to explore the classroom-level factors that may be important in accounting for the
variation.

9.5.3 Impacts of Teacher-Related Factors on Mathematics
Achievement and Inequalities

Two-level path analysis with cross-level interaction and random slopes was
conducted to test the hypothesis model (see Sect. 9.3). In that, teaching quality
and assessment practices are allowed to affect the delivery of the contents in mathe-
matics, in turn, affect mathematics achievement and SES-achievement and ethnicity-
achievement relationships at the individual level. This mechanism was also condi-
tional by teachers’ emphasis on academic success, classroomSES and ethnic compo-
sition. This is a saturated model with perfect model fit. Figures 9.1, 9.2, 9.3 and 9.4
present the model results of the interrelationships. Note that the non-significant paths
are not included in the figures.

Denmark

Based on the results depicted in Fig. 9.1, it is apparent that the teaching quality
and teacher assessment practices did not demonstrate any significant relationship
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Fig. 9.1 1Classroom-level results in Denmark
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Fig. 9.2 Classroom-level results in Finland

1 For all the figures in the chapter, the variable abbreviations are denoted as following: SESB= class-
level socioeconomic composition; EthnicB = class-level ethnic composition; SEAS = teacher’s
emphasis on student’s academic success; CogAct = Cognitive activation practices; ASSESS =
assessment practices; SupClim = Supportive climate in the classroom; OTL = content coverage
reflecting opportunity to learn; Math = classroom mathematics achievement; S1= random slope
between student’s socioeconomic status and their mathematics achievement; S2 = random slope
between student’s ethnic background and mathematics achievement.
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Fig. 9.3 Classroom-level results in Norway
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Fig. 9.4 Classroom-level results in Sweden

with the coverage of content in the TIMSS mathematics content domains, nor with
mathematics achievement or random slopes. However, contextual factors within the
classroom, such as the teacher’s emphasis on academic success and the ethnic compo-
sition of the classroom, did yield significant impacts. In particular, the ethnic compo-
sition of the classroom was positively correlated with the average mathematics score
of the classroom (0.49) and served to offset the relationship between ethnicity and
individual-level achievement. This suggests that attending a classroomwith a greater
number of native students mitigates the impact of one’s own ethnic background on
mathematics achievement (− 0.44), holding other classroompractices and conditions
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constant. Moreover, the socioeconomic composition of the classroom demonstrated
a significant influence on the coverage of content in mathematics domains (11.5)
as well as on the teacher’s emphasis on academic success (1.12), which in turn
influenced the supportive climate of the classroom (0.11).

Finland

Similar to Denmark, there was no significant association between teaching quality
and assessment practices and the coverage of content in the content domains of math-
ematics, nor with mathematics achievement or random slopes in Finland. However,
the classroom SES composition had a significant impact on the average mathematics
score of the classroom (0.48) andmitigated the relationship between students’ family
SES and their mathematics achievement (− 0.15). In addition, SES composition was
significantly linked to teachers’ emphasis on academic success (0.62), which, in
turn, influenced cognitive activation (0.19) and the supportive climate (0.13) in the
classroom.

Norway

In Norway, a similar pattern of relationship was observed between classroom
SES composition and average mathematics achievement (0.48), as well as SES-
mathematics random slope (− 0.15). This suggests that a higher SES composition
not only has an impact on classroom mathematics achievement but also reduces
the influence of students’ family SES on their mathematics achievement. Addition-
ally, classroom SES composition had an indirect effect on the ethnic-mathematics
random slope through teachers’ emphasis on academic success (0.79) and assessment
practices (− 0.31). High SES composition classrooms reduce the impact of ethnic
composition on students’ mathematics achievement through teachers’ emphasis on
academic success and assessment practices (− 0.26). Furthermore, classroom SES
composition indirectly affected cognitive activation (0.13) and supportive climate
(0.20) through teachers’ emphasis on academic success.

Sweden

Both ethnic and SES classroomcompositions had an impact on teachers’ emphasis on
academic success (1.04 and 1.15, respectively), which in turn, had a positive relation-
ship with supportive climate (0.25), cognitive activation (0.10), and content coverage
(3.60). No significant relationship was found between any teacher or classroom-
level variables and the two random slopes. Furthermore, the SES composition had a
positive effect on the average mathematics achievement of the class (0.20).
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9.6 Discussion and Conclusions

The global prevalence of neoliberal ideology, especially market mechanisms, such
as school choice, autonomy, and competition, in recent decades has significantly
transformed the unified and egalitarian Nordic model into systems with increas-
ingly diverse educational practices across systems and intensified segregation along
socioeconomic and ethnic lines (e.g., Blossing et al., 2014; Yang Hansen &
Gustafsson, 2019).

Using the fourth grade TIMSS 2019 data from Denmark, Finland, Norway, and
Sweden, this chapter aimed to identify similarities and disparities in the impact of
teaching quality (i.e., cognitive activation and supportive climate), assessment prac-
tices, and content coverage on socioeconomic and ethnic inequalities in mathematics
achievement across theNordic countries. The study also analyzed how these relation-
ships are influenced by the sociodemographic context of the classroom, including
classroom SES and ethnic compositions, and the teacher’s emphasis on academic
success.

It was revealed that the socioeconomic and ethnic contexts of the classroom
played important roles in students’ mathematics achievement in all Nordic coun-
tries analyzed. Furthermore, attending a school or classroom with a high proportion
of native students and a high socioeconomic status was found to have a compensatory
effect in reducing the effect of family socioeconomic status and ethnic background
on students’ mathematics achievement, therefore, beneficial for students’ learning
outcomes and social ethnic inequality. Another common feature found in all four
Nordic countries studied was that classroom sociodemographic contexts, especially
the socioeconomic composition of a classroom, positively associated with teachers’
emphasis on students’ academic success and, in turn, promoted classroom teaching
quality. In Sweden, the ethnic composition seemed to be equally important. This may
be attributed to the fact that Sweden has been a leader in extensive changes marked
by decentralization and significant marketization and privatization (e.g., Lundahl,
2016). This is also evident in the high disparities in mathematics achievement, SES,
and ethnic composition across Swedish classrooms/schools.

Lubienski et al. (2022) highlighted that implementing such policies could lead to
social segregation, as families might select schools based on non-academic social
factors, and schools could adopt practices that restrict enrollment for less favored
students. In Sweden, for example, the universal voucher program with free choice
of schools led to increased segregation of native and immigrant students, as well as
further stratification based on parental education (e.g., Yang Hansen & Gustafsson,
2016, 2019). In many countries, teachers tend to prefer working in schools with a
more socioeconomically advantaged student composition or even a higher proportion
of ‘white’ students (Bonesrønning et al., 2005; Glassow & Jerrim, 2022; Hansson &
Gustafsson, 2016). It is evident that schools with a higher socioeconomic status
composition and a higher proportion of native students often form a better school
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ethos for learning and access well-qualified and motivated teachers with a strong
emphasis on student’s academic success (e.g., Akiba et al., 2007; Han, 2018). The
differentiated learning environment, peer groups, and teacher resources contribute
to the achievement gap between school and student outcomes.

However, the results regarding the impact of teachers’ instructional and assess-
ment practices and content coverage on mathematics achievement were unexpected.
None of these factors considered was found to have a significant effect on classroom
mathematics achievement or the socioeconomic and ethnic inequality ofmathematics
achievement, except for Norway. It was demonstrated that mathematics performance
differences between native Norwegian children and children with migration back-
grounds seem to be reduced by assessment practices. In other words, in a class-
room where the teacher applied different types of formative assessment practices
more frequently, the mathematics achievement gap between native and non-native
studentswas smaller. The compensatory effect of assessment practiceswas reinforced
by classroom socioeconomic context and teachers’ emphasis on students’ academic
success. In Norway, formative assessment practices are often used in the classrooms
to provide feedback to students (Gamlem & Smith, 2013; Havnes et al., 2012). This
approach is recognized as a useful tool for supporting student learning and guiding
teacher instruction (Havnes et al., 2012). By identifying areas of strength and weak-
ness, teachers can adjust their instruction to better support the learning needs of their
students. This approach may offer potential benefits for students with a migration
background, as it has the potential to address their unique learning needs.

To conclude, the study has highlighted several areas that require attention in both
teacher practices and policy innovation. These efforts may contribute to enhancing
educational equity and promoting school desegregation.

Promote socioeconomically and ethnically diverse classrooms

Education policies could promote socioeconomically and ethnically diverse class-
rooms by ensuring that schools are not segregated based on students’ backgrounds.
This could be achieved through policies that promote school integration, such as
zoning policies that promote diversity in student populations.

Increase emphasis on academic success

Teachers and schools should emphasize academic success and set high expectations
for all students, regardless of their socioeconomic or ethnic background. This could
include providing additional support for struggling students, setting academic goals,
and creating a positive and supportive learning environment.

Improve assessment practices

Education policies and practices should aim to improve assessment practices for
learning, including providing additional training for teachers on how to assess student
performance fairly and equitably, and ensuring that assessment practices are aligned
with curriculum standards and goals. By doing so, education systems can promote
a more accurate understanding of student learning and progress, which can help to
reduce performance differences between students.
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Appendices

Appendix 1 Hypothetical Model of the Conditioning
Mechanism Among Teacher Practices and Student’s Level
and Inequality of Mathematics Achievement

Appendix 2 List of the Variables Used in the Analysis

Construct Variables Items in the teacher
questionnaire

Scale Mean (SD)
reliability

SES Books How many books do you
have in your home?

5-scale:
0 = 0–10
1 = 11–25
2 = 26–100
3 = 101–200
4 = > 200

MDen =
1.84 (1.34)
MFin = 2.11
(1.07)
MNor =
2.07 (1.15)
MSwe =
2.02 (1.22)

Ethnicity Language How often do you speak the
test language at home?

Dummy coded
0 = Immigrants
1 = Swedish

MDen =
0.74 (0.44)
MFin = 0.85
(0.36)
MNor =
0.66 (0.48)
MSwe =
0.65 (0.49)

(continued)
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(continued)

Construct Variables Items in the teacher
questionnaire

Scale Mean (SD)
reliability

Teachers’
emphasis
academic
success

How would you characterise each of the
following within your school?

5-scaled variables
from 5 = very high
to 1 = very low

αden =
0.852
αfin = 0.849
αnor = 0.848
αswe =
0.848

ATBG06A Teachers’ understanding of
the school’s curricular goals

ATBG06B Teachers’ degree of success
in implementing the
school’s curriculum

ATBG06C Teachers’ expectations for
student achievement

ATBG06D Teachers’ ability to inspire
student

ATBG06E Parental involvement in
school activities

ATBG06F Parental commitment to
ensure that students are
ready to learn

ATBG06G Parental expectations for
student achievement

ATBG06H Parental support for student
achievement

ATBG06I Students’ desire to do well
in school

ATBG06J Students’ ability to reach
school’s academic goal

ATBG06K Students’ respect for
classmates who excel
academically

ATBG06L Collaboration between
school leadership and
teachers to plan instruction

Supportive
climate

How often do you do the following in
teaching this class?

4-scaled variables
from 4 = every or
almost every lesson
to 1 = never

αden =
0.807
αfin = 0.736
αnor = 0.777
αswe =
0.733

ATBG12A Relate the lesson to
students’ daily lives

ATBG12B Ask students to explain
their answers

ATBG12C Bring interesting materials
to class

ATBG12D Ask students to complete
challenging exercises that
require them to go beyond
the instruction

(continued)
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(continued)

Construct Variables Items in the teacher
questionnaire

Scale Mean (SD)
reliability

ATBG12E Encourage classroom
discussions among students

ATBG12F Link new content to
students’ prior knowledge

ATBG12G Ask students to decide their
own problem-solving
procedures

ATBG12H Encourage students to
express their ideas in class

Cognitive
activation

In teaching mathematics to this class,
how often do you usually ask students
to do the following?

4-scaled variables
from 4 = every or
almost every lesson
to 1 = never

αden =
0.698
αfin = 0.652
αnor = 0.604
αswe =
0.686

ATBM02A Listen to me explain new
mathematics content

ATBM02B Listen to me explain how to
solve problems

ATBM02C Memorize rules,
procedures, and facts

ATBM02D Practice procedures on their
own

ATBM02E Apply what they have
learned to new problem
situations on their own

ATBM02F Work problems together in
the whole class with direct
guidance from me

ATBM02G Work in mixed ability
groups

ATBM02H Work in same ability
groups

Opportunity
to learn

In your view, to what extent do the
following limit how you teach this class?

Scale variable MDen =
73.2 (19.0)
MFin = 74.6
(18.2)
MNor =
73.5 (16.7)
MSwe =
64.1 (19.2)

PTpNum Pct Students Taught
Number Topics

PTpGeo Pct Students Taught Means
and Geo Topics

PTpData Pct Std Taught Data
Display Topics

(continued)
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(continued)

Construct Variables Items in the teacher
questionnaire

Scale Mean (SD)
reliability

Mathematics
assessment
practices

How much importance do you place on
the following assessment strategies in
mathematics?

3-scaled variables, 3
= a lot to 1 = none

MDen =
1.25 (0.30)
MFin = 1.31
(0.25)
MNor =
1.20 (0.27)
MSwe =
1.37 (0.31)

ATBM07A Observing students as they
work

ATBM07B Asking students to answer
questions during class

ATBM07C Short, regular written
assessments

ATBM07D Longer tests (e.g., unit tests
or exams)

ATBM07E Long-term projects

Note The numbers in parentheses are standard deviation
The bolded text in Appendix 2 indicates that the text is from the Head part of a question (where
the variables below are sub-questions) in the TIMSS questionnaire. These sections of text can be
unbolded to match the house style

Appendix 3 Results from Measurement Invariance Tests
and Homogeneity of Variance Tests of the Constructs
in the Current Study

To assess the adequacy of model fit in confirmatory factor analysis (CFA), it is neces-
sary to examine various fit indices, including Root Mean Square Error of Approxi-
mation (RMSEA), comparative fit index (CFI), and Standardized Root Mean Square
Residual (SRMR). A simulation study examining the rates of rejection for both
correctly specified and misspecified models, Hu and Bentler (1999) recommended
that an RMSEA value below 0.06 and a CFI value above 0.95, along with an SRMR
value below 0.08, are generally indicative of a satisfactory fit.

Based on the fit indices of the measurement models presented in the tables
below, themetric invariancemodel demonstrated favourablemodel fit across all three
constructs. This is further supported by the differences observed in the RMSEA, CFI,
andSRMRvalues between the configural andmetric invariancemodels, aligningwith
the threshold values recommended by Svetina and Rutkowski (2017).
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Model fit indices for measurement invariance test for school emphasis on student
academic success (SEAS).

Country χ2 (df) RMSEA CFI SRMR

Configural 0(0) 0.000 1.000 0.000

Metric 5.240(6) 0.000 1.000 0.047

Scalar 58.454(12) 0.135 0.872 0.077

� χ2 (df) � RMSEA � CFI � SRMR

Configural-metric 5.240(6)ns 0.000 0.000 − 0.047

Configural-scalar 58.454(12) -0.135 0.128 − 0.077

Model fit indices for measurement invariance test for cognitive activation.

Country χ2 (df) RMSEA CFI SRMR

Configural 116.306(68) 0.060 0.930 0.053

Metric 150.912(89) 0.059 0.910 0.076

Scalar 433.268(110) 0.122 0.532 0.142

� χ2 (df) � RMSEA � CFI � SRMR

Configural-metric 34.675(21)ns 0.001 0.020 − 0.023

Configural-scalar 324.112(42) − 0.062 − 0.532 − 0.89

Model fit indices for measurement invariance test for supportive climate.

Country χ2 (df) RMSEA CFI SRMR

Configural 144.242(72) 0.070 0.926 0.050

Metric 169.967(93) 0.063 0.921 0.070

Scalar 290.185(114) 0.087 0.820 0.090

� χ2 (df) � RMSEA � CFI � SRMR

Configural-metric 26.387(21)ns 0.007 0.005 − 0.020

Configural-scalar 145.482(42) − 0.017 0.106 − 0.040

Note ns = not significant. � denotes the difference in the respective model fit indices between
configural and metric or configural and Scalar invariance models
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Chapter 10
Discussions of Findings on Teacher
Practice Across Countries, Time,
and Chapters

Trude Nilsen and Nani Teig

10.1 Introduction

This chapter discusses the empirical chapters of the book. The overall structure of the
book, as outlined in Chap. 1 and again shown in Fig. 10.1, organizes the empirical
chapters according to the following three approaches:

1. Examining the means over time and relations to student achievement in 2019
for content coverage (Chap. 4) and teaching quality and assessment practices
(Chap. 5);

2. Explaining changes in achievement over time for content coverage (Chap. 6) and
teaching quality and assessment practices (Chap. 7); and

3. Investigating the equality between different groups of students with regard
to content coverage (Chap. 8) and teaching quality and assessment practices
(Chap. 9).

These approaches align with the main objectives of the book, which are to
investigate:

1. how teacher practices have changed over time and their relations with student
achievement in IEA’s Trends in International Mathematics and Science Study
(TIMSS) 2019,
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2. how changes in teacher practices are related to changes in achievement, and
3. how teacher practices are related to educational equality.

Alternatively, the book can be viewed from a more substantive or conceptual
perspective, as illustrated in Fig. 10.2. This perspective categorizes the empirical
chapters into two areas: (1) content coverage and (2) teaching quality and assess-
ment practices. These two areas are examined from three different perspectives. For
instance, in the area of content coverage, the authors examined:

1. how content coverage is related to student achievement in 2019 and how the
mean of content coverage has changed over time (Chap. 4);

2. how changes in content coverage are related to the changes in achievement from
2011 to 2019 (Chap. 6), and

3. how content coverage is related to equality (Chap. 8).

In the exact same manner, these three approaches are undertaken to investigate
teaching quality and assessment practices (Chaps. 5, 7, and 9).

Choosing whether to summarize and discuss the findings according to the empir-
ical approaches (Fig. 10.1) or substantive perspective (Fig. 10.2) makes a signif-
icant difference. Discussing findings based on the three empirical approaches in
Fig. 10.1 allows for an examination of the affordances and limitations of each
specific approach. For instance, the approach of examining the relation between
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changes in teaching quality and changes in student achievement over time allows for
more robust inferences. However, the constructs have changed over time, leading to
reduced validity of the findings. Such discussions are methodologically focused and
offer limited insights into the broader field of teacher practice.

On the other hand, summarizing, comparing, and discussing findings from a
substantial perspective (Fig. 10.2) enables a more comprehensive exploration of
teacher practice frommany angles. This approach is valuable for policymakers, prac-
titioners, and researchers. However, comparing findings from chapters that inves-
tigate the same concept with different approaches presents challenges. Compara-
bility of findings may be jeopardized due to different operationalizations of the same
concepts (e.g., the constructs may have changed over time) and the use of different
analytical methods.

To account for the different considerations described above, this chapter starts
with brief summaries of the findings from the empirical chapters. It then adopts the
substantive perspective (Fig. 10.2) to compare and discuss findings related to content
coverage and then teaching quality and assessment practices in light of previous
research. Subsequently, the chapter discusses the reliability and validity of findings
according to the three empirical approaches, as illustrated in Fig. 10.1. Lastly, the
chapter outlines the limitations, contributions, and implications of findings from this
book.

10.2 Short Summaries of the Findings of the Chapters

This section provides short summaries of the empirical chapters, following the struc-
ture of the book (Fig. 10.1) and the main aims of the book described in the previous
section. For more details, please refer to the content of each chapter.

Chapter 4 investigates the alignment between the TIMSS test and the curricula
of Nordic countries. It further investigates relations between content coverage and
achievement, as well as to what extent the means of content coverage have changed
over time.Thefindings show that there is indeed an alignment between theTIMSS test
and the Nordic countries’ curricula. However, few significant relations exist between
the content coverage reported by teachers and student achievement. For instance, in
2019, significant positive associationswere foundbetween content coverage in geom-
etry and achievement in geometry in Norway, as well as between content coverage
in physical science and achievement in physical science in Sweden. Conversely,
a negative relationship was found between content coverage in earth science and
achievement in both earth science and physical science.

Chapter 5 examines the relationship between teaching quality and assessment
practice with achievement using TIMSS data from 2019. It also investigates changes
in the means of teaching quality and assessment practice from 2011 to 2019. The
findings of the study suggest that classroom management is the strongest predictor
of student achievement at the classroom level. Positive relationships were observed
between teacher support and instructional clarity with student achievement in math-
ematics at the classroom level, while in science, these factors were found to be better
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predictors at the student level. There were no significant findings for cognitive activa-
tion, except for inquiry (measured as the frequency of conducting experiments)which
had a curve-linear relationship with achievement. Homework frequency was posi-
tively related to mathematics achievement in Denmark and Sweden, while the time
spent completing homework had a negative relationship with mathematics achieve-
ment in Finland. No significant findings were observed for teachers’ assessment
strategies. The study also revealed a decrease in teacher support and instructional
clarity for all countries, except in Finland, withmixed results for cognitive activation.
Homework assignments decreased in all countries, indicating that teachers allocated
less homework in 2019 as compared to 2015 and 2011.

Chapter 6 explores the relationship between changes in content coverage and
changes in achievement from 2011 to 2019. There were no significant findings for
science. Formathematics, therewere significant relations between changes in content
coverage and changes in achievement for all countries, except for Sweden. Content
coverage in topics for the number domain increased over time in all countries and
was related to changes in achievement in Norway, Denmark, and Sweden. Content
coverage in topics for geometry increased from 2011 to 2019 in Sweden and Finland
but decreased in Norway. Changes in content coverage in topics for geometry were
only significantly related to changes in achievement in Norway and Finland. Content
coverage in topics for data did not change significantly over time in Denmark but
decreased in Sweden and Finland and increased in Norway. However, these changes
were only significantly related to changes in achievement in Finland and Norway.
Due to the large amount of missing data in science, reliable and valid findings were
not possible with regards to content coverage in science.

Chapter 7 investigates the relationship between changes in aspects of teaching
quality and homework and changes in achievement from 2011 to 2019. Students’
perceived instructional clarity decreased over time in all countries except for Finland.
In mathematics, these changes were related to changes in mathematics achievement,
while in science, this relation was only significant in Norway. Cognitive activation
in science (measured by inquiry practice) decreased in Sweden and increased in
Norway but did not change significantly for Sweden or Denmark. Changes in inquiry
practice were related to increased achievements in science in Norway and Sweden. In
mathematics, cognitive activation increased in Sweden and decreased in Norway, but
these changes were not significantly related to changes in mathematics achievement.
Limitations to teaching (e.g., students feel tired or hungry, students absent from class)
exhibited a negative trend in all countries, indicating that teachers in 2019 reported
on more challenges to teaching than in 2011. This negative change was related to
changes in achievement over time in all Nordic countries. Homework decreased
over time in most countries, but there were hardly any significant relations. Only in
Sweden, there was a weak relation between changes in homework and changes in
achievement.
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Chapter 8 investigates the relationship between content coverage and inequality,
specifically by examining whether content coverage mediates the relationship
betweenSESandmathematics achievement. Thefindings reveal varied results among
the Nordic countries. In Denmark, content coverage in the number and geometry
topics positively related to SES, with a significant indirect effect in geometry. This
indicates that content coverage exacerbates the effect of SES on achievement, thereby
reducing equality. In Norway, there was a negative relation between data topics and
SES, indicating possible compensatory approaches by schools and increased equality.
In Finland, there was no relation between SES and content coverage, and thus no
mediation effect occurred. There were no significant effects in Sweden. Furthermore,
in Norway and to a certain degree in Sweden, there is a decrease in the amount of
content coverage among high-SES students, indicating a compensatory strategy that
comes at the expense of students with higher SES backgrounds.

Chapter 9 analyses the relationship between teacher practice and inequality. It
further examines whether socioeconomic and ethnic inequalities in students’ math-
ematics achievement differ significantly across classrooms. The findings reveal two
main points. Regarding teacher practice, few significant findings were found, with
only Norway exhibiting a relationship between teacher practices and equality. High
SES classrooms in Norway reduced inequalities through teachers’ emphasis on
academic success and assessment practices. In Denmark, classrooms with a high
SES composition were positively associated with teachers’ emphasis on academic
success, which in turn, was positively associated with a supportive climate. This was
true also for Finland, except that teachers’ emphasis on academic success not only
impacted a supportive climate, but also cognitive activation. In Sweden, classrooms
with a high SES composition and few minority students, were positively related to
teachers’ emphasis on academic success, which in turn, was positively related to a
supportive climate and cognitive activation. Furthermore, cognitive activation was
positively associated with high content coverage. With regards to socioeconomic
and ethnic inequalities, the findings show that classroom socioeconomic and ethnic
contexts significantly impact students’ mathematics achievement. Attending class-
roomswith a high proportion of studentswith high socioeconomic statuswas found to
have a compensatory effect in reducing the effect of family socioeconomic status on
students’ achievement in Norway and Finland. Similarly, attending classrooms with
a high proportion of native students was associated with a smaller effect of student
ethnicity affecting their achievement in Denmark. No such effects were identified in
Sweden.

10.3 Discussion of Findings on Content Coverage

In this section, we discuss the findings on teaching quality and assessment practices
by following the substantive perspective illustrated in Fig. 10.2. We focus on three
chapters addressing these aspects of teacher practices: Chaps. 4, 6, and 8. We will
synthesize the findings from these chapters, compare them across chapters, and relate
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them to previous research. This section emphasizes the discussion on how content
coverage:

• has changed over time,
• is related to student achievement,
• is related to the changes in achievement over time, and
• is related to educational equality.

Changes in means over time. Chapters 4 and 6 investigate how the means of
content coverage in different topics of mathematics and science have changed over
time. Both chapters find that there is a larger percentage of students who had teachers
who covered the topic number in 2019, compared to 2011. This pattern is consistent
across the chapters and across countries. In geometry topics, therewas a positive trend
for Sweden and Finland, a negative trend for Norway, and no significant findings for
Denmark. For data topics, there was a negative trend for Sweden and Finland, a
positive trend for Norway, and no significant findings for Denmark. In other words,
the only clear pattern identified across countries was that of the positive trend for
the topic number. For science, there are no consistent patterns of changes over time
in the content coverage of life science, physical science, or earth science across the
Nordic countries.

Relations to achievement. Chapters 4, 6, and 8 include investigations of the rela-
tions between content coverage and achievement. In Chap. 4, there were few signifi-
cant findings. In Chap. 6, the data from the three cycles were merged, revealing posi-
tive relations between content coverage in all mathematics topics (number, geometry,
and data) and student achievement. The relations were small, and significant across
all countries except for Sweden. Using data from TIMSS 2019 and controlling for
SES, Chap. 8 found positive relations between content coverage in number topics
and student achievement in mathematics in all countries except for Sweden. Positive
relations were also found for content coverage in geometry and data, but only for
Denmark.

Taken together, the findings indicate that: (1) the relations between content
coverage and achievement vary across countries, with Sweden being an outlier, and
(2) the construct of content coverage has a low statistical power. Only when data
from all three cycles are merged, are the relations between content coverage and
achievement significant (except for Sweden). This is likely due to the fact that the
construct is based on teachers’ responses, and the sample size of teachers is not repre-
sentative and is also quite small. Another possible explanation is the restriction of
time range since within a country in a single cycle, it is rarely expected for teachers
to have huge variations in content coverage. The low statistical power could also
be due to the low reliability and/or validity of the construct (see Sect. 10.5). Most
probably, the reason for the many insignificant findings when using one cycle only
is a mix of both. The relation between content coverage and achievement should,
according to previous research, be positive and significant (Scheerens, 2016). Indeed,
the assumption behind effective learning, is that students’ opportunity to learn the
content should have a positive effect on their learning outcome (Scheerens, 2016;
Schmidt et al., 2015).
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Explaining changes in achievement over time. Chapter 6 investigates the rela-
tions between changes in content coverage and changes in achievement. The find-
ings indicate that changes in content coverage in number, geometry, and data, were
related to the changes inmathematics achievement. These indirect effects were small,
and significant in all countries except for Sweden. Previous research indicates that
the changes in students’ opportunity to learn the content will affect their learning
outcomes (Scheerens, 2016). Hence, the findings from Sweden are not in line with
previous research, and more research is needed to identify the reasons behind this
discrepancy.

Relations to educational equality. Chapter 8 investigates how content coverage
is related to equality. Of all the Nordic countries, Denmark stands out. In Denmark,
high-SES classrooms were to a higher degree exposed to the content in all topics
of mathematics. This implies that students in these classrooms were provided with
a better opportunity to learn than those in low-SES classrooms. In geometry, there
was a significant mediation effect, meaning that the content coverage added to the
effect of students’ socioeconomic background. Content coverage inDenmark, hence,
increased the gap between low- and high- SES students. In contrast, the opposite was
found in Norway. Norwegian students from lower socioeconomic backgrounds were
more often exposed to data topics than students from higher SES backgrounds. A
similar tendency was found in Sweden for the number topics. These results may
point to compensatory approaches by schools and teachers to provide additional
opportunities for disadvantaged students.

These findings are partly in line with previous research, which found that content
coveragemight add to the existing inequalities caused by students’ home background
in several countries (Schmidt et al., 2015). Schools may either exacerbate or reduce
existing inequalities through students’ opportunities to learn the content of the subject
domain.

10.4 Discussion of Findings on Teaching Quality
and Assessment Practices

In a similar fashion, as in the previous discussion on content coverage, this section
discusses how teaching quality and assessment practices:

• have changed over time,
• are related to achievement,
• are related to changes in achievement over time, and
• are related to equality.

Changes in means over time. Chapters 5 and 7 investigatewhether teaching quality
and assessment practices have changed over time, albeit using different methods of
analysis. Both chapters find that teacher support and instructional clarity reported
by students decreased from 2011 to 2019. This suggests that students perceive their
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teachers provide less support and less clear and understandable instruction in 2019
than in 2015 and 2011. These results were consistent across countries (except for
Finland) and across subject domains (mathematics and science). There were no clear
patterns for cognitive activation. Homework assignments decreased over time. The
measures for other aspects of teacher practices had changed over time, making it
impossible to compare the means of these across the three cycles.

It is challenging to determine why teacher support and clarity decreased over
time and whether it was in fact the teaching quality that changed or whether it was
students’ perceptions of their teachers that changed. As pointed out in Chap. 5, there
are indications that the student composition may have changed, and additionally,
teachers reported that there were more challenges or factors limiting their teaching
in 2019 as opposed to 2011. Teachers today do indeed face more challenges, as
teaching in heterogeneous classrooms where many minority students struggle with
language difficulties, is more demanding than teaching homogenous classrooms.

The findings that teachers assigned less homework in 2019 as opposed to 2015 and
2011 raise intriguing questions and open up new areas of investigation. Uncovering
the factors driving this trend is not straightforward and calls for further in-depth
research.

Relations to achievement.Chapters 5 and 7 explore the relations between teaching
quality and assessment practices with student achievements. A pattern of positive
relations between teaching quality and achievement is evident across these chapters.
However, among the different aspects of teaching quality, classroom management
stands out with a strong and consistent relation to achievement. This finding is in line
with previous research (e.g., Charalambous & Praetorius, 2020; Senden et al., 2023).
Teacher support was found to be positively associated with higher achievement in
mathematics, while there were few positive findings in science. There were mostly
insignificant findings for cognitive activation, except for inquiry, which is an aspect
of cognitive activation in science. The positive relation between inquiry and achieve-
ment has been confirmed in previous research (e.g. Teig et al., 2018, 2021, 2022).
With the exception of inquiry, cognitive activation seems to be more important in
secondary school than in primary school (Nilsen et al., 2018). However, longitudinal
data is needed to confirm this.

There were very few significant findings between assessment practices (including
homework) and achievement in any of the chapters. Indeed, findings from previous
research on this topic are mixed, especially for homework (Fernández-Alonso &
Muñiz, 2021). Further researchwithmore nuanced data going deeper into assessment
practices and homework is required.

Explaining changes in achievement over time. Chapter 7 investigates whether
changes in teaching quality and assessment practices (homework) are related to
changes in achievement. There are weak but significant relations between changes in
teacher support and changes in student achievement, with the pattern being clearer
and stronger in mathematics. Additionally, there was further a pattern of weak but
significant relations between changes in inquiry practices and changes in student
achievement in science. However, a much stronger and persistent pattern was found
for limitations to teaching (e.g., students feel tired or hungry). The findings indicated
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that limitations to teaching seemed to either hinder further increased achievement for
the countries where achievements increased from 2011 to 2019 or explain decreased
achievements for the countries with negative trends in achievement during the same
period. For Norway, this finding is aligned with previous research on students in
grade nine (e.g. Kaarstein & Nilsen, 2021; Nilsen et al., 2022; Vik et al., 2022).
However, further research is needed in the other Nordic countries to confirm this
finding, preferably with longitudinal data.

When examining teachers’ assessment practices, therewere no significant patterns
or consistent relationships. This means that the chapter did not find a clear link
or correlation between the changes in achievement and the changes in assessment
practices that focus on homework frequency, homework time, and in-class homework
discussion.

Relations to educational equality. Chapter 9 investigates the relations between
teacher practice and educational inequalities. The findings suggest that in all Nordic
countries, except Norway, teacher practices neither reduce nor increase the rela-
tion between SES and achievement. However, in Norway, being a minority student
had less impact on achievement in high SES classrooms than low SES classroom.
According to previous research, teaching quality has the potential to reduce or
increase inequalities in learning outcomes caused by SES (Cardichon et al., 2020;
Nilsen et al., 2020; Rjosk et al., 2014). Hence, the insignificant findings for the other
Nordic countries are to some degree unexpected. The few significant findings could
be related to the complexity of the statistical model used. This model includes a large
number of variables, and it includes classroom SES, which is a powerful predictor.
In this chapter, classroom SES and minority background are the main moderators of
the relations between individual SES (and minority) on achievement, mediated via
teacher practices, school emphasis on success (SEAS), and opportunities to learn
(OTL). In other words, the authors examine whether classroom SES and minority
may reduce achievement gaps between individual students (via teacher practices,
SEAS, and OTL). If the research question rather focused on teacher practices as
the moderator of the relations between individual SES (and minority) on achieve-
ment (controlled for SEAS and OTL), this could have provided more information on
whether teacher practices may reduce inequalities.

Chapter 9 also includes findings on relations between classroom composition and
teacher practice. Apart from Norway, high SES classrooms were positively asso-
ciated with high values of teachers’ emphasis on academic success which in turn
was positively associated with higher teaching quality in the other Nordic countries.
This could indicate unequal distribution of high-quality teachers, in that high-quality
teachers tend to teach high SES schools. This is in line with previous research (Cardi-
chon et al., 2020; Nilsen & Bergem, 2020; Qin & Bowen, 2019), and an indication
of inequality in access to good teachers.
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10.5 Reliability and Validity

In our discussions about the reliability and validity of findings,we follow the structure
of the book, as illustrated in Fig. 10.1. This means that the discussions are structured
according to the three empirical approaches used in the book:

• Approach 1: analyses of relations between teacher practices and student achieve-
ment in 2019, including estimations of means of teachers practices across the
three cycles of TIMSS.

• Approach 2: analyses of relations between changes of teachers practices with
changes in achievement from 2011 to 2019.

• Approach 3: analyses of the interplay between teacher practices and educational
inequality.

10.5.1 Approach 1: Relations to Achievement in 2019

Chapters 4 and 5 both utilized two-level structural equation modelling at the students
and classroom levels to investigate relations between teacher practice and student
achievement in 2019. This analytical method allows for simultaneous estimations
at both levels and provides model fits (Hox & Roberts, 2011). Structural equation
modelling, using the software Mplus, further provides the reliability and validity of
the constructs through confirmatory factor analyses, yielding robust findings (Morin
et al., 2014).

In 2019, the validity of teaching quality was high (Klieme & Nilsen, 2022). This
can be attributed to several factors. The measures for teaching quality in TIMSS are
heavily based on theory and previous research (Baumert et al., 2010; Klieme et al.,
2009; Mullis & Martin, 2017). Since 1995, TIMSS has already included aspects of
teaching quality (Klieme & Nilsen, 2022). Building on this foundation, a broader
andmore comprehensivemeasure of teaching quality was introduced in TIMSS 2015
and has been piloted, tested, and improved several times.

The reliability and validity of content coverage, on the other hand, are more
problematic. This is first and foremost related to the response scale. Teachers are
asked when the students in the class were taught various topics within the domains of
geometry, number, and data in the subject of mathematics. Similarly, they are asked
about all the topics within the domain’s life science, physical science, and earth
science in the subject of science. The response scale consists of three categories:
mostly taught before this year, mostly taught this year, and not yet taught or just
introduced.

The problem with the response scale lies primarily in the response option “not
yet taught or just introduced”, as this could be interpreted to include two different
responses (not yet taught/just introduced). This ambiguity may be the reason why
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Fig. 10.3 The graph association between teachers’ response on a topic in the domain geometry
and the first plausible value of mathematics achievement

higher values of the response scale are not necessarily associatedwith higher achieve-
ment, as illustrated in Fig. 10.3. In this figure, “mostly taught before this year” corre-
sponds to higher achievement than “not yet taught or just introduced”. This makes
sense, however, one would expect “mostly taught this year” to correspond to the
highest achievement compared to other responses. In TIMSS 2023, this issue has
been addressed.

Another factor contributing to the low validity of content coverage is the large
number of missing data, especially in science. The exact reasons for the high number
of missing values are not clear, but it is possible that survey fatigue played a role,
as the questions about science topics come after those about mathematics topics.
Additionally, there are numerous items for the teachers to complete, which could
also contribute to missing data due to fatigue. These issues may have contributed to
the small number of significant findings in the chapters examining content coverage,
along with the small and not representative sample of teachers.

10.5.2 Approach 2: Explaining Changes in Achievement

Approach 2 is the analyses of the relations between changes in teachers’ practice and
changes in achievements and are employed inChaps. 6 and 7. Themethod of analyses
used in these two chapters is robust and increases the plausibility of causal infer-
ences. In this respect, the inferences should be reliable and valid. However, several of
the constructs have changed over time, which may reduce the reliability and validity
of some results. For instance, the aspect of teaching quality referred to as cognitive
activation has changed from 2011 to 2019. The following six items were included in
both cycles 2019 and 2015, but not in 2011: ask students to explain their answers;
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ask students to complete challenging exercises that require them to go beyond the
instruction; encourage classroom discussions among students; link new content to
students’ prior knowledge; ask students to decide their own problem-solving proce-
dures; and encourage students to express their ideas in class. For cognitive activation
in mathematics, only two items remained unchanged from 2011 to 2019, reducing
the validity of the construct.

Regarding content coverage, there were few changes over time (for more on
this, see Chap. 6). However, the large amount of missing data in science (except
for Finland) across several cycles prevented reliable and valid findings concerning
content coverage in science.

10.5.3 Approach 3: Equality

Approach 3 involves analyses designed to disentangle the interplay between teacher
practice and educational equality. Chapters 8 and 9 investigate this for content
coverage and teacher practices, respectively. However, the two chapters use different
approaches.

Chapter 8 uses an additive approach, where content coveragemediates the relation
between SES and achievement. This approach is referred to as additive because it
investigates whether a mediator (in this case, content coverage) may add to the effect
of the predictor (here, SES). This approach is in accordance with previous theories
on opportunities to learn and equality (e.g. Schmidt et al., 2015).

On the other hand, Chap. 9 uses a differential approach and investigates whether
teacher practicemoderates the relation betweenSES and achievement (or the effect of
ethnicity on achievement). This approach is used to investigate whether a moderator
(in this case, teacher practice) may reduce or increase (i.e., moderate) the strength
of the effect of SES on achievement. This approach is in accordance with previous
research (e.g.Gustafsson et al., 2018;Nilsen et al., 2020), as onemay expect, different
aspects of teacher practice have varying effects on different groups of students (hence
the term differential effect). However, in Chap. 9, this moderation is just part of a
larger model that investigates whether attending a school or classroom with high
SES reduces or increases the importance of students’ individual home background
via teacher practice.

While both chapters use robust and advancedmethodology, they report few signif-
icant findings, which is partly contradictory to previous research. The limited signif-
icant findings in Chap. 8 may be due to the low validity of the content coverage
construct, while the few significant findings in Chap. 9 might be attributed to the
complex model incorporating a large number of variables and relationships.
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10.6 Contributions and Concluding Remarks

The main aim of this book was to investigate teacher practices in grade four from
multiple perspectives: how they are related to achievement, how they have changed
over time and whether these changes are related to the changes in achievement, and
how they are related to equality. The summaries of the findings from all the empirical
chapters and the discussions of these findings across chapter and in light of previous
research has revealed:

(1) The findings are mostly in line with previous research.
(2) Teaching quality is crucial to student achievement. In primary school (grades

four and five), the results indicate that classroom management in mathematics,
inquiry practices in science, as well as teacher support and instructional clarity
in both subjects are associated with higher learning outcomes.

(3) Students’ opportunity to learn the content in mathematics (content coverage)
is essential to student achievement; however, results vary across countries and
content domains (number, geometry, and data)

(4) Teachers in Nordic countries have reduced the amount of homework they assign
to students over time, and findings on homework are mixed. More research is
needed with data providing more in-depth information, including the type of
homework assigned to the students (e.g., focus on skill development or content
reinforcement), and how these different types may affect student outcomes.

(5) Students in high SES classrooms or schools are provided with better opportuni-
ties to learn the content (especially in Denmark) and experience higher teaching
quality. However, in Norway, teaching quality compensates the gap between
disadvantaged and advantaged students.

(6) Teachers are facing growing challenges in their teaching due to the heterogeneity
of their classrooms and students who may not have had sufficient sleep or
nutrition. These challenges to teaching may explain the decreased achievement
observed or hinder further increases in achievement since 2011.

This book contributes to educational policy and points to the need for more equal
opportunities for students to learn. It is problematic that high SES schools tend to
get the best teachers, as this exacerbates existing inequalities caused by students’
home backgrounds and minority status. This contradicts the Nordic model of educa-
tion (see Chap. 1). In our times of growing inequalities caused by the COVID-19
pandemic, war, climate and energy crises, the inequalities in society, spread and
influence schools as well. It is therefore important to decrease inequalities in society
and equip teachers to teach in heterogeneous classrooms. A substantial body of
research has shown that equality promotes quality in school and prosperous societies
(Hanushek & Woessmann, 2015; Wilkinson & Pickett, 2011).

This book also contributes to teacher education and the research in the fields of
teaching quality and teacher effectiveness. Most research on teacher practices comes
from the USA or Germany, and research on teaching quality in mathematics and
science more often involves students in secondary school rather than students in
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grade four or grade five. Our research adds to this previous research by including the
Nordic context and younger students.

In terms of methodology, our book has the advantage of using the same concepts
and operationalizations, methodological approaches, and the same samples and
data (see Chap. 3). This allows for comparisons of findings across chapters and
facilitates a deeper understanding of the relationships between variables. The
methods of analysis employed in the various chapters have been carefully chosen to
ensure robust, reliable, and valid inferences, which are essential for the credibility
and impact of the research findings. Moreover, the method used to examine the
relations between changes in teacher practice and changes in achievement could
prove beneficial for other countries as well, as it provides a replicable and adaptable
framework for analyzing similar phenomena in different contexts.

A mantra followed since 1995 in TIMSS is: if you want to measure change, don’t
change the measure (Martin et al., 2020). It is indeed important to follow this, as
evidenced by the challenges faced by the chapters that investigated changes in teacher
practice in relation to changes in achievement (Chaps. 6 and 7). For the most part,
TIMSS does indeed follow this rule. However, there needs to be a balance between
maintaining trend measures and the need to improve and align with changes by the
societies and schools of the participating countries. In the case of teaching quality,
the change has improved the quality of the measures and enabled research of this
important concept (Klieme & Nilsen, 2022).

The classroom design of TIMSS is particularly valuable for examining the role of
teacher practice in relation to students’ learning outcomes and educational equality.
By sampling intact classes from schools, and collecting representative data from
students, their teachers, and parents through questionnaires, TIMSS offers a compre-
hensive and unique perspective on the educational landscape. This approach sets
TIMSS apart from other international large-scale studies, such as the Teaching and
Learning International Survey (TALIS) and the Programme for International Student
Assessment (PISA). TALIS does notmeasure student learning outcomes, while PISA
does not sample whole classes, include teacher questionnaires for the teachers of the
sampled students, or involve primary school students.

The wealth of data provided by TIMSS has enabled us to draw meaningful
comparisons about effective and equitable teacher practice across the Nordic coun-
tries. By sharing insights and best practices, these countries can work towards a
more unified and effective Nordic education system, while reducing disparities and
inequalities that have emerged over time. Hopefully, our book contributes to this
ongoing dialogue and takes us one step closer to achieving the Nordic model’s aim
of greater educational equity and excellence.
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