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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
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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 &



28 N. Teig et al.

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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