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This dissertation includes two articles examining the connection among important educational
factors at student, teacher, and school levels using data from international large-scale survey and
assessment studies in four education systems that have distinct cultural and social background
and achieve at varying levels on international assessments. The first article discusses engagement
as a multidimensional construct and explores its relationship with achievement and instruction in
mathematics, applying structural equation modeling techniques—confirmatory factor analysis
and path analysis. The second article examines the impact of various types of professional
development activities on mathematics teachers’ self-efficacy, focusing on their self-efficacy in
two aspects studied in the first article (i.e., instruction and engagement), applying propensity
score methods—inverse probability of treatment weighting techniques with stabilized weights.
Analyses in both articles incorporate the complex survey design to produce appropriate
population estimates and standard errors. Findings reveal different patterns in the relationships
among engagement, achievement, and teacher-reported/student-reported instruction across
various settings and highlight the importance of student perception in the education production

process. In addition, reform types of professional development activities that are collaborative
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and job-embedded in nature (e.g., teacher network and mentoring) are found to be more effective
than traditional types of professional development activities (e.g., workshops and conferences) in
enhancing teachers’ self-efficacy in instruction and student engagement. Implications and future

research directions are discussed at the end of each article as well as in the concluding chapter.
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1.0 INTRODUCTION

1.1 MOTIVATION AND OVERVIEW OF TOPICS

The groundbreaking study Equality of Educational Opportunity led by James Coleman (1966)
reveals the great influence of family on educational outcomes. However, recent research
indicates that school also plays an important role in the education production process. Moreover,
researchers found relatively limited between-school variation but significant within-school
variation that accounts for differences in student outcomes (Areepattamannil, Freeman, &
Klinger, 2011; Bressoux & Bianco, 2004; Centra & Potter, 1980; Hanushek & Rivkin, 2004;
Konstantopoulos, 2009; Rivkin, Hanushek, & Kain, 2005; Teddlie & Reynolds, 2000; Youngs,
Frank, & Pogodzinski, 2012). To highlight, research in the sociology of education on school
effects over the past few decades also shows that school effect is often found to be similar across
schools (Coleman, 1990; Downey, von Hippel, & Hughes, 2008; Entwisle, Alexander, & Olson,
1997), suggesting some factors within schools are associated with the disparities in student
outcomes. For instance, Rowan and Correnti’s (2009) investigation into teacher logs suggests
that teachers vary their instructional practices significantly from day to day, which may exert
varying influence on student outcomes. In fact, evidence from existing literature indicates that
the quality of the teaching force is potentially the most powerful school-related predictor of

student outcomes (Aaronson, Barrow, & Sander, 2007; Anderson & Helms, 2001; Clotfelter,



Ladd, & Vigdor, 2006; Ingersoll, 2012; McDonald, 1976; Mendro, Jordan, Gomez, Anderson, &
Bembry, 1998; Nye, Konstantopoulos, & Hedges, 2004; Powell & Anderson, 2002; Sanders
& Horn, 1994; Strong & Tucker, 2000; Wright, Horn, & Sanders, 1997), and even of
life outcomes beyond school (Chetty, Friedman, & Rockoff, 2011).

Research in the U.S. context over the past few decades has revealed the significant
teachers’ influence on student academic achievement. In Texas, Rivkin and colleagues (2005)
have found that one standard deviation increase in average teacher quality for a grade can raise
average student achievement by at least about 0.1 standard deviations in math and reading.
Previous research findings from the Tennessee Value-Added Assessment System (TVAAS)
database also demonstrate that compared to race, socioeconomic level, class size, and classroom
heterogeneity, the effectiveness of the teaching force is a much stronger determinant of student
academic progress (Sanders & Horn, 1998). From an international perspective, a quality teaching
force is also found to be the key element across high-achieving educational systems, including
Japan, Singapore, Canada, etc. (Tucker, 2011).

Apart from the large effect size, scholars have found evidence that teacher effects on
student achievement are cumulative in nature (Konstantopoulos & Chung, 2011; Sanders &
Horn, 1998). Students assigned to ineffective teachers continue to be affected by such teachers
even when they are assigned to very effective teachers in subsequent years (Sanders & Horn,
1998). A five-year longitudinal study in the public schools of Dallas by Mendro and colleagues
(Mendro, Jordan, Gomez, Anderson, & Bembry, 1998) suggests that the negative impact of an
ineffective teacher during the first year of the study was still noticeable on students’ standard test

scores in reading and mathematics four years later. On the contrary, students assigned to an



effective teacher would demonstrate significantly higher outcomes as they navigate school
(Konstantopoulos & Chung, 2011).

In short, existing literature provides evidence that the influence of teachers on student
outcomes are large and cumulative in nature, suggesting that it is critical to identify and recruit
effective teachers who are capable of creating optimal learning environment for students from
early on and exert lasting influence on student outcomes in the future.

However, the majority of studies on teacher effects adopt an outcome-oriented approach
using academic achievement outcomes or growth to measure teachers’ influence on students.
Many fewer studies examine the learning process, such as student engagement. As Kelly (2012)
argues, while outcome-based accountability may provide extrinsic motivation for teachers to
perform better, it fails to support teachers in reflecting on and refining their instructional
practices that generate and sustain student engagement. A process-oriented approach focusing on
student learning experience may bring additional insights into understanding the quality of
education provided at school, and relatedly, evaluating the effectiveness of the teaching force
and even the entire education system. In addition, it is less agreed upon through what
mechanisms do teachers influence students’ learning experience and outcomes.

Existing literature presents mixed evidence about the influence of teacher background on
student outcomes. Characteristics such as teacher educational credentials and years of teaching
experience are typically examined in current teacher effects research, and have not been
consistently related to student achievement. Even when they are found to have a certain
relationship to student achievement, the observed teacher characteristics do not explain much of
the variation in student outcomes (Aaronson et al., 2007; Hanushek & Rivkin, 2004;

Konstantopoulos, 2012; Rivkin, Hanushek, & Kain, 2005). Another line of teacher effects



research focuses on teaching practices, which emphasizes teachers’ instructional behavior in the
classroom over their individual characteristics. Researchers have found evidence that instruction
exerts larger effects on student outcomes than teacher characteristics do (e.g., Wayne & Youngs,
2003). At the same time, counterevidence exists that null to modest relationships are found
between teaching and student outcomes (Garrett & Steinberg, 2015). One implication of the
mixed evidence is that instruction is highly context-specific (e.g. Hansen, 1981; Harris, 2011);
certain effective teaching strategy in one setting may not be as effective in another context. In
this regard, comparative studies on teaching practices in diverse settings could make valuable
contribution to better understanding how teachers influence students through their instructional
practices.

Considering the essential role teachers play in shaping students’ learning experience, as
documented in existing literature, it is crucial to know what types of resources are helpful in
nurturing teacher professional growth so that teachers are empowered to continuously create an
optimal learning environment that brings out the best in their students. Research has shown that
school characteristics, such as principal leadership and teacher collaboration, influence how
teachers perform (Branch, Hanushek, & Rivkin, 2012; Hanushek, & Rivkin, 2012; Lankford,
Loeb, & Wyckoft, 2002; Ingersoll, 2012; Kennedy, 2010; Rivkin et al. 2005; Rothstein, 2010).
According to Penuel and colleagues (Penuel, Frank, Sum, & Kim, 2012), the level of expertise
that teachers obtain through interactions with colleagues partly explains variation in the
implementation of instructional reforms. In particular, interactions with colleagues exert
influence on teachers through normative pressure and informational access. To illustrate,
interacting with more experienced colleagues puts normative pressure on teachers to adopt

particular teaching practices; alternatively, teachers may gain access to new knowledge that they



need in order to improve teaching practices and thus become more confident in teaching. In
addition to collaboration, teacher evaluation, access to effective mentoring, and other forms of
professional development, all could play an important part in meeting teachers’ needs for
professional growth.

To sum up, while it is much agreed upon that teachers exert considerable influence on
student outcomes, less is known regarding teachers’ impact on student learning experience (e.g.,
engagement). More research is needed to understand the mechanism(s) through which teachers
impact student learning and what types of school resources can nurture and sustain teachers’
professional growth. This dissertation aims to fill some research gap by examining student
engagement in mathematics, and how it is related to achievement outcomes and teachers’
instructional practices. In addition, it also investigates what types of professional development
activities help enhance mathematics teachers’ self-efficacy in instruction and engagement. More

details on the focus of each subsequent chapter are provided in section 1.3.

1.2 OVERVIEW OF DATA

The two articles in this dissertation use data from multiple international large-scale survey and
assessment studies to seek empirical evidence on the issues identified in section 1.1. The focus
on mathematics is largely due to data availability. At the same time, mathematics learning has
been found to be more subject to school influence compared to family influence (Clotfelter,
Ladd, & Vigdor, 2006, 2007). The data sets used in this dissertation include the Trends in

International Mathematics and Science Study 2011 (TIMSS 2011), the Program for International



Student Assessment 2012 (PISA 2012), and the Teaching and Learning International Survey
2013 (TALIS 2013).

The TIMSS 2011 data set contains rich information about students, teachers, and schools
across over 60 education systems. Several components in TIMSS 2011 include assessments of
fourth- and eighth-graders’ knowledge and skills in mathematics and science, contextual
questionnaires completed by students, parents, teachers, and school principals, and curriculum
questionnaires completed by national research coordinators. The assessments measure the
academic content students had mastered by the time the assessments were administered.

PISA assesses the competencies of 15-year-olds in reading, mathematics, and science,
with a rotating focus on the subjects (mathematics was the focal subject in 2012). The study was
also conducted in over 60 education systems. Other components include contextual
questionnaires completed by students and school principals. It is noted that different from
TIMSS 2011, PISA does not assess academic content; instead, the assessments measure students’
competencies in applying what they have learned to solve real-life problems.

TALIS surveys teachers and school administrators about their working conditions and the
learning environments across over 30 education systems. Unlike TIMSS or PISA, the target
population in TALIS focuses on lower secondary education teachers and school leaders. It does
not include student assessments or student questionnaires. Although the three international
studies target at different populations and consist of different components, important connections
among the three data sets lie in several aspects.

First, they all concentrate on secondary education in terms of educational levels. TIMSS
assesses nationally representative samples of fourth- and eighth-graders in participating

education systems, but this study will only examine data collected from the eight-grade sample



given the target populations in the other two data sets. PISA does not target at grade-specific
student population. It assesses nationally representative samples of 15-year-old students in
participating education systems. It is generally the case that the majority of 15-year-olds are in
grades close to eighth grade, and so the student samples’ progress in schooling in both PISA and
TIMSS programs is similar to each other. TALIS started with a focus on lower secondary
education in 2008, and extended to primary and upper secondary education in 2013 as an
optional component in some participating education systems. This dissertation focuses on data
collected from teachers teaching the lower secondary education levels to maximize the
comparability of the contexts examined across multiple data sets.

Second, the timeline according to which each of the three programs was administered
potentially allows researchers to tell a more complete story through analyzing data from all the
three studies collectively than they could when discussing results in each data set separately.
Eighth-graders in TIMSS 2011 were 14 years old on average in 2011; findings about this student
population are likely to apply, to a large extent, to the 15-year-old student population in PISA
2012. In addition, although TALIS 2013 provides data from one or two years later than TIMSS
2011 and PISA 2012, the findings can still shed some light upon teacher-related issues in lower
secondary education at the beginning of the 2010s.

Third, although each study covers different sets of education systems, four countries
participated in all the three studies—TIMSS 2011, PISA 2012, and TALIS-PISA link in TALIS
2013!, including Singapore, Finland, Australia, and Romania. More importantly, these four
countries have distinct cultural and social background and achieve at varying levels on

international assessments including TIMSS and PISA. For instance, Singapore and Finland top

! More details on the TALIS-PISA link in TALIS 2013 are provided in section 3.4.1 in Chapter 3.



the league tables in TIMSS 2011 and PISA 2012, while Australia come close to international
averages and Romania below international averages in both assessments. The hoterogenous
cultural and social representation and the wide achievement distribution offer great opportunities

for comparative research in diverse settings. This dissertation focuses on these four countries.

1.3 OVERVIEW OF METHOD AND STRUCTURE OF DISSERTATION

Using data from TIMSS 2011, PISA 2012, and TALIS 2013, as introduced in section 1.2, this
dissertation aims to fill some of the research gap identified in section 1.1 through two articles.
Current chapter (i.e., Chapter 1) gives an overview of the topics, data, and method that are
discussed and used in the subsequent chapters.

The first article (i.e., Chapter 2) discusses conceptualization of engagement as a
multidimensional construct and how it is related to achievement outcomes and instructional
practices focusing on mathematics. It draws insights from existing literature on engagement and
other related research areas, including motivation and teacher effects, and conducts empirical
investigation using data from TIMSS 2011 and PISA 2012. Structural equation modeling (SEM)
techniques are applied in this article. Specifically, confirmatory factor analysis and path analysis
are used to examine parallel models using data from TIMSS 2011 and PISA 2012. As
mentioned, TIMSS assessment and PISA assessment focus on different aspects of students’
mathematics knowledge and skills, with the former measuring academic content and the latter
abilities of application in real-life scenarios. In addition, information on teachers’ instructional
practices is reported by mathematics teachers in TIMSS 2011 but by students in PISA 2012, as

discussed in more details in the next chapter. Therefore, while the models under examination are



parallel using data from these two data sets, the results provide complementary perspectives on
the issue of engagement and its relationships with other educational factors. More details on the
method are discussed in section 2.4.3 in Chapter 2.

The second article (i.e., Chapter 3) switches from student learning to teacher learning, but
with the same focus on engagement and instruction. Specifically, it uses data from TALIS 2013
to seek evidence on the impact of various professional development (PD) activities on
mathematics teachers’ self-efficacy in instruction and engagement in the same group of countries
examined in the first article. Propensity score methods—the inverse probability of treatment
weighting (IPTW) techniques—are used to reduce the self-selection bias in assessing the
treatment effects of multiple PD activities. In addition, stabilized weights are further applied to
address the potential issues of inflated sample size and increased variance of the treatment effect
estimates introduced by the IPTW approach. It is noted that TALIS adopts complex survey
design. Although guidelines on incorporating propensity score methods with complex survey
data are limited, the article reviews existing literature and adopts the approach with the most
supporting evidence in the current knowledge base about analyzing survey data using propensity
score methods. More details on the method are discussed in section 3.4.2 in Chapter 3.

As illustrated in Figure 1.1 below, both articles examine the connection among factors at
multiple levels in the education production process. The first article looks at the relationship
between student-level factors (i.e., engagement and achievement in mathematics) and teacher-
level factors (i.e., instructional practices), controlling for some demographic and home
background (not shown in Figure 1.1). The second article looks at the relationship between
teacher-level factors (i.e., self-efficacy in instruction and engagement) and school-level factors

(i.e., different types of professional development activities). Collectively, both articles contribute



to the knowledge base about student learning and teacher learning in multiple education systems
that have distinct cultural and social background and achieve at varying levels on the
international assessments. Discussion in the concluding chapter (i.e., Chapter 4) is based on the

results from the two articles and concludes with directions for future research.
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School Traditional type of professional Reform type of professional
development activities development activities
Instructional practices Self-efficacy in
Teacher
(structure, support, & challenge) instruction & engagement

T

Figure 1.1. Connection among factors at student, teacher, and school levels examined in this dissertation through two articles



2.0 ENGAGEMENT, ACHIEVEMENT, AND INSTRUCTION: INSIGHTS FROM

TIMSS 2011 AND PISA 2012 WITH A FOCUS ON MATHEMATICS

2.1  ABSTRACT

This article examines the conceptualization of engagement as a multidimensional construct and
how it is related to achievement outcomes and instructional practices in mathematics. It draws
insights from existing literature on engagement and other related research areas, including
motivation and teacher effects, and conducts empirical investigation using international large-
scale survey and assessment data in four education systems (i.e., Singapore, Finland, Australia,
and Romania) that have diverse cultural and social background and achieve at varying levels on
international assessments. Confirmatory factor analysis results validate engagement as a
multidimensional construct. Path analysis results reveal interesting patterns in the relationships
among engagement, achievement, and teacher-reported/student-reported instruction.

Implications, limitations, and future directions are discussed.

2.2 INTRODUCTION

Existing literature has demonstrated evidence that teachers exert large and accumulative

influence on students’ learning outcomes (e.g., Konstantopoulos & Chung, 2011; Rivkin,
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Hanushek, & Kain, 2005), suggesting that it is critical to identify and recruit effective teachers
who can create optimal learning environment for students from early on. However, much of
research studying teacher effects adopts an outcome-oriented approach using academic
achievement scores or growth to measure teachers’ impact on students. Fewer studies examine
the learning process—engagement, which may tell a story different from what the achievement
score shows. For instance, a high-achieving but disengaged student—a student not interested in
learning but good at taking tests—may experience a learning process very different from a high-
achieving and highly engaged student, although they present similar learning outcomes reflected
in the test scores. As Kelly (2012) argues, while outcome-based accountability may provide
extrinsic motivation for teachers to perform better, it fails to support teachers in reflecting on and
refining their instructional practices that generate and sustain student engagement. A process-
oriented approach focusing on student learning experience may bring additional insights into
understanding the quality of education provided at school, and relatedly, evaluating the
effectiveness of the teaching force and even the entire education system.

Research on engagement originated from the intention of school dropout prevention and
has evolved to studies and intervention work with a purpose of enhancing student outcomes
across multiple domains—from academic to social and emotional domains (Reschly &
Christenson, 2012), and the target population extends to all student population beyond at-risk
students (Fredricks, Blumenfeld, & Paris, 2004).

Student engagement is important in many aspects. It may mediate the impact of teachers’
instructional practices on student achievement outcomes (e.g., Guthrie, Wigfield, & You, 2012).
It is also associated with desirable social and emotional learning outcomes (Klem & Connell,

2004). Moreover, student engagement in secondary education has been found to be related to
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health outcomes (National Research Council & Institute of Medicine of the National Academies
[NRC and IoM], 2004), postsecondary outcomes (Finn & Owings, 2006; Janosz, 2012) and even
more distal outcomes such as employment (Janosz, 2012) and productive citizenship (Davis &
McPartland, 2012), and adult criminal behavior (Ou, Mersky, Reynolds, & Kohler, 2007).

Another rationale for studying engagement is that engagement is not an attribute, such as
gender and race, which remains relatively stable, but an alterable state of being subject to
multiple contextual factors, including family, school, and community (Reschly & Christenson,
2006). With a strong theoretical and empirical knowledge base about engagement, effective
intervention could be designed and delivered to create an engaging learning experience for
students that ultimately leads to desirable educational outcomes, including immediate ones (e.g.,
academic performance, social and emotional learning outcomes) and distal ones (e.g., health and
employment), as mentioned earlier. From a research perspective, engagement is not only an
important construct in educational and psychological studies, studying engagement may also
have interesting and important intersections with other research areas (Betts, 2012), such as
health and labor force studies.

This study uses international large-scale survey and assessment data to examine student
engagement in mathematics and how it is related to achievement outcomes and instructional
practices across multiple education systems. The following sections are structured as follows:
section 2.3 examines existing literature on the conceptualization of engagement and factors
related to engagement; section 2.4 introduces the data and the methods used in this study; section
2.5 reports the results from descriptive and inferential statistics; section 2.6 discusses the

implications, strengths, and limitations of the study, and concludes with future directions.
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2.3 LITERATURE REVIEW

2.3.1 Conceptualization of engagement

Compared to achievement, the construct of engagement has emerged relatively more recently in
education research but has become increasingly prevalent given its importance (Appleton,
Christenson, & Furlong, 2008). Broadly, it has been defined as a construct for understanding
student involvement in education across education levels, implying the connection between
individual students and educational activities (Ainley, 2012). More specifically, it has been
described as an action that incorporates emotions, attention, goals, and persistent effort (Skinner,
Kindermann, & Furrer, 2009).

Researchers adopt different approaches to conceptualizing the construct. Some studies
have conceptualized engagement as a process (e.g., Pianta, Hamre, & Allen, 2012), while others
consider it as an outcome (e.g., Appleton et al., 2008; Skinner, Furrer, Marchand, &
Kindermann., 2008). Some scholars consider engagement as both a learning process that
mediates educational outcomes and an outcome itself (Reschly & Christenson, 2012). For
example, Assor (2012) conceptualizes engagement as the quantity and quality of efforts students
invest and the actions they take in pursuit of certain goals. Such approach considers engagement
as a learning process that eventually leads to certain outcomes (e.g., academic achievement).
Similarly, Russell, Ainley, and Frydenberg (2005) frame engagement as “energy in action, the
connection between person and activity”, suggesting that engagement is a necessary condition
for achieving certain learning goals. At the same time, Russell and colleagues point out that

“engagement in learning is both an end in itself and a means to an end” because it is linked to the
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learning process as well as lays the important foundations for continued life-long learning
beyond school.

Another divergence in conceptualizing engagement lies in the context where engagement
is discussed. In some studies (e.g., Appleton, Christenson, Kim, & Reschly, 2006; Klem &
Connell, 2004; Voelkl, 2012 ), it is framed as engagement in general school setting (e.g., sense of
belonging at school), while in other studies (e.g., Early, Rogge, & Deci, 2014; Kelly, 2008;
Shernoff, Csikszentmihalyi, Schneider, & Shernoff, 2003), it is discussed as engagement in the
classroom setting. Engagement discussed in different contexts may or may not be closely related.
For example, in most secondary schools in the U.S., it is observed that students tend to show
high level of engagement in school setting (e.g., hallways, playing fields, and lunchrooms) but
walk into classroom with relatively lower level of engagement in learning (Pianta, Hamre, &
Allen, 2012).

Although scholars have adopted distinctive approaches to studying the construct, it is
generally agreed upon that engagement is a multidimensional construct that is related to factors
at multiple levels (e.g., classroom, school). As Eccles and Roeser (2011) point out, engagement
develops in various contexts, including a specific learning task, a classroom that is oriented
toward academic learning as well as socioemotional learning opportunities, and a school
setting—a larger educational environment offering abundant social learning opportunities in
addition to intellectual development.

Finn’s (1989) participation-identification model explains how participation in classroom
and school activities (i.e., the behavioral dimension) interacts with identification of feeling self
as a significant member of the school community (i.e., the affective dimension), and how both

dimensions impact the likelihood of academic success. Other models of engagement that have
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been developed in more recent years propose three, four, or even more dimensions (e.g.,
Appleton et al., 2006; Fredricks et al., 2004; Luckner, Englund, Coffey, & Nuno, 2006; Reschly
& Christenson, 2006). Although researchers use different terminology and characterize
engagement in one way or another, common themes emerge from these studies. Figure 2.1
summarizes the evolvement of engagement models from a two-dimension framework to a four-

dimension one.

Two-dimension model! Three-dimension model? || Four-dimension model?
Behavioral Behavioral Behavioral
e.g. effort and e.g. effort and e.g. effort and
persistence persistence persistence
Affective/Emotional Affective/Emotional Affective/Emotional
e.g., interest and e.g., interest and e.g., interest and
enthusiasm enthusiasm enthusiasm
Cognitive Cognitive
e.g., learning e.g., learning
strategies & future strategies
aspiration Academic
e.g., time on task

Figure 2.1. Evolvement of the theoretical framework on engagement
NOTE: 'E.g., Finn (1989); Skinner, Kindermann, & Furrer (2009); %E.g., Archambault, Janosz, Morizot, &
Pagani (2009); Fredricks et al. (2004); Jimerson, Campos, and Greif (2003); Linnenbrink & Pintrich (2003); Schunk
(1995); Skinner et al. (2008); Wigfield et al. (2008); Zimmerman (2000); *E.g., Appleton et al. (2006); Reschly &

Christenson (2006).

In Figure 2.1, behavioral dimension usually refers to effort and persistence, among other
behaviors that are conducive to productive learning; emotional dimension refers to interest and
enthusiasm, among other emotions that facilitate student learning; cognitive dimension refers to
specific learning strategies that deepen learning outcomes according to literature on self-

regulated learning, while literature on motivation places more emphasis on the psychological
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investment in learning (e.g., students value learning in their future plans such that they are
willing to exert more mental effort/adopt certain learning strategies); academic dimension refers
to performance that is required and expected to complete certain milestones, such as time on
task, homework completion, and credits earned toward graduation, which overlaps with the
behavioral dimension to a large extent.

It is important to note that researchers define each dimension with variations and
sometimes their definitions of certain dimension overlap with others’ definitions of other
dimension(s) (Ainley, 2012). For example, effort has been considered as behavioral engagement
in some studies but referred to as cognitive or academic engagement in others; students’ valuing
of school has been framed as part of both emotional and cognitive engagement (Fredricks &
McColskey, 2012). Since the three-dimension framework including emotional, cognitive, and
behavioral engagement is supported by the strongest empirical and theoretical evidence (Johnson
& Dean, 2011; Fredricks & McColskey, 2012) and delineates relatively clear boundaries among
the various dimensions (while still acknowledging the connections among the dimensions), this
study follows the three-dimension framework and synthesize current literature on some
overlapping definitions (e.g., categorizing willingness to invest in learning to achieve certain
goals as cognitive dimension but excluding use of certain learning strategies as part of cognitive
dimension) to conceptualize engagement in subsequent discussions and analyses. The specific

measures of each dimension are further discussed in the following section.

2.3.2 Measures of engagement

As discussed above, researchers have conceptualized the construct of engagement using different
approaches. Consequently, how engagement is measured varies from study to study. Even when
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researchers adopt the same or similar framework, the content of specific items used in the
instruments differs among existing literature (Fredricks & McColskey, 2012).

Another factor that contributes to the inconsistency in the way engagement is measured is
the source from which student engagement is reported. Much respect and value has been paid
to student perspective in studying engagement (Shultz & Cook-Sather, 2001; Senge, 2000). It
is argued that people at the bottom of certain social hierarchy within social systems often have
the greatest insights into how the system is working. In a school context, students are at the
bottom of the hierarchy and thus their perspective is essential in understanding the complex
learning process (Yazzie-Mintz & McCormick, 2012). Other methods for assessing student
engagement include interviews, observations, and experience sampling methods that allow
researchers to collect detailed data on engagement at the moment of instruction instead of
having student self-report retrospectively (e.g., Hektner, Schmidt, & Csikszentmihalyi,
2007), but they are not without limitations. For instance, such data collection -efforts
could be time-consuming, expensive, and the findings are often limited in
generalizability beyond the study context (Fredricks & McColskey, 2012).

In addition, teacher rating could be particularly useful for studies involving younger
children. Interestingly, however, studies that include both teacher ratings and student self-reports
of engagement reveal stronger association between teacher and student reports of behavioral
engagement than their reports of the emotional dimension of engagement (Skinner, Furrer,
Marchand & Kindermann, 2008; Skinner et al., 2009). Similarly, Yazzie-Mintz & McCormick
(2012) has documented discrepancy between principals’ and students’ perceptions of student
experience. Such findings further reinforce the value of student reports of engagement as part of

their schooling experience, especially the emotional dimension.
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Figure 2.2 synthesizes a set of specific aspects under each dimension within the three-
dimension engagement framework. Specific measures of these aspects can be collected from
students using survey instrument. As previously discussed, it is noted that some aspects may be
included under a different dimension or considered as antecedents of engagement depending on
how researchers conceptualize engagement. Using measures available in two international large-
scale survey and assessment datasets, this study focuses on the emotional and cognitive
dimensions (i.e., interest, self-efficacy, future utility beliefs), as discussed in more details in

section 2.4 below.

Behaviorall Emotional? Cognitive®
¢ Compliance with ¢ Relationship with e Beliefs about the
classroom norms teacher value of academic
e Absence of e Being happy work
disruptive behavior e Expressing interest o Future aspiration and
e Preparation for class and enjoyment goals
e Timme on homework ¢ Sense of control
e concentration o Willingness to exert
effort and adopt
learning strategies to
achieve certain
learning goals

Figure 2.2. Three-dimension framework on engagement
NOTE: 'E.g., Finn, Pannozzo, & Voelkl (1995); Finn & Rock, 1997; Fredricks & McColskey (2012); °E.g.,
Appleton et al. (2006); Fredricks & McColskey (2012); *E.g., Appleton et al. (2006); Corno & Mandinach (1983);

Fredricks & McColskey (2012), Fredricks et al. (2004).
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2.3.3 Engaging instruction

Research over the past two decades demonstrates that effective instruction makes a large
contribution to student outcomes. Using 12 research-based teaching performance standards and
rubrics, Schacter & Thum (2004) find that quality teaching produced about one full standard
deviation gain in students’ achievement. Looking at student effort across tracks, Carbonaro
(2005) finds that student effort varies across tracks with students in higher tracks exerting greater
effort than their peers in lower tracks, and more importantly, most of the differences in effort are
explained by students’ experiences within the tracked classrooms. The finding implies that the
learning environment teachers create influences the level of student effort. More importantly,
instruction is found to exert noticeable influence on student mathematics learning as early as in
kindergarten (Fan & Bains, 2008). Beyond test scores, researchers also find a positive
relationship between the frequency of teachers’ use of specific inquiry-based activities and
improvements in students’ attitudes toward science (Kanter & Konstantopoulos, 2010), and
between teacher support and multiple dimensions of student engagement including enjoyment
and interest, efficacy and identification, and future utility beliefs (Kelly & Zhang, 2016),
suggesting teacher behavior may impact students’ attitudes and beliefs during the learning
process in addition to outcomes.

Skinner and Belmont (1993) identify three types of instructional behavior that are
conducive to student engagement and learning, including structure, autonomy support, and
teacher involvement. Structure refers to teachers clearly communicating their expectations,
responding consistently, predictably, contingently, offering instrumental help, and adjusting their
teaching strategies according to the level of the student. Autonomy support allows student

freedom in learning activities and connects school activities with students’ interests. Teachers
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giving a rationale for learning activities, providing options while encouraging students to follow
their own interests, and showing respect for student opinions, feelings, and agendas are all
considered ways of giving students autonomy support. Teacher involvement addresses students’
need for relatedness. Teachers are involved when they show affection, appreciation,
understanding, and sympathy. In addition, involved teachers invest time and energy to students
in need. They are available when students seek help.

Similar to the above three types of teacher behavior, Hamre & Pianta (2007) discuss three
domains of teacher-child interaction that are hypothesized to facilitate student engagement and
ultimately achievement: emotional support refers to student-focused, autonomy-supportive
instruction; instructional support is present when teachers provide cognitively stimulating
opportunities to learn and feedback about student learning; classroom organization entails
teachers’ consistent behavioral expectations and proactive use of monitoring, provision of
behavioral/emotional supports, and efficient allocation of the time in classroom.

The above two approaches to categorizing dimensions of teaching practices have
considerable overlapping components, which are reflected in Gage’s (1965) discussion of
classroom traits and teacher behaviors that promote teacher effectiveness. For instance, warmth
is equivalent to Skinner and Belmont’s teacher involvement and Hamre & Pianta’s idea of
emotional support; cognitive organization coincides with Skinner and Belmont’s concept of
structure and Hamre & Pianta’s instructional support; orderliness overlaps with Hamre &
Pianta’s classroom organization domain.

Brophy’s (1988) review of previous research on the impact of teaching practices on
educational outcomes encompasses many of the practices reviewed above, and is complemented

by more recent studies (e.g., Dolezal, Welsh, Pressley, & Vincent, 2003; Matsumura, Garnier,
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Slater, & Boston, 2008; Matsumura, Slater, & Crosson, 2008), among which three themes
emerge: structure, support, and challenge.

Teachers provide structure by focusing on the following aspects:

A. Content. Teachers allocate most of the time in class to activities with academic
objectives.

B. Management. Teachers mobilize classroom organization strategies to maximize the
time students spend actively engaged in academic activities.

C. Pacing. Teachers lead students through the academic agenda with minimal confusion
or frustration, and make sure students make continuous progress along the way. Teachers adjust
teaching strategies to the level of the students.

D. Delivery. Teachers make presentations and demonstrations with enthusiasm, clarity,
and logic, which helps students better understand the content covered and appreciate the
relationships among learning units.

E. Response. Teachers answer student questions and incorporate student comments into
the lesson when appropriate.

F. Expectations. Teachers clearly communicate to students their expectations for the
quality of their work.

Support from teachers is important for many reasons. First of all, teachers’ support and
student engagement are found to be reciprocal (Connell & Wellborn, 1991; Martin & Dowson,
2009; Osterman, 2000; Skinner, Kindermann, & Furrer, 2009). Moreover, studies have shown
that teacher support leads to improved student academic performance with engagement as a
mediating factor (Chen, 2005; Furrer & Skinner, 2003; Hughes & Kwok, 2007). Teachers

provide support by addressing the following student needs:
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A. Autonomy. Teachers give students sufficient time to process and come up with their
OWN answers.

B. Academics. Teachers provide academic assistance when students work on
assignments, review the instructions, and walk students through practice examples to prepare
students for follow-up assignments.

C. Emotions. Teachers show affection and respect towards students, and remain
approachable and dependable when students are in need of help. At the same time, teachers
encourage independence as well.

Challenge in Brophy’s review (1988) echoes with Yair’s (2000) finding that students
demonstrate greater engagement when teachers incorporate greater challenge and higher
academic demand in their instruction. In particular, teachers seek to elicit improved responses
when students answer the questions incorrectly or fail to come up with any answer. Additionally,
Matsumura, Garnier, et al. (2008) find, based on research on general features of excellent
instruction and research on effective practices within subject areas, that high level of cognitive
demand of tasks and activities characterizes high-quality instruction common across subject
areas. Along the same lines, Shernoff (2013) suggests that teachers foster academic intensity by
holding high expectations for students, and challenge them to reach stated goals (p. 130). The
author further advocates that challenging instruction becomes even more important as students
transition in high school where the content across subject areas gets cognitively challenging.
While challenge is important by itself, it has to go with support and structure. As Shernoff (2013)
puts it, optimal learning environments are characterized by environmental complexity, which is a
combination of challenge and support, and are created through structured individual and small-

group tasks (p. 160).
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In the international context, Tucker (2011) examines the top-performing educational
systems across the world, and highlights the essential role effective instruction plays in
promoting desirable student outcomes. In Japanese classrooms, for example, teachers invest a
great amount of effort in maximizing student engagement by applying the learning material to
real-life situations (p.88), which falls into the structure dimension of effective instruction
discussed above. Teachers structure the lesson in a way that helps students appreciate the
connection between the classroom and real life. In addition, Tucker discusses Japanese teachers’
approach to mistakes—They do not teach to the test, but teach to stimulate real understanding
(p.89). Incorrect answers are never punished; instead, Japanese teachers try their best to make the
students think by encouraging them to improve their responses. Such approach provides students
with support that addresses students’ need for competence and presents challenge that engages

students in higher-order thinking at the same time.

2.3.4 Summary of literature and goal of study

In all, engaging instruction shares much common ground across cultures. Both theoretical
considerations and empirical evidences suggest that the learning environment teachers create in
the classroom through their instructional practices influence achievement as well as engagement,
a multidimensional construct that has been less studied than achievement outcomes either by
itself or in relation to other educational factors/outcomes. To fill the research gap, this study uses
international large-scale survey and assessment data to examine student engagement in
mathematics and how it is related to instruction and achievement outcomes.

First, this study tests the multidimensional framework on engagement using confirmatory
factor analysis across four focal education systems. Next, a structural model is built upon the
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measurement model on engagement to examine how engagement is related to instruction and
achievement outcomes in four culturally and socially diverse contexts. More details on the data

and method are discussed in the next section.

24 DATA AND METHOD

2.4.1 Trends in International Mathematics and Science Study 2011 (TIMSS 2011)

The Trends in International Mathematics and Science Study (TIMSS) conducts mathematics and
science assessments at the fourth and eighth grades in participating countries on a regular four-
year cycle starting in 1995. The assessments measure the academic content students have
mastered by the time the assessments are administered. In addition, it administers background
questionnaires to students, parents, teachers, and school administrators, providing multiple
perspectives on students’ educational experiences across different education systems. It aims to
monitor curricular implementation and identify promising instructional practices (Foy, Arora, &
Stanco, 2013).

The TIMSS study employs a two-stage random sample design, with a sample of schools
selected at the first stage and then one or more intact classes of students selected from each of the
sampled schools at the second stage. To produce appropriate population parameter estimates and
variance estimation, analyses in this study applied the overall student sampling weight (totwgt)
and the jackknife replicate weights following guidance provided in the data documentation
(Martin & Mullis, 2012). For consistency and comparability with the other data set in use (i.e.,

Program for International Student Assessment 2012 (PISA 2012), as discussed in section 2.4.2),
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this study uses data from TIMSS 2011 eighth grade student mathematics assessment, student
questionnaire, and mathematics teacher questionnaire in the following countries: Singapore,
Finland, Australia, and Romania. As noted in section 1.2 in chapter 1, these are the four
countries that participated in TIMSS 2011 Grade 8, PISA 2012, and TALIS-PISA link in TALIS
20132, three data sets used in this dissertation. They have distinct cultural and social background
and perform at varying levels on the international assessments, such as TIMSS and PISA. To
better understand the construct of engagement and how it is related to other important
educational factors in diverse settings, all the four countries are included in this dissertation.

On the student questionnaire, students were asked to report the extent to which they
agreed with a series of statements that tap into the construct of engagement in mathematics. For
instance, “I enjoy learning mathematics” (interest); “I usually do well in mathematics” (self-
efficacy); “I need to do well in mathematics to get the job I want” (future utility beliefs). The
responses are recorded on a Likert scale with 1 indicating strong agreement and 4 strong
disagreement. The full set of engagement-related items are reported in Table 2.1 in the results
section. All items are recoded (some are reverse coded as well) to the 0-3 scale where higher
value indicates greater level of engagement.

On the mathematics teacher questionnaire, teachers teaching the sampled class were
asked to report how frequently they practiced certain instructional strategies. For example, how
often do teachers “relate the lessons to students’ daily lives” (structure), “praise students for
good effort” (support) and ask students to “decide on their own procedure for solving complex
problems” (challenge). Similarly, the responses are recoded on a four-point scale with 1

indicating the greatest frequency (i.e., every or almost every lesson) and 4 indicating the lowest

2 More details on the TALIS-PISA link in TALIS 2013 are provided in section 3.4.1 in Chapter 3.
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frequency (i.e., never). The full set of teacher-reported instruction items are reported in Table 2.3
in the results section. All items are reverse coded to the 0-3 scale where higher value indicates
greater frequency of teacher-reported instructional practices.

Considering both theoretical and empirical evidence on the close relationships between
engagement and achievement (Assor, 2012; Barkatsas, Kasimatis, & Gialamas, 2009; Russell,
Ainley, & Frydenberg, 2005), between instruction and engagement and achievement (Shernoff
et al., 2003; Stipek & Chiatovich, 2017), and between demographic and home background
and educational outcomes in various cultural and social contexts (Kalaycioglu, 2015;
Takashiro, 2017, Tan, 2015), the final model also includes mathematics achievement
outcomes (five plausible values) and two control variables from the student background

questionnaire, including gender and socioeconomic status.

2.4.2 Program for International Student Assessment 2012 (PISA 2012)

The Program for International Student Assessment (PISA) conducts assessment in multiple
subjects every three years starting in 2000, with each year focusing on one of the three subjects
(i.e., reading, mathematics, and science) as the major domain and the other two subjects being
less thoroughly assessed. Unlike TIMSS, which measures the academic content students have
mastered by certain grade level, PISA is an age-based assessment targeted at 15-year-old
students. While TIMSS focuses on the extent to which students at fourth or eighth grade have
mastered a specific curriculum, PIAS assesses 15-year-old students ability to apply what they
have learned at school to solve real-life problems (OECD, 2014). In addition to the assessment

component, PISA administers background questionnaire to students and school administrators,
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with more recent waves administering background questionnaires to parents (e.g., PISA 2012)
and teachers (e.g., PISA 2015) as well in selected participating countries.

The PISA study employs a two-stage stratified sample design. Schools having 15-year-
old students were sampled at the first stage, with probabilities proportional to a measure of
size—a function of the estimated number of PISA-eligible students enrolled in the school. Prior
to the sampling, schools were assigned to mutually exclusive strata based on school
characteristics. At the second stage, about 35 students were selected with equal probability from
the complete list of each sampled schools’ PISA-eligible students. To produce appropriate
population parameter estimates and variance estimation, analyses in this study applied the
student sampling weight (W_FSTUWT) and the balanced repeated replication (BRR) weights
following guidance provided in the data documentation (OECD, 2014).

In PISA 2012, mathematics was the major domain being thoroughly assessed. In
addition, PISA-eligible students in 2012 are close to eighth graders in TIMSS 2011 in terms of
age and grade level, although not necessarily identical. For consistency and comparability with
TIMSS 2011, as introduced in the previous section, this study uses data from PISA 2012 student
mathematics assessment and student questionnaire in the same group of countries mentioned
above (i.e., Singapore, Finland, Australia, and Romania).

On the student questionnaire, students were asked to report the extent to which they
agreed with a series of statements that tap into the construct of engagement in mathematics.
These statements resemble those asked on the TIMSS 2011 student questionnaire. For instance,
“I enjoy reading about mathematics” (interest); “If I put in enough effort I can succeed in
mathematics” (self-efficacy); “Making an effort in mathematics is worth it because it will help

me in the work that I want to do later on” (future utility beliefs). The responses are recorded on a
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Likert scale with 1 indicating strong agreement and 4 strong disagreement. The full set of
engagement-related items are reported in Table 2.2 in the results section. All items are recoded
(some are reverse coded as well) to the 0-3 scale where higher value indicates greater level of
engagement.

Although no teacher questionnaire is administered in PISA 2012, students were asked to
report how frequently their mathematics teachers practiced certain instructional strategies. For
example, how often does the teacher set clear goal for learning (structure), give extra help when
students need it (support), and assign projects that require at least one week to complete
(challenge). Similarly, the responses are recoded on a four-point scale with 1 indicating the
greatest frequency (i.e., every lesson) and 4 indicating the lowest frequency (i.e., never or hardly
ever). The full set of instruction-related items are reported in Table 2.4 in the results section. All
items are reverse coded to the 0-3 scale where higher value indicates greater frequency of
student-reported instructional practices.

It is important to note that PISA 2012 adopted the rotation design of the student
questionnaire, a major difference from TIMSS 2011, with the goal to increase the content
coverage of topics without increasing burden on students. In particular, three forms of student
questionnaires were designed such that they all contained a common part and a rotated part, with
the common part administered to all students to collect information on demographic and home
background, and the rotated part on each questionnaire administered to a random one-third of
sampled students asking questions about attitudinal and other non-cognitive constructs. The
engagement-related items and instruction-related items were included in the rotated part.

Therefore, due to the rotation design, there is one third of student cases did not respond to the
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items included in the rotated part and the data are missing at random’. According to data
documentation (OECD, 2014), rotation design does not have implication for reporting
proportions, standard errors computation, or the use of replicate weights. Therefore, inferential
analyses in this study focus on the subset of the student sample who responded to the items. As a
result, the parameter estimates are generalizable to the population represented by students who
responded to the items in the rotated part.

As mentioned in the previous section on TIMSS 2011, considering both theoretical and
empirical evidence on the close relationships between engagement and achievement, between
instruction and engagement and achievement, and between demographic and home background
and educational outcomes in various cultural and social contexts, the final model also includes
mathematics achievement outcomes (five plausible values) and two control variables from the

student background questionnaire, including gender and socioeconomic status.

2.4.3 Structural equation modeling (SEM)

Although ordinary least squares (OLS) regression has been used to study large and complex
national and international data sets (e.g., Chudgar, Luschei, & Zhou, 2013; Claessens, 2012) as a
more parsimonious or easier-to-interpret alternative to other techniques, it is critical that certain
model assumptions are met to produce unbiased results using this approach. For instance, OLS
assumes that the error term accounting for the variation in the dependent variable not explained

by the independent variables is random and has a mean of zero. However, nonrandom

3 More details on the rotation design of student questionnaires can be found in Chapter 17 in PISA 2012

Technical Report (OECD, 2014).
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measurement error that often resulted from flaws in the measurement design or procedure
commonly exists in research studies and will tend to have a non-zero mean, thus leading to
biased estimates in OLS regression (Huck, 2012; Kelley & Maxwell, 2010). In addition, OLS
assumes no specification error, another strong assumption that is often violated. Several types of
potential mistakes could result in specification error, including use of inappropriate estimation
method. For example, OLS estimation yields coefficients that minimize the squared distance of
each sample value from the sample mean. While such method is appropriate for continuous
variables, it is not for variables measured on Likert scale (Kline, 2015), as those introduced in
sections 2.4.1 and 2.4.2 and used for this dissertation. According to Kline (2015), the robust
weighted least squares (WLS) estimation method makes no assumptions about symmetrical
response distributions and has been increasingly used in existing literature with non-continuous
outcomes variables. More details about WLS estimation are discussed at the end of this section.
As Kelley and Maxwell (2010) suggested, it is often advisable that researchers obtain
multiple measures of each construct and employ structural equation modeling (SEM) techniques
rather than multiple regression in circumstances of nonrandom measurement error. The SEM
models hypothesize how sets of observed variables define latent variables and how these
variables are related to each other. As implied by their literal meaning, observed variables refer
to items providing information on specific measures that can be directly observed. They are also
called measured variables or indicators and represented by rectangles in SEM diagrams. Latent
variables refer to constructs that could not be directly measured but serve as the underlying
driving force of certain portion of the variation in the observed variables. They are also called
factors and represented by ovals/circles in SEM diagrams. For example, while interest in

mathematics is an intangible concept and hard to be directly measured, instruments can have
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items measuring the degree to which subjects agree on statements, such as “I enjoy learning
mathematics” and “I like mathematics”. In this example, interest in mathematics is the
underlying construct (i.e., latent variable) that drives subjects’ responses on the two statements
about their attitudes toward mathematics (i.e., observed variables).

One important advantage that SEM has over OLS regression is that SEM techniques
explicitly take measurement error into account in statistical analyses, for both observed and
latent variables (Schumacker & Lomax, 2016). In other words, both observed and latent
variables with their associated measurement error terms could be included in SEM models, as
needed. The measurement error associated with latent variables, also called residual error, is only
applicable when latent variables are treated as dependent variables in the model, representing the
variation in the latent variables not explained by their corresponding independent variables
(Huck, 2012). Similarly, measurement error terms associated with observed variables represent
the variation in observed variables not explained by their corresponding latent variables. From a
regression perspective, observed variables are essentially the dependent variables, while their
corresponding latent variables are the independent variables causing certain variation in the
dependent variables. Take the interest in mathematics as an example again, subjects with greater
interest in mathematics (i.e., the latent variable, or, the independent variable) will tend to agree
with the statements “I enjoy learning mathematics” and “I like mathematics™ (i.e., the observed
variables, or, the dependent variables) to a larger extent than subjects with less interest in
mathematics.

In terms of modeling, SEM incorporates measurement models (i.e., confirmatory factor
analysis [CFA], as discussed in more detail below) with structural models (i.e., path analysis, as

discussed in more detail below), combining the measurement benefits of CFA and regression
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techniques (Schumacker & Lomax, 2016). For this dissertation, CFA and path analysis are
utilized, respectively, in examining: (1) multiple dimensions of the construct of engagement, and
(2) the relationships among engagement, achievement, and instruction in mathematics. The CFA
measurement model helps achieve the goal of parsimony by combining multiple observed
variables that measure a common underlying dimension of engagement (e.g., interest), as
conceptualized in sections 2.3.1 and 2.3.2. Next, path analysis examines the structural
relationships among the multiple dimensions of engagement, achievement, and instruction in
mathematics.

The CFA measurement model tests a priori specified theoretical models that relate latent
variables to measured variables. Following guidance from existing literature (e.g., Huck, 2012;
Schumacker & Lomax, 2016), this study based the initial CFA measurement model
specifications on theory and findings from prior empirical research; subsequent model
modifications and the final model specification took into account the data-model fit criteria and
theoretical considerations. Figures 2.3 and 2.4 display the CFA model using measures from
TIMSS 2011 and PISA 2012, respectively. Due to varying availability of specific measures in
the two datasets, the models presented in Figures 2.3 and 2.4 vary in the number of observed
variables that measure each latent construct. However, the covariance among the three factors
(i.e., interest, self-efficacy, and future utilities beliefs) shares the same specification (i.e., each of
the factor covaries with the other two factors) as they are conceptualized to be the various
dimensions of the same underlying construct—engagement. The variance of all latent factors is

constrained to 1.
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Figure 2.4. Confirmatory factor analysis model: PISA 2012
35



Path analysis extends multiple regression models as it allows specifications of direct,
indirect, and correlated effects among observed/latent variables and thus simultaneously solve
several regression equations in the specified model (Schumacker & Lomax, 2016), and has been
widely used in current literature (Kline, 2015). Figure 2.5 presents the path diagram of the full
model including three latent factors (i.e., interest, self-efficacy, and future utility beliefs) that
reflect multiple dimensions of the construct of engagement and are hypothesized to covary with
mathematic achievement outcomes as literature suggests (Assor, 2012; Barkatsas, Kasimatis, &
Gialamas, 2009), three types of instructional practices as independent variables of primary
interest, and controlling for demographic and home background (i.e., gender and socioeconomic
status*). This same model is fit to data from both TIMSS 2011 and PISA 2012. As mentioned
above, the measurement model varies between the two datasets due to varying numbers of
observed variables that measure each latent engagement-related factor (shown in Figures 2.3 &

2.4, not in Figure 2.5). All other parts of the model remain the same for both datasets.

4 1t is noted that different items were asked on the TIMSS 2011 and PISA 2012 student questionnaires
about home background. Consequently, the SES variable includes slightly different aspects of home background in
each data set. In TIMSS 2011, it was created based on information on the number of books at home, number of
home study supports (e.g., internet connection), and highest level of education of either parent. In PISA 2012, it was
created based on information on the number of books at home, home possessions (e.g., computers & internet

connection), highest parental occupation, and the highest parental education expressed as years of schooling.
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Figure 2.5. Path diagram on the hypothetical relationships among engagement, achievement, and

instruction, controlling for demographic and home background: TIMSS 2011 & PISA 2012

Descriptive analyses were conducted using Stata 13 and all the subsequent analyses were
done using Mplus 8. Because the observed variables of the three latent factors are on an ordinal
scale, analyses conducted in Mplus 8 used the robust weighted least squares (WLS) estimator
instead of the maximum likelihood estimation method which assumes continuous and normal
distribution on the observed variables (Flora & Curran, 2004). There are two types of robust
WLS estimators available in Mplus, including mean-adjusted weighted least squares (WLSM)
and mean- and variance-adjusted weighted least squares (WLSMV). While these two methods
produce identical parameter estimates and robust standard errors, WLSMV estimation makes
different adjustments to model chi-square or degrees of freedom, thus producing differing values
of the same fit statistics compared with WLSM (Kline, 2015). Results from studies using
computer simulation generally favor the WLSMV estimator (Finney & DiStefano, 2013), which

is also preferred when the number of observed variables is relatively small (Kline, 2015).
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Informed by existing literature and based on the fact that there are certain latent variables that

have limited number of observed variables, this study used the WLSMYV estimation.

2.5 RESULTS

2.5.1 Descriptive statistics

Tables 2.1 and 2.2 report the descriptive statistics on engagement-related items from the TIMSS
2011 and PISA 2012 student questionnaires, respectively. While all items are originally on a 1-4
scale with 1 indicating strong agreement and 4 indicating strong disagreement, all items are
recoded to the 0-3 scale and some items are reverse coded such that higher value consistently
indicates greater level of engagement. All estimates are weighted by the student weight, so they
could be generalized to the student population represented by the analytic sample in each
country. As discussed above, the target student population is eighth graders in TIMSS 2011
while it is 15-year-old students in PISA 2012.

Although the primary goal of this study is not to compare engagement level across
countries by each survey item, Tables 2.1 and 2.2 describe a general picture of student
engagement in mathematics in each country. Overall, students across the four countries report
around or above average level of engagement in mathematics. At the same time, sizeable
variation in engagement level exist with the standard deviation ranging from 0.60 to 1.17 in
TIMSS 2011 and from 0.54 to 0.92 in PISA 2012 across the four countries.

All items reported in Tables 2.1 and 2.2 are included in the confirmatory factor analysis

(CFA) to test the multidimensional framework of engagement discussed in section 2.3.2. The
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next section (2.5.2) discusses the CFA results in more details. Appendices A.1.1 and A.1.2 report
the weighted percentage of student cases with missing value by each item and across countries,
in TIMSS 2011 and PISA 2012, respectively. In TIMSS 2011 (Appendix A.1.1), all items have
less than 5% of cases with missing value and are listwise deleted in subsequent analyses. In
PISA 2012 (Appendix A.1.2), all items have about one-third of cases with missing value. As
discussed in section 2.4.2, this large missingness is due to the rotation design of the student
questionnaire where each randomly selected one third of students in the sample were selected to
complete one of the three student questionnaires (i.e., missing at random) consisting of one
common part and one rotated part with some overlapping items across the questionnaires. Since
the full set of engagement-related items were asked on the rotated part, the subsample of students
who completed the rotated part containing the items of interest was examined in CFA and path

analyses.
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Table 2.1. Descriptive statistics on engagement-related items: TIMSS 2011 (selected countries)

Singapore Finland Australia Romania

Survey jtems (0=Disagree lot; 1=Disagree a little; 2=Agree a I\I;ijgé?zzg 5 I\I;Cb:g%86969 Nlcli:;s’ls ’5968 5 Nlcli:;ziz;%
little; 3=Agree a lot)*

W @ ay o ap e
Interest
I enjoy learning mathematics. (intl) 2.20(0.02) 0.86 1.37(0.03) 091 1.67 (0.04) 0.98 1.72 (0.04) 0.98
I wish I did not have to study mathematics. (int2) 1.91(0.02) 1.04 1.56 (0.03) 1.01 1.62 (0.05) 1.07 1.57(0.04) 1.14
Mathematics is boring. (int3) 1.83(0.02) 097 1.18(0.03) 096 1.25(0.04) 098 1.54(0.04) 1.11
I learn many interesting things in mathematics. (int4) 2.11(0.02) 0.82 1.43 (0.03) 0.87 1.82 (0.04) 0.91 1.99 (0.04) 0.99
I like mathematics. (int5) 2.08 (0.02) 0091 1.31(0.03) 0.96 1.58(0.04) 1.01 1.53(0.04) 1.09
Self-Efficacy
I usually do well in mathematics. (eff1) 1.86 (0.02) 0.92 1.77(0.04) 095  2.03(0.04) 0.85 1.67 (0.03) 0.97
Mathematics is more difficult for me than for many of my 171(0.02) 092  1.78(0.03) 098 1.79(0.03) 098  144(0.03) 1.08
classmates. (eff2)
Mathematics is not one of my strengths. (eff3) 1.54(0.02) 1.07 1.35(0.04) 1.09 1.46 (0.05) 1.11 1.18 (0.03) 1.13
I learn things quickly in mathematics. (eff4) 1.78 (0.02) 0.87 1.69(0.03) 0.89 1.76(0.04) 0.90 1.62(0.03) 0.99
Mathematics makes me confused and nervous. (eff5) 1.61 (0.02) 0.94 1.79 (0.03) 0.92 1.83 (0.03) 0.95 1.53 (0.04) 1.13
I am good at working out difficult mathematics problems. (eff6) 1.47 (0.02) 0.89 1.20 (0.03)  0.90 1.55(0.04) 0.93 1.10 (0.03) 0.97
Mathematics is harder for me than any other subject. (eff7) 1.85(0.03) 1.05 1.99 (0.03) 1.04 1.75(0.04) 1.10 1.33(0.04) 1.17
Future utility beliefs
I think learning mathematics will help me in my daily life. (blfl) 2.37(0.01) 0.74 1.99 (0.03) 0.81 2.52(0.02) 0.71 2.42(0.03) 0.85
I need mathematics to learn other school subjects. (blf2) 2.11(0.02) 0.77 1.71(0.03) 0.82  2.18(0.02) 0.80 2.09(0.04) 0.97
I'need to do well in mathematics to get into the <university>of ) 44 01y 070  170(0.03) 097 235(0.02) 084 1.97(0.04) 1.06
my choice. (blf3)
I need to do well in mathematics to get the job I want. (blf4) 2.34(0.02) 0.77 1.81(0.03) 0.86  2.32(0.02) 0.85 1.84 (0.04) 1.06
I would like a job that involves using mathematics. (blf5) 1.56 (0.02) 096  0.99(0.03) 0.89 1.35(0.03) 1.00 1.04 (0.03) 1.08
It is important to do well in mathematics. (blf6) 2.67(0.01) 0.60 2.08(0.03) 0.82 2.67(0.02) 0.61 2.28(0.03) 0091

40



Table 2.1 continued

Note. Estimates are weighted by student weight totwgt.

2 Items are originally on a 1-4 scale and are recoded (some items are reverse coded as well) to the 0-3 scale where higher value indicates greater level of
engagement.

b n=sample size

¢ N=population size represented by the sample

4 SE=standard error

¢ SD=standard deviation

41



Table 2.2. Descriptive statistics on engagement-related items: PISA 2012 (selected countries)

Singapore Finland Australia Romania
. _ . R A ) n°= 5,546 n°=8,829 n°=14,481 n®=5,074
Survey items (0=Strongly disagree; 1=Disagree; 2=Agree; Ne=51,088 Ne=60,047 Ne=250.711 Ne=140.915
3=Strongly agree)*
Mean . Mean . Mean . Mean .
(SE)¢ SD (SE)¢ SD (SE)¢ SD (SE)¢ SD

Interest

I enjoy reading about mathematics. (intl)

I look forward to my mathematics lessons. (int2)
I do mathematics because I enjoy it. (int3)

I am interested in the things I learn in mathematics. (int4)

1.79 (0.02)  0.83
1.98 (0.01)  0.79
1.95(0.02)  0.86
2.00 (0.02)  0.79

0.93(0.02) 0.77
1.02 (0.02)  0.77
1.08 (0.01)  0.83
139 (0.01)  0.85

1.21(0.01)  0.83
1.40 (0.01)  0.87
130 (0.01)  0.90
1.55(0.01)  0.87

1.71 (0.02)  0.84
1.76 (0.02)  0.84
1.67 (0.02)  0.86
1.49 (0.02)  0.85

Self-Efficacy
If I put in enough effort I can succeed in mathematics. (effl)

Whether or not I do well in mathematics is completely up to me.
(eff2)

If I wanted to, I could do well in mathematics. (eff3)

2.62(0.01) 0.54
2.41(0.01) 0.71
247(0.01) 0.64

2.26 (0.01)  0.65
2.07(0.01) 0.74
2.03(0.01) 0.76

2.37(0.01)  0.64
2.19(0.01)  0.70
2.25(0.01)  0.69

2.26 (0.02) 0.72
2.14 (0.02) 0.77
2.05(0.02) 0.81

Future utility beliefs

Making an effort in mathematics is worth it because it will help
me in the work that I want to do later on. (blfl)

Learning mathematics is worthwhile for me because it will
improve my career <prospects, chances>. (blf2)

Mathematics is an important subject for me because I need it for
what I want to study later on. (blf3)

I will learn many things in mathematics that will help me get a
job. (blf4)

2.25(0.01) 0.68
2.18(0.01)  0.69
2.25(0.01) 0.74

2.16 (0.02) 0.74

1.87(0.02)  0.79
2.09 (0.01) 0.73
1.84(0.02)  0.86

1.85(0.01)  0.78

2.15(0.01) 0.76
2.17(0.01) 0.76
1.99 (0.01) 0.88

2.04(0.01) 0.80

1.45(0.02)  0.92
141 (0.02) 0.92
1.51(0.02) 0.92

1.45(0.02) 0.89

Note.: Estimates are weighted by student weight W_FSTUWT.

2 Items are originally on a 1-4 scale and are recoded (some items are reverse coded as well) to the 0-3 scale where higher value indicates greater level of

engagement.

b n=sample size

¢ N=population size represented by the sample
4 SE=standard error

¢ SD=standard deviation
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Tables 2.3 and 2.4 report the descriptive statistics on instruction items reported by
teachers in TIMSS 2011 and reported by students in PISA 2012, respectively. All items are
originally on a 1-4 scale with 1 indicating the highest frequency (i.e., every or almost every
lesson) and 4 indicating the lowest frequency (i.e., never or hardly ever), and are reverse coded
to be on a 0-3 scale with 0 indicating the lowest frequency and 3 the highest frequency. All
estimates in TIMSS 2011 are weighted by the math teacher weight. As mentioned in section
2.4.2, no teacher questionnaire was administered in PISA 2012. All the instruction items from
PISA 2012 examined in this study were asked on the student questionnaire where 15-year-old
students reported how frequency they thought their teacher practiced certain instructional
strategy in the classroom. Consequently, all estimates in PISA 2012 are weighted by the student
weight.

Although the primary goal of this study is to examine the relationships among
engagement, achievement, and instruction and to see how the pattern varies across multiple
education systems, rather than conduct cross-country comparison in instruction per se, Tables 2.3
and 2.4 reveal some patterns that are worth mentioning. According to teacher reports in TIMSS
2011 (Table 2.3), teachers tend to provide more support in their instruction (i.e., encouraging
students to improve and praising students for good effort) than structure and challenge across the
four focal countries. According to student reports in PISA 2012 (Table 2.4), teachers in
Singapore tend to provide more of structure, support, as well as challenge than teachers in all the
other three countries, except for a few practices (e.g., Students in Romania reported that their
mathematics teachers do the following at a higher frequency than what was reported by students
in Singapore on their mathematics teachers: asking students to help plan classroom activities and

assigning projects that require at least one week to complete).
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Table 2.3. Descriptive statistics on teacher-reported instruction items: TIMSS 2011 (selected countries)

Singapore Finland Australia Romania

Survey itgms (0=Never; 1=Some lessons; 2=About half the Nlib:;’gg 4 Nlib;zjgl N?:bizi)ol 1 Nllb::92’$;2
lessons; 3=Every or almost every lesson)®

W o @ ay o mp e
Structure
Summarize what students should have learned from the lesson 2.43(0.06) 0.73 1.83(0.08) 0.87 2.20(0.08) 0.82 2.86(0.06) 045
Relate the lesson to students' daily lives 1.66 (0.05) 0.75 1.78 (0.08)  0.79 1.90 (0.07) 0.78  2.50(0.09) 0.72
Use questioning to elicit reasons and explanations 2.37 (0.05) 0.74 2.49 (0.06) 0.72 2.58 (0.06) 0.66 2.85(0.06) 0.47
Bring interesting materials to class 1.32(0.05) 0.62 1.18 (0.07)  0.63 1.54 (0.07) 0.71 2.08 (0.09) 0.78
Relate what they are learning in math to their daily lives (in math)  1.47 (0.05)  0.67 1.57 (0.07)  0.70 1.72(0.08) 0.77  2.42(0.08) 0.73
Support
Encourage all students to improve their performance 2.55(0.04) 0.64 2.54(0.06) 0.65 2.78(0.05) 0.49 2.84(0.06) 0.44
Praise students for good effort 2.41(0.05) 0.69 2.58(0.06) 0.62 2.83(0.05) 043 2.75(0.06) 0.52
Challenge
Explain their answers 1.99 (0.07) 0.78 2.07(0.08) 0.82 230(0.07) 0.74  2.69(0.07) 0.63
Decide on their own procedures for solving complex problems 1.28 (0.05) 0.74 1.67 (0.09) 0.83 1.53 (0.06) 0.71 2.33(0.09) 0.79
Work on problems for which there is no immediately obvious 1.05(0.05) 0.72 098 (0.06) 062 1.15(0.07) 076 1.55(0.1)  0.80

method of solution

Note. Estimates are weighted by math teacher weight matwgt.

2 Items are originally on a 1-4 scale and are reverse coded to the 0-3 scale where higher value indicates greater frequency of instructional practices.

b n=sample size

¢ N=population size represented by the sample
4 SE=standard error

¢ SD=standard deviation
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Table 2.4. Descriptive statistics on student-reported instruction items: PISA 2012 (selected countries)

Singapore Finland Australia Romania
. B o L n°= 5,546 nb=8,829 n®=14,481 n®=5,074

Survey ltgms (0=Never or hardly ever; I=Some lessons; 2=Most Ne=51,088 Ne=60,047 Ne=250.711 Ne=140,915
lessons; 3=Every lesson)?

Mean . Mean . Mean . Mean .

(SE)! SD (SE)! SD (SE)! SD! (SE)! SD!
Structure
The teacher continues teaching until the students understand. 2.27(0.01) 0.83 1.98(0.02) 092 2.13(0.01) 097 2.16(0.02) 0.98
The teacher sets clear goals for our learning. 1.94(0.01) 0.85 1.78 (0.02) 0.81 1.87(0.01) 094  2.18(0.02) 0.95
The teacher gives different work to classmates who have
difficulties learning and/or to those who can advance faster. 0.95(0.02)  1.01 1.63(0.02) 1.02 0.89(0.02) 1.0 121(0.03) 113
The teacher asks questions to check whether we have understood 222(001) 082 170(0.02) 089 204(0.01) 092 2.15(0.02) 097
what was taught.
At the beginning of a lesson, the teacher presents a short summary 4 54 g 05y 101 142(0.02) 093  134(001) 102 1.73(0.03) 1.07
of the previous lessons.
The teacher tells us what is expected of us when we get a test, 1.99(0.01) 085 1.60(0.02) 086 195(0.01) 091 185(0.02) 1.0l
quiz or assignment.
Support
The teacher shows an interest in every student's learning. 2.07 (0.01) 0.81 1.83(0.02) 0.88  2.04(0.01) 0.92 1.99 (0.02) 0.94
The teacher gives extra help when students need it. 2.39(0.01) 0.73  2.34(0.02) 0.79 2.32(0.01) 0.85 1.88 (0.02) 1.01
The teacher helps students with their learning. 2.44(0.01) 070 242(0.02) 0.76 2.42(0.01) 0.79 2.22(0.02) 0.93
The teacher gives students an opportunity to express opinions. 2.10(0.01) 0.88 1.98(0.02) 092 2.01(0.01) 0.99 2.15(0.02) 0.94
The teacher tells me about how well I am doing in my 1.23(0.01) 092 1.07(0.02) 0.87 1.15(0.01) 093  1.50(0.03) 1.04
mathematics class.
The teacher asks us to help plan classroom activities or topics. 0.69 (0.01) 0.87 0.30(0.01) 0.60 0.45(0.01) 0.76 1.07 (0.03) 1.08
The teacher gives me feedback on my strengths and weaknesses in -\ 19 0 02y 094 085(0.02) 081 1.14(0.02) 096 1.19(0.03) 1.10
mathematics.
Challenge
The teacher asks me or my classmates to present our thinkingor 20 1) 091 172(0.02) 085 1.62(0.01) 094 1.63(0.02) 1.0l
reasoning at some length.
The teacher assigns projects that require at least one week to 0.72(0.01) 0.88 029(0.02) 0.63 091(0.01) 090 0.94(0.03) 1.04
complete.
The teacher has us work in small groups to come up with joint 0.97(0.02) 097 050(0.02) 0.75 0.67(0.01) 08 1.19(0.03) 1.11

solutions to a problem or task.
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Table 2.4 continued

Note. Estimates are weighted by student weight W_FSTUWT.

2 [tems are originally on a 1-4 scale and are reverse coded to the 0-3 scale where higher value indicates greater frequency of instructional practices.
b .
n=sample size

¢ N=population size represented by the sample
4 SE=standard error

¢ SD=standard deviation

46



All items reported in Tables 2.3 and 2.4 are used to create three composite variables
indicating three types of instruction (i.e., structure, support, and challenge, as discussed in
section 2.3.3) in TIMSS 2011 and PISA 2012, respectively. Each composite variable takes the
mean averaged over the items measuring the corresponding type of instruction. In the path
analysis following CFA, these three composite variables on instruction are included in the model
as key independent variables that are hypothesized to predict engagement and achievement
outcomes. Results from the path analysis are discussed in detail in section 2.5.3.

Appendices A.2.1 and A.2.2 report the weighted percentage of cases with missing value
by each item and across countries, in TIMSS 2011 and PISA 2012, respectively. In TIMSS 2011
(Appendix A.2.1), all countries except for Australia have less than 5% of cases with missing
value on the instruction variables and are listwise deleted in subsequent analyses. Personal
communication with the TIMSS study national research coordinator in Australia suggested that
the large missingness on the instruction variables resulted from low teacher response rate in the
country (S. Thomson, personal communication, July 27, 2018). Consequently, these instruction
variables were imputed (m=5) and then included in the path analysis as done for the other three
countries. In PISA 2012 (Appendix A.2.2), as previously discussed, all student-reported
instruction items have about one-third of cases with missing value due to the rotation design of
student questionnaires. Subsequent analyses focus on the subsample of students that was

randomly selected to complete the rotated part containing items included in the path analysis.

2.5.2 Confirmatory factor analysis results

Tables 2.5 and 2.6 reports the CFA results from the final model using data from TIMSS 2011
and PISA 2012, respectively, including standardized parameter estimates and data-model fit
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indices. All factor loadings, factor correlations, and residual correlations are statistically
significant at the 0.001 level across the four TIMSS countries. It is noted that in CFA analyses
using data from TIMSS 2011, two residual correlations (i.e., correlation between indicators blf3
and blf4 and correlation between indicators int2 and int3) were incrementally added based on
data-model fit suggestions available in the Mplus output as well as conceptual considerations.
The added residual correlations improve the model fit to varying degrees across the four
countries.

Most standardized factor loadings are above 0.7, while some are between 0.4 and 0.7.
Moreover, proportion of variance in the measured variables explained by corresponding factors
is generally large, with the R? value for most measured variables being well above 0.50 (see
Appendices B.1 and B.2), suggesting overall strong relationship between the observed variables
and the corresponding latent factors. In addition, correlations among factors are generally strong,
ranging from 0.48 to 0.79 in TIMSS results, and from 0.43 to 0.75 in PISA results, which
provides supporting evidence that the three dimensions are measuring the same underlying

construct.
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Table 2.5. Confirmatory factor analysis of the final measurement model on engagement in mathematics: TIMSS 2011 (selected countries)

Factor Variable description Singapore  Finland Australia Romania
I enjoy learning mathematics. (intl) 0.94%** 0.93%** 0.93%** 0.86***
I wish I did not have to study mathematics. (int2) 0.81%%* 0.80%** 0.76%** 0.57%**
Interest Mathematics is boring. (int3) 0.79%** 0.81%** 0.77%%* 0.66%***
I learn many interesting things in mathematics. (int4) 0.77%*** 0.83*** 0.73*** 0.72%%*
I like mathematics. (int5) 0.96%*** 0.96*** 0.97*** (0.94%**
I usually do well in mathematics. (eff1) 0.87%** 0.971%** 0.86%** 0.85%**

Mathematics is more difficult for me than for many of my

sk skskok skskok skskok
classmates. (eff2) 0.75 0.77 0.74 0.54
Mathematics is not one of my strengths. (eff3) 0.89%** 0.91*** 0.88*** 0.59%**
Self-efficac I learn things quickly in mathematics. (eff4) 0.83%** 0.87%** 0.87%** 0.83%**
Y Mathematics makes me confused and nervous. (eff5) 0.71%%* 0.74%** 0.73%%* 0.41%%*
I am good at working out difficult mathematics problems. 0. 79 0.8 0,81 %% 0.83%%x
(eff6) ’ ’ ’ ’
Mathematics is harder for me than any other subject. (eff7) 0.84%*** 0.84%** 0.82%** 0.64%**
ibt}lgln)k learning mathematics will help me in my daily life. 0. 7% 0. 7455 0,80 0,735
I need mathematics to learn other school subjects. (blf2) 0.62%%* 0.67*%* 0.68*** 0.64%**
.. I need to do well in mathematics to get into the . sk sk sk
E:ltilérfz utility <university> of my choice. (blf3) 0.55 0.66 0.64 0.65
ibri;cz;i to do well in mathematics to get the job I want. 0 5% 0.66%%* 0.67%%x 0.63%%x
I would like a job that involves using mathematics. (blf5)  0.92%** 0.90%** 0.88%** 0.92%**
It is important to do well in mathematics. (blf6) 0.74%%* 0.76%** 0.77%%* 0.57%**
Factor correlations
Interest & Self-efficacy 0.79%** 0.75%** 0.72%** 0.79***
Interest & Future utility beliefs 0.71%** 0.69%** 0.66%** 0.71%**
Self-efficacy & Future utility beliefs 0.48*** 0.54*** 0.48*** 0.56***
Residual correlations
blf3 & blf4 0.63%** 0.43%** 0.54%** 0.64***
int2 & int3 0.40%*** 0.28*** 0.28*** 0.37***

Fit indices
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Table 2.5 continued

RMSEA 0.08 0.06 0.05 0.07
CF1 0.97 0.98 0.97 0.92

Note. Factor variance is fixed at 1. Estimates are weighted by student weight totwgt. Only standardized parameter estimates are reported.
kkk
p<.001.
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Table 2.6. Confirmatory factor analysis of the final measurement model on engagement in mathematics: PISA 2012 (selected countries)

Factor Variable description Singapore  Finland Australia Romania
I enjoy reading about mathematics. (intl) 0.84%** 0.81%** 0.8 1%** 0.84%**
Interest I look forward to my mathematics lessons. (int2) 0.84%** 0.88%** 0.90%*** 0.92%**
I do mathematics because I enjoy it. (int3) 0.93%*x* 0.96%** 0.94%*x* 0.93%**
I am interested in the things I learn in mathematics. (int4) 0.93*** 0.92%** 0.92%*** 0.91***
If I put in enough effort I can succeed in mathematics. 0,93 0.1 %% 0 89 0,89
(effl) . . . .
Self-efficacy Whether or not I do well in mathematics is completely up 0. 745 0. g%k 0,80 0.83%%
to me. (eff2) ’ ’ ’ ’
If I wanted to, I could do well in mathematics. (eff3) 0.80%** 0.80%** 0.75%** 0.75%**
Making an effort in mathematics is worth it because it will . sk . sk
help me in the work that I want to do later on. (blfl) 0.87 0.87 0.88 0.88
Learning mathematics is worthwhile for me because it will 0 88*** 0.88%%* 0. 8755 0.86%%*
Future utility improve my career <prospects, chances>. (blf2) ’ ’ ’ ’
beliefs Mathematics is an important subject for me because I need s . - -
it for what I want to study later on. (blf3) 0.86 0.91 0.89 0.90
I will learn many things in mathematics that will help me 0. 85 0.8 0 89 0.8
get a job. (blf4) ' ’ ' ’
Factor correlations
Interest & Self-efficacy 0.43%%* 0.54%** 0.53%*** 0.61***
Interest & Future utility beliefs 0.75%** 0.70%** 0.73%** 0.69***
Self-efficacy & Future utility beliefs 0.50%** 0.56%** 0.55%** 0.60***
Fit indices
RMSEA 0.07 0.07 0.07 0.08
CFI 0.99 0.99 0.99 0.99

Note. Factor variance is fixed at 1. Estimates are weighted by student weight W_FSTUWT. Only standardized parameter estimates are
reported.
*p<.05; **p<.01; ***p<.001.
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According to Kline (2015), the RMSEA is the average of the residuals between the
observed covariance/correlation from the sample and the expected model estimated from the
population, and thus smaller value of RMSEA indicates better model fit. In particular,
RMSEA<0.05 suggests close fit while 0.05<RMSEA<0.08 indicates reasonable error of
approximation. The CFI compares the amount of departure from close fit for the model of
interest against that of the null model, ranging from 0 to 1 where 1 is indicates the best result. It
is recommended that a value of 0.95 for CFI indicates good fit while a value between 0.90 and
0.95 is deemed acceptable. Following guidance from existing literature (Kline, 2015;
Schumacker & Lomax, 2016) on the model fit indices and considering the value and statistical
significance of the factor loadings, part of the proposed three-dimensional model on engagement
is retained as one viable representation of the construct using empirical evidence from TIMSS
2011 and PISA 2012. It is noted that due to limited data availability, the model does not include
the behavioral dimension in the engagement framework. This limitation is further discussed in

section 2.6.3.

2.5.3 Path analysis results

Tables 2.7 and 2.8 reports the path analysis results from two models for each country using
TIMSS 2011 and PISA 2012, respectively, including standardized structural path coefficients,
correlations, R? values for selected endogenous variables, and data-model fit indices. For
parsimony, factor loadings in the measurement model are reported in Appendices C.1 and C.2
and are not discussed in this section since they are covered in detail in section 2.5.2 above on the

CFA results. For each country, Model 1 includes the three latent engagement factors (i.e.,
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interest, self-efficacy, and future utility beliefs), mathematics achievement level outcomes®, and
three key independent variables on instructional practices (i.e., structure, support, and challenge).
Model 2 includes two demographic and home background variables (i.e., gender and
socioeconomic status (SES)) as control variables in addition to variables included in Model 1.
Both models have adequate model fit for all the four countries in TIMSS 2011 and PISA 2012,
with RMSEA less than 0.60 and CFI greater than 0.90 in general. Model 2 has slightly increased
data-model fit with additional control variables included. The increase is often reflected in the
third decimal of the fit indices (not shown in Tables 2.7 and 2.8 due to rounding) and echoed in
the increase in the R? value from Model 1 to Model 2 (reported in the second pane from the

bottom on R? values for selected endogenous variables in Tables 2.7 and 2.8).

5 It is noted that the model did not converge when continuous mathematics assessment score (five plausible
values) was initially included. This issue was addressed by replacing the continuous scores with mathematics
achievement level outcomes instead. In TIMSS 2011, the information on mathematics achievement levels is stored
in five existing variables, indicating the international mathematics benchmark level each corresponding plausible
value for the continuous assessment score reached (1=Below 400, 2= At or above 400 but below 475, 3=At or above
475 but below 550, 4=At or above 550 but below 625, 5=At or above 625). In PISA 2012, no such achievement
level variables exist in the data file, but information on the levels of mathematical literacy is available in data
documentation. Therefore, I created five achievement level variables using the corresponding plausible value for the
continuous mathematics assessment score and following guidance provided in the technical report (PISA, 2012;
0=Below level 1 (score points on the PISA scale <357.8); 1=Level 1 (score points on the PISA scale >=357.8 &
<420.1); 2=Level 2 (score points on the PISA scale >=420.1 & <482.4); 3=Level 3 (score points on the PISA scale
>=482.4 & <544.7); 4=Level 4 (score points on the PISA scale >=544.7 & <607.0); 5=Level 5 (score points on the

PISA scale >=607.0 & <669.3); 6=Level 6 (score points on the PISA scale >=669.3)).
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Table 2.7. Path analysis of the relationships among engagement in mathematics, mathematics achievement, and teacher-reported instructional practices: TIMSS

2011 (selected countries)

Singapore Finland Australia Romania
Path coefficients Model 1  Model2 Modell Model2 Model 1l  Model2  Model 1  Model 2
Structure --> Interest 0.01 0.01 0.05 0.04 0.00 0.01 0.05 0.04
Support --> Interest -0.02 -0.02 0.03 0.03 -0.05 -0.04 0.00 -0.01
Challenge --> Interest 0.02 0.02 0.03 0.02 0.07 0.06 0.01 0.01
Sex --> Interest 0.01 0.01 0.08* -0.04
SES --> Interest 0.06* 0.16%** 0.15%** 0.10**
Structure --> Self-efficacy 0.00 0.00 0.01 0.01 -0.04 -0.03 0.01 0.01
Support --> Self-efficacy 0.03 0.03 0.04 0.03 -0.05 -0.03 -0.01 -0.03
Challenge --> Self-efficacy 0.01 0.01 0.03 0.02 0.12* 0.10%* 0.05 0.03
Sex --> Self-efficacy 0.10%** 0.15%** 0.16%** 0.06*
SES --> Self-efficacy 0.18%** 0.24%** 0.22%** 0.28%**
Structure --> Future utility beliefs 0.04 0.03 0.01 0.01 -0.01 -0.01 0.02 0.03
Support --> Future utility beliefs -0.04 -0.03 0.05 0.05 -0.03 -0.02 0.07 0.06
Challenge --> Future utility beliefs 0.02 0.02 0.09 0.09 0.06 0.05 -0.01 -0.01
Sex --> Future utility beliefs 0.03 0.01 0.11%* 0.03
SES --> Future utility beliefs 0.05* 0.19%** 0.12%* 0.04
Structure --> Math achievement -0.02 -0.02 -0.07 -0.07 -0.14 -0.11 0.04 0.03
Support --> Math achievement 0.06 0.06 0.01 0.00 -0.11 -0.09 0.00 -0.02
Challenge --> Math achievement 0.07 0.06 0.14%* 0.12* 0.17* 0.15% 0.16* 0.12*
Sex --> Math achievement -0.06 0.02 0.05 -0.03
SES --> Math achievement 0.37%%* 0.327%%* 0.43%%* 0.50%%**
Correlations
Math achievement & Interest 0.20%**  (0.20%%*  (.42%*%*%  (0.40%*¥*  0.38**¥* (.36%** (.33Fk* (. 33%**
Math achievement & Self-efficacy 0.46%**  0.44%*%*  (.67*F*  0.65%**  0.60*** (.57*** (S55%k*  (.50%F*
Math achievement & Future utility beliefs 0.15%** Q. 14%*%*  (.33%*%*  (.29%**  (.24%**  (020%** (.15%%* (.16%**
Interest & Self-efficacy 0.79%** (. 80%** (. 75%*%* (.75%¥** (. 71*** (. 70%** (.79%**  (.80%**
Interest & Future utility beliefs 0.71%%* Q. 71*%%*  (0.68%*%*  0.68***  0.65%** (.64%*** (. 71*** (. 71%**
Self-efficacy & Future utility beliefs 0.48%*** (. 48***  (.54%**  (.53%¥*¥*  (48*¥*¥*  (.46*F** (.56%*F* (.57F*
blf3 & blf4 0.63***  (.64%**  (.42%**% (. 42%¥*  (.53%**  (.S54%k*  (.64%F*  (.64%F*
int2 & int3 0.40%%*  0.40%%*  (.28%**  (28*** (27**¥* (.27%¥* (0.36*** (.36%**

R? values for selected endogenous variables
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Table 2.7 continued

Interest 0.00 0.00 0.01 0.03 0.01 0.03 0.00 0.02
Self-efficacy 0.00 0.04 0.00 0.07 0.01 0.08 0.00 0.08
Future utility beliefs 0.00 0.01 0.01 0.05 0.00 0.03 0.01 0.01
Math achievement 0.01 0.15 0.02 0.12 0.04 0.22 0.03 0.28
Fit indices

RMSEA 0.07 0.07 0.05 0.05 0.04 0.04 0.06 0.06
CFI 0.96 0.96 0.98 0.98 0.97 0.97 0.92 0.92

Note. Estimates are weighted by student weight totwgt. Only standardized parameter estimates are reported. R? values for only selected endogenous variables are
reported. For parsimony, factor loadings from the measurement model are not reported in the table but are reported in Appendix C.1. *p<.05; **p<.01; ***p<.001.

Table 2.8. Path analysis of the relationships among engagement in mathematics, mathematics achievement, and student-reported instructional practices: PISA

2012 (selected countries)

Singapore Finland Australia Romania

Path coefficients Model 1  Model2  Modell  Model2  Modell  Model2  Modell  Model 2
Structure --> Interest 0.11%%*  Q.11%*%*  0.20%*%*  (0.20%** -0.02 -0.01 -0.04 -0.04
Support --> Interest 0.28%** 0. 27%%*  (.23%*%* (0.21*** (.05 0.04 0.08 0.08
Challenge --> Interest 0.02 0.02 0.01 0.00 -0.01 -0.01 0.00 0.00
Sex --> Interest 0.00 0.117%%* 0.00 0.00
SES --> Interest -0.05* 0.13%%* 0.04 -0.05
Structure --> Self-efficacy 0.13%%* 0.13%%  0.29%**  (0.29%** (.00 0.00 -0.01 -0.01
Support --> Self-efficacy 0.12* 0.12* 0.07 0.05 -0.04 -0.04 0.02 0.01
Challenge --> Self-efficacy -0.02 -0.03 -0.06* -0.06* 0.02 0.02 0.04 0.04
Sex --> Self-efficacy 0.03 0.10%%** -0.02 0.01
SES --> Self-efficacy 0.05 0.14%%* 0.02 0.00
Structure --> Future utility beliefs 0.14%%  0.15%*%  0.24***%  (0.23***  -0.07 -0.06 -0.01 -0.01
Support --> Future utility beliefs 0.21%**  (0.19***  (.16%** 0.16*** 0.06 0.05 0.01 0.00
Challenge --> Future utility beliefs 0.03 0.03 -0.05* -0.04 0.05 0.06 0.03 0.03
Sex --> Future utility beliefs 0.05 0.01 -0.01 -0.02
SES --> Future utility beliefs -0.10%%** 0.16%%* 0.05 -0.02
Structure --> Math achievement -0.01 -0.02 0.17%%*  0.16%**  0.09%* 0.09%* -0.06 -0.03
Support --> Math achievement 0.04 0.06 0.02 0.00 0.13%%*  (.08** 0.01 0.00
Challenge --> Math achievement -0.12%%* Q. 14%** Q. 28%F*  Q28%F*  _(0.18%F* 0. 16%F*  -0.21FF*  -0.16%**
Sex --> Math achievement 0.00 0.07%* 0.07%%* 0.07*
SES --> Math achievement 0.40%%* 0.29%%%* 0.35%%* 0.427%%*

Correlations
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Table 2.8 continued

Math achievement & Interest 0.07* 0.09* 0.39***  0.36*** (.04 0.03 -0.06 -0.05
Math achievement & Self-efficacy 0.05 0.04 0.36***  0.33*** (.02 0.01 -0.09* -0.10%
Math achievement & Future utility beliefs -0.08**  -0.03 0.34***  0.30***  0.05 0.04 -0.06 -0.06
Interest & Self-efficacy 0.38***  (.39%**  (.49%** (. 47***F  (.53%¥*¥*  (.S52%k*  (Q.61FFF  (.61%F*
Interest & Future utility beliefs 0.71%%* Q. 71%%*  (0.65%*%*%  0.64%** (. 73%** (. 73%k* (. 7F*k*  (7]%**
Self-efficacy & Future utility beliefs 0.46***  0.47*%*  (.51%%*  (.50%*%*% 0.55%*¥* (.54%**  (0.60*** 0.60%**
R? values for selected endogenous variables

Interest 0.14 0.14 0.16 0.19 0.00 0.00 0.00 0.01
Self-efficacy 0.05 0.06 0.10 0.13 0.00 0.00 0.00 0.00
Future utility beliefs 0.12 0.13 0.12 0.15 0.00 0.01 0.00 0.00
Math achievement 0.01 0.17 0.05 0.14 0.03 0.16 0.06 0.24
Fit indices

RMSEA 0.05 0.05 0.06 0.05 0.03 0.03 0.05 0.04
CFI 0.99 0.99 0.98 0.98 0.99 0.99 0.99 0.99

Note. Estimates are weighted by student weight W_FSTUWT. Only standardized parameter estimates are reported. R? values for only selected endogenous variables are
reported. For parsimony, factor loadings from the measurement model are not reported in the table but are reported in Appendix C.2. *p<.05; **p<.01; ***p<.001.
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Looking at TIMSS 2011 results (Table 2.7), limited evidence is found that teacher-
reported instruction has impact on student engagement while the results suggest some
instructional practices are associated with achievement outcomes. In comparison, demographic
and home background seems to explain more variance in both student engagement and
achievement outcomes.

Specifically, little to none association between teacher-reported instruction and interest in
mathematics is found across countries. This pattern applies to the relationship between
instruction and future utility beliefs as well. For self-efficacy, only teacher-reported challenging
instructional practices are found to be significantly and positively associated with it in Australia,
but not in the other three countries, and the standardized coefficient (f=0.10) is smaller in value
than that of gender (B=0.16) and socioeconomic background (B=0.22). While structure and
support are not found to be closely related to mathematics achievement outcomes either,
challenge is significantly and positively associated with achievement outcomes in Finland
(B=0.12), Australia (p=0.15), and Romania ($=0.12), but not in Singapore.

On the other hand, demographic and home background is found to be more closely
related to student engagement, especially self-efficacy. Both gender and socioeconomic status
(SES) have statistically significant and positive association with self-efficacy across the four
countries, with the association between SES and self-efficacy consistently being stronger (B
ranges from 0.18 to 0.28) than that between gender and self-efficacy (B ranges from 0.06 to
0.16). In Australia, both gender and SES are significantly associated with interest and future
utility beliefs as well, but the association is less strong than that with self-efficacy. In other
countries, limited association is found between gender and interest or future utility beliefs, but

SES remains a consistent predictor of interest and future utility beliefs except that SES is not
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related to future utility beliefs in Romania. Consistent with previous research (e.g., Kalaycioglu,
2015; Takashiro, 2017), SES is found to be a strong predictor of mathematics achievement
outcomes across the four countries ( ranging from 0.32 to 0.50).

Correlation coefficients reported in Table 2.7 are all statistically significant, with the
correlation between achievement and engagement factors mostly above 0.30, providing evidence
on the association between engagement and achievement as found in previous research (e.g.,
Barkatsas, Kasimatis, & Gialamas, 2009). The remaining correlation coefficients among
the latent engagement factors and the indicators are generally higher. As discussed in section
2.5.2, they provide supporting evidence of engagement as a multidimensional construct.

While results from TIMSS 2011 indicate very limited association between teacher-
reported instructional practices and student engagement and achievement outcomes across the
four focal countries, results from PISA 2012 suggest a different picture in the Singaporean and
Finnish contexts, where student-reported instructional practices are closely associated with
engagement and achievement outcomes. Unlike the results from TIMSS 2011, the patterns across
the four PISA countries are more heterogeneous. Therefore, subsequent discussion about results
using data from PISA 2012 attends to individual countries one after another, focusing on results
from the final model (Model 2 in Table 2.8).

In Singapore, structure is consistently associated with interest (=0.11), self-efficacy
(B=0.13), and future utility beliefs (B=0.15), and the association is statistically significant at 0.01
level. Support is even more strongly related to interest (f=0.27) and future utility beliefs
(B=0.19), while its association with self-efficacy (B=0.12) is slightly less strong than that
between structure and self-efficacy (B=0.13). While challenge has little influence on the three

latent engagement factors, it is negatively associated with mathematics achievement levels (p=-
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0.14). In other words, the more challenging mathematics teachers’ instructional practices
become, as perceived by students, the lower students perform on the PISA mathematics
assessment. In terms of demographic and home background, SES explains sizeable portion of
variance in achievement outcomes (=0.40) but its influence on engagement is less strong.
Interestingly, SES is significantly and negatively associated with interest (f=-0.05) and future
utility beliefs (B=-0.10), suggesting that students from better socioeconomic background are less
interested in the subject and value the subject less in their future life plans. No gender gap is
found in engagement or achievement outcomes, which makes Singapore stand out among the
four focal countries. As discussed in more details below, gender gap in engagement or
achievement in mathematics is evident in the other three countries.

In Finland, structure is associated with both engagement and achievement outcomes, but
the pattern is less consistent with support and challenge. Specifically, while support is positively
related to interest and future utility beliefs, it has limited influence on self-efficacy or
achievement outcomes. In comparison, while challenge is negatively associated with self-
efficacy and achievement outcomes, its influence on interest and future utility beliefs is
negligible. Unlike Singapore, demographic and home background in Finland is more consistently
and positively related to both engagement and achievement outcomes, and the association is all
statistically significant except that gender has little impact on future utility beliefs. It is noted that
male students tend to exhibit greater level of engagement in terms of interest and self-efficacy
than female students. At the same time, the former group performs higher on the PISA
mathematics assessment.

In Australia, instruction is not found to be significantly related to engagement, but has

some influence on mathematics achievement outcomes, with the path coefficient from challenge
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to achievement (f=-0.16) being about twice of that from structure to achievement (f=0.09) and
from support to achievement (0.08), and in an opposite direction. Similarly, while demographic
and home background is not found to be closely related to engagement, it is significantly
associated with achievement outcomes, with the path coefficient from SES to achievement
(B=0.35) being about 5 times of that from gender to achievement (=0.07). In other words, while
male students enjoy slight advantage over female students in their mathematics achievement
outcomes in Australia, students from families with more advantaged socioeconomic background
are performing significantly better on the PISA mathematics assessment than their peers from
disadvantaged family background.

The pattern in Romania is similar to Australia. While instruction does not influence
engagement, it is related to achievement outcomes. The difference lies in that only challenge,
among the three types of instructional practices, is found to be significantly and negatively
related to achievement ($=-0.16). In other words, the more challenging teachers’ instruction
becomes, as perceived by students, the lower students perform on the mathematics assessment.
The relationships between demographic and home background and engagement and achievement
outcomes in the Romanian context also resemble the case of Australia to a large extent, with
male students enjoying slight advantage over female students in their performance on the
assessment ($=0.07) while students from families with more advantaged socioeconomic
background or with more books at home performing significantly better than their peers from
disadvantaged background ($=0.42). At the same time, demographic and home background does
not explain variance in student engagement either, as found in Australia.

In terms of the correlational part of the model, although the three latent engagement

factors are all highly correlated with each other across the board, providing supporting evidence
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of engagement as a multidimensional construct, as discussed in section 2.5.2 on the measurement
model, engagement is not always closely related to achievement across the countries as previous
literature suggests. Only in Finland are the three latent engagement factors found to be
moderately correlated with achievement outcomes with the correlation coefficients ranging from
0.30 to 0.36.

The finding about the relationship between engagement and achievement based on PISA
2012 results is inconsistent with that based on TIMSS 2011, where the association between the
three latent engagement factors and achievement is generally moderate to strong. This could be
due to the fact that the mathematics assessment in TIMSS 2011 is targeted to measure the
academic content students have mastered by certain grade level while the mathematics
assessment in PISA 2012 measures students’ real-life problem-solving skills applying what they
have learned by the age of 15. In other words, while the construct of engagement appears similar
using items from TIMSS 2011 and PISA 2012, the achievement outcomes measured by the two
assessments may be distinct such that the correlation patterns between engagement and
achievement vary between TIMSS and PISA results except for Finland, where engagement and
achievement are consistently correlated with each other. If this hypothesis is supported by future
research, it may imply the Finnish success in connecting the academic content students are
learning within the curriculum to the development of students’ abilities to apply their
mathematics skills to solve real-life problems.

Additionally, it is observed that while the inclusion of demographic and home
background in model 2 significantly increase the proportion of variance explained in
mathematics achievement outcomes (see the panes on R? values for selected endogenous

variables in Tables 2.7 and 2.8), large proportion of variance in achievement outcomes remains
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unexplained by the model. Moreover, including the control variables makes limited contribution
to explaining the variance in the three latent engagement factors. The large proportion of
remaining variance in the engagement and achievement outcomes not explained by the model
suggests the need for a more comprehensive set of instruction-related measures as well as
examining other important educational factors (e.g., parental involvement), as discussed in the

next section.

2.6  DISCUSSION

2.6.1 Summary of results and implications

2.6.1.1 Engagement as a multidimensional construct

Using data from two international large-scale survey and assessment studies (i.e., TIMSS 2011
and PISA 2012), this study provides empirical evidence supporting the multidimensional
framework on engagement, with a focus on mathematics. Three latent factors (i.e., interest, self-
efficacy, and future utility beliefs) that reflect two dimensions of engagement (i.e., emotional and
cognitive dimensions) are examined. Similar indicators are selected in both TIMSS 2011 and
PISA 2012 datasets that measure the corresponding latent factors. All models across the four
focal countries (i.e., Singapore, Finland, Australia, and Romania) have adequate data-model fit.
The factor loadings are all statistically significant and generally high, suggesting good measures
of the latent engagement factors. In addition, correlations among the factors are strong in

general, providing evidence that engagement is a multidimensional construct.
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Unlike demographic and home background (e.g., gender and socioeconomics), which is
often found to be strongly related to educational outcomes but difficult to change, engagement is
a much more malleable state of being that has been linked to important educational outcomes to
both disadvantaged and general student populations (Fredricks et al., 2004; Hawkins, Guo, Hill,
Battin-Pearson, & Abbott, 2001). Therefore, it is essential to understand the construct and build
the theoretical and empirical knowledge base for effective intervention. The CFA results provide
empirical evidence validating two dimensions of engagement in mathematics and lay critical
foundation for subsequent analyses and discussions that examine the relationships among

engagement, achievement, and instruction in mathematics.

2.6.1.2 Relationships among engagement, achievement, and instruction

Results from TIMSS 2011 and PISA 2012 reveal different patterns regarding the relationships
among engagement, achievement, and instruction. Table 2.9 summarizes the path analysis results
across countries using data from the two data sets, with positive and statistically significant
association in green text, negative and statistically significant association in red text, and null
association in black text. According to results from TIMSS 2011, two types of instructional
practices (i.e., structure and support), as reported by students’ mathematics teachers, are not
related to engagement or achievement outcomes across the four countries. According to results
from PISA 2012, however, structure and support, as reported by students, are generally related to
engagement in the two high-performing education systems (i.e., Singapore and Finland), while
their relationship with achievement is less consistent. In the context of Australia and Romania,
the pattern found in PISA is similar to TIMSS where structure and support are not related to
engagement. In terms of the relationship between student-reported structure and support and

mathematics achievement, the pattern is less consistent across countries—while both structure
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and support, as reported by students, are found to be positively associated with achievement

outcomes in Australia, this is not the case in other countries.

Table 2.9. Summary of path analysis results using data from TIMSS 2011 & PISA 2012: Singapore, Finland,

Australia, & Romania

v DV Association between [V & DV
TIMSS 2011 PISA 2012
Null in Australia & Romania
Interest Null across countries Positive in Singapore & Finland
Null in Australia & Romania
Structure Self-efficacy Null across countries Positive in Singapore & Finland
Future utility Null in Australia & Romania
beliefs Null across countries Positive in Singapore & Finland
Null in Singapore & Romania
Achievement Null across countries Positive in Finland & Australia
Null in Australia & Romania
Interest Null across countries Positive in Singapore & Finland
Null in Finland, Australia, & Romania
Self-efficacy Null across countries Positive in Singapore
Support — . . .
Future utility Null in Australia & Romania
beliefs Null across countries Positive in Singapore & Finland
Null in Singapore, Finland, & Romania
Achievement Null across countries Positive in Australia
Interest Null across countries Null across countries
Null in Singapore, Australia, &
Null in Singapore, Finland, & Romania | Romania
Self-efficacy Positive in Australia Negative in Finland
Challenge  Future utility
beliefs Null across countries Null across countries
Null in Singapore
Positive in Finland, Australia, &
Achievement Romania Negative across countries

Note. IV=independent variable; DV=dependent variable.

Results from the two different data sets also reveal contradictory findings regarding

challenging instruction. Although its association with engagement and achievement is found to

be limited in size and less consistently in general using data from both TIMSS 2011 and PISA

2012, when the association is found statistically significant, it is noted that the direction in

TIMSS results is opposite to that in PISA results. For instance, according to TIMSS results

(Table 2.7), teacher-reported challenge is positively related to self-efficacy in Australia (f=0.11)
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and is positively associated with mathematics achievement in Finland (B=0.12), Australia
(B=0.16), and in Romania (f=0.12). According to PISA results (Table 8), however, student-
reported challenge is negatively related to self-efficacy in Finland (=-0.06) and is negatively
associated with mathematics achievement in all the four countries (f=-0.14 for Singapore, =-
0.28 for Finland, f=-0.16 for Australia and Romania).

The different patterns suggest that how students perceive what their teachers do in the
class is more closely related to engagement and achievement than what teachers report what they
do in the class, highlighting the importance of student perception in the learning process. It is
possible that larger measurement error exists in teacher reports of their own instructional
practices due to social desirability bias, among other potential sources of inaccurate reporting
(e.g., recollection of instructional practices in retrospective).

Additionally, the different patterns of instructional practices across countries as reported
by teachers (in TIMSS) and by students (in PISA) lend support for the argument that informant
on instructional practices makes a difference. While teacher reports suggest that teachers tend to
provide more support in their instruction than structure and challenge across the four countries,
student reports reveal larger cross-country differences with students in Singapore reporting that
their teachers provide all the three types of engaging instructional practices more often than
students in the other three countries do. It is recognized that neither of the two data sets has
nationally representative sample of mathematics teachers such that the findings could not be
generalized to the teacher population in each country; moreover, the target student population in
each data set is different, although quite similar in terms of age and educational grade level, and
the wording of survey items on which students/teachers reported their engagement/instruction is

not identical in TIMSS 2011 and PISA 2012, although similar (see Appendix D for a full list of
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measures on engagement, achievement, and instruction in TIMSS 2011 and PISA 2012 used in
the analysis). Therefore, a counterargument could be made that it is not necessarily student
perception or source of reporting that leads to the different patterns in both descriptive and
inferential statistics. Regardless, a third-party perspective on teachers’ instructional practices in
the class (e.g., observation) other than teachers and students may provide additional insight into
how instruction is related to engagement and achievement outcomes. For instance, a growing
body of literature on instruction that uses classroom observation data from videotape recordings
suggests that certain instructional approaches appear to be closely associated with desirable
learning outcomes in diverse settings (e.g., Leung, 2005; Naslund-Hadley, Varela, & Hepworth,
2014). At the same time, counterevidence exists that null to modest relationships are found
between teaching and student outcomes (Garrett & Steinberg, 2015). One implication of the
mixed evidence is that instruction is highly context-specific (Hansen, 1981; Harris, 2011);
certain effective teaching strategy in one setting may not be as effective in another context.

In Australia and Romania, it is curious that regardless of the source of reporting on
teachers’ instructional practices, instruction is found to have little to none impact on engagement
or achievement outcomes. In comparison, demographic and home background turns out a much
stronger and more consistent predictor of engagement and/or achievement. While follow-up
qualitative studies may provide valuable insight in unpacking the null relationship between
instruction and student outcomes, as found in the Australian and Romanian contexts using data
from TIMSS 2011 and PISA 2012, they are out of the scope of the present study. One possible
explanation of the limited association between instruction and student outcomes is that the
pattern (e.g., frequency and intensity) of exposure to instruction may be differently

institutionalized in these two countries than the practices established in Singapore and Finland,
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which could potentially mediate the relationship between instruction and student outcomes. In
addition, how students spend their time outside school hours and parental involvement could also
be the source taking away school influence on student outcomes. Another consideration is that
the study only examines the emotional and cognitive dimensions of engagement. Including the
behavioral dimension (e.g., Kelly, 2007; Kelly, 2008) or engagement measures taken at the
moment of instruction (e.g., Shernoff et al., 2003) into the picture would allow for a more
comprehensive examination of the connection between engagement, achievement, and
instruction.

Consistent with previous research (e.g., Kalaycioglu, 2015; Takashiro, 2017), this study
finds that demographic and home background, especially SES, remains a strong predictor of
mathematics achievement outcomes across the four countries using both data sets, and in some
cases, it is also an important predictor of engagement in mathematics. This is also reflected in the
considerable increase in the proportion of variance explained in Model 2 (i.e., bottom pane in
Tables 2.7 and 2.8 reporting R? values for selected endogenous variables) with the inclusion of
demographic and home background variables. However, it should be noted that large portion of
variance in engagement and achievement outcomes remains unexplained after controlling for
demographic and home background. More research is needed to explore other factors that are
related to engagement and achievement in important ways, including but are not limited to a set
of more comprehensive measures of instructional practices, mathematics-related activities in and

outside school hours, and parental involvement.
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2.6.2 Significance of the study

This study uses international large-scale survey and assessment data to examine a
multidimensional construct, engagement, by itself and in relation to instruction and achievement
outcomes, with a focus on mathematics. Analyses incorporate the complex design of the TIMSS
2011 and PISA 2012 studies to produce appropriate population parameter estimates and variance
estimation. Thus, the findings are generalizable to large student populations represented by the
analytic samples across four countries with diverse economic and social background. Building
upon previous research studying engagement in smaller-scale settings, this study accumulates
further supporting evidence on engagement as a multi-dimensional construct in multiple
education systems.

In addition, comparisons among multiple education systems using different data sets
provides important insights into the issue of student engagement from multiple perspectives and
lay an essential foundation for future studies within and across countries with the goal of better
understanding the construct of engagement and how it is interrelated with multiple important
educational input factors and outcomes. As reported in Appendix D, the two data sets are
complementary to each other in several aspects. First, the TIMSS mathematics assessment
measures academic content students had mastered by the time the assessment was administered
while the PISA mathematics assessment measures students’ ability to apply what they had
learned to solve problems in real-world settings. This distinction allows comparison of the
relationships between engagement and instruction and different types of mathematics
achievement outcomes (i.e., content vs. application). In addition, having instruction-related
measures from different reporting sources (i.e., teacher-reported in TIMSS 2011 vs. student-

reported in PISA 2012) provides additional insights into the relationship between teachers’
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instructional practices and student outcomes. While results from PISA data in part confirm prior
research on the impact of teachers’ instructional behavior on student outcomes, more
importantly, comparison of findings from the two different data sets adds to existing literature by
suggesting the importance of how students perceive instruction in shaping their engagement and
achievement outcomes in some contexts. Moreover, the degree to which instruction is related to
engagement and achievement varies in different education systems, suggesting that future
research efforts on theory development and empirical investigation may benefit from considering

the specific cultural or social context within which the study is conducted.

2.6.3 Limitations and future directions

A few limitations of the present study are worth noting for the interpretation of the results. First,
due to limited data availability, this study only tested two of the three dimensions in the
theoretical framework on engagement. The three latent factors examined in the study (i.e.,
interest, self-efficacy, and future utility beliefs) reflect the emotional and cognitive dimensions.
Measures on the behavioral dimension will provide valuable information validating the full
three-dimension framework on engagement. Although some measures tapping into behavioral
engagement are available in PISA 2012, this study only focused on measures on the emotional
and cognitive dimensions that are available in both TIMSS 2011 and PISA 2012 for consistency
and comparability. Future studies could use a more comprehensive set of measures that reflect
the full theoretical model on engagement by using data set(s) that provide(s) such opportunities.
It is also noted that this study only looked at engagement in mathematics as a general
attitudinal orientation towards the subject, but not engagement measured at the moment of
instruction that reflects students’ real time response to instruction that is being delivered. More
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research efforts that collect data on student engagement at the moment of instruction could
provide additional insights into how this type of engagement is related to instruction and
achievement outcomes and inform intervention that facilitates both engagement and
achievement, making learning engaging and rewarding at the same time. Moreover, examining
engagement in other subjects and how it is related to instruction and achievement outcomes that
are specific to other subjects may yield interesting cross-subject comparisons. Insights from
multiple subjects could inform effective and targeted intervention that ultimately makes the
overall learning experience both engaging and rewarding beyond the mathematics classrooms.
Although instruction is of prime interest in the present study, it should be noted that the
set of measures used in the study may not present all the possible instructional practices. For
example, some types of instruction have very limited number of measures available (e.g., There
are only two items asking about supportive instruction in TIMSS 2011, and only three items
asking about challenging instruction in both TIMSS 2011 and PISA 2012). The limited number
of measures may have compromised the reliability of the corresponding instruction-related
construct examined in the analysis. Future studies may benefit from a more comprehensive set of
instruction-related items with a better balance among various types of instructional practices. For
instance, literature on mathematics education offers additional insights into instruction that
explicitly attends to developing students’ mathematical conceptual understanding and engages
students in productive struggle wrestling with important mathematical ideas that are
comprehendible but not immediately apparent (Hiebert & Grouws, 2007 & 2014). Future data
collection instruments may consider including measures that tap into opportunities for reasoning

and support provided for such productive struggle that facilitate real math learning.
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Last but not the least, current study included selected control variables. Although both
variables, especially the socioeconomic status, are found to be strong predictor of engagement
and/or achievement in mathematics, other family, school, or community factors, such as
participation in mathematics-related activities (in or outside school) and parental involvement,
are worth consideration in future research. While examining other family, school, and
community factors are out of the scope of current study, existing literature has accumulated
evidence on the importance of these factors. For example, parental involvement has been found a
strong predictor of student outcomes in multiple social groups and across grades (e.g.,
Areepattamannil & Freeman, 2008; Sibley & Dearing, 2014). Furthermore, examining how
engagement is related to more distal educational outcomes beyond academic achievement could

make important contribution to the knowledge base about engagement.
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3.0 IMPACT OF PROFESSIONAL DEVELOPMENT ACTIVITIES ON

MATHEMATICS TEACHERS’ SELF-EFFICACY: EVIDENCE FROM TALIS 2013

3.1 ABSTRACT

Teachers play an essential role in creating the optimal classroom environment for student
learning. At the same time, teaching is a learning profession. Teachers accumulate professional
knowledge and refine their skill sets through daily work and professional development (PD)
activities. This article uses data from the Teaching and Learning International Survey 2013
(TALIS 2013) seeking evidence of the impact of various PD activities on mathematics teachers’
self-efficacy in instruction and student engagement. Propensity score methods, the inverse
probability of treatment weighting techniques in particular, are used to reduce the self-selection
bias in assessing the treatment effects of multiple PD activities. Findings suggest that reform
types of PD activities that are collaborative and job-embedded in nature (e.g., teacher network
and mentoring) are more effective than traditional PD activities (e.g., workshops and
conferences) in enhancing mathematics teachers’ self-efficacy. Policy implications and future

research directions are discussed.
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3.2 INTRODUCTION

Teachers play an essential role in student learning. Much evidence from existing literature
indicates that the quality of the teaching force is potentially the most powerful school-related
predictor of student achievement (e.g., Aaronson, Barrow, & Sander, 2007; Clotfelter, Ladd, &
Vigdor, 2006; Ingersoll, 2012; Nye, Konstantopoulos, & Hedges, 2004; Powell & Anderson
2002; Rivkin, Hanushek, & Kain, 2005) and even of students’ life outcomes beyond school (e.g.,
Chetty, Friedman, & Rockoff, 2011). At the same time, teaching is a learning profession. Just
like any profession, the continual deepening of knowledge and skills is an integral part of
teaching (Garet, Porter, Desimone, Birman, & Yoon, 2001). As Wei, Darling-Hammond,
Andree, Richardson, and Orphanos (2009) pointed out in their report on teacher development in
the U.S. and other countries, the goal of improving student outcomes can only be achieved
through improving teachers’ instructional practices and building the capacity of school systems
to provide necessary support to advance teacher learning. Indeed, in recent decades, education
reform efforts have recognized the essential role teacher professional development plays in
advancing teacher learning and ultimately student performance (Wei et al., 2009).

Teachers across the globe engage in a variety of professional development (PD)
activities. For example, the types of PD activities teachers in the United States engage in include
courses for college credits and conferences (Akiba, 2012) while some countries, such as Japan
and China, adopt an approach that emphasizes collaboration among teachers and have
institutionalized practice of lesson study (Fernandez & Yoshida, 2004; Huang & Bao, 2006).
While the provision of professional development is almost universal, the number of studies using
rigorous methods to evaluate the impact of these programs is limited (Garet et al., 2001).

Moreover, the majority of existing studies on teacher professional development are descriptive in
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nature and do not possess the methodological rigor to warrant causal inferences (Wei et al.,
2009). This study uses large-scale international survey data to investigate the impact of various
PD activities on mathematics teachers’ self-efficacy in instruction and student engagement in
diverse cultural settings. The remaining sections are structured as follows: section 3.3 provides
an overview of existing literature on teacher professional development and teacher self-efficacy,
the key independent variables and outcomes variables of this study, and identifies the research
gap and research questions the current study is aiming to address; section 3.4 introduces the data
and the methods used in the analyses; section 3.5 presents the results based on descriptive and
inferential statistics; section 3.6 summarizes the findings, discusses the strengths and limitations

of the study, and concludes with future directions.

3.3 LITERATURE REVIEW

3.3.1 The importance of teacher professional development

The value of professional development for the success of educational reforms, especially reforms
related to instruction and student learning, has been discussed in the U.S. context (e.g., Cohen &
Hill, 2000; Darling-Hammond & Sykes, 1999; Desimone, 2009) and international context (e.g.,
Akiba & LeTendre, 2009; Collinson, Kozina, Lin, Ling, Matheson, Newcombe, & Zogla, 2009).
The past two decades have witnessed an increasing number of education systems recognizing the
essential role teacher professional development plays in implementing educational reforms (Day
& Sachs, 2004). For example, in the U.S., teacher professional development has been on the

reform agenda since early 2000s; outside the U.S., teacher professional development has been
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made an integral part of teachers’ career advancement in Australia (Ingvarson, 2013) and of
teacher license renewal policy in Japan (Akiba, 2013).

Teacher professional development is important in several ways. It influences teachers’
knowledge and practices (Garet et al.,, 2001; Supovitz & Turner, 2000) and supports the
implementation of curricula (Smylie, 1997; Spillane & Thompson, 1997). Moreover, research
has linked successful professional development to lower teacher attrition rates (Smith &
Ingersoll, 2004), lower student dropout and absenteeism rates, increased student engagement
(Puchner & Taylor, 2006), and improved academic achievement in various subjects such as
math, science, history, and reading (e.g., Newman & Wehlage, 1997). Certain characteristics of
strong professional learning community (e.g., shared intellectual purpose, a sense of collective
responsibility for student learning, job-embedded and sustained) that is built through professional
development activities even moderate the relationship between socioeconomic background and
achievement gains in math and science (Newman & Wehlage, 1997; Althauser, 2015).

Scher and O’Reilly (2009) conducted a meta-analysis on studies examining impact of
professional development activities for teachers on multiple outcomes, including teacher
attitudes (immediate outcome), teacher practices (intermediate outcome), and student attitudes
and perceptions of teaching (long term outcomes) in addition to student achievement, with a
focus on math and science. Although the available evidence is relatively thin given the limited
number of studies that met the authors’ criteria and were thus included in their review, the
findings suggest that professional development tend to exert greater influence on teacher

attitudes and practices than student learning.
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3.3.2 Types of teacher professional development

Multiple forms of teacher professional development exist. Traditional PD activities include
workshop, institutes, courses for college credits, and conferences. Although commonly seen,
these traditional PD activities have been criticized for not providing sufficient time, activities,
and content that are essential for increasing teacher’s knowledge and fostering changes in their
teaching practices (Loucks-Horsley, 1998). Moreover, given the importance of school/classroom
contexts in teacher learning, scholars have argued, from a situated perspective of teaching
learning (Putnam & Borko, 2000), that traditional PD activities are divorced from teachers’ day-
to-day work and thus are not likely to change teachers’ beliefs or practices (Akiba, 2015). By
contrast, there has been growing interest in reform types of PD activities, such as teacher study
groups, mentoring and coaching, teacher collaboratives or networks, professional development
committees, and resource centers (Garet et al., 2001).

The core features of reform types of PD activities include the involvement of greater
level of collaboration among teachers and that the learning opportunities are embedded within
their work time. Many large-scale empirical studies have demonstrated that collaborative and
job-embedded PD activities are conducive to changed teaching practices and improved student
achievement (e.g., Calkins, Guenther, Belfiore, & Lash, 2007; Goddard, Goddard & Tschannen-
Moran, 2007; Supovitz & Christman, 2003; Wei et al., 2009). To highlight, the positive influence
of reform types of PD activities (e.g., teacher research and lesson study) on teachers and students
has been documented in both U.S. studies (Lewis, Perry, & Murata, 2006; Puchner & Taylor,
2006) and international literature (Tripp, 2004).

Other studies have demonstrated multiple advantages of reform types of PD activities

over traditional forms. For example, reform types of PD activities make more meaningful
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connections with classroom teaching and are easier to sustain over time through embedding
learning opportunities within a teacher’s regular work day (Garet et al., 2001). Moreover, reform
types tend to be more responsive to how teachers learn (Ball, 1996) and are more likely to foster
changes in teachers’ classroom practices (Sparks & Loucks-Horsley, 1989; Loucks-Horsley,
Stiles, & Hewson, 1996). Across countries, there has been an increasing awareness that
traditional forms of PD activities that are delivered often in a top-down and short-term approach

do not work as well as reform types of PD activities (Nabhani & Bahous, 2010).

3.3.3 The construct of teachers’ self-efficacy

As discussed in section 3.3.1, Scher and O’Reilly (2009), in their meta-analysis on studies
examining the impact of professional development programs, found that professional
development programs tend to exert greater influence on immediate outcome (i.e., teacher
attitudes) and intermediate outcome (i.e., teacher practices) than the long-term outcomes (i.e.,
student outcomes). This is likely that in addition to teacher attitudes and practices, other
confounding factors (e.g., family background and parent involvement) may influence student
outcomes at the same time. That said, it is recognized that at least teacher professional
development has its value in fostering changes in teacher attitudes and practices, which in turn
may shape student outcomes to some extent. This study focuses on the link between teacher
professional development and teacher self-efficacy, a construct that has been found to be closely
related to the immediate outcome—that Scher and O’Reilly examined in their meta-analysis—
teacher attitudes (Ustiiner, 2017).

Grounded in psychology, teachers’ self-efficacy was first discussed in two education
evaluation studies by the Rand Corporation (Armor, Conry-Oseguera, Cox, King, McDonnell,
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Pascal, Pauly, Zellman, Sumner, & Thompson, 1976; Berman, McLaughlin, Bass, Pauly, &
Zellman, 1977). The authors based their discussions on Rotter’s (1966) social learning theory,
which posits that people’s engagement in certain behavior is motivated by the expected outcome
of that behavior. Two decades later, Bandura (1986) expanded upon Rotter’s social learning
theory and suggested that people’s motivation is not only influenced by the expected outcome of
specific behaviors in a particular situation (outcome expectations), but also by individual’s belief
of the level of performance they are able to achieve in the situation (efficacy expectations).

The measure of teachers’ self-efficacy has been evolving since the construct was first
introduced over four decades ago. Scholars have been expanding upon the two Likert scale items
developed by the two Rand studies (Armor et al., 1976; Berman et al., 1977): (a) “When it comes
right down to it, a teacher really can’t do much because most of a student’s motivation and
performance depends on his or her home environment.” and (b) “If I try really hard, I can get
through to even the most difficult or unmotivated students.” Examples include Guskey’s (1981)
30-item instrument measuring the responsibility for student achievement (RSA), Rose and
Medway’s (1981) 28-item instrument measuring the teachers locus of control (TLC), Ashton,
Olejnik, Crocker, and McAuliffe’s (1982) 7-item instrument, Ashton, Buhr, and Crocker’s
(1984) 50-item instrument, also named the Ashton vignettes, and Gibson and Dembo’s (1984)
30-item teacher efficacy scale (TES). While scholars demonstrated the close connection between
their instruments and the conceptualization of the construct, many of these measures did not gain
wide acceptance in the literature except for Gibson and Dembo’s TES (Tschannen-Moran &
Hoy, 2001). Problems and challenges remained both conceptually and statistically as the

measures of the construct evolved.
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A more recent instrument that originated from a seminar on self-efficacy in teaching and
learning at the Ohio State University, named the Ohio State Teacher Efficacy Scale (OSTES) or
Teachers’ Sense of Efficacy Scale (TSES), has two forms, a long form with 24 items and a short
one with 12 items, measuring three factors underlying the construct of teachers’ self-efficacy:
efficacy for instructional strategies, efficacy for classroom management, and efficacy for student
engagement. These three dimensions of efficacy represent what teachers typically encounter in
their work lives and what is expected in good teaching. The instrument was examined and
considered reasonably valid and reliable as a promising tool for capturing the important construct

of teachers’ self-efficacy (Tschannen-Moran & Hoy, 2001).

3.3.4 The importance of teachers’ self-efficacy

Teachers’ self-efficacy, generally defined as the extent to which teachers believe they can
influence student learning (Ashton, 1985; Dembo & Gibson, 1985), has been found to be an
important predictor of teacher behaviors and student outcomes. In teaching, teachers with higher
self-efficacy are more likely to hold high expectations for student achievement, to construct
supportive relationships with students, and to persist longer working with students in need of
their teacher’s help (Puchner & Taylor, 2006). Earlier studies have also shown that teachers’
self-efficacy is closely related to student achievement (Armor et al., 1976; Hoy, Sweetland, &
Smith, 2002; Tschannen-Moran & Barr, 2004) and teachers’ reception of innovation (Berman,
McLaughlin, Bass, Pauly, & Zellman, 1977), suggesting that factors strengthening teachers’ self-
efficacy could potentially pave the way for successful instruction-related reform efforts and

ultimately improve student outcomes. Within the context of special education, Allinder (1995)
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also found that special education teachers with higher self-efficacy were able to generate greater
growth in their students’ math learning.

With such important benefits, teachers’ self-efficacy has increasingly become an
important consideration in the design and evaluation of professional development programs.
Recent studies have shown evidence that teachers’ self-efficacy increased following participation
in job-embedded professional development programs, and teachers’ self-efficacy in turn was
found to have positive influence on student achievement in math in the third grade (Althauser,
2010; Althauser, 2015). Research conducted in the middle grades context have also found the
benefits of participation in PD activities in enhancing mathematics teachers’ self-efficacy
(Stevens, Aguirre-Munoz, Harris, Higgins, & Liu, 2013). In Australian context, Ingvarson,
Meiers, and Beavis (2005) found that professional development programs that provided teachers

with opportunities of active learning were closely associated with teachers’ self-efficacy.

3.3.5 Research gap and research questions

As Dembo & Gibson (1985) envisioned more than three decades ago, more research was needed
to investigate the relationships between teachers’ self-efficacy and other variables so that
relevant policy intervention could be developed and implemented to enhance teacher self-
efficacy. Some studies (e.g., Campbell, 1996; Lott, 2003) have revealed null evidence of the
impact of professional development programs on multiple teacher and student outcomes (e.g.,
teacher attitudes and practices, student attitudes and achievement), suggesting the need for
examining the impact by more specific delivery format, such as conference, teacher networking,
and teacher research. Almost two decades later, researchers still pointed out the gap in the
knowledge base regarding the impact of teacher professional development on teachers and
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students (e.g., Day & Sachs, 2004). Still, more recent literature highlighted the evidence of the
impact of teacher professional development is mixed at best (Akiba, 2015). For example, some
studies found interacting with and receiving feedback from mentors is beneficial, especially for
beginning teachers (e.g., Luft & Cox, 2001; Hall, Johnson, & Bowman, 1995). At the same
time, other studies found the impact of such mentoring relationships on teachers’ practices
is limited (e.g., Pourdavood, Grob, Clark, & Orr, 1999; Holahan, Jurkat, & Friedman,
2000). Among the limited existing literature, few studies have used large-scale survey data
that allow findings to be generalized to a large population. Moreover, self-selection bias has
not always been explicitly addressed.

To address the research gap, this study uses large-scale international survey data and
applies the propensity score techniques to address the following questions in four focal countries
(i.e., Singapore, Finland, Australia, and Romania®):

e What are the patterns of math teacher participation in PD activities in diverse
cultural settings?
e How is participation in various PD activities related to mathematics teachers’ self-

efficacy?

¢ As discussed in Chapter 1, these four countries are selected based on the following criteria: they represent
the diverse cultures and varying levels of achievement on international assessments; in addition, they all have the
data components (i.e., TIMSS 2011, PISA 2012, and TALIS 2013) examined throughout this dissertation, thus
helping create a coherent picture of the links between student engagement in math and mathematics teachers’ beliefs

and practices.
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e Are certain types of PD activities more effective than others in strengthening
mathematics teachers’ self-efficacy? If yes, what are the characteristics of these

types of PD activities?

34 DATA AND METHOD

3.4.1 Teaching and Learning International Survey 2013 (TALIS 2013)

To understand the extent to which various PD activities influence teachers’ self-efficacy, this
article uses data from the Teaching and Learning International Survey in 2013 (TALIS 2013). In
particular, data from four countries that participated in the new study component of TALIS
2013—TALIS-PISA link—are examined. TALIS is a large-scale international survey program
that collects information on a wide range of topics related to teachers and school principals
through a teacher questionnaire and a school principal questionnaire. Topics include but are not
limited to: teachers’ self-efficacy and beliefs, teachers’ and principals’ job satisfaction, their
working conditions, and perceptions about the school climate. The main target education level is
lower secondary education, which is equivalent of the International Standard Classification of
Education (ISCED?) level 2, usually referred to as middle school, among other equivalent terms

across countries.

7ISCED is a statistical framework maintained by the United Nations Educational, Scientific and Cultural
Organization (UNESCO). It classifies educational activities and the resulting qualifications into internationally

agreed categories. The ISCED levels range from 0 to 8. Level 2 typically begins after 6 years of elementary
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TALIS began collecting data from 24 countries and regions in 2008, and was fielded
more recently in 2013, when 34 education systems participated®. As mentioned earlier, this study
uses data from the new study component, TALIS-PISA link, from the most recent cycle (i.e.,
TALIS 2013). In most of the education systems participating in TALIS 2013, a two-stage
stratified cluster sampling procedure was used. In the first stage, the stratified samples of schools
were selected with probability proportional to size. In the second stage, twenty teachers teaching
at least one class at the target grade are randomly selected from each school (Becker, Dumais,
LaRoche, & Mirazchiyski, 2013).

In the new study component TALIS-PISA link, 150 schools in each participating country
were randomly selected from the PISA 2012 sample and an additional teacher questionnaire (i.e.,
the math teacher module) was administered to all the mathematics teachers teaching PISA-
eligible students in the sampled schools. To account for such design, the final teacher weight for
TALIS-PISA link was constructed as the product of the teacher base weight with a TALIS-PISA
school, non-response adjustment within the school, and multiplicity and exclusion adjustments,
and the final TALIS-PISA link school weight. All estimates pertaining to the populations of
TALIS-PISA link teachers use the final teacher weight for TALIS-PISA link, per instructions
from the TALIS 2013 technical report (OECD, 2013).

Although the mathematics teachers sampled in TALIS-PISA link are not directly linked
to individual students sampled in PISA 2012, the TALIS-PISA link provides a unique

opportunity to address topics that could be informed by both data sets for education systems

education (level 1) and lasts about 3 years, with variations across. ISCED level 2 is referred to in many ways, such
as secondary school, middle school, or junior high school (UNESCO Institute for Statistics [UIS], 2012).

8 The next two cycles of data collection are scheduled to take place in 2018 and 2024, respectively.
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participating in both PISA 2012 and TALIS 2013 studies. For example, while PISA 2012 offers
insight into student engagement in math, the TALIS-PISA link presents another important part of
the picture by allowing researchers to examine the mathematics teachers’ self-efficacy in
engaging students and how it is shaped by various PD activities. The mathematics teachers
sampled in TALIS-PISA link represent the mathematics teacher population teaching the PISA
2012 student population.

This chapter extends Chapter 2 that examines the relationship among student engagement
and achievement in mathematics and mathematics teachers’ instructional practices and focuses
on mathematics teachers’ self-efficacy and how it is influenced by PD activities. The analytic
sample includes mathematics teachers from TALIS-PISA link schools in the following countries:
Singapore, Finland, Australia, and Romania, the same four focal countries as examined in

Chapter 2.

3.4.1.1 Outcome variables
The first outcome variable is teachers’ efficacy in instruction (seinss). It is a scale measured by
four items, including to what extent can teachers do the following in their teaching: (1) craft
good questions for students; (2) use a variety of assessment strategies; (3) provide an alternative
explanation for example when students are confused; (4) implement alternative instructional
strategies in classroom. Each item is answered on a four-point scale. Response options are 1 for
“not at all”, 2 “to some extent”, 3 “quite a bit”, and 4 “a lot”. The alpha reliability coefficients of
the efficacy in instruction scale for the four focal countries with TALIS-PISA link are 0.83 for
Singapore, 0.77 for Finland, 0.79 for Australia, and 0.71 for Romania (OECD, 2013).

The second outcome variable is teachers’ efficacy in student engagement (seengs),

measured by four items, including to what extent can teachers do the following in their teaching:
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(1) get students to believe they can do well in school work; (2) help students value learning; (3)
motivate students who show low interest in school work; (4) help students think critically. As the
four items measuring efficacy in instruction scale described above, each item is answered on the
same four-point scale. The alpha reliability coefficients of the efficacy in student engagement
scale for the four focal countries with TALIS-PISA link are 0.87 for Singapore, 0.80 for Finland,
0.84 for Australia, and 0.78 for Romania (OECD, 2013).

The third outcome variable is teachers’ efficacy in teaching mathematics (tmselefts),
measured by four items, including to what extent do teachers agree or disagree with the
following statements regarding their ability to teach mathematics: (1) have a hard time getting
students interested in mathematics; (2) find it hard to meet the needs of the individual students in
mathematics class; (3) get students to feel confident in mathematics; (4) have a hard time getting
students to understand underlying concepts in mathematics. Each item is answered on a four-
point scale, including response categories 1 for “strongly disagree”, 2 “disagree”, 3 “agree”, and
4 “strongly agree”. All items except for the third one were reverse coded such that higher values
indicate greater level of self-efficacy in teaching mathematics. The alpha reliability coefficients
of the efficacy in teaching mathematics scale are 0.74 for Singapore, 0.65 for Finland, 0.72 for

Australia, and 0.65 for Romania (OECD, 2013).

3.4.1.2 Treatment variables

This study focuses on the following five types of PD activities and examines the impact of
participation in these PD activities during the last 12 months at the time of survey on
mathematics teachers’ self-efficacy: (1) courses or workshops on subject matter or methods or
other education-related topics; (2) education conferences or seminars where teachers or

researchers present research results and discuss educational issues; (3) professional network (i.e.,
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a group of teachers formed specifically for the professional development purpose); (4) individual
or collaborative research on a topic of interest to teachers professionally; (5) mentoring or peer
observation and coaching. Each treatment variable is coded 1 for teachers who reported
participation during the last 12 months and 0 for those who did not participated during the last 12
months.

As discussed in section 3.3.2 above, the first two types of PD activities (i.e., courses or
workshops, and education conferences or seminars) are in traditional forms while the latter three
types (i.e., professional network, teacher research, and mentoring and coaching) are more
collaborative and job-embedded in nature, and thus are considered as reform types according to
current literature. The hypothesis is that the reform types of PD activities have greater impact, if

any, on mathematics teachers’ self-efficacy than traditional types.

3.4.2 Propensity score methods

In assessing the effect of educational interventions, conventional regression models assume
independence between the treatment assignment and the outcome(s). This assumption is often
violated in non-experimental studies, when subjects who self-select into the treatment group
systematically differ from subjects who self-select out of the treatment group. For purposes of
this study, self-selection bias would exist if, for example, teachers who participated in PD
activities reported higher levels of self-efficacy than teachers who did not participate in PD
activities, prior to receiving PD activities. In other words, teachers participating in PD activities
already had higher levels of self-efficacy than teachers not participating in PD activities. As a
result, research comparing the self-efficacy of teachers who received PD activities with teachers
who did not receive PD activities may incorrectly conclude that PD activities improved self-
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efficacy, when in reality the difference was a product of self-selection. Conventional regression
techniques do not account for the issue of self-selection; however, propensity score methods can
be used to reduce such bias when assessing effects of educational interventions.

Since introduced by Rosenbaum and Rubin (1983), propensity score methods have been
widely considered as an alternative for estimating causal relationships when randomized
experiments are not available (e.g., Caliendo & Kopeinig, 2008; Stuart & Rubin, 2008). The
propensity score is defined as the probability of treatment assignment conditional on a set of
confounding variables (Rosenbaum & Rubin, 1983), as expressed in the following equation:

e =P (T=1X)
Where e denotes the propensity score, T denotes treatment assignment (7=1 denoting receiving
treatment; 7=0 denoting not receiving treatment), and X denotes a vector of measured covariates.
Multiple approaches to applying the propensity score in treatment effect estimation include
matching, stratification, covariate adjustment, and weighting (Thoemmes & Kim, 2011). Table
3.1 presents an overview of the varying approaches and their strengths and limitations, which are

discussed in more details in the sections that follow the table.
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Table 3.1. Overview of propensity score analysis approaches

PSA approach Procedures Strengths Limitations
. 111 VS. 11(“ match!ng Reduce variance of treatment effect Reduce sample size and limit
Matching 2)Exact vs. approximate matching

Stratification

Covariate adjustment

Weighting

3)Optimal vs. greedy matching

Groups subjects based on propensity
scores and average the treatment
effects across strata

Include propensity score as a covariate
in regression models

Reweight sample to create a
pseudopopulation with no association
between the covariates and the
treatment assignment

estimates

Increase statistical
estimation

Retain model simplicity

Preserve sample size and
generalizability of the results

efficiency of

the

generalizability of results

Result in difficult interpretation
if treatment effects differ across
strata

Sensitive to accuracy of
propensity score estimation

Large weights may increase the
variance of treatment effect
estimates
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3.4.2.1 Matching

There are multiple dimensions to the matching approach. The first dimension relates to
the number of observations matched for each pair. For instance, in one-to-one matching, one
observation in the treatment group is matched to one observation in the control group; in one-to-
many matching, one unit in one group is matched to a fixed or variable number of units in the
other group, depending on the availability of adequate matches.

Another dimension of matching is related to how observations are matched—exact
matching or approximate matching. The former approach requires that matched units be identical
on the propensity score, while the latter approach, often called “nearest neighbor” matching,
matches observations with approximately the same propensity score.

A third dimension of matching relates the goal of matching—optimal matching or greedy
matching. The former approach matches observations in a way that minimizes the average
absolute distance on the propensity score of all observations in the entire matched sample
(Hansen, 2004; Rosenbaum, 1989). The latter approach matches an observation with the best
available observation one at a time without consideration of minimizing the average absolute
distance on the propensity score in the matched sample.

Compared to other PSA approaches (as discussed below), matching removes the
systematic differences in covariates between treatment and control groups to a larger extent
(Austin, Grootendorst, & Anderson, 2007), and reduces the variance of the treatment effect
estimates with the more similar distributions of covariates between the treatment and control
groups in the matched sample. At the same time, matching may result in substantial reduction in

the analytic sample size, which further results in limited generalizability of the treatment effect
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estimates—findings can be generalized only to populations represented by the matched subjects

(Brookhart, Wyss, Layton, & Stlirmer, 2013).

3.4.2.2 Stratification/Sub-classification

The stratification/sub-classification approach places subjects into mutually exclusive
groups based on their propensity scores, and then estimates the treatment effects within each
stratum before averaging across the strata to obtain the pooled overall treatment effects
(Lunceford & Davidian, 2004; Rosenbaum & Rubin, 1984). Common practices create the strata
based on the quintiles or deciles of the propensity score (Brookhart et al., 2013). According to
Cochran’s (1968) and Rosenbaum and Rubin’s (1984) studies, stratification with five strata
could remove at least 90% of the bias due to the measured covariates when estimating a linear
treatment effect. The size of each stratum is usually set equal, but could also vary, if needed, to
minimize the variance of the treatment effect estimates (Hullsiek & Louis, 2002).

While stratification optimizes the statistical efficiency of estimation by generating a
summary effect through averaging across stratum-specific estimates, the results may become
difficult to interpret if the treatment effects across strata vary in scale or in direction (Brookhart
et al., 2013, Xu, Ross, Raebel, Shetterly, Blanchette, & Smith, 2010). Moreover, creating strata
based on the propensity score may not result in groups that are meaningful to researchers (Xu et

al., 2010) and thus may introduce additional challenges in interpretation.

3.4.2.3 Covariate Adjustment

The covariate adjustment approach regresses the outcome variable on a variable
indicating the treatment assignment status and the estimated propensity score (Austin, 2011;
Brookhart et al., 2013). Depending on the nature of outcome variable, a linear model is selected
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for continuous outcome variables, where the treatment effect estimate is an adjusted difference in
means; a logistic regression model could be considered for dichotomous outcome variables,
where the treatment effect estimate become an adjusted odds ratio. While this approach is
procedurally less cumbersome, it requires specifications of a regression model that relates the
outcome to both treatment assignment status and the propensity score, and thus it may become
more sensitive to the extent to which the propensity score has been accurately estimated (Rubin,

2004).

3.4.2.4 Inverse probability of treatment weighting
The inverse probability of treatment weight (IPTW) is defined as the inverse of the propensity
score for subjects in the treatment group, and the inverse of one minus the propensity score for

subjects in the control group, as expressed in the following equation:

1_

~3

+

w =

m |~

=
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Where w denotes the IPTW, T denotes the treatment assignment (7=1 denoting receiving
treatment; 7=0 denoting not receiving treatment), and e denotes the estimated propensity score.
The IPTW approach is similar to a propensity score matching approach in that the goal is
to construct a control group and a treatment group that are similar to each other with respect to
observed covariates. More specifically, in IPTW approach, the weighting procedures create a
pseudopopulation with no association between the covariates and the treatment assignment
(Brookhart et al., 2013; Xu et al., 2010). In particular, subjects who receive an unexpected

treatment (i.e., subjects in the treatment group with low propensity scores or subjects in the

control group with high propensity score) are weighted up (w = % if 7=1 and w increases as e
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decreases; w= P if 7=0 and w increases as e increases) to account for other subjects alike who
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receive the unexpected treatment; subjects who receive a typical treatment (i.e., subjects in the

treatment group with high propensity score or subjects in the control group with low propensity

. 1. . 1-0 .
score) are weighted down (w = = if 7=1 and w decreases as e increases; w= P if 7=0 and w
€ —€

decreases as e decreases) because these subjects are over-represented in the data. Unlike
matching where only subjects with the same or similar propensity scores are matched and thus
included in the analytic sample, IPTW approach does not reduce the original sample size, and the
treatment effect estimates are generalizable to the population represented by the sample
(Brookhart et al., 2013).

Considering the advantages and disadvantages of multiple approaches and the nature of
the data used in the investigation, this study used the weighting approach. However, this
approach may create very large weight caused by subjects in the treatment group with a very low
propensity score or subjects in the control group with a very high propensity score, thus resulting
in inflated sample size and increased variance of the treatment effect estimates (Austin & Stuart,
2015; Xu et al., 2010). As a solution, stabilized weights have been proposed to improve the
precision of the treatment effect estimates from an IPTW analysis (Austin & Stuart, 2015;
Brookhart et al., 2013; Xu et al.,, 2010). Calculation of stabilized weights is shown in the

following equation:

o
+
i

=
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M

Where sw denotes the stabilized weights, p denotes the marginal probability of treatment

assignment for subjects in the treatment group, and /-p thus denotes the marginal probability of
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not receiving treatment for subjects in the control group, and e, as in previous equations, denotes
the estimated propensity score. By reducing the variance of the weights, stabilized weights can

help preserve the sample size in the pseudo data set and reduce the type I error rate.

3.4.2.5 Propensity score analysis with survey data

Although propensity score methods have attracted a significant increase of interest in recent
years (Thoemmes & Kim, 2011), guidelines on incorporating propensity score methods with
complex survey data are limited (DuGoff, Schuler, & Stuart, 2014; Stuart, Dong, & Lenis, 2016).
In educational research, survey data are common, and provide opportunities for researchers to
generalize findings onto a larger population. It is important to consider the complex survey
design in the analyses using propensity score methods to obtain unbiased treatment effect
estimates that are generalizable to the target population (DuGoff et al., 2014; Ridgeway,
Kovalchik, Griffin, & Kabeto, 2015; Stuart et al., 2016).

Building upon the seminal work by Rosenbaum & Rubin (1983), where propensity score
methods are discussed in the context of simple random sample, several studies have extended the
application of propensity score methods to complex survey data (e.g., DuGoff et al., 2014;
Ridgeway et al., 2015). However, no consensus has been reached in existing literature regarding
the most appropriate way of incorporating survey weights in PSA. Two general approaches
found in current studies include: (1) incorporating survey weights in the outcome model only; (2)
incorporating survey weights in both the propensity score model and the outcome model.

Simulation studies have demonstrated that the first approach, not incorporating sampling
weights in the propensity score model, introduces bias in the treatment effect estimates (e.g.,
DuGoff et al., 2014; Ridgeway et al., 2015). For example, Ridgeway and colleagues

demonstrated that balance on the covariates fails to meet the criteria and the null treatment effect
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is incorrectly estimated when propensity score model does not incorporate sampling weights. Yet
disagreement exists towards the second approach. Some researchers recommend that sampling
weights be included as a predictor in the propensity score model (e.g., DuGoff et al., 2014;
Lumley, 2010). Ridgeway and colleagues, in one of their 2015 studies, demonstrate through
theoretical justification and simulation studies that using sampling weights to weight the
propensity score estimation (rather than including the sampling weight as a predictor in
propensity score model), and then using a final weight which is a product of sampling weight
multiplied by the propensity score weight in the outcome model produces the most reliable
treatment effect estimates across multiple scenarios where simple as well as complex survey
designs were utilized to generate the data.

To account for the survey design in the new study component, TALIS-PISA link, in
TALIS 2013, this study follows Ridgeway and colleagues’ (2015) recommendation
incorporating the sampling weights in the application of IPTW approach. At the same time, it
follows the general guidelines found in existing literature regarding the model evaluation through
balance checks of both propensity score and the covariates between the treatment and control
groups (e.g., Garrido, Kelley, Paris, Roza, Meier, Morrison, & Aldridge, 2014; Thoemmes &
Kim, 2011). In particular, the balance check of propensity score examines if the propensity score
distribution of the treatment group and that of the control group have sufficient overlap, often
referred to as “common support”; the balance check of the covariates examines if the
standardized differences of the covariates between the treatment and control groups are within
threshold values such that the subjects in the treatment and control groups are similar to each

other.
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There is a lack of consensus in the literature regarding which variables to include in the
propensity score model. For example, some researchers propose that in many settings, one can
safely use all the measured covariates to estimate the propensity scores (e.g., Austin, 2011),
while others suggest a more selective approach (e.g., Brookhart et al., 2006). In particular, it is
recommended that variables related to outcome only, or outcome and treatment, should be
always included while variables that are only related to the treatment, but not the outcome,
should not be included, which will result in increased variance of the estimated treatment effect.
This study adopts the more selective approach. Appendix F presents the descriptive statistics for
all covariates included in the final propensity score model.

To conduct this analysis, a selection of covariates was included in the propensity score
model and the TALIS-PISA link teacher weight, as described in section 3.4.1, was used to
weight the propensity score estimation. Second, the propensity score common support area
between the treatment and control groups was examined. The propensity score model was
adjusted until common support area achieved sufficient overlap. Third, stabilized inverse
probability of treatment weight (for estimating average treatment effect, referred to as ATE
weight thereafter) and ATT weight (for estimating average treatment effect on the treated) were
created. Next, the balance of covariates between the treatment and control groups in both original
unweighted sample and sample weighted by ATE weight and ATT weight was examined. If the
balance was less than satisfactory (i.e., the absolute value of the standardized mean difference
between the treatment and control groups exceeds 0.10 on most covariates), the propensity score
model was further adjusted, and the subsequent steps were repeated until satisfactory balance on
covariates was achieved. Once the iterative phase was completed, final weights for the outcome

model were created by multiplying the TALIS-PISA link teacher weight by the ATE weight and
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by the ATT weight, respectively, and were incorporated in the final outcome models. Appendix

E presents a flowchart that summarizes the above procedures taken in the analysis.

3.5 RESULTS

3.5.1 Descriptive statistics

Table 3.2 presents the descriptive statistics on the outcome variables and the treatment variables
across four focal countries. The top panel reports the means and the standard errors of the three
outcomes variables. Each outcome variable is a scale with a standard deviation of 2.0 and a mid-
point of 10, which means a score of 10 for each scale corresponds with the average answer of 2.5
on the four items (i.e., neither agree nor disagree) measuring each scale (OECD, 2013).
Therefore, a score above 10 indicates the degree of agreement with the items. In addition,
although the means vary among the countries, the analysis of cross-cultural invariance suggests
that the mean scores have a slightly difference meaning in each country (OECD, 2013). Taking
into consideration of the implications that mean scores vary in their meaning in each country,
this study refrained from making direct cross-nation comparisons of teachers’ self-efficacy. The
main goal of this study is to examine the impact of various PD activities on these self-efficacy
variables within each country and then compare the patterns of relationships across countries.
The bottom panel of Table 3.2 reports the proportions of mathematics teachers
participating in various PD activities during the past 12 months by the time the survey was
administered. There is considerable variation in participation across different types of PD

activities and across countries. For example, looking at the first PD activity (i.e., courses or
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workshops), most mathematics teachers in Singapore (93%) and Australia (89%) participated in

courses or workshops on education-related topics, while in Finland and Romania, the proportions

of the treatment group (teachers who participated in courses or workshops during the past 12

months) and the control group (teachers who did not participate) are more balanced—There are

about 57% of mathematics teachers in both countries who participated in courses or workshops

during the past 12 months. For another example, while about or over half of the teachers

participated in mentoring/peer observation and coaching in Singapore (66%), Australia (46%),

and Romania (55%), only 4% of mathematics teachers in Finland participated in this type of PD

activity during the past 12 months.

Table 3.2. Descriptive statistics on outcome variables and treatment variables: TALIS-PISA Link 2013

mathematics teachers

Singapore
(n=1,009; N=2,014)

Finland

(n=844; N=3,453)

Australia
(n=792; N=15,133)

Romania

(n=549; N=8,938)

Mean

Outcome variables (international range)

Efficacy in instruction 11.77
(3.69-15.85)

Efficacy in student engagement 12.12
(4.12-15.38)

Self-efficacy in teaching math 10.80
(3.09-16.98)

Treatment: PD Activity Participation (0=no; 1=yes)
Courses/workshops 0.93
Education conferences/seminars 0.64
Network of teachers formed for 0.51

professional development
Individual/collaborative research on a 0.47

topic of interest to teachers
Mentoring/peer observation 0.66
and coaching

BRR S.E.

0.07

0.06

0.06

0.01

0.01

0.02

0.02

0.02

Mean

1141

11.36

11.25

0.57

0.30

0.18

0.07

0.04

BRR S.E.

0.07

0.08

0.07

0.03

0.02

0.02

0.01

0.01

Mean

12.60

11.83

11.14

0.89

0.57

0.45

0.30

0.46

BRR S.E.

0.10

0.10

0.10

0.01

0.02

0.02

0.02

0.03

Mean

14.54

12.82

12.48

0.57

0.33

0.64

0.51

0.55

BRR S.E.

0.14

0.18

0.16

0.06

0.06

0.06

0.05

0.09

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link. TALIS=Teaching and Learning

International Survey; PISA=Program for International Student Assessment; n=sample size; N=population size; BRR S.E. =

Balanced Repeated Replication Standard Errors.
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Current literature on propensity score methods provides limited guidance on the
appropriate allocation between treatment and control groups. Bloom (2006) offers some
guidance in the context of randomized experiments for social research. In particular, the author
introduces the concept of minimum detectable effects—the smallest true effect that a research
study design can detect with confidence. In addition, the author demonstrated that the precision
of effect size is the best with a perfectly balanced allocation (i.e., there are 50% of subjects in
treatment and control groups, respectively), but it decreases as the imbalance of the allocation
between treatment and control groups increases. Specifically, the author finds that precision of
effect size decreases considerably once the imbalance becomes extreme (i.e., if the allocation of
either group is less than 20% or over 80%). This study considers Bloom’s recommendation and
excludes certain treatment variables in selected countries with proportions of teachers in the

treatment group less than 20% or more than 80% in the subsequent analyses.
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Table 3.3. Mean comparisons of outcome variables by treatment status: TALIS-PISA Link 2013 mathematics teachers

Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5

Courses/workshops Education Professional development  Individual/collaborative Mentoring/peer
conferences/seminars network research observation & coaching
Outcome ¢ ntries T C  Diff. T C  Diff. T C  Diff. T C  Diff. T C  Diff.
variables
Singapore 11.77 11.62 0.15 11.90 11.52 038 * 12.01 11.51 050 ** 1198 11.57 041 ** 1193 1143 0.50 **
Efficacy in Finland 11.53 11.25 0.28 11.77 1126 0.51 ** 11.82 11.32 0.50 ** 12,17 11.35 0.82 *** 11.54 1140 0.14
instruct}i/on Australia  12.62 12.48 0.14 12.79 1238 041 ** 1292 1235 0.57 *** 1322 1235 0.87 *** 1288 12.37 0.51 **
Romania 1446 14.64 0.18 14.40 14.60 021 14.41 14.76 035 14.39 14.68 0.29 1442 14.67 095
Singapore 12.12 11.96 0.16 12.22 1191 0.31 12.34 1188 046 ** 1232 11.92 040 ** 1227 11.81 0.46 **
. Finland 11.41 11.28 0.13 11.82 11.16 0.66 *** 11.76 11.27 049 ** 12,12 11.30 0.82 *** 1137 11.36 0.01
Efficacy in
student Australia  11.82 11.97 615 12.00 11.62 038 * 12.15 11.57 058 ** 1248 11.56 093 *** 12,03 11.66 037 *
engagement :
; - - - - - %
Romania  12.70 12.98 0.28 12.77 12.84 0.07 12.71 13.02 031 12.82 12.83 001 12.61 13.07 046
Singapore 10.80 10.79 0.01 10.85 10.70 0.15 10.94 10.65 0.30 10.88 10.73 0.15 10.86 10.68 0.18
Self- Finland 11.20 11.31 E) 12 11.36 11.20 0.16 11.38 11.22 0.17 11.87 1120 0.67 * 11.31 11.24 0.07
efficacy in :
teaching Australia  11.11 11.36 E) 25 11.24 11.03 0.21 11.37 1095 0.42 11.47 11.01 046 * 11.27 11.03 0.25
math )
Romania 1246 12.49 E) 03 12.26  12.58 O 32 12.47 12.46 0.01 12.56 1237 0.19 12.66 1224 0.42

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link. TALIS=Teaching and Learning International Survey; PISA=Program for
International Student Assessment; T = treatment group (i.c., teachers who participated in the PD activity during the past 12 months by the time the survey was administered);

C = control group (teachers who did not participate in the PD activity); Diff. = Mean difference between treatment group and control group.

*p<.05; ¥*p<.01; ***p<.001.
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Table 3.3 shows the results of statistical significance testing on the outcomes by
treatment status across countries. In general, there are statistically significant differences
between teachers who participated in PD activities and those who did not in their self-efficacy in
instruction and self-efficacy in student engagement across countries except for Romania.
Curiously, there is little significant difference in teachers’ self-efficacy in teaching mathematics
across the board, except that in Finland and Australia, the self-efficacy in teaching mathematics
of mathematics teachers who participated in individual/collaborative research is about one
quarter standard deviation higher than their colleagues who did not participate in this type of PD
activity, and the difference is statistically significant.

Based on the T-test results reported in Table 3.3, subsequent analyses exclude Romania
for all outcome variables and further, the outcome variable self-efficacy in teaching mathematics
across all countries given the insignificant difference between treatment and control groups. The
goal of subsequent analyses is to explore if and to what extent the statistical difference between
treatment and control groups holds once the self-selection bias is reduced by the inverse
probability of treatment weighting techniques as described in the section 3.4.2. All the outcome
variables and treatment variables of interest have low rates of missing data (0.30% to 4.80%) as

reported in Table 3.4.
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Table 3.4. Percentage of missing data on outcome and treatment variables: TALIS-PISA Link 2013

mathematics teachers

Singapore Finland Australia

Outcome variables

Efficacy in instruction 0.79% 1.42% 4.80%

Efficacy in student engagement 0.79% 1.42% 4.80%
Treatment: PD Participation (0=no; 1=yes)

Courses/workshops 0.30% 0.71% 3.28%

Education conferences/seminars 0.30% 0.95% 3.28%

Participation in a network of teachers formed for PD of teachers  0.30% 0.83% 3.28%
teaChIeI;cShwdual/collaboratlve research on a topic of interest to 030% 0.83% 3.28%

Mentoring/peer observation and coaching 0.30% 0.83% 3.28%

Note. The third outcome variable (i.e., self-efficacy in teaching mathematics) and Romania (across all
outcome variables) were excluded from analyses based on preliminary results indicating little difference in
the outcome variables between the treatment group and the control group.
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3.5.2 Propensity score estimation

Studies in both the U.S. context and the international context have demonstrated dimensions of
policy and organizational contexts that influence teachers’ participation in PD activities,
including teacher-related policies, teachers’ work structures and resources available to teachers
for engaging in PD activities, and leadership at multiple levels (e.g., district, school, and teacher)
in promoting and supporting PD activities (Akiba, 2015). Informed by literature on teachers’
participation in PD activities and guidance from studies on propensity score estimation (e.g.,
Brookhart et al., 2006), the propensity score model includes measured covariates only related to
teachers’ self-efficacy (outcome), and measured covariates related to teachers’ self-efficacy
(outcome) and dimensions of policy and organizational contexts that influence teachers’
participation in PD activities (treatment), but excludes measured covariates only related to the
treatment. Appendix F presents the descriptive statistics on covariates included in the propensity
score model. Appendices G.1 through G.3 present the logistic regression results from propensity
score estimation for Singapore, Finland, and Australia, respectively.

Appendix H depicts the area of common support of estimated propensity scores between
treatment and control groups for all treatment variables and countries examined in propensity
score analyses. The guidelines for evaluating the propensity score estimation among current
literature are relatively better established in the context of matching than weighting. Although
the estimated propensity scores between the treatment and control groups shown in Appendix H
do not perfectly overlap and current literature provides limited guidance on establishing the
specific criteria for sufficient overlap in the context of weighting, an argument could be made
that one advantage of the weighting approach over matching is that it does not reduce the

102



original sample size as matching does through restricting the analytic sample to subjects with the
same propensity scores (i.e., the common support where estimated propensity scores between the
treatment and control groups overlap) or similar ones. While the criteria for common support
may not be as strict in the context of weighting, there is considerable overlap across the
treatment variables and the countries as shown in Appendix H. It is recognized, however, that

further research is needed on evaluating the propensity score estimation.

3.5.3 Covariates balance check

Tables in Appendix I report the standardized mean differences of all covariates between
treatment and control groups in the original unweighted sample, in the sample weighted by the
ATE weight, and in the sample weighted by the ATT weight across the countries. Scholars have
suggested that in general standardized differences of less than 0.10 indicate negligible imbalance
(Austin, 2007; Normand et al., 2001). In the cases of Singapore and Finland, compared to the
larger standardized mean differences in the unweighted sample, the absolute values of the
standardized mean differences for measured covariates are all reduced to less than 0.10 in the
sample weighted by the ATE weight and by the ATT weight (Appendix I1 and Appendix 12 in
Appendix I), suggesting that treatment and control groups are balanced on all covariates that are
included in the propensity score model. In Australia (Appendix 13), the absolute values of the
samples weighted by ATE and ATT weights are less than 0.10 overall except for some covariates
where the absolute values are slightly above 0.10 and a limited number of covariates where the

absolute values are around 0.20.
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3.5.4 Impact of PD activities on teachers’ self-efficacy in instruction

Table 3.5 summarizes the treatment effect estimates of various PD activities on mathematics
teachers’ self-efficacy in instruction in Singapore, Finland, and Australia. The treatment effect
estimates include the average treatment effect (ATE) and average treatment effect on the treated
(ATT). While the ATT estimand reflects a comparison between the outcomes for teachers who
participated in various PD activities during the past 12 months as opposed to the outcome they
would have experienced had they not participated in PD activities, the ATE estimand reflects a
comparison between these potential outcomes averaged over all teachers in the study.

Although participation in education conferences/seminars in the past 12 months does not
have statistically significant impact on mathematics teachers’ self-efficacy in instruction in
Singapore, participation in a professional network, individual/collaborative research, and
mentoring /peer observation and coaching is consistently associated with higher level of
mathematics teachers’ self-efficacy in instruction. The average treatment effect estimates range
from 0.33 to 0.37 higher in self-efficacy in instruction, and the average treatment effect on the
treated is about the same size. In other words, participation in a professional network,
individual/collaborative research, or mentoring/peer observation and coaching in Singapore is
likely to increase teachers’ self-efficacy in instruction by about one-fifth standard deviation.

Similar to Singapore, participation in a professional network, individual/collaborative
research, and mentoring/peer observation and coaching is consistently associated with higher
level of self-efficacy in instruction in Australia, and the average treatment effect on the treated is
similar to the average treatment effect in magnitude. More specifically, professional network and
mentoring/peer observation and coaching are likely to increase teachers’ self-efficacy in

instruction by about one fifth standard deviation (treatment effect estimates range from 0.34 to
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0.37), while individual/collaborative research is likely to increase teachers’ self-efficacy in
instruction by almost half standard deviation (treatment effect estimates are 0.87 for average
treatment effect and 0.82 for average treatment effect on the treated).

Among the PD activities examined in the Finnish context, the impact of PD activities on
teachers’ self-efficacy in instruction is limited. Only the participation in education
conferences/seminars is associated with statistically significant higher levels of self-efficacy in

instruction, and the effect estimate is small in magnitude (i.e., 0.15 standard deviation).

Table 3.5. Impact of professional development activities on teacher's self-efficacy in instruction: TALIS-PISA

Link 2013 mathematics teachers

Singapore Finland Australia
. BRR . BRR . BRR
Coefficient SE. Coefficient SE. Coefficient SE.
Courses/workshops ATE I I 0.12 0.15 I I
ATT t T 0.20 0.18 t T
Education ATE 0.18 0.16 0.26 0.15 0.22 0.14
conferences/seminars ATT  0.17 0.17 030 * 0.13  0.17 0.17
* sk
Professional Network ATE 0.34 0.15 T T 0.37 0.14
ATT 036 * 0.16 t T 034 * 0.16
Individual/collaborative ATE 0.33 * 0.14 t T 0.87 #xx 0.18
research ATT 036 * 0.14 T T 082 #** 0.17
Mentoring/peer observation ATE 037 * 0.14 1l T 036 * 0.15
and coaching ATT 039 * 0.15 i 034 * 0.16

Note. BRR S.E. = balanced repeated replication standard errors; ATE = average treatment effect; ATT =
average treatment effect on the treated.
1 Excluded from analyses due to imbalanced proportions of treatment group and control group

Compared to the statistically significant test results, which indicate that there are
statistically significant differences in teachers’ self-efficacy in instruction between teachers who
participated in PD activities during the past 12 months and those who did not, the inverse
probability treatment weighting estimates of the impact of the PD activities present similar
pattern in terms of statistical significance in general except for the first and second treatment

variables, but the treatment effects are smaller in magnitude once other covariates and self-
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selection bias are accounted for. The comparison between statistical significance test results and
IPTW estimates of the impact of PD activities on mathematics teachers’ self-efficacy in

instruction is reported in Table 3.6.

Table 3.6. Comparison between statistical significance test results and IPTW
estimates of the impact of professional development activities on teacher's self-

efficacy in instruction: TALIS-PISA Link 2013 mathematics teachers

Singapore  Finland Australia

Mean *
C /worksh Diff T o T
ourses/workshops ATE + 012 +
ATT il 0.20 +
Mean
. 038 * 051 ** 041 **
Education Diff.
conferences/seminars ATE 0.18 0.26 0.22
ATT 0.17 030 * 0.17
Mean k% sk
. ) Diff. 0.50 + 0.57
rofessional Networ ATE 034 * + 037 **
ATT 0.36 * i 034 *
Mean
. 0.41 ** 0.87 ***
Individual/collaborative Diff. i
research ATE 033 * T 0.87 ***
ATT 0.36 * i 0.82 ***
M.ef?n 0.50 ** 0.51
Mentoring/peer observation Diff. T
and coaching ATE 037 * i 036 *
ATT 0.39 * il 034 *

Note. IPTW = inverse probability treatment weighting; Mean Diff. = mean
difference in outcome variables between treatment group and control group; ATE
= average treatment effect; ATT = average treatment effect on the treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and
control group

3.5.5 Impact of PD activities on teachers’ self-efficacy in student engagement

Table 3.7 summarizes the treatment effect estimates of various PD activities on mathematics
teachers’ self-efficacy in student engagement in Singapore, Finland, and Australia. The treatment

effect estimates include average treatment effect (ATE) and the average treatment effect on the
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treated (ATT). In particular, participation in education conferences/seminars in Finland is likely
to increase teachers’ self-efficacy in student engagement by about one quarter standard deviation
(average treatment effect estimate is 0.48 and average treatment effect on the treated is 0.44). For
another example, participation in individual/collaborative research in Singapore is likely to
increase teachers’ self-efficacy in student engagement by about one fifth standard deviation
(average treatment effect estimate is 0.31 and average treatment effect on the treated is 0.34)
while the same PD activity in Australia is likely to increase teachers’ self-efficacy in student
engagement by about a half standard deviation (average treatment effect estimate is 0.87 and

average treatment effect on the treated is 0.82).

Table 3.7. Impact of professional development activities on teacher's self-efficacy in student engagement: TALIS-

PISA Link 2013 mathematics teachers

Singapore Finland Australia
. BRR . BRR . BRR
Coefficient SE. Coefficient SE. Coefficient SE.
Courses/workshops ATE I to-0.04 0.16 I I
ATT t ¥ 0.01 0.15 + +
Education ATE 0.09 0.16 0.48 ** 0.15 0.15 0.19
conferences/seminars ATT  0.10 0.16  0.44 ** 0.16 0.13 0.20
%
Professional Network ATE 0.27 0.16 I to032 0.16
ATT 0.27 0.16 t 027 0.20
Individual/collaborative ATE 0.31 * 0.14 t T 0.87 k= 0.21
research ATT 0.34 * 0.15 T T 0.82 ek 0.19
Mentoring/peer observation ATE 0.28 0.14 t 021 0.15
and coaching ATT 028 0.15 i T 0.19 0.16

Note. BRR S.E. = balanced repeated replication standard errors; ATE = average treatment effect; ATT = average
treatment effect on the treated.
1 Excluded from analyses due to imbalanced proportions of treatment group and control group

Compared to the statistical significant test results, which indicate that there are
statistically significant differences in teachers’ self-efficacy in student engagement between
teachers who participated in PD activity during the past 12 months and those who did not, the
inverse probability treatment weighting estimates of the impact of the PD activities present a
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different picture—most of the treatment effects become negligible once other covariates and self-
selection bias are accounted for. Only a few treatment effect estimates remain statistically
significant. The comparison between statistical significant test results and IPTW estimates of the
impact of PD activities on mathematics teachers’ self-efficacy in student engagement is reported

in Table 3.8.

Table 3.8. Comparison between statistical significance test results and [IPTW
estimates of the impact of professional development activities on teacher's self-

efficacy in student engagement: TALIS-PISA Link 2013 mathematics teachers

Singapore  Finland Australia
Mean
Diff + 0.13 +
Courses/workshops
ATE T -0.04 1l
ATT T 0.01 1l
Mean
. 0.31 0.66 *** (038 *
Education Diff.
conferences/seminars ATE 0.09 0.48 ** 0.15
ATT 0.10 044 ** 0.13
Mean o 5
P, ) Diff 0.46 + 0.58
rofessional Networl ATE 0.27 + 032 *
ATT 0.27 + 0.27
Mean
. 0.40 ** 0.93 ***
Individual/collaborative Diff. T
research ATE 0.31 * + 0.87 ***
ATT 034 * + 0.82 ***
1]\)4.‘;‘“ 0.46 ** 037 *
Mentoring/peer observation 1. T
and coaching ATE 0.28 T 0.21
ATT 0.28 1l 0.19

Note. IPTW = inverse probability treatment weighting; Mean Diff. = mean
difference in outcome variables between treatment group and control group;
ATE = average treatment effect; ATT = average treatment effect on the treated.
1 Excluded from analyses due to imbalanced proportions of treatment group and
control group
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3.5.6 Sensitivity analyses

While assumption of no unmeasured confounding variables is necessary to estimate treatment
effects in a nonexperimental study, the assumption is often violated to some extent. Therefore, it
is critical to conduct sensitivity analysis to evaluate the degree to which results could be affected
by hidden biases caused by unmeasured confounders (Rosenbaum, 1991; Carnegie, Harada, &
Hill, 2016). As discussed previously, analyses thus far only included measured covariates, but
not unmeasured ones. Given that propensity score predicts treatment decisions, it allows
researchers to identify subjects who receive or do not receive treatment contrary to prediction. In
other words, these are teachers who did not participate in PD activities but had high propensity
scores and teachers who participated in PD activities but had low propensity scores. According
to Stiirmer, Rothman, Avorn, and Glynn (2010), trimming such cases has been shown to reduce
unmeasured  confounding.  Following  Stiirmer, Wyss, Glynn, and Brookhart’s
(2014) recommendation, this study derived cut points for trimming by using 1%, 2.5%, and
5% on the propensity score distribution.

Tables 3.9 through 3.11 present the treatment effect estimates using the trimming
approach for outcome self-efficacy in instruction. The statistical significance pattern holds across
the board except that the average treatment effect of education conferences/seminars in Finland
became statistically significant once the sample was trimmed at 2.5% and 5% on the propensity
score distribution. The magnitude of the treatment effect estimates remains close to those from

the final outcome model reported in Table 3.5.
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Table 3.9. Sensitivity analysis of the impact of PD activities on teacher's self-efficacy in

instruction in Singapore: TALIS-PISA Link 2013 mathematics teachers

Model 1 Model 2 Model 3
Coef. S.E. Coef. S.E. Coef. S.E.
Courses/workshops ATE l l l I l l
ATT (. i t
Education ATE 021 016 021 016 021 0.17
conferences/
seminars ATT  0.20 016 021 016 022 0.17
Professional ATE 034 * 015 033 * 0.16 038 * 0.16
Network
ATT 038 * 0.17 037 * 0.17 041 * 0.17
Individual/ ATE 036 * 014 034 * 014 035 * 015
collaborative
research ATT 037 * 014 035 * 014 034 * 015
Mentoring/

. ATE 037 * 015 037 * 015 040 * 0.15
peer observation

and coaching ATT 039 * 015 039 * 015 041 * 0.6

Note. Model 1 used weights with the top 1% and bottom 1% values trimmed. Model 2
used weights with the top 2.5% and bottom 2.5% values trimmed. Model 3 used weights
with the top 5% and bottom 5% values trimmed. BRR S.E. = balanced repeated
replication standard errors; ATE = average treatment effect; ATT = average treatment
effect on the treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and control

group
Table 3.10. Sensitivity analysis of the impact of PD activities on teacher's self-efficacy

in instruction in Finland: TALIS-PISA Link 2013 mathematics teachers

Model 1 Model 2 Model 3
Coef. S.E. Coef. S.E. Coef. S.E.

ATE 0.12 0.14 0.13 0.15 0.13 0.15
Courses/workshops

ATT 0.18 0.16 0.16 0.15 0.15 0.15
Education ATE 025 014 030 * 013 029 * 013
conferences/
seminars ATT 027 * 013 030 * 013 028 * 013
Professional ATE il T il i + T
Network

ATT Ff ot
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Table 3.10 continued

Individual/ ,
collaborative ATE T T i i T T
research
ATT i Tt oo +

Mentoring/ .
peer observation ATE T T T T T T
and coachin

’ ATT i t 1 P i

Note. Model 1 used weights with the top 1% and bottom 1% values trimmed. Model 2

used weights with the top 2.5% and bottom 2.5% values trimmed. Model 3 used weights

with the top 5% and bottom 5% values trimmed. BRR S.E. = balanced repeated
replication standard errors; ATE = average treatment effect; ATT = average treatment

effect on the treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and control

group

Table 3.11. Sensitivity analysis of the impact of PD activities on teacher's self-efficacy in

instruction in Australia: TALIS-PISA Link 2013 mathematics teachers

Model 1 Model 2 Model 3
Coef. S.E. Coef. S.E. Coef. S.E.

Courses/workshops ATE l l l l l l

ATT % Pt P f
Education ATE  0.19 014 019 015 020 0.15
conferences/
seminars ATT 0.16 016 0.6 016 0.6 0.18
Professional ATE 040 ** 014 039 ** 015 043 ** 0.15
Network

ATT 037 * 015 037 * 015 043 ** 015
Individual/ ATE 087 ** 017 088 *** 018 086 *** 018
collaborative
research ATT 084 *** 017 090 ** 018 082 *** 018
Mentoring/ ATE 040 ** 015 034 * 016 045 ** 015
peer observation
and coaching ATT 039 * 016 035 * 015 043 ** 016

Note. Model 1 used weights with the top 1% and bottom 1% values trimmed. Model 2

used weights with the top 2.5% and bottom 2.5% values trimmed. Model 3 used weights
with the top 5% and bottom 5% values trimmed. BRR S.E. = balanced repeated replication
standard errors; ATE = average treatment effect; ATT = average treatment effect on the

treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and control

group
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Tables 3.12 through 3.14 present the treatment effect estimates using the trimming
approach for outcome self-efficacy in student engagement. Again, the statistical significance
pattern holds in general except that the average treatment effect of mentoring/peer observation
and coaching in Singapore became statistically significant once the sample was trimmed at 5%
on the propensity score distribution, and that the average treatment effect on the treated of
professional network in Australia become statistically significant once the sample was trimmed
at 5% on the propensity score distribution. The magnitude of the treatment effect estimates

remains close to those from the final outcome model reported in Table 3.7.

Table 3.12. Sensitivity analysis of the impact of PD activities on teacher's self-
efficacy in student engagement in Singapore: TALIS-PISA Link 2013

mathematics teachers

Model 1 Model 2 Model 3
Coef. S.E. Coef. S.E. Coef. S.E.

Courses/workshops ATE f f f f f '
ATT oo oot l
Education ATE 0.2 0.17 0.11 017 0.11 0.17
conferences/
seminars ATT 013 017 013 018 013  0.19
Professional ATE 027 0.16 0.28 0.16 0.29 0.16
Network
ATT 0.29 0.16 0.32 0.17 0.32 0.17
Ind|V|duaI_/ ATE 032 * 014 030 * 015 034 * 0.15
collaborative
research ATT 035 * 015 033 * 015 034 * 0.15
Mentoring/

. ATE 0.28 0.15 0.29 015 031 * 015
peer observation

and coaching ATT 028 015 0.8 0.16 0.30 0.16
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Table 3.12 continued

Note. Model 1 used weights with the top 1% and bottom 1% values trimmed.
Model 2 used weights with the top 2.5% and bottom 2.5% values trimmed.
Model 3 used weights with the top 5% and bottom 5% values trimmed. BRR
S.E. = balanced repeated replication standard errors; ATE = average treatment
effect; ATT = average treatment effect on the treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and
control group

Table 3.13. Sensitivity analysis of the impact of PD activities on teacher's self-efficacy

in student engagement in Finland: TALIS-PISA Link 2013 mathematics teachers

Model 1 Model 2 Model 3
Coef. S.E. Coef. S.E. Coef. S.E.
ATE -0.02 0.15 -0.01 0.15 -0.02 0.16
Courses/workshops
ATT 0.02 0.15 0.01 0.15 0.01 0.16
Education ATE 047 ** 015 051 ** 017 050 ** 017
conferences/
seminars ATT 040 * 017 043 * 016 042 * 0.8
Professional ATE T il T T T T
Network
ATT  f i Pt t
Individual/
collaborative ATE t i t l t l
research
ATT  f i Pt t
Mentoring/
peer observation ATE t l t l l l
and coachin
° ATT 4 Pt Pt i

Note. Model 1 used weights with the top 1% and bottom 1% values trimmed. Model 2
used weights with the top 2.5% and bottom 2.5% values trimmed. Model 3 used weights
with the top 5% and bottom 5% values trimmed. BRR S.E. = balanced repeated
replication standard errors; ATE = average treatment effect; ATT = average treatment
effect on the treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and control

group
Table 3.14. Sensitivity analysis of the impact of PD activities on teacher's self-efficacy

in student engagement in Australia: TALIS-PISA Link 2013 mathematics teachers

Model 1 Model 2 Model 3

Coef. S.E. Coef. S.E. Coef. S.E.

Courses/workshops

ATE Toof Tooof T
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Table 3.14 continued

ATT oo Tooof T
Education ATE 0.12 020 0.6 0.20 0.4 0.21
conferences/
seminars ATT 0.1 020 0.15 0.20 0.11 0.22
Professional ATE 035 * 016 039 * 016 044 * 017
Network

ATT 0.30 0.20 0.35 0.18 040 =* 0.18
Ind|V|duaI_/ ATE 085 *** (020 085 *** (019 084 *** (.20
collaborative
research ATT 082 *** 019 086 *** 020 080 *** 020
Mentoring/ ATE 023 016 0.17 017 023 0.17
peer observation
and coaching ATT 021 0.16 0.16 0.17 0.19 0.20

Note. Model 1 used weights with the top 1% and bottom 1% values trimmed. Model 2
used weights with the top 2.5% and bottom 2.5% values trimmed. Model 3 used weights
with the top 5% and bottom 5% values trimmed. BRR S.E. = balanced repeated
replication standard errors; ATE = average treatment effect; ATT = average treatment
effect on the treated.

1 Excluded from analyses due to imbalanced proportions of treatment group and control

group

In summary, sensitivity analyses yield similar results. Although a few treatment effect
estimates became statistically significant when propensity scores were trimmed with different cut
points that were derived from different percentages on the distribution, and the magnitude of the
treatment effect estimates fluctuates, it should be noted that trimming the weights could result in
reducing the representativeness of the weighted data at the same time, which means the results
from the trimmed samples may not always apply to the same population represented by the
original analytic sample. In general, sensitivity analyses exhibit evidence supporting the results

discussed in sections 3.5.4 and 3.5.5.
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3.6  DISCUSSION

3.6.1 Summary and implications of the results

This study used data from the new study component of TALIS 2013—TALIS-PISA link and
applied propensity score techniques to reduce the self-selection bias in the estimated treatment
effects of various PD activities on mathematics teachers’ self-efficacy. It examined four focal
countries, including Singapore, Finland, Australia, and Romania. These four countries achieve at
varying levels on international assessments (e.g., TIMSS and PISA) and represent diverse
cultural settings across the globe. The following sub-sections summarize findings by research

questions introduced in section 3.3.5.

3.6.1.1 Math teacher participation in PD activities

The first research question asks about the patterns of math teacher participation in PD activities.
Results suggest that the pattern varies considerably across the four countries under study as well
as across different types of PD activities.

In Singapore, many mathematics teachers are engaged in various types of PD activities,
among which courses/workshops are the most prevalent form of activity where over 90% of
mathematics teachers participated, followed by mentoring/peer observation and coaching (66%)
and education conferences/seminars (64%). About half of mathematics teachers participated in a
professional development network and individual/collaborative research. While not as many
mathematics teachers participated in the reform types of PD activities (e.g., professional

development network and individual/collaborative research) as in the traditional PD activities
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(e.g., courses/workshops), the participation rate is still considerably high (about and beyond
50%), reflecting an awareness of the potential benefits of the reform type of PD activities.

In Finland, the participation rate is in general lower than that in Singapore, and there is a
substantial difference in participation rate between the traditional PD activities (57% for
courses/workshops and 30% for education conferences/seminars) and the reform types of PD
activities (4% for mentoring/peer observation and coaching, 7% for individual/collaborative
research, and 18% for professional development network). The considerably lower participation
rate in the reform types of PD activities in Finland may be due to individual preferences or
institutional climate. For example, reform types of PD activities usually involve greater level of
collaboration among teachers, which may not gain much ground in an individualist society like
Finland®. Alternatively, lack of institutional support (e.g., time support, as documented in
Piesanen and colleagues’ (2007) study) could be the drive behind the low participation rate.
However, according to Sahlberg (2011), the value of professional development has been
increasingly recognized by the Finnish government and more recent data may indicate that the
trend is changing.

In Australia, the pattern is similar to Singapore, although the participation rate is slightly
lower across all types of PD activities. Courses/workshops remain the most popular types of PD
activity where 89% of mathematics teachers participated, followed by education
conferences/seminars (57%), another traditional type of PD activity. Although the participation
rates are relatively lower in reform types of PD activities (46% for mentoring/peer observation

and coaching, 45% for professional development network, and 30% for individual/collaborative

% According to the Culture Compass, an instrument developed by Hofstede Insights with the goal of helping

people better understand cultural differences, Finland scores on the high end on the individualism index.
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research), they reflect to some extent that reform types of PD activities are developing and
receiving attention in the Australian context, as seen in Singapore.

In Romania, unlike other three countries, the difference in participation between the
traditional PD activities and reform types of PD activities is smaller. In fact, one reform type of
PD activity, professional development network, is the most popular among mathematics teachers
in Romania (64%), followed by courses/workshops (57%), mentoring/peer observation and
coaching (55%), and individual/collaborative research (51%). While fewer teachers participated
in education conferences/seminars compared to other forms of PD activities, the participation
rate is still above one third. However, as discussed below, it is curious that the impact of PD
activities appears very limited on teachers’ self-efficacy, which warrants further investigation in
future studies.

Across the countries, the participation rates for reform types of PD activities are generally
lower than the traditional PD activities, with Romania being an exception. But there are still
considerable portion of mathematics teachers participating in the reform types of PD activities
that are collaborative and job-embedded in nature, especially in Singapore, Australia, and

Romania.

3.6.1.2 Impact of PD activities on teachers’ self-efficacy

The second research question asks how participation in PD activities is related to mathematics
teachers’ self-efficacy. It is noted that Romania was excluded from the propensity score analyses
based on the results of statistical significance testing on teachers’ self-efficacy by the type of PD
activities they participated. This finding suggests that participation in PD activities is not
associated with significantly higher teachers’ self-efficacy in the Romanian context. It is also

important to note that due to disproportional allocation of participants between the treatment
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group (i.e., teachers who participated in certain type of PD activity) and control group (i.e.,
teachers who did not participate in certain type of PD activity), selected types of PD activities
were excluded from the propensity score analyses (i.e., courses/workshops in Singapore and
Australia, and all reform types of PD activities in Finland). Therefore, the findings discussed
below are applicable only to the PD activities that were included in subsequent propensity score
analyses.

While there is null evidence of the impact of PD activities on mathematics teachers’ self-
efficacy in Romania, the impact of various PD activities is statistically significant in the other
three countries examined. Across all types of PD activities included in the propensity score
analyses, reform types of PD activities are all associated with higher level of mathematics
teachers’ self-efficacy in instruction in Singapore and Australia!®. Among the examined
traditional PD activities, only education conferences/seminars in Finland present significant
positive influence on mathematics teachers’ self-efficacy in instruction.

In terms of mathematics teachers’ self-efficacy in student engagement, one reform type
of PD activity—individual/collaborative research—is associated with significantly higher level
of teacher self-efficacy in student engagement in Singapore and Australia, and one traditional
type of PD activity—education conferences/seminars—is associated with significantly higher
level of teacher self-efficacy in student engagement in Finland. Evidence of the positive impact
of other forms of PD activities is limited.

In all, reform types of PD activities in general are associated with higher teacher self-

efficacy in Singapore and Australia. Individual/collaborative research, in particular, is associated

10 As noted previously, all reform types of PD activities in Finland were excluded from propensity score

analyses due to disproportional allocation of participants between treatment group and control group.
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with higher teacher self-efficacy in both instruction and student engagement. Aligned with
Singapore’s vision of “Thinking Schools, Learning Nation” (Tripp, 2004; Salleh, 2006) and
Australia’s major federal government policies “Quality Teacher Program” (Hardy, 2008), policy
making efforts may consider targeting recourses at the design and delivery of reform types of PD
activities, especially individual/collaborative research, to maximize the positive influence of PD
activities on teachers.

Although the reform types of PD activities in Finland were excluded from further
analyses due to low participation rate, it does not necessarily suggest that the impact of reform
types of PD activities is limited. Qualitative research using focus group with the smaller number
of teachers participating in the reform types of PD activities, for example, may reveal
informative findings that demonstrate the pros and cons of the PD activities. As noted
previously, with greater support for teacher professional development from the government, it is
hopeful that professional development programs for teachers will become better institutionalized

and that the participation rate would increase to a large extent.

3.6.1.3 Characteristics of effective professional development activities
The third research question explores if certain types of PD activities are more effective than
other types in enhancing mathematics teachers’ self-efficacy and what the characteristics these
PD activities are featured with. Results from the propensity score analyses suggest that in
general, reform types of PD activities that are collaborative and job-embedded in nature are more
likely to increase mathematics teachers’ self-efficacy in Singapore and Australia.

In the Finnish setting, as noted above, it is not clear if the limited participation in the
reform types of PD activities is a result of the larger policy and organizational environment,

teacher-level factors, or a combination of factors at multiple levels. More recent data on teacher
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participation in PD activities would be valuable in providing additional insights into whether the
participation rate in reform types of PD activities in Finland has been increasing and reflecting
the growing global recognition of the value of such types of PD activities. According to the
results of this study, policy makers in Singapore and Australia could at least consider allocating
more existing resources to education conferences/seminars over courses/workshops as the former
type of PD activity seems more likely to enhance mathematics teachers’ self-efficacy in both

instruction and student engagement.

3.6.2 Significance of the study

This study is among the few studies that use large-scale international survey data and incorporate
sampling weights in the propensity score analyses. Self-selection bias in the estimated treatment
effects is reduced'!; at the same time, findings can be generalized to the population represented
by the analytic sample (i.e., mathematics teachers teaching 15-year-old students in the focal
countries).

In addition, the comparative nature of this study helps better understand the pattern of
participation in teacher professional development and how participation is related to math

teacher self-efficacy in diverse cultural settings. Comparisons are also helpful facilitating our

1 Appendices J.1 and J.2 present results from OLS regression for teachers’ self-efficacy in instruction and
engagement, respectively, without accounting for potential self-selection bias. Compared to the ATE estimates in
tables 3.5 and 3.7, the OLS regression results generally overestimate the treatment effects, while in a few cases, the

OLS regression results underestimate the treatment effects.
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understanding of the variations and emerging common themes across education systems to

identify the best practices.

3.6.3 Limitations and future research directions

This study used data from TALIS 2013 and applied propensity score techniques to examine the
impact of PD activities on mathematics teachers’ self-efficacy. It is important to note that
although propensity score techniques help reduce the self-selection bias in the estimated
treatment effects, they do not completely remove the bias as propensity score methods only
balance measured covariates that predict subjects’ likelihood of being in the treatment or control
group (Austin, Mamdani, Stukel, Anderson, & Tu, 2005). Data sets with more measured
covariates would be of great value for future research to conduct similar analyses.

In addition, the treatment variables examined in this study are all binary variables.
Teachers either fall into either the treatment group (i.e., participated in PD activity) or the control
group (i.e., did not participate in PD activity). Future research could explore dosage treatment
assignment (e.g., teachers who participated in none, single, or multiple PD activities), which may
provide additional insights into the best practices of designing and delivering professional
development.

Although certain types of PD activities demonstrate statistically significant impact on
teachers, the results only answer whether participating in PD activities is likely to enhance
mathematics teachers’ self-efficacy, but not Zow. Understanding how PD activities can be better
designed and delivered to maximize their impact on teacher outcomes, and ultimately student
outcomes, is beyond the scope of this study. Future research could look at multiple aspects of
each PD activity to better inform policy-making, including but not limited to the duration of the
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activity, collective participation, content focus, coherence, and opportunity for active learning.
Many of these aspects have been found to be related to positive outcomes (e.g., Cohen & Hill,
2000; Darling-Hammond, 1997; Desimone, 2009; Garet et al., 2001; Penuel, Fishman,
Yamaguchi, & Gallagher, 2007; Shields, Marsh, & Adelman, 1998; Wayne, Yoon, Zhu, Cronen,

& Garet, 2008), although the current knowledge base still has plenty of room to fill.
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4.0 CONCLUSION

Using data from international large-scale survey and assessment studies, this dissertation
examines the connection among several educational factors at student, teacher, and school levels
in four education systems that have distinct cultural and social background and achieve at
varying levels on international assessments (i.e., Singapore, Finland, Australia, Romania). The
first part of analysis (i.e., Chapter 2) examines engagement as a multidimensional construct and
explores its relationship with achievement outcomes and teachers’ instructional practices
focusing on the subject of mathematics. The second part of analysis (Chapter 3) investigates the
impact of various types of professional development activities on mathematics teachers’ self-
efficacy, mainly focusing on their self-efficacy in two aspects examined in the first part of
analysis (i.e., instruction and engagement). Sections 4.1 through 4.3 discuss the findings and
implications. Sections 4.4 and 4.5 summarize the contribution and limitations of the empirical

analyses and discuss directions for future research.

4.1 ENGAGEMENT AS A MULTIDIMENSIONAL CONSTRUCT

Originated from the intent to prevent school dropout, studies on engagement has evolved to
research efforts and intervention work targeted at all student population (Fredricks et al., 2004)

with a purpose of improving student outcomes in multiple domains, including academic as well
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as social and emotional domains (Reschly & Christenson, 2012). It has been increasingly
recognized that engagement is not only a protective factor for dropout, it has lasting influence on
student outcomes in later grades and even beyond high school (Finn & Zimmer, 2012).

As documented in existing literature, engaged students are more likely to go beyond
fulfilling the basic requirements; they put forth persisting effort with self-regulated behavior to
achieve challenging learning goals, enjoy the process, and excel at what they determine to do
(Klem & Connell, 2004; NRC and IoM, 2004). Such characteristics are essential in the pursuit of
educational excellence. In addition to academic outcomes, engagement has been found to be
related to distal outcomes including health (NRC and oM, 2004), employment (Janosz, 2012),
productive citizenship (Davis & McPartland, 2012), and adult criminal behavior (Ou, Mersky,
Reynolds, & Kohler, 2007).

Regardless of the recognition that engagement is an important educational construct,
there is a lack of agreement in the research community in terms of specific dimensions that
consist of engagement. Moreover, it has been conceptualized using different approaches (e.g.,
learning process vs. learning outcomes) and in different contexts (e.g., classroom vs. school
setting). Chapter 2 synthesizes existing literature and proposes a three-dimensional framework of
engagement that consists of behavioral, emotional, and cognitive dimensions. At the same time,
using measures available from TIMSS 2011 and PISA 2012, the study examines measures
related to interest, self-efficacy, and future utility beliefs that reflect the emotional and cognitive
dimensions. The same CFA models using data from TIMSS 2011 and PISA 2012 are tested in
each of the four focal countries. Adequate data-model fit, overall high factor loadings, and strong

correlation among the three latent factors (i.e., interest, self-efficacy, and future utility beliefs)
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corroborate the theoretical discussions and empirical findings in existing literature that
engagement is a multidimensional construct.

However, it should be noted that the behavioral dimension, although not examined in this
dissertation, warrants further examination in future studies. On one hand, it has been found an
important predictor of multiple educational outcomes, including entry of a post-secondary
program, the number of credits earned, and the completion of a postsecondary program (Finn,
2006); moreover, Ou and colleagues’ (2007) study conducted in Chicago schools corroborated
Finn’s findings and further extended the conclusions to adult criminal behavior. On the other
hand, it was also found the mediator between emotional and cognitive dimensions of engagement
and learning outcomes (Finn & Zimmer, 2012).

Additionally, while the evidence suggests that same model applies to all the four
countries under examination in this dissertation, it would be interesting to examine potential
cultural difference across the four education systems. For instance, previous research has
documented the differences in how American and Australian students respond to the same
student engagement instruments (Reschly et al., 2012). Techniques such as multi-group CFA for
testing measurement invariance would allow for a closer examination at how the model varies

from one context to another within the general multidimensional framework of engagement.

4.2  RELATIONSHIP AMONG ENGAGEMENT, ACHIEVEMENT, AND

INSTRUCTION

The close connection between engagement and various educational and long-term outcomes, as

discussed above, and the fact that it is a relatively more malleable state of being (Fredricks et al.,
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2004) make engagement a critical educational factor for targeted intervention. Moreover,
empirical evidence has shown that the level of engagement is generally declining from
elementary school to later grades, especially early in adolescence. For example, scholars have
found over half of high schoolers in the U.S. context reported that they did not take their studies
seriously by entry into high school (Marks, 2000; Steinberg, Brown, & Dornbusch, 1996).
Outside the U.S., research has found similar pattern of decline in students’ level of engagement
as they transition to secondary school (Attard, 2011; Marshall & Jackman, 2015). These findings
highlight that designing and implementing the appropriate intervention to sustain and increase
the level of engagement is of paramount importance. As suggested in literature, engagement is
open to constructive influences from multiple sources, such as teacher support (Birch & Ladd,
1997; Kelly & Zhang, 2016), specific instructional strategies (Hamre & Pianta, 2007,
Matsumura, Garnier, et al., 2008), and parental involvement (Marshall & Jackman, 2015),
among other factors.

Focusing on school factors, teachers’ instructional practices in particular, this dissertation
found heterogenous patterns in the relationship among engagement, achievement and teacher-
reported/student-reported instruction across the four focal countries. Interestingly, while teacher-
reported instruction is found to have overall limited to none influence on engagement or
achievement outcomes in mathematics across the four countries, two types of student-reported
instruction (i.e., structure and support) are both positively related to engagement in the two high-
performing education systems (i.e., Singapore and Finland) in general, which is consistent with
previous literature.

Further, while the association between challenging instruction and engagement or

achievement is found limited in general, when it is statistically significant, teacher-reported
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challenging instruction is positively related to engagement or achievement, but student-reported
challenging instruction is negatively related to engagement or achievement. Such different
patterns suggest the importance of student perception on the one hand and the potential
discrepancies between teacher perception and student perception on the other hand. For instance,
in a qualitative longitudinal case study conducted in the Australian context, Attard (2011) found
that students in their final year of elementary school have become critically aware of what makes
a good mathematics teacher and an engaging learning environment. Moreover, the qualities
identified by the students (e.g., uses scaffolding rather than providing answers; encourages
positive attitudes towards mathematics; responds to students’ individual needs) are aligned with
several attributes described in the Australian Association of Mathematics Teachers [AAMT]
(2006). The importance of student perceptions of their learning environment has been
documented in other settings as well (e.g., Skaalvik, Federici, Wigfield, & Tangen, 2017). At the
same time, existing literature has accumulated evidence of the discrepancies between teacher
perception and student perception of learning-related factors, such as instruction (Brown, 2009),
homework (Hong, Wan, & Peng, 2011), and school climate (Mitchell, Bradshaw, & Leaf, 2010).
However, the evidence is relatively thin, and more research is needed to unpack how
discrepancies impact various relationships and eventually learning outcomes.

Additionally, it is also possible that the same instructional strategies do not work equally
well in different contexts. As the findings reveal, while some student-reported instructional
practices are found important predictors of engagement and achievement in mathematics in
Singapore and Finland, null relationship is found in Australia and Romania in general. As
Reschly and Christenson (2012) pointed out, in addition to that the construct of engagement may

vary across cultures, the relative importance of contextual variables, such as family involvement
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and school factors, that relate to engagement may not always be equally prominent in different
settings. Same hypothesis may apply to the relationship between contextual variables and

achievement outcomes.

4.3 IMPACT OF PROFESSIONAL DEVELOPMENT ACTIVITIES ON TEACHERS’

SELF-EFFICACY IN INSTRUCTION AND ENGAGEMENT

While Chapter 2 examines the construct of engagement and the relationship among engagement,
achievement, and instructional practices, focusing on students’ mathematics learning with
students as the unit of analysis, Chapter 3 examines the impact of professional development
activities on mathematics teachers’ self-efficacy in instruction and in engaging students, focusing
on teachers’ professional learning with teachers as the unit of analysis. Although the provision of
and participation in professional development in various forms is almost universal, the number of
studies evaluating the effectiveness of these programs is limited. Existing evidence of impact is
mixed at best, suggesting the need for closer examination by specific delivery format.

Using data from TALIS-PISA link in TALIS 2013, Chapter 3 examines the pattern of
teachers’ participation in multiple types of professional development (PD) activities across the
four focal countries and the impact of various PD activities on teachers’ self-efficacy within each
education system, an important predictor of teacher behaviors and student outcomes as
documented in existing literature (Puchner & Taylor, 2006; Tschannen-Moran & Barr, 2004).
Major findings reveal that the participation rates for reform types of PD activities are generally
lower than the traditional PD activities across countries except for Romania. Reform types of PD

activities usually involve greater degree of collaboration among teachers and provide learning
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opportunities that are embedded within teachers’ work time (e.g., peer observation) while
traditional types of PD activities have been criticized for divorcing teachers’ learning
opportunities from their daily work (Akiba, 2015) and for not providing sufficient time,
activities, and content that are essential for increasing teacher’s knowledge and fostering changes
in their teaching practices (Loucks-Horsley et al., 1998).

Further analyses provide some evidence supporting the critique above that in general,
reform types of PD activities (i.e., professional network, individual/collaborative research, and
mentoring/peer observation and coaching) appear more effective in enhancing teachers’ self-
efficacy in instruction than traditional types (e.g., education conferences/seminars) in Singapore
and Australia. In the Finnish context, participation in education conferences/seminars is
significantly associated with higher level of self-efficacy in instruction, but no significant
association is found between participating in courses/workshops, another form of traditional PD
activities, and mathematics teachers’ self-efficacy in instruction. Similarly, while certain reform
types of PD activities (e.g., individual/collaborative research) are more effective than traditional
types in enhancing teachers’ self-efficacy in engagement in Singapore and Australia, the
traditional type of PD activity—education conferences/seminars—is significantly related to
teachers’ self-efficacy in student engagement in Finland.

Considering the emerging pattern that reform types of PD activities appears more
effective in enhancing mathematics teachers’ self-efficacy (in both instruction and student
engagement) in Singapore and Australia, policy making efforts in these two countries may
consider targeting recourses at the design and delivery of reform types of PD activities to
maximize the positive influence of PD activities on teachers. The nature of reform types of PD

activities is aligned with Singapore’s vision of “Thinking Schools, Learning Nation” (Tripp,
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2004; Salleh, 2006) and Australia’s major federal government policies “Quality Teacher
Program” (Hardy, 2008), embedding greater learning opportunities within teachers’ day-to-day
work.

Regarding Finland, it should be noted that the finding does not necessarily suggest that
traditional types of PD activities work better than reform types because reform types of PD
activities in Finland were excluded from further propensity score analyses due to limited
participation rate. One possible reason for the extremely low participation rate in reform types of
PD activities in Finland could be that the such types of PD activities were not fully
institutionalized yet by the time TALIS 2013 was administered or there may be alternative forms
of PD activities that are more popular and unique to the Finnish context but not examined in this
study. According to Sahlberg (2011), it is common for teachers to further their doctoral studies
while they remain teaching simultaneously in Finland. Such approach essentially provides
teachers with great opportunities to integrate research into teaching, allowing teachers to harness
the reciprocal benefits.

Another hypothesis is that individual preferences, either alone or coupled with the
influence of the larger institutional climate, lead to the low participation in reform types of PD
activities. In other words, teachers in Finland may not feel encouraged to participate in or initiate
such types of activities with their colleagues for professional growth or they may not have as
many options of reform types of PD activities as teachers in the other three focal countries do in

the first place. On the one hand, according to Hofstede Insights’ Culture Compass'?, Finland is

12 As noted in Chapter 3, the Culture Compass is an instrument developed by Hofstede Insights that aims to

help people better understand cultural value preferences and avoid potential cultural pitfalls when dealing with
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an individualist society where a high level of preference exists for a loosely-connected social
network, which may explain the low participation in reform types of PD activities that involve
greater level of collective efforts to some extent. On the other hand, according to a national study
conducted in 2007 (Piesanen, Kiviniemi, & Valkonen, 2007), Finnish teachers reported that
about half of the time they devoted in professional development activities was drawn from their
personal time (about 25 hours annually). The lack of institutional support (e.g., time support)
could potentially discourage teachers from participating in PD activities. As reported by the
Finnish Ministry of Education (2009), participation in professional development appeared
decreasing around the 2010s. More recent data (e.g., TALIS 2018 which is scheduled to be
released in 2019) may provide opportunities to examine the trend in participating in various PD
activities in multiple countries including Finland to see if reform types of PD activities are
gaining ground and further to evaluate their impact. There is reason to stay hopeful as Finland
plans to double nation-wide public funding support for teacher professional development by
2016 (Sahlberg, 2011).

It is also important to note that participating in various PD activities is not significantly
associated with higher mathematics teachers’ self-efficacy in the Romanian context according to
preliminary analysis and thus Romania is excluded from further analyses. It is likely that
teachers, at least mathematics teachers, are more sensitive to other factors (e.g., school climate,
classroom composition) in terms of their self-efficacy in Romania. Examining other factors is
beyond the scope of the current study but is worth investigation in future research. Alternatively,

it is also likely that professional development is not as established as in other countries examined

people from a different cultural background. More information can be found at: https://www.hofstede-

insights.com/country-comparison/.
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in this study, and thus their impact is limited to a large extent. For instance, the mentoring
program for new teachers has only gained recognition since the early 2010s and at the early stage
of the implementation, limited clarity on the role of mentor and the specific mentor education
slowed down successful implementation and the scale-up process of the program (Stingu,
Eisenschmidt, & Iucu, 2016). More studies that closely examine the relevant policies in the

Romanian context will surely bring additional insights.

4.4  CONTRIBUTION OF THE STUDY

As Farrell (1979) discussed in his presidential address at the annual meeting of the Comparative
and International Education Society (CIES), people raised in different cultures behave differently
in various aspects. Comparative studies make important contributions to understanding the
homogeneity and heterogeneity of human behaviors across cultures and how these behaviors
influence and are influenced by other factors. The first part of analysis (i.e., Chapter 2) in this
dissertation examines the connection among important educational factors at multiple levels in
multiple educational systems using data from two international large-scale survey and
assessment studies. By incorporating the complex design of the studies, the findings can be
generalized to large student populations represented by the analytic samples across four countries
that present diverse cultural and social background and achieve at varying levels on international
assessments. It provides insights into the issue of student engagement in multiple contexts and
lay an essential foundation for future studies within and across countries with the goal of better
understanding the construct of engagement and how it is interrelated with multiple important

educational input factors and outcomes.
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Although the three-dimension framework on engagement is not fully validated due to
limited measures available in the data sets, current findings add to the knowledge base about
conceptualizing engagement as a multidimensional construct. The specific measures examined in
the study could be used for intervention. For instance, parents and teachers could use these
measures to detect early signs of disengagement in mathematics and develop intervention plans
to reengage students with mathematics learning at home and in school. As discussed in the next
section, more research is needed to understand factors that are closely linked to engagement for
developing targeted intervention. At the same time, findings reveal varying relationships among
student engagement, achievement, and teachers’ instructional practices in different educational
systems, providing important implications for future research efforts that specific cultural and
social context should be given greater consideration in both theory development and empirical
investigation. Moreover, findings highlight the importance of how students perceive instruction
in shaping their engagement and achievement outcomes. Future survey instruments may consider
administering same or similar instruction-related measures to both students and teachers, which
provides great opportunities for investigating the role of student perception in the mechanisms
through which teachers influence student learning. On top of the two important reporting sources
(i.e., students and teachers), introducing a third-party perspective (e.g., classroom observation)
on teachers’ instructional practices would be valuable in triangulating data reported from
multiple informants and shed additional light on effective instruction at the same time. Practical
concerns regarding time and cost associated with classroom observation may be mitigated
through use of technology that automates such process and is easier to scale up. Recent work by
Kelly, Olney, Donnelly, Nystrand, & D’Mello (2018) points out a promising direction for such

endeavor, where computers trained through automatic speech recognition, natural language
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processing, and machine learning are found capable of automatically detecting effective
instruction in classroom discourse.

Additionally, the other part of analysis (i.e., Chapter 3) is among the few studies that use
data from international large-scale survey programs and incorporate sampling weights in the
propensity score analyses. Such approach helps reduce the self-selection bias in the estimated
treatment effects on the one hand and allows the findings to be generalized to the population
presented by the analytic sample on the other hand. Furthermore, the comparative nature of the
study provides evidence of the pattern of participation in teacher professional development and
the impact of the professional development activities across diverse settings. Such comparative
evidence helps facilitate the reflection of past successes and lessons learned in identifying and
developing best practices to improve teaching across the globe.

Furthermore, although the two separate studies (i.e., Chapters 2 and 3) in this dissertation
look at different data sets and different target populations, important links among the three data
sets, as discussed in more details in Chapter 1, allow for a more comprehensive examination of
the connection among student outcomes, teacher factors, and resources provided at the school
level in secondary education. To highlight, the target student populations in TIMSS 2011 and
PISA 2012, although not identical, are very similar in terms of age and educational level, and the
different reporting sources of teachers’ instructional practices provided in the two data sets'?
present unique opportunities to explore the nuance of the role of student perception in the
mechanisms through which teachers’ instructional strategies influence student outcomes.

Moreover, although the mathematics teachers sampled in the TALIS-PISA link are not directly

13 In TIMSS 2011, instructional practices are reported by the mathematics teachers linked to the sample

student; in PISA 2012, instructional practices are reported by the sampled students.
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linked to the students sampled in PISA 2012, they were selected from the PISA 2012 sample
schools as the mathematics teachers teaching PISA-eligible students. Therefore, findings about
these mathematics teachers to a large extent tell the stories of the PISA 2012 sample students’

mathematics teachers.

4.5 LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH

This section discusses the limitations and their implications for future studies. First, Chapter 2
examines the emotional and cognitive dimensions of the proposed three-dimension framework of
engagement, but not the behavioral dimension due to limited availability of relevant measures.
Existing literature has accumulated some evidence that the behavioral dimension is related to
multiple important educational outcomes and that it mediates the relationship between emotional
and cognitive dimensions of engagement and achievement outcomes. Given its important role in
learning, future research efforts, such as empirical studies or data collection endeavors, should
incorporate behavioral dimension into consideration together with the emotional and cognitive
dimensions, allowing for a more comprehensive examination of engagement as a
multidimensional construct.

Second, while findings from the same confirmatory factor analysis model across the four
focal educational systems generally corroborate previous literature that engagement should be
conceptualized as a multidimensional construct, it is not clear if there is subtle differentiation in
the conceptualization of the construct across different settings. For example, certain measures
emerge as strong and important indicators of certain latent factor in one setting, but this may not

always be the case in a different context. Future studies that employ techniques such as
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multigroup CFA would bring additional insights into conceptualizing engagement in diverse
settings, allowing for more accurate measure of engagement that eventually leads to more
targeted intervention unique to the context within which engagement is studied.

Relatedly, results from the same path analysis model across the four educational systems
suggest similarities and differences in the relationship between instructional practices, the key
independent variables, and engagement and achievement in mathematics. While the findings
reveal interesting patterns (e.g., teacher-reported instruction vs. student-reported instruction), it
should be noted that the measures of instructional practices included in the model do not
necessarily present all typical strategies teachers in various contexts would employ. In addition,
the fact that the R? values across countries are generally low suggests that there are other
important factors (e.g., parental involvement and peer interaction) linked to engagement and
achievement that are worth further investigation. As Reschly and Christenson (2012) suggested,
the relative importance of contextual influence could vary considerably across different settings.
Future research may provide greater insights into what factors influence engagement and
achievement through applying multigroup path analysis techniques, constructing culture-specific
models within each context, and examining engagement across different student groups (e.g., by
achievement level, by socioeconomic background, and by other demographic background such
as immigrant status as it becomes more relevant).

In addition, as Appleton et al. (2006) pointed out, one major limitation of the survey
items provided in large national and international databases is that they collect information
retroactively. The key measures included in the CFA and path analysis in this dissertation indeed
asked students and teachers to reflect on their attitudes/behaviors and provide responses in

retrospective to some extent, allowing for potential measurement error. Future studies could
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explore other possibilities by examining engagement in a different context or time frame (e.g.,
collecting information on the level of engagement at the moment of instruction). Although each
method has its own strengths and drawbacks, studies employing various methods collectively
make important contribution to the knowledge base about engagement. Moreover, it is
recognized that current findings are only applicable to eighth graders (in the case of TIMSS
2011) and 15-year-old students (in the case of PISA 2012) and the focus is on mathematics.
Further research is needed to examine other student populations and other subjects.

Regarding the findings about impact of professional development activities, it is
acknowledged that while propensity score techniques help reduce the self-selection bias in
estimating the treatment effects, they could only balance the measured covariates predicting
mathematics teachers’ likelihood of participation. Therefore, the results should be interpreted
with caution. Moreover, the treatment is simply treated as “participated” or “not participated” in
the analysis. Future studies adopting the dosage approach would reveal more nuanced impact of
professional development activities through investigating the differences in the outcomes by the
degree of teachers’ participation. The results would then better inform the design and delivery of
not only the appropriate format but also the most cost-effective amount of professional
development programs. At the same time, a closer examination of specific aspects of the
professional development activities (e.g., content focus and coherence) and specific
characteristics of teachers (e.g., age, years of experience) who are more receptive to certain types
of PD activities would make valuable contribution to current knowledge base about the features
of effective professional development.

Last but not the least, while findings from the quantitative analysis reveal general patterns

across the four countries under examination, there are several questions that remain to be further
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explored. For example, preliminary analyses suggest that the participation rates in the reform
types of PD activities in Finland are considerably low, and that there is negligible difference in
their self-efficacy between teachers who participated in PD activities and those who did not
participate in the Romanian context. Consequently, subsequent analyses only included selected
types of PD activities and countries. Future studies, especially qualitative research such as policy

analysis, would be of great value in unpacking issues that are specific to certain context.
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APPENDIX A

PERCENTAGE OF CASES WITH MISSING VALUE ON ITEMS INCLUDED IN

ANALYSES

A.l PERCENTAGE OF CASES WITH MISSING VALUE ON ENGAGEMENT-

RELATED ITEMS

A.1.1 Percentage of cases with missing value on engagement-related items: TIMSS 2011

(selected countries)

Singapore Finland Australia Romania
Survey items (0O=Disagree lot; 1=Disagree a little; nP=5927  nP=4,266  n°=7,556 n=5,523
2=Agree a little; 3=Agree a lot)? N°=50,205 N°=57,899 N°=251985 N°¢=224223
Interest
| enjoy learning mathematics. (intl) 0.15 1.28 1.35 1.66
I wish I did not have to study mathematics. (int2) 0.12 1.37 1.63 2.36
Mathematics is boring. (int3) 0.54 1.90 2.34 4.00
I learn many interesting things in mathematics. (int4) 0.44 1.82 1.72 2.87
I like mathematics. (int5) 0.41 1.55 2.18 3.59
Self-Efficacy
I usually do well in mathematics. (eff1) 0.12 1.26 1.63 1.72
Mathematics is more difficult for me than for many of 0.18 115 167 173
my classmates. (eff2)
Mathematics is not one of my strengths. (eff3) 0.54 1.89 2.29 3.55
I learn things quickly in mathematics. (eff4) 0.40 2.02 2.29 3.31
Mathematics makes me confused and nervous. (eff5) 0.38 1.31 1.89 3.06
I am good at working out difficult mathematics 0.42 177 185 316

problems. (eff6)
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Appendix A.1.1 continued

Mathematics is harder for me than any other subject. 0.10 1.33 L75 2.02
(eff7)

Future utility beliefs

I_thlnk learning mathematics will help me in my daily 0.10 191 1.43 150
life. (bIf1)

I need mathematics to learn other school subjects. (bIf2) 0.14 1.27 1.56 2.19
I need to do well in mathematics to get into the

<university> of my choice. (bIf3) 0.12 1.68 2.01 2.33
zbr:?z;i to do well in mathematics to get the job | want. 012 151 174 258
h;/l\q%L)lld like a job that involves using mathematics. 0.10 1.46 195 297
It is important to do well in mathematics. (blf6) 0.09 1.33 1.46 1.88

Note. Percentages are weighted by student weight totwgt.

2 ltems are originally on a 1-4 scale and are recoded (some items are reverse coded as well) to the 0-3 scale
where higher value indicates greater level of engagement.

® n=sample size

¢ N=population size represented by the sample

A.1.2 Percentage of cases with missing value on engagement-related items: PISA 2012

(selected countries)

Singapore Finland Australia Romania

Survey items (0=Strongly disagree; 1=Disagree; nb=5546 nb=8,829  nP=14,481  n°=5,074
2=Agree; 3=Strongly agree)? N°=51,088 N°¢=60,047 N°¢=250,711 N°=140,915
Interest

| enjoy reading about mathematics. (intl) 33.57 35.02 34.53 33.99

I look forward to my mathematics lessons. (int2) 33.57 35.16 34.61 34.17

I do mathematics because | enjoy it. (int3) 33.62 35.06 34.78 33.98
zii%lnterested in the things | learn in mathematics. 3357 3510 34 64 3429
Self-Efficacy

gflf;l))ut in enough effort | can succeed in mathematics. 33.45 3510 34 46 33.99

Whether or not | do well in mathematics is completely
up to me. (eff2)

If | wanted to, | could do well in mathematics. (eff3) 33.49 35.28 34.74 34.21

33.48 35.26 34.61 34.21

Future utility beliefs

Making an effort in mathematics is worth it because it
will help me in the work that | want to do later on. 33.57 35.07 34.55 34.07
(blf1)

Learning mathematics is worthwhile for me because it

will improve my career <prospects, chances>. (blf2) 33.58 35.04 34.57 3421
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Appendix A.1.2 continued

Mathematics is an important subject for me because | 33.59 3536 34.60 34.22
need it for what | want to study later on. (blf3)
I will learn many things in mathematics that will help 33.59 35.16 3457 3418

me get a job. (blf4)

Note. Percentages are weighted by student weight W_FSTUWT.

2 |tems are originally on a 1-4 scale and are recoded (some items are reverse coded as well) to the 0-3 scale
where higher value indicates greater level of engagement.

® n=sample size

¢ N=population size represented by the sample

A.2 PERCENTAGE OF CASES WITH MISSING VALUE ON INSTRUCTION

ITEMS

A.2.1 Percentage of cases with missing value on teacher-reported instruction items:

TIMSS 2011 (selected countries)

Singapore Finland Australia Romania
n°=330 nb=250 nb=740 nb=221

Survey items (0=Never; 1=Some lessons; 2=About half
N¢=2,804 N°=3,431 N°=15,011 N°¢=9,772

the lessons; 3=Every or almost every lesson)?

Structure

ileggr:arlze what students should have learned from the 0.94 299 28.16 0.99
Relate the lesson to students' daily lives 0.89 2.99 28.22 0.68
Use questioning to elicit reasons and explanations 0.64 2.99 28.24 0.68
Bring interesting materials to class 0.64 2.99 28.16 0.68
:?séite what students are learning in math to their daily 1.20 437 28.83 293
Support

Encourage all students to improve their performance 0.64 3.59 28.16 0.68
Praise students for good effort 0.64 2.99 28.16 0.68
Challenge

Explain their answers 0.90 3.02 28.76 2.54
Decide on their own procedures for solving complex 192 303 28.72 254
problems
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Appendix A.2.1 continued

Work on problems for which there is no immediately 1.30 3.04 28.72 2.93

obvious method of solution

Note. Estimates are weighted by math teacher weight matwgt.

2 [tems are originally on a 1-4 scale and are reverse coded to the 0-3 scale where higher value indicates greater
frequency of instructional practices.

b n=sample size

¢ N=population size represented by the sample

A.2.2 Percentage of cases with missing value on student-reported instruction items: PISA

2012 (selected countries)

Singapore Finland Australia ~ Romania
=554 N°=8,829  n’=14481  n’=5074

Survey items (0=Never or hardly ever; 1=Some
Ne=51,088 N°=60,047 N°=250,711 N°=140,915

lessons; 2=Most lessons; 3=Every lesson)?

Structure

The teacher continues teaching until the students 33.96 3517 35 45 3410
understand.

The teacher sets clear goals for our learning. 34.08 35.62 35.39 33.84
The teacher gives different work to classmates who

have difficulties learning and/or to those who can 34.05 35.58 35.48 34.20
advance faster.

The teacher asks questions to check whether we have 34.10 3553 35 52 3410
understood what was taught.

At the beginning of a lesson, the teacher presents a short 3408 3561 35 59 3404
summary of the previous lessons.

The teacher tells us what is expected of us when we get 3410 35.66 3554 3491
a test, quiz or assignment.

Support

;I:;?nt;ena;her shows an interest in every student's 33.94 3518 3540 3411
The teacher gives extra help when students need it. 33.97 35.18 35.37 34.25
The teacher helps students with their learning. 33.98 35.18 35.43 34.06
Th_e f[eacher gives students an opportunity to express 33.96 3519 35.42 3411
opinions.

The teachgr tells me about how well I am doing in my 3411 35,52 35 59 3414
mathematics class.

Thg teacher asks us to help plan classroom activities or 34.16 3562 35.70 34.99
topics.

The teacher gives me feedback on my strengths and 3413 3563 35.70 3424

weaknesses in mathematics.
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Appendix A.2.2 continued

Challenge

The t_eacher asks me or my classmates to present our 3404 3557 35 46 3415
thinking or reasoning at some length.

The teacher assigns projects that require at least one 3403 3558 35.49 3493
week to complete.

The teacher has us work in small groups to come up 3410 3549 35,52 3410

with joint solutions to a problem or task.

Note. Estimates are weighted by student weight W_FSTUWT.

2 [tems are originally on a 1-4 scale and are reverse coded to the 0-3 scale where higher value indicates greater
frequency of instructional practices.

b n=sample size

¢ N=population size represented by the sample
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R?VALUES FOR MEASURED VARIABLES IN CONFIRMATORY FACTOR

APPENDIX B

ANALYSIS

B.1 R?VALUES FOR MEASURED VARIABLES IN CONFIRMATORY FACTOR
ANALYSIS: TIMSS 2011 (SELECTED COUNTRIES)

Factor Variable description Singapore Finland Australia Romania
I enjoy learning mathematics. (intl) 0.88 0.86 0.87 0.74
I wish | did not have to study mathematics. (int2) 0.65 0.64 0.58 0.32

Interest Mathematics is boring. (int3) 0.62 0.66 0.59 0.43
I learn many interesting things in mathematics. (int4) 0.59 0.69 0.54 0.52
I like mathematics. (int5) 0.92 0.92 0.93 0.89
I usually do well in mathematics. (effl) 0.75 0.82 0.75 0.72
Mathematics is more difficult for me than for many of my 056 0.59 0.55 029
classmates. (eff2)
Mathematics is not one of my strengths. (eff3) 0.78 0.83 0.78 0.35

Self-efficacy I learn thir?gs quickly in mathematics. (eff4) 0.70 0.76 0.75 0.69
Mathematics makes me confused and nervous. (eff5) 0.51 0.55 0.53 0.17
I am good at working out difficult mathematics problems. 062 068 065 0.69
(eff6)
Mathematics is harder for me than any other subject. (eff7) 0.70 0.71 0.67 0.41
I think learning mathematics will help me in my daily life. 058 055 0.64 053
(bIf1)
I need mathematics to learn other school subjects. (blf2) 0.38 0.44 0.47 0.41
I need to do well in mathematics to get into the <university>

Future utility of my choice. (bif3) g Y> a1 0.43 0.40 0.43

beliefs ’
I need to do well in mathematics to get the job | want. (blf4) 0.34 0.43 0.45 0.40
I would like a job that involves using mathematics. (blf5) 0.84 0.81 0.77 0.85
It is important to do well in mathematics. (blf6) 0.55 0.58 0.59 0.32
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B.2 R?VALUES FOR MEASURED VARIABLES IN CONFIRMATORY FACTOR

ANALYSIS: PISA 2012 (SELECTED COUNTRIES)

Factor Variable description Singapore Finland Australia Romania

| enjoy reading about mathematics. (int1) 0.71 0.66 0.65 0.70
Interest I look forward to my mathematics lessons. (int2) 0.71 0.78 0.80 0.84

| do mathematics because | enjoy it. (int3) 0.86 0.92 0.88 0.86

I am interested in the things | learn in mathematics. (int4) 0.87 0.84 0.84 0.82

If | put in enough effort | can succeed in mathematics. (eff1) 0.86 0.83 0.79 0.78
Self-efficac i icsi

y Whether or not | do well in mathematics is completely up to 054 0.67 0.64 069
me. (eff2)
If | wanted to, I could do well in mathematics. (eff3) 0.64 0.65 0.56 0.56

Making an effort in mathematics is worth it because it will

help me in the work that | want to do later on. (bIf1) 0.76 0.75 0.78 0.78
Learning mathematics is worthwhile for me because it will
Future utility improve my career <prospects, chances>. (blf2) 0.78 0.7 0.75 0.74
beliefs Mathematics is an important subject for me because | need it
for what | want to study later on. (bIf3) 0.74 0.82 0.78 0.81
I will learn many things in mathematics that will help me get 0.72 0.79 0.79 067

a job. (blf4)
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AMONG ENGAGEMENT IN MATHEMATICS, MATHEMATICS ACHIEVEMENT,

APPENDIX C

FACTOR LOADINGS IN PATH ANALYSIS

C.1 FACTOR LOADINGS IN PATH ANALYSIS OF THE RELATIONSHIPS

AND TEACHER-REPORTED INSTRUCTIONAL PRACTICES: TIMSS 2011

(SELECTED COUNTRIES)
Singapore Finland Australia Romania

Factor Variable description Model 1 Model2  Modell Model2  Modell  Model 2 Model 1~ Model 2

I enjoy learning mathematics. (intl) 0.94*** 0.94***  0.93***  (.93*** 0.93*** 0.94*** 0.86*** 0.86***

L\rl\\ltlzs)h I did not have to study mathematics. 0.81 %% 081 %  0.80%**  (.80** 0,775 0,77 %% 0 57%x 0.5g%xx
Interest Mathematics is boring. (int3) 0.79*** 0.79*** 0.81***  0.81*** 0.77*** 0.77*** 0.66*** 0.67***

I Iearn many Interesnng thlngs In *kk *kk *kk *kk *kk *hk *k*k Ex g

mathematics. (int4) 0.77 0.77 0.83 0.83 0.74 0.74 0.71 0.72

I like mathematics. (int5) 0.96%** 0.96%**  0.96***  0.96***  0.97***  0.97*** 0.94%**  0.94***

I usually do well in mathematics. (eff1) 0.87*** 0.87***  0.91***  0.91***  0.87***  0.87*** 0.85***  0.85***

Mathematics is more difficult for me than 0.75% % 0.75%%%  (78%k*  078%k  Q.75%  (.76%* 05G***  0.5axk*

for many of my classmates. (eff2)

?"?ftsh)emaﬁcs isnotone of my sengihs. g ggawx g ggExx  poIwek  QQIEE 088 088F* 058 058

e

I Ifefim thlngs qUICkly in mathematics. 0.84%** 0.84*** 0.87*** 0.87*** 0.86*** 0.87%** 0.83*** 0.84***
Self-efficacy (eff4)

Mathematics makes me confused and 0.72%%% 072%%% Q. 74%KE  (74%RE  (73%EE (.73 QA1%**  QA1xw*

nervous. (eff5) ' ' ' ' ' ' ' '

I am g00d at Worklng OUt dIﬁICUIt Fkk Kk ke *kk *kk *k*k *kKk *kk *kk

mathematics problems. (¢ff6) 0.79 0.79 0.82 0.83 0.81 0.81 0.83 0.83

Mathematics is harder for me than any 0.84%%%  0.84%x  (B4Rx  (@4RRx  0g3FEE  08FRE  (p4eRx (63

other subject. (eff7)
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Appendix C.1 continued

! think Ie_arni_ng mathematics will help me 0.76%** 0.77*** 0.74%** 0.74%** 0.80%** 0.81*** 0.73*** 0.74%***
in my daily life. (blfl) : : . . . . . .
| need mathematics to learn other school

KKk KAk Hokk Kok KKk KKk Fkk KKk
subjects. (bIf2) 0.62 0.61 0.67 0.67 0.68 0.68 0.65 0.65

I need to do well in mathematics to get into

Kkk *kk dkk Kkk Kkk Kkk dkk Kkk
the <university> of my choice. (blf3) 0.56 0.55 0.66 0.65 0.63 0.63 0.66 0.66

Future utility

beliefs I need to do well in mathematics to get the

KKk ekk FekK kK *kk KKk ek Hhk
job 1 want. (blf4) 0.58 0.58 0.65 0.66 0.67 0.68 0.63 0.64

1 would like a job that involves using

*kk *kk Eaxax g Eaxax g *kk *kKk *k*k *k*k
mathematics. (bIf5) 0.92 0.92 0.90 0.90 0.88 0.87 0.91 0.91

It is important to do well in mathematics.

(blf6) 0.74%** 0.75*** 0.76***  0.76*** 0.77*** 0.77*** 0.57%** 0.57%%*

Note. Estimates are weighted by student weight totwgt. Only standardized parameter estimates are reported. *p<.05; **p<.01; ***p<.001.

C.2 FACTOR LOADINGS IN PATH ANALYSIS OF THE RELATIONSHIPS
AMONG ENGAGEMENT IN MATHEMATICS, MATHEMATICS ACHIEVEMENT,

AND STUDENT-REPORTED INSTRUCTIONAL PRACTICES: PISA 2012 (SELECTED

COUNTRIES)
Singapore Finland Australia Romania
Factor Variable description Model1  Model2  Model1  Model2  Model1 ~ Model2  Model1  Model 2
zen:{())y readlng abOUt mathematlcs 0 85*** O 85*** 0 82*** 0 82*** 0 81*** 0 81*** 0 84*** 0 84***
int . . . . . . . .

I look forward to my mathematics

; 0.84***  0.84*** 0.88*** (0.88*** (.90*** 0.89*** (0.91*¥** (.92***
lessons. (int2) ' : : . . . . .

et ziﬂ%;”athemaﬂcs because IeNjOY it gauux g gguwn  (QE***  0.Q6*F*  0.04%K*  0.04%Kx  0.93FK*  0.93Fr*
:Tgt';]gr‘;zrtfs;e‘zl'n? Af)he things Lleamiin - gpuex g gguwse g ggws  Qopiwk  QQpwwk  QQPRER  0.QINEX  0.91%
I'I] H’;Lz’lnea?i‘::‘fr(‘eigc)’” lcansucceed ) gouxx  (gprx  0QIRA*  0.02%%  0.89%F%  0.Q0%FK  (.89%F*  0.89F*

Self- Whether or ngt | do well in

efficacy mathematics is completely up to me. 0.74***  0.74*** 0.81*** (0.82*** (0.80*** 0.80*** 0.83*** 0.83***

(eff2)

If | wanted to, | could do well in

*kk *kk *kk *kk *kk *kxk *kk *kk
mathematics. (eff3) 0.82 0.82 0.82 0.82 0.74 0.75 0.75 0.75
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Appendix C.2 continued

Future
utility
beliefs

Making an effort in mathematics is
worth it because it will help me in the
work that | want to do later on. (blf1)

Learning mathematics is worthwhile
for me because it will improve my
career <prospects, chances>. (blf2)

Mathematics is an important subject
for me because I need it for what |
want to study later on. (blf3)

I will learn many things in

mathematics that will help me get a
job. (blf4)

0.87***

0.88***

0.87***

0.85***

0187***

0.88***

0.87***

0.85***

0.86***

0.88***

0.92%**

0.89***

0.86***

0.88***

0.92%**

0.88***

0.88***

0.87***

0.89***

0.89***

0.88***

0.87***

0.89***

0.89***

0.88***

0.86***

0.90***

0.83***

0.88***

0.86***

0.90***

0.83***

Note. Estimates are weighted by student weight W_FSTUWT. Only standardized parameter estimates are reported. *p<.05; **p<.01;

HHHn< 001
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APPENDIX D

LIST OF MEASURES ON ENGAGEMENT, ACHIEVEMENT, AND INSTRUCTION:

TIMSS 2011 & PISA 2012

Engagement TIMSS 2011 (Student-reported) PISA 2012 (Student-reported)

| enjoy learning mathematics. | enjoy reading about mathematics.

I wish | did not have to study mathematics. | look forward to my mathematics lessons.
Interest Mathematics is boring. I do mathematics because | enjoy it.

I learn many interesting things in
mathematics.
I like mathematics.

| am interested in the things I learn in
mathematics.

Self-efficacy

I usually do well in mathematics.

Mathematics is more difficult for me than
for many of my classmates.

Mathematics is not one of my strengths.

I learn things quickly in mathematics.
Mathematics makes me confused and
nervous.

I am good at working out difficult
mathematics problems.

Mathematics is harder for me than any
other subject.

If | put in enough effort | can succeed in
mathematics.

Whether or not | do well in mathematics is
completely up to me.

If | wanted to, | could do well in
mathematics.

Future utility
beliefs

I think learning mathematics will help me
in my daily life.

| need mathematics to learn other school
subjects.

I need to do well in mathematics to get into
the <university> of my choice.

I need to do well in mathematics to get the
job I want.
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Making an effort in mathematics is worth it
because it will help me in the work that I
want to do later on.

Learning mathematics is worthwhile for
me because it will improve my career
<prospects, chances>.

Mathematics is an important subject for me
because I need it for what | want to study
later on.

I will learn many things in mathematics
that will help me get a job.



Appendix D continued

I would like a job that involves using
mathematics.
It is important to do well in mathematics.

Achievement TIMSS 2011

PISA 2012

Measures academic content students had
mastered by the time assessment was
administered

Mathematics
assessment

Measures students' ability to apply what
they had learned to solve real-world
problems

Instruction TIMSS 2011 (Teacher-reported)

PISA 2012 (Student-reported)

Summarize what students should have
learned from the lesson

Relate the lesson to students' daily lives
Use questioning to elicit reasons and

explanations

Structure
Bring interesting materials to class

Relate what they are learning in math to
their daily lives (in math)

The teacher continues teaching until the
students understand.

The teacher sets clear goals for our
learning.

The teacher gives different work to
classmates who have difficulties learning
and/or to those who can advance faster.

The teacher asks questions to check
whether we have understood what was
taught.

At the beginning of a lesson, the teacher
presents a short summary of the previous
lessons.

The teacher tells us what is expected of us
when we get a test, quiz or assignment.

Encourage all students to improve their
performance

Praise students for good effort

Support

The teacher shows an interest in every
student's learning.

The teacher gives extra help when students
need it.

The teacher helps students with their
learning.

The teacher gives students an opportunity
to express opinions.

The teacher tells me about how well I am
doing in my mathematics class.

The teacher asks us to help plan classroom
activities or topics.

The teacher gives me feedback on my
strengths and weaknesses in mathematics.

Explain their answers

Decide on their own procedures for solving

Challenge complex problems

Work on problems for which there is no
immediately obvious method of solution

The teacher asks me or my classmates to
present our thinking or reasoning at some
length.

The teacher assigns projects that require at
least one week to complete.

The teacher has us work in small groups to
come up with joint solutions to a problem
or task.
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APPENDIX E

PROCESURES FOR PSA INVERSE PROBABILITY OF TREATMENT WEIGHTING

APPROACH WITH SURVEY DATA
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Use survey weights to weight ,
the propensity score |
estimation e

Phase 1

Select'modify covariates to
include in the propensity score
maodel

Inzufficient ovarlap

Phase 2

Check propensity score

common support between
treatment and control groups

Sufficient overlap

Imbalanced

Phase 3

Create inverse probability of
treatment weight and
stabilized weight

~ Create a final weig]

eht * sampling
I weight to weight the

‘\ treatment effect estimation

Balanced

Phase 4

Compare balance of covanates
between treatment and control
groups in unweighted and

weighted samples
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Estimate treatment effects




APPENDIX F

DESCRIPTIVE STATISTICS ON COVARIATES INCLUDED IN THE PROPENSITY SCORE

MODEL: TALIS 2013 MATHEMATICS TEACHERS

Covariates Singapore Finland Australia
Demographic background (international range) Mean BRR Mean BRR Mean BRR
S.E. S.E. S.E.
Age (18-76) 37.26 031 4360 044 4399 051
Years of working as a teacher at this school (0-51) 730 019 1020 039 759 033
Years of working as a teacher (0-56) 10.76 028 1440 037 16.73 0.49
Preparedness for teaching (1=not at all; 4= very well)
Prepared for content of the subject taught 332 002 284 003 367 0.02
Prepared for pedagogy of the subject taught 310 002 263 003 342 0.03
Prepared for classroom practice in the subject taught 308 002 280 003 350 0.03
Need for professional development (PD) (1=no need at present; 4=high level of need)
Need for PD in knowledge and understanding of subject taught 211 003 200 003 176 0.03
Need for PD in pedagogical competencies in teaching the subject 237 002 209 003 195 0.03
Need for PD in knowledge of the curriculum 219 002 198 004 197 0.03
Need for PD in student evaluation and assessment practice 254 0.03 206 004 208 0.04
Need for PD in student behavior and classroom management 219 0.03 228 004 193 0.04
Need for PD in approaches to individualized learning 249 0.03 238 004 225 0.04
Class composition (1=none; 5=more than 60%)
Students whose first language different from instruction language 331 004 165 005 219 0.09
Low academic achievers 322 004 314 005 288 0.06
Students with special needs 171 002 229 005 199 0.04
Students with behavioral problems 226 003 261 004 232 0.06
Students from socioeconomically disadvantaged homes 250 003 235 005 235 0.07
Academically gifted students 170 003 262 005 216 0.06
Perceptions (1=strongly disagree; 4=strongly agree)
There is a collaborative school culture characterized 288 0.02 290 004 269 0.05
by mutual support.
Satisfied with the job 303 002 317 002 317 0.03

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link.
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APPENDIX G

RESULTS FROM PROPENSITY SCORE MODEL

G.1 RESULTS FROM PROPENSITY SCORE MODEL IN SINGAPORE: TALIS-PISA LINK 2013 MATHEMATICS

TEACHERS
Education Professional Individual/collaborative Mentoring/peer
conferences/seminars Network research observation and coaching
Marginal BRR Marginal BRR Marginal BRR Marginal
effect S.E. effect S.E.  effect S.E. effect BRR S.E.
Demographic background
Age -0.02 0.03 -0.04 0.03 0.01 0.02 -0.02 0.03
Years of working as a teacher at this school -0.01 0.01 -0.01 001  -0.02 * 0.01 -0.01 0.01
Years of working as a teacher 0.00 0.01 0.01 0.01  0.00 0.01 0.00 0.01
Preparedness for teaching
Prepared for content of the subject taught -0.02 0.04 0.05 0.04  -0.06 0.04 -0.04 0.04
Prepared for pedagogy of the subject taught 0.01 0.05 0.04 0.06  0.09 0.05 0.05 0.05
Prepared for classroom practice in the subject taught -0.01 0.04 -0.06 0.05 0.03 0.05 0.01 0.04
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Appendix G.1 continued

Need for professional development (PD)

Need for PD in knowledge and understanding of subject taught
Need for PD in pedagogical competencies in teaching the
subject

Need for PD in knowledge of the curriculum

Need for PD in student evaluation and assessment practice

Need for PD in student behavior and classroom management

Need for PD in approaches to individualized learning
Class composition

Students whose first language different from instruction
language

Low academic achievers

Students with special needs

Students with behavioral problems

Students from socioeconomically disadvantaged homes

Academically gifted students

Perceptions
There is a collaborative school culture characterized
by mutual support.

Satisfied with the job

0.00

0.05
-0.02
0.03
-0.08
0.05

0.04
0.00
0.05
-0.01
-0.03
0.00

0.05

0.08

*

0.04

0.04
0.04
0.03
0.03
0.03

0.02
0.02
0.03
0.03
0.03
0.02

0.04

0.04

-0.02

0.05
0.01
-0.03
-0.07
0.02

0.03
-0.03
0.00
0.01
0.04
-0.01

0.07

0.02

0.05

0.04
0.04
0.04
0.03
0.03

0.02
0.02
0.03
0.03
0.03
0.02

0.04

0.04

-0.01

0.00
0.04
0.00
0.00
0.03

0.03
-0.01
0.05
-0.05
0.05
-0.03

0.01

0.03

0.05

0.05
0.04
0.04
0.03
0.03

0.02
0.03
0.03
0.04
0.04
0.02

0.04

0.04

-0.03

0.00
0.07
0.02
0.00
-0.03

0.05
-0.04
0.03
-0.02
0.02
0.01

0.04

0.02

*xk

0.04

0.04
0.04
0.04
0.03
0.03

0.01
0.02
0.03
0.03
0.02
0.02

0.04

0.03

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link. TALIS=Teaching and Learning International Survey; PISA=Program for
International Student Assessment; BRR S.E. = balanced repeated replication standard errors.
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G.2 RESULTS FROM PROPENSITY SCORE MODEL IN FINLAND: TALIS-PISA LINK 2013 MATHEMATICS

TEACHERS
Courses/workshops Education conferences/seminars
Marginal Marginal
effect BRR S.E. effect BRR S.E.
Demographic background
Age -0.05 * 0.02 0.05 * 0.02
Years of working as a teacher at this school -0.02 ** 0.01 -0.01 0.01
Years of working as a teacher 0.01 0.01 0.00 0.01
Preparedness for teaching
Prepared for content of the subject taught 0.03 0.03 0.01 0.03
Prepared for pedagogy of the subject taught 0.07 0.04 0.05 0.03
Prepared for classroom practice in the subject taught 0.05 0.04 0.00 0.03
Need for professional development (PD)
Need for PD in knowledge and understanding of subject
taught -0.03 0.03 -0.02 0.03
Need for PD in pedagogical competencies in teaching the
subject 0.00 0.05 0.06 0.04
Need for PD in knowledge of the curriculum 0.04 0.04 0.05 0.04
Need for PD in student evaluation and assessment practice 0.02 0.04 0.01 0.03
Need for PD in student behavior and classroom management  0.08 **0.03 -0.01 0.03
Need for PD in approaches to individualized learning 0.03 0.04 -0.03 0.03
Class composition
Students whose first language different from instruction
language 0.00 0.03 -0.01 0.03
Low academic achievers 0.02 0.03 0.02 0.02
Students with special needs 0.02 0.03 0.04 0.03
Students with behavioral problems -0.04 0.03 -0.02 0.03
Students from socioeconomically disadvantaged homes 0.04 0.03 0.00 0.02
Academically gifted students 0.01 0.03 0.05 0.03
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Appendix G.2 continued

Perceptions
There is a collaborative school culture characterized 0.03 0.03 0.01 0.03
by mutual support.

Satisfied with the job 0.07 0.04 0.04 0.03

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link. TALIS=Teaching and Learning
International Survey; PISA=Program for International Student Assessment; BRR S.E. = balanced repeated replication standard
errors.

G.3 RESULTS FROM PROPENSITY SCORE MODEL IN AUSTRALIA: TALIS-PISA LINK 2013 MATHEMATICS

TEACHERS
Mentoring/peer
Education Professional Individual/collaborative observation and
conferences/seminars Network research coaching
Marginal BRR Marginal BRR Marginal BRR Marginal BRR
effect S.E. effect S.E. effect S.E. effect S.E.
Demographic background
Age -0.01 0.02 0.01 0.02  0.02 0.02 -0.01 0.02
Years of working as a teacher at this school 0.00 0.01 -0.01 0.01  0.01 * 001 0.01 0.01
Years of working as a teacher 0.00 0.01 -0.01 001  -0.01 0.01 0.00 0.01
Preparedness for teaching
Prepared for content of the subject taught 0.04 0.04 0.01 0.05  -0.10 0.06 0.03 0.06
Prepared for pedagogy of the subject taught 0.03 0.05 0.09 * 005 005 0.05 -0.01 0.06
Prepared for classroom practice in the subject taught 0.05 0.05 0.10 0.05  0.05 0.05 0.06 0.06
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Appendix G.3 continued

Need for professional development (PD)
Need for PD in knowledge and understanding of subject

taught 0.07 0.04 0.03 0.04  -0.01 0.04 -0.01 0.04
Need for PD in pedagogical competencies in teaching the

subject 0.03 0.05 -0.03 0.04  -0.01 0.05 -0.02 0.04
Need for PD in knowledge of the curriculum -0.06 0.04 0.05 0.04  0.03 0.04 -0.03 0.04
Need for PD in student evaluation and assessment practice 0.00 0.04 -0.02 004  -0.01 0.04 -0.01 0.04
Need for PD in student behavior and classroom management  0.03 0.04 -0.04 0.04  -0.01 0.03 -0.09 * 0.04
Need for PD in approaches to individualized learning -0.03 0.04 0.01 0.03 001 0.03 0.06 0.03

Class composition
Students whose first language different from instruction

language -0.02 0.02 0.01 002  -0.02 0.02 0.00 0.02
Low academic achievers 0.02 0.03 -0.03 0.03  0.02 0.03 -0.04 0.03
Students with special needs -0.02 0.04 -0.01 0.03  0.03 0.03 -0.02 0.03
Students with behavioral problems -0.05 0.04 0.03 0.03  0.00 0.03 0.03 0.03
Students from socioeconomically disadvantaged homes 0.02 0.03 0.06 0.03  0.03 0.03 0.03 0.03
Academically gifted students 0.02 0.02 0.01 0.02  0.08 ** 0,02 -0.01 0.03

Perceptions
There is a collaborative school culture characterized 0.03 0.04 00s > 003 001 0.03 0.03 0.04

by mutual support.

Satisfied with the job 0.02 0.04 0.03 0.04 _ 0.00 0.04 0.00 0.04

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link. TALIS=Teaching and Learning International Survey; PISA=Program
for International Student Assessment; BRR S.E. = balanced repeated replication standard errors.
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APPENDIX H

COMMON SUPPORT AREAS BY TREATMENT VARIABLE AND BY COUNTRY

Treatment variable—courses/workshops (TT2G21A1): Finland

B
1

PrTT2G21A1)

4
1

Treatment variable—conferences/seminars (TT2G21B1): Singapore

PrTT2G21B1)
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Treatment variable—conferences/seminars (TT2G21B1): Finland

PriTT2G21B1)
4

Treatment variable—conferences/seminars (TT2G21B1): Australia

B -
=+
*

No Yes

PrTT2G21B1)

Treatment variable—professional development network (TT2G21G): Singapore

% $
No

PrTT2G21G)
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Treatment variable—professional development network (TT2G21G): Australia

B

PrTT2G21G)

4

Mo Yes

Treatment variable—individual/collaborative research (TT2G21H): Singapore

PrTT2G21H)
A
1

No Yes

PrTT2G21H)

Mo Yes
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Treatment variable—mentoring/peer observation and coaching (TT2G21l): Singapore

i

PrTT2G211)

4

PrTT2G211)
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APPENDIX |

STANDARDIZED MEAN DIFFERENCES OF ALL COVARIATES

1.1 STANDARDIZED DIFFERENCE IN MEANS BETWEEN THE TREATMENT GROUP AND THE CONTROL GROUP

IN SINGAPORE: TALIS-PISA LINK 2013 MATHEMATICS TEACHERS
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Treatment 2 '_I'reatment 3 ) _Treatment 4 ) _Treatment 5 )
Conferences/seminars Professional Development Individual/collaborative Mentoring/peer o_bservatlon
Network research and coaching
W w W w W W w w

Covariates uw (ATE) (ATT) Uw (ATE) (ATT) Uw (ATE) (ATT) Uw (ATE) (ATT)

Age 0.07 -0.01 -0.01 0.11 0.04 0.04 -0.02 0.06 0.04 0.06 0.01 -0.01

Years of working as a teacher at this school 0.11 -0.02 -0.03 0.07 0.01 0.00 -0.11 0.07 0.05 0.10 0.04 0.02

Years of working as a teacher 0.09 -0.02 -0.03 0.12 0.02 0.03 0.06 0.06 0.04 0.10 0.02 0.01

Prepared for content of the subject taught 0.10 0.00 -0.01 0.09 -0.05 -0.04 0.02 -0.01 001  -0.03 -0.05 -0.05

Prepared for pedagogy of the 0.15 0.03 0.04 0.12 0.01 0.01 0.12 -0.01 0.00 0.09 -0.04 -0.04
subject taught

Prepared for classroom practice in the 0.14 0.02 0.04 0.12 0.03 0.04 0.13 0.02 0.04 0.10 -0.02 -0.03
subject taught

Need for PD* in knowledge and -0.03 -0.01 -0.01 -0.09 0.03 0.05 0.02 -0.01 -0.02 0.02 0.02 0.01
understanding of subject taught

Need for PD in pedagogical competencies 0.01 0.00 0.00 -0.08 0.01 0.01 0.00 0.00 -0.02 -0.04 -0.03 -0.04
in teaching the subject

Need for PD in knowledge -0.01 0.02 0.02 -0.08 0.02 0.03 0.05 -0.02 -0.03 0.08 0.02 0.02
of the curriculum

Need for PD in student evaluation 0.08 0.00 -0.01 -0.08 -0.01 0.00 0.03 0.00 -0.02 0.01 -0.05 -0.06
and assessment practice

Need for PD in student behavior -0.17 0.03 0.04 -0.20 0.01 0.01 -0.03 -0.02 -0.02  -0.09 -0.03 -0.04
and classroom management

Need for PD in approaches 0.07 -0.04 -0.04 -0.05 -0.03 -0.01 0.02 -0.06 -0.07  -0.06 0.01 0.03
to individualized learning

Students whose first language is different 0.08 -0.04 -0.03 0.15 0.04 0.05 0.12 -0.03 -0.05 0.17 0.03 0.05
from instruction language

Low academic achievers 0.00 -0.02 -0.01 0.07 0.05 0.04 0.05 -0.03 -0.05 -0.01 0.05 0.04

Students with special needs 0.07 0.02 0.04 0.06 0.05 0.05 0.09 0.00 -0.02 0.04 0.02 0.01

Students with behavioral problems 0.00 0.06 0.09 0.06 0.04 0.05 -0.02 0.02 0.00 -0.04 0.03 0.02

Students from socioeconomically 0.02 0.06 0.08 0.11 0.03 0.03 0.12 -0.02 -0.04 0.01 -0.03 -0.04
disadvantaged homes

Academically gifted students 0.02 0.06 0.05 -0.05 -0.01 -0.01 -0.09 0.04 0.03 0.00 -0.04 -0.04

There is a collaborative school culture 0.11 -0.02 -0.01 0.12 -0.01 -0.02 0.00 -0.02 -0.02 0.07 -0.04 -0.05
characterized by mutual support.

Satisfied with the job 0.20 0.01 0.01 0.16 0.07 0.08 0.09 0.03 0.04 0.12 0.04 0.05

log_age_squared 0.11 -0.01 -0.01 0.13 0.04 0.05 -0.01 0.06 0.05 0.09 0.01 -0.01

log_experiencel_squared 0.18 -0.03 -0.03 0.15 0.01 0.00 -0.06 0.04 0.04 0.18 0.04 0.03
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Appendix 1.2 continued

log_experience2_squared 0.19 -0.02 -0.03 0.18 0.03 0.03 0.11 0.06 0.04 0.21 0.05 0.04

Note.Treatment 1 (Courses/workshops) was excluded in Singapore due to imbalanced proportions of treatment and control groups. UW =
unweighted sample; W(ATE) = sample weighted by ATE weight; W(ATT) = sample weighted by ATT weight.
apD = professional development

1.2 STANDARDIZED DIFFERENCE IN MEANS BETWEEN THE TREATMENT GROUP AND THE

CONTROL GROUP IN FINLAND: TALIS-PISA LINK 2013 MATHEMATICS TEACHERS

Treatment 1 Treatment 2
Courses/workshops Conferences/seminars
Covariates uw W (ATE) W (ATT) uw W (ATE) W (ATT)
Age -0.20 -0.02 0.00 0.07 -0.07 -0.07
Years of working as a teacher at this school -0.19 0.02 0.02 -0.02 -0.07 -0.04
Years of working as a teacher -0.22 -0.04 -0.03 0.11 -0.08 -0.08
Prepared for content of the subject taught 0.16 -0.01 0.01 0.12 -0.02 0.03
Prepared for pedagogy of the subject taught 0.28 0.01 0.04 0.23 0.04 0.02
Prepared for classroom practice in the subject taught 0.28 -0.01 0.00 0.13 -0.01 0.01
Need for PD? in knowledge and understanding of subject taught 0.15 -0.02 -0.04 0.06 0.01 0.02
Need for PD in pedagogical competencies in teaching the subject 0.21 -0.05 -0.07 0.06 0.00 -0.02
Need for PD in knowledge of the curriculum 0.29 -0.01 -0.01 0.13 0.03 0.02
Need for PD in student evaluation and assessment practice 0.30 0.04 0.05 0.06 -0.02 -0.01
Need for PD in student behavior and classroom management 0.23 -0.06 -0.08 -0.08 0.00 0.00
Need for PD in approaches to individualized learning 0.28 -0.03 -0.04 -0.02 0.01 0.02
Students whose first language is different from instruction language 0.08 0.02 0.02 -0.02 -0.02 -0.03
Low academic achievers 0.14 0.02 0.03 0.12 0.07 0.02
Students with special needs 0.13 0.04 0.07 0.19 0.04 0.03
Students with behavioral problems -0.01 0.00 0.01 0.10 0.10 0.07
Students from socioeconomically disadvantaged homes 0.05 -0.01 0.02 0.14 0.07 0.07
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Appendix 1.2 continued

Academically gifted students

There is a collaborative school culture characterized by mutual

support.

Satisfied with the job
log_age_squared
log_experiencel_squared
log_experience2_squared

0.02

0.14
0.19
-0.17
-0.10
-0.14

0.04

-0.01
0.04
-0.03
0.00
-0.04

0.00

0.02
0.06
0.00
0.01
-0.01

0.09

0.09
0.15
0.06
0.05
0.15

-0.04

0.05
-0.01
-0.08
-0.06
-0.08

-0.05

0.01
-0.01
-0.07
-0.04
-0.07

Note.Treatment 3 (professional development network), treatment 4 (individual/collaborative research), and treatment 5 (mentoring/peer

observation and coaching) were excluded in Finland due to imbalanced proportions of treatment and control groups. UW = unweighted sample;
W(ATE) = sample weighted by ATE weight; W(ATT) = sample weighted by ATT weight.

apD = professional development

1.3 STANDARDIZED DIFFERENCE IN MEANS BETWEEN THE TREATMENT GROUP AND THE CONTROL

GROUP IN AUSTRALIA: TALIS-PISA LINK 2013 MATHEMATICS TEACHERS

Treatment 2

Conferences/seminars

Treatment 3

Professional Development

Treatment 4

Individual/collaborative

Treatment 5
Mentoring/peer observation

Network research and coaching
W W w W W W W W

Covariates UW  (ATE) (ATT) UW  (ATE) (ATT) UW  (ATE) (ATT)  UW  (ATE)  (ATT)
Age 0.01 -0.04 -0.05 0.02 0.03 0.04 0.03 0.04 -0.01  -0.15 0.06 0.06
Years of working as a teacher at
this school 0.04 0.00 -0.01 -0.12 0.09 0.07 0.04 0.03 0.03 0.01 0.09 0.07
Years of working as a teacher 0.08 0.01 001  0.02 0.11 012  0.02 0.07 001 -0.13 0.05 0.06
Prepared for content of the subject
taught 0.13 -0.03 -0.04 0.05 0.01 0.02 -0.01 0.04 0.05 0.09 -0.03 -0.02
Prepared for pedagogy of the 0.21 0.02 0.03 0.07 0.05 0.06 0.14 0.02 0.05 0.08 -0.05 -0.03

subject taught
Prepared for classroom practice in 0.20 -0.02 -0.02 0.14 0.02 0.00 0.16 0.06 0.06 0.12 -0.05 -0.01

the subject taught
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Appendix 1.3 continued

Need for PD2in knowledge and
understanding of subject
taught

Need for PD in pedagogical
Competencies in teaching the
subject

Need for PD in knowledge of the
curriculum

Need for PD in student evaluation
and assessment practice

Need for PD in student behavior
and classroom management

Need for PD in approaches to
individualized learning

Students whose first language is
difference from instruction
language

Low academic achievers

Students with special needs

Students with behavioral problems

Students from socioeconomically
disadvantaged homes

Academically gifted students

There is a collaborative school
culture characterized by

mutual support.

Satisfied with the job

log_age_squared

log_experiencel_squared
log_experience2_squared

-0.02
-0.08

-0.08
-0.09

-0.10

-0.06

-0.01

-0.08
-0.12
-0.14

0.01

0.08
0.10

0.15
0.02
0.04
0.10

-0.03
-0.05

0.03
0.01

-0.03

0.07

0.03

0.02
0.01
0.03
0.04

-0.03
-0.06

-0.01
-0.03
-0.02

0.00

-0.01
-0.05

0.01
-0.01

-0.04

0.04

0.04

0.04
0.04
0.05
0.06

-0.04
-0.06

0.02
-0.05
-0.03

0.00

0.05
-0.02

0.06
-0.02

-0.10

0.00

0.03

-0.04
0.02
0.09
0.21

0.07
0.10

0.09
0.02
-0.12
0.04

-0.03
0.01

-0.07
0.02

-0.04

0.07

-0.08

-0.05

0.01
-0.03
-0.05

-0.04
-0.11

-0.03
0.03
0.08
0.09

-0.04
0.00

-0.07
0.01

-0.04

0.05

-0.10

-0.05

0.01
-0.01
-0.05

-0.05
-0.11

-0.03
0.04
0.05
0.11

0.09
0.03

0.10
0.05

0.00

0.05

0.02

-0.02
0.13
0.03
0.06

0.25
0.02

0.08
0.02
0.01
0.04

0.09
0.08

0.04
0.08

0.01

0.10

0.01

-0.05
-0.03
-0.05
-0.05

-0.01
-0.01

0.07
0.04
0.04
0.05

0.07
0.09

0.07
0.10

0.03

0.11

-0.01

-0.07
-0.03
-0.07
-0.05

0.00
-0.04

0.05
-0.01
0.05
0.00

-0.03
-0.08

-0.01
-0.03

-0.10

0.04

0.06

-0.03
-0.04
0.01
0.14

0.03
0.14

0.11
-0.15
-0.04
-0.14

0.19
0.13

0.21
0.17

0.12

0.07

0.01

-0.01
-0.01
-0.04
-0.02

0.02
0.05

0.04
0.06
0.14
0.04

0.17
0.09

0.19
0.14

0.11

0.04

0.01

-0.01

0.03
-0.06
-0.03

0.04
0.05

0.04
0.05
0.11
0.04

Note.Treatment 1 (Courses/workshops) was excluded in Singapore due to imbalanced proportions of treatment and control groups.

sample weighted by ATE weight; W(ATT) = sample weighted by ATT weight.

3D = professional development
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APPENDIX J

RESULTS FROM OLS REGRESSION

J.1  OLS REGRESSION RESULTS OF THE IMPACT OF PROFESSIONAL DEVELOPMENT ACTIVITIES ON TEACHERS'

SELF-EFFICACY IN INSTRUCTION: TALIS-PISA LINK 2013 MATHEMATICS TEACHERS

Singapore Finland Australia
BRR BRR BRR
Coefficient S.E. Coefficient S.E. Coefficient S.E.

Courses/workshops T T 0.14 0.14 T T
Education
conferences/seminars 0.20 0.16 0.29* 0.13 0.22 0.14
Professional network 0.34* 0.15 il T 0.38** 0.14
Individual/collaborative
research 0.34* 0.14 T 1) 0.84*** 0.17
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Appendix J.1 continued

Mentoring/peer
observation and
coaching 0.36* 0.14 il T 0.37* 0.14

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link.
TALIS=Teaching and Learning International Survey; PISA=Program for International Student
Assessment; n=sample size; N=population size; BRR S.E. = Balanced Repeated Replication Standard
Errors.

J.2  OLS REGRESSION RESULTS OF THE IMPACT OF PROFESSIONAL DEVELOPMENT ACTIVITIES ON TEACHERS'

SELF-EFFICACY IN STUDENT ENGAGEMENT: TALIS-PISA LINK 2013 MATHEMATICS TEACHERS

Singapore Finland Australia
BRR BRR
Coefficient S.E. Coefficient S.E. Coefficient BRR S.E.
Courses/workshops i T 0.00 0.14 T i
Education
conferences/seminars 0.09 0.16 0.46** 0.14 0.15 0.19
Professional network 0.27 0.16 T T 0.34* 0.16
Individual/collaborative
research 0.32* 0.14 T T 0.83*** 0.19
Mentoring/peer
observation and coaching  0.29* 0.14 il il 0.21 0.15

Note. Estimates weighted by the final teacher weight constructed for TALIS-PISA Link.
TALIS=Teaching and Learning International Survey; PISA=Program for International Student
Assessment; n=sample size; N=population size; BRR S.E. = Balanced Repeated Replication Standard
Errors.
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