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Abstract Instructional quality is considered to be an important classroom variable,
as it is significantly related to student achievement and motivation in mathematics.
Existing studies in educational effectiveness furthermore identified a positive
relation between instructional quality and school climate, suggesting that the school
environment plays a significant role in teachers’ instructional practices. In order to
bring together these two core findings, the relations among different aspects of
school climate, instructional quality, and students’ achievement motivation for the
TIMSS 2011 grade eight mathematics data sets comprising 50 countries are
investigated. In particular, the role of instructional quality as a potential mediator
between school climate and student motivation is examined, thereby focusing on
three aspects of school climate (emphasis on academic success, safety, and order in
schools) and three aspects of achievement motivation (self-concept, intrinsic value,
and extrinsic value). In general, there was a significant positive relation between
instructional quality and achievement motivation at the classroom level in mathe-
matics; in some countries, a partial mediation of instructional quality between
school climate and achievement motivation was apparent. Four main patterns of
relations occurred. These findings are discussed with respect to implications for
educational effectiveness research.
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3.1 Rationale

Mathematics may be said to be at the heart of all science, technology, engineering,
and mathematics (STEM) subjects. Motivating students to study these subjects is
vital for a sustainable development within areas such as technology, economy,
health, and environment. Yet, at the same time, an international concern for the
decline of students’ participation in STEM-related studies and careers has been
raised (OECD 2014a). This concern seems to be rooted in a decrease of their STEM
motivation (OECD 2014a). It is therefore important to motivate students for
mathematics and for pursuing a career in science (Simpkins et al. 2006).

According to the widely accepted expectancy-value theory of achievement
motivation, at least three motivational aspects are important for students’ choices and
performance in STEM areas: (a) self-beliefs, (b) intrinsic value, and (c) extrinsic
value (Eccles and Wigfield 2002; Wigfield and Eccles 2000). Whereas (a) refers to
students’ beliefs in their capabilities, thereby reflecting their expectations of academic
success, (b) and (c) are related to the subjective value assigned to subjects or tasks.
Students may be driven by one or more of these aspects of motivation; either way, it is
pertinent to identify factors that may promote these aspects of motivation and that lie
within the power of the school.

Along with this challenge of identifying the motivational factors comes the
question of how instruction and the school environment may contribute to student
motivation in STEM subjects. According to previous research, teachers and their
instruction matter more to student learning and motivation than any other school
factor (Baumert et al. 2010; Creemers and Kyriakides 2008). The most important
classroom variable is likely teachers’ instructional quality, which affects both stu-
dent achievement and motivation (Blömeke et al. 2013; Creemers and Kyriakides
2008; Fauth et al. 2014). Providing high quality instruction necessitates a safe and
orderly school climate with a high priority for academic success (Thapa et al. 2013).
Effective teaching is therefore challenged under conditions where teachers and
students do not feel safe, where no order exists, and where academic success
receives low priority. A healthy school climate consequently is important for stu-
dent learning and motivation (Wang and Degol 2015).

In summary, a review of previous research indicates that, while instructional
quality is important for student learning and motivation, school climate may con-
tribute with ideal conditions for high quality instruction and hence promote learning
and motivation. There are several aspects of school climate and motivation though,
and the question of how instructional quality is related to these different aspects is
complex (Good et al. 2009). This gap in research could be due to the extensive
focus on achievement as a learning outcome as compared to motivation. Few
studies have investigated the relations between school climate, instructional quality,
and student motivation; these studies are almost exclusively focused on
single-country analyses (Good et al. 2009; Seidel and Shavelson 2007; Wang and
Degol 2015).
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As a consequence, this chapter aims to address this research gap by investigating
the relations among different aspects of school climate, instructional quality, and
achievement motivation. Including all countries that participated in TIMSS 2011
provides a unique opportunity to investigate these relations across countries with
widely different cultures from all continents.

3.2 Theoretical Framework

In this section, we first review the conceptualization of the three core constructs
under investigation: school climate, instructional quality, and achievement moti-
vation. We then present selected previous research on their relations.

3.2.1 School Climate

School climate is a broad concept that includes many dimensions (Thapa et al.
2013). Although it is defined somewhat differently across fields, certain key aspects
have been found to be important to student learning. One of these aspects refers to
academic climate, which is significantly positively related to student achievement
and motivation (Wang and Degol 2015). Even though academic climate commonly
refers to the extent to which learning and academic success is emphasized, there
exists no consensus on its specific conceptualization. Hoy et al. (2006) referred to
this aspect as academic optimism, a concept that reflects academic emphasis, col-
lective efficacy, and faculty trust in parents and students. Together and individually,
these three constructs have been found to be positively related to student learning
(Goddard 2002; Hoy and Tschannen-Moran 1999; Hoy et al. 2006). Although the
measurement of these constructs differed in further studies, this relation has been
largely confirmed (Kythreotis et al. 2010; Martin et al. 2013; McGuigan and Hoy
2006; Nilsen and Gustafsson 2014),

In the context of TIMSS 2011, academic climate is represented and measured by
the school emphasis on academic success (SEAS) scale. The underlying construct
of SEAS has been found to be of great importance for students’ learning outcomes
and changes in performance across a number of countries (Martin et al. 2013;
Nilsen and Gustafsson 2014). Conceptually, SEAS reflects the shared beliefs,
capabilities, and trust among the members of the school institution (namely stu-
dents, parents, teachers, and school leaders; Hoy et al. 2006; Nilsen and Gustafsson
2014). Among other aspects, SEAS comprises schools’ trust in parents and students
on the one hand and teachers’ expectations for students’ success on the other hand
(Martin et al. 2013).

Another key aspect of school climate relates to a safe and orderly climate (Thapa
et al. 2013; Wang and Degol 2015). Safety and order in schools refer to the degree
of physical and emotional security, along with an orderly disciplinary climate
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(Goldstein et al. 2008; Gregory et al. 2012; Wang and Degol 2015; Wilson 2004).
Both safety and order are positively associated with student outcomes in a number
of countries (Martin et al. 2013).

3.2.2 Instructional Quality

As detailed in Chap. 1, teachers’ instructional quality comprise a number of aspects
that have been shown to be highly important for student learning outcomes
(Baumert et al. 2010; Creemers and Kyriakides 2008; Fauth et al. 2014; Good et al.
2009; Hattie 2009; Kunter et al. 2013; Seidel and Shavelson 2007). In the context
of TIMSS 2011, students’ ratings of instructional quality refer to aspects of sup-
portive climate and clarity. We realize that this representation limits the rather broad
concept of instructional quality to these two dimensions; yet, they are powerful
indicators.

It is noteworthy that most studies investigate relations between instructional
quality and achievement, while fewer include achievement motivation as an edu-
cational outcome (Fauth et al. 2014; Good et al. 2009).

3.2.3 Achievement Motivation

For decades, there has been an increasing concern for students’ limited motivation
in STEM subjects (NSF [US National Science Foundation] 2012; OECD 2007).
Findings from TIMSS show that students’ motivation for mathematics declines
between grades four and eight. Moreover, previous studies have found significant
differences with respect to the influence of gender on motivation in mathematics
(Meece et al. 2006a, b), pointing to the necessity of accounting for gender in models
of achievement motivation in mathematics. However, these findings vary across the
different aspects of motivation (Wigfield et al. 2002).

According to the expectancy-value theory of achievement motivation proposed
by Wigfield and Eccles (2000), there are some factors that directly influence student
performance: expectation of success, interest-enjoyment value, attainment value,
utility value, and cost. Wigfield and Eccles (2000) argued that students’ expecta-
tions of success refer to their self-concept, reflected by the degree to which students
believe they perform well in mathematics. The interest-enjoyment value refers to
students’ enjoyment and interest in a task or subject; Wigfield and Eccles (2000)
claimed that this construct can be considered to be the intrinsic value or motivation
of a subject or task (Deci and Ryan 1985; Harter 1981). Utility value refers to
students’ future career goals and aspirations, while attainment value reflects the
personal importance of, for instance, mathematics. The last two factors reflect what
is commonly referred to as ‘extrinsic motivation’. In the current investigation, we
will use the term extrinsic value. Costs reflect the negative aspects of motivation,
such as performance anxiety and fear of both failure and success.
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A number of studies have confirmed the importance of self-concept, intrinsic,
and extrinsic value for students’ career choices and performance (see Bandura
1997; Eccles and Wigfield 2002; Pintrich and Schunk 2002). As a consequence, we
consider these aspects of achievement motivation as outcome variables in the
current study.

3.3 Review of the Appropriate Level of Analysis

One question that arises with the measurement of the mentioned constructs con-
cerns the appropriate level of analysis. In fact, given that both instructional quality
and school climate are most often assessed using student or teacher ratings of the
classroom or school environment, variation in these ratings may occur at different
levels (namely student, classroom, school, or even country level; Klieme 2013). In
order to make clear-cut decisions on the analysis level, a thorough review of the
specific research questions is needed (Lüdtke et al. 2009). In the context of teacher
effectiveness, research studying how the characteristics of the learning environment
affect students’ educational outcomes, such as their achievement, motivation, and
self-beliefs, is the main focus (Klieme 2013; Lüdtke et al. 2009). Marsh et al.
(2012) argued that the classroom or school level is the most appropriate in such
scenarios. Nevertheless, as individual ratings of the learning environment may still
vary and have a distinct meaning at the individual level, controlling for within-level
variation is necessary (Lüdtke et al. 2009). One approach that has proven to be
effective in modeling such situations refers to multilevel structural equation mod-
eling (Scherer and Gustafsson 2015a).

In the current study, both instructional quality and school climate were assessed
by individual ratings of students and teachers. We decided to study the relations
among the two constructs and achievement motivation at the classroom level in a
cross-country multi-group setting for two main reasons. First, the relation between
instructional quality and student motivation clearly refers to a scenario in which the
effects of the learning environment on student outcomes is the focus. Second,
although teacher ratings of school climate may be considered a school-level con-
struct, individual differences in these ratings still have a distinct meaning. In fact,
teachers within a school may differ greatly in their perceptions of school climate,
depending on their job satisfaction, well-being, status of professional development,
and further individual-level factors (OECD 2014b; Wang and Degol 2015).
Moreover, as teachers are the initiators of instructional practices in classrooms, their
individual perceptions of the existing school climate are more important for their
instruction than teachers’ shared perceptions in a school. This finding has been
supported by the results of the OECD Teaching and Learning International Survey
(TALIS) 2013, which showed significant relations between individually perceived
school climate and classroom instruction (OECD 2014b). As a consequence, we
report the results at the classroom level.
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3.4 Research Model

Current frameworks for school effectiveness, such as the dynamic model of edu-
cational effectiveness, suggest that school climate influences both instructional
quality and learning outcomes (Creemers and Kyriakides 2010); it creates the
premise and foundation for instruction and learning (Thapa et al. 2013).

While only few studies have investigated the relations between school climate,
instructional quality, and achievement motivation, several studies have pointed
either to the importance of school climate for student motivation (Wang and Degol
2015) or to the importance of instructional quality for motivation (Fauth et al. 2014;
Wagner et al. 2015). However, rarely have all aspects of school climate been
investigated in concert (Wang and Degol 2015), and rarely have all aspects of
motivation been investigated in relation to school climate or instructional quality.
Hence, the relations between these concepts remain obscure.

On the basis of our literature review, we hypothesized that school climate,
instructional quality, and achievement motivation were related (Fig. 3.1). The
proposed relations at the classroom/teacher level are based on the core assumption
that a positively perceived school climate is a prerequisite for creating meaningful
instruction, which increases students’ motivation to learn (Morin et al. 2014). To
account for this assumption, we examine the mediating role of instructional quality.
In this regard, we notice that instructional quality was measured by students’ reports
(representing ‘perceived instructional quality’), which were aggregated to the

Perceived
school climate

Instructional
quality

Class
achievement

motivation

Teacher level (L2)

Student level (L1)
Perceived

instructional
quality

Individual
achievement

motivation

Control variables:
- Gender
- Socioeconomic status

Fig. 3.1 Proposed research model, describing the relations among school climate, instructional
quality, and achievement motivation
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classroom level (‘instructional quality’) by means of multilevel structural equation
modeling.

However, due to gaps in previous research, the roles played by different aspects
of school climate and achievement motivation are unclear. For instance, in some
countries, SEAS may predict self-concept to a larger degree than other motivational
constructs; at the same time, SEAS may be more important for extrinsic value in
other countries. Different combinations of the aspects of school climate and moti-
vation may therefore occur across countries. As a consequence, our research model
considered three different aspects of school climate (i.e., SEAS, safety, and order in
schools) and three aspects of achievement motivation (i.e., self-concept, intrinsic
value, and extrinsic value).

As relationships between these factors and their statistical significance may also
differ across countries, differing patterns of relations may result (see Fig. 3.2).
These patterns of relations are described by four proposed model scenarios.

1. Model MED. The relation between teachers’ perceived school climate and
achievement motivation may be partially or fully mediated by instructional
quality. In this scenario, there is a direct and significant link between school
climate and instructional quality perceptions, suggesting that a positive and
academically oriented school environment in which there is safety and order
may foster a higher quality of instruction that motivates students and strengthens
their self-beliefs and beliefs about the importance of mathematics for work and
their future. This model proposes a (partial) mediation mechanism between the

 Partial or full mediation (MED) Significant effect of instructional quality only (INQ)
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Fig. 3.2 The four scenarios considered in the proposed research model. Note Dashed lines
represent insignificant regression coefficients (p > 0.05). The relation between school climate and
instructional quality is named β1, the relation between instructional quality and motivation is
named β2, and the relation between school climate and motivation is named β3
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three concepts of school climate, instructional quality, and achievement moti-
vation (Deemer 2004).

2. Model INQ. There are contexts and situations in which only instructional quality
is significantly related to achievement motivation; yet, perceived school climate
has no effect. In these scenarios, perceived school climate and instruction are
disconnected, indicating that the way teachers organize their instruction in
mathematics classrooms is independent of how they perceive, for instance, an
orientation toward academic success in the school environment.

3. Model PSC&INQ. In some countries, both perceived school climate and
instructional quality are significantly related to motivational outcomes, although
the two constructs are disconnected. On the one hand, this suggests that teacher
perceptions of school climate do not influence the way in which they create
learning environments in order to foster students’ motivation and self-beliefs.
On the other hand, besides the importance of instruction for the motivational
outcomes, school climate directly relates to motivational outcomes.

4. Model PSC. In some countries and cultures, only perceived school climate, which
is an indicator of the actual climate in schools, is significantly related to
achievement motivation. In this scenario, school climate seems to be the dominant
factor influencing studentmotivation. In fact, in some countries, a climate of safety
and order in schools is considered to be a crucial prerequisite for student learning
(Klieme et al. 2009; Mitchell and Bradshaw 2013). Moreover, existing research
has suggested that school emphasis on academic success is significantly related to
student performance in not only mathematics, but also science achievement tests
across almost all TIMSS 2011 participating countries (Mullis et al. 2012; Nilsen
and Gustafsson 2014). The relation between perceived school climate and
students’motivational outcomes may not necessarily be positive; in fact, negative
relations are also likely, particularly with SEAS. More specifically, a strong
emphasis on academic success can create highly competitive learning
environments that decrease students’ motivation and self-beliefs due to a strong
performance orientation (Chen and Vazsonyi 2013; Meece et al. 2006a, b).
However, this negative relation is not limited to this model.

Our list of scenarios is not exhaustive; further potential scenarios, such as a
model in which all relations are insignificant, or a model in which there is only a
significant relation between school climate and instructional quality without any
connection to achievement motivation, may occur. However, as these last scenarios
occurred in only two cases and were of limited substantive relevance, their inter-
pretation was limited.

In light of our considerations, we posed the following research question based on
our proposed research model:

To what extent do the different scenarios in the proposed research model, as
representatives of different patterns in the relations among school climate,
instructional quality, and achievement motivation in mathematics, exist at the
teacher/classroom level across the 50 participating TIMSS 2011 grade eight
countries (Fig. 3.2)?
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3.5 Method

3.5.1 Sample

The total TIMSS 2011 grade eight mathematics student sample, together with their
teachers, formed the basis for the present study.1 This sample comprised
n = 284,899 students in 12,950 classrooms with an average classroom size of 22
students. All 50 participating TIMSS 2011 countries were included in the analyses.
For further details on the sample, please refer to the TIMSS 2011 International
Report (Mullis et al. 2012).

3.5.2 Measures

To assess the relations among school climate, instructional quality, and student
achievement motivation, we used the existing TIMSS 2011 grade eight student and
teacher scales to represent each of the three constructs. These scales and their
conceptual underpinnings are briefly described here. For a detailed description of
these measures, we refer the reader to the TIMSS 2011 Assessment Frameworks
Report (Mullis et al. 2009).

School Climate

In order to capture different aspects of school climate, we followed Wang and
Degol’s (2015) systematic review and chose three scales as proxies for the con-
struct: School emphasis on academic success, Safety, and Order in schools.
Teachers had to rate a number of statements on a four-point agreement scale (0 = I
disagree a lot, to 3 = I agree a lot).

SEAS: Teachers’ ratings formed the basis for creating a latent variable for SEAS
(Martin et al. 2013), because teachers are closer to the classrooms and students than
principals. In the teacher questionnaire, teachers were asked to characterize the
following within their school: teachers’ understanding of and success in imple-
menting the school’s curriculum, teachers’ expectations for student achievement,
parental support for student achievement, and students’ desire to do well in school.
Hence, the teachers rated SEAS as an aspect of school climate in their schools.

1In Botswana, Honduras, and South Africa, the TIMSS 2011 study was conducted in grade nine.
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Safety in Schools: Teachers’ perceptions of safety in schools were indicated by
three items (“This school is located in a safe neighborhood”, “I feel safe at this
school”, and “This school’s security policies and practices are sufficient”).

Order in Schools: Teachers had to evaluate the degree of order and respect in their
schools (“The students behave in an orderly manner”, “The students are respectful
of the teachers”).

Instructional Quality

To measure aspects of instructional quality, we chose four items from the ‘students
engaged in mathematics lessons’ scale. One item was removed (namely, “I think of
things not related to the lesson”), as it was negatively worded and therefore referred
to students’ boredom and inattention rather than their perceptions of whether or not
teachers engage them; the measurement model based on five items indicated a poor
model fit across countries. The remaining four items referred to the clarity of
teaching (“I know what my teacher expects me to do”, “My teacher is easy to
understand”), and the degree to which the teacher engages students to learn
mathematics (“I am interested in what my teacher says”, “My teacher gives me
interesting things to do”).2 Students had to indicate their agreement with these
statements on a four-point scale (0 = I disagree a lot, to 3 = I agree a lot). These
items provided valid representations of instruction aimed at engaging students in
learning (Scherer and Gustafsson 2015a). These four items were used as indicators
of instructional quality in all analyses presented in this chapter. Moreover, as this
chapter is not concerned with teachers’ perceptions of their instruction, instructional
quality was measured at the student level and subsequently aggregated to the
classroom level.

Motivation

Measures of student motivation were retrieved from the student questionnaire
scales. These scales were developed on the basis of expectancy-value theory of
achievement motivation and referred to two main components: (a) students’
expectations of success in mathematics, and (b) students’ subjective task values
(Wigfield and Eccles 2000). The first were indicated by ability beliefs
(self-concept); the second were indicated by students’ intrinsic and extrinsic values.
Students had to indicate the degree to which they agreed to a number of statements

2This aspect of instructional quality is closely related to teachers’ motivational support aimed at
engaging students to learn in their mathematics lessons.

60 R. Scherer and T. Nilsen



(0 = I disagree a lot, 1 = I disagree a little, 2 = I agree a little, 3 = I agree a lot).
Since methodological research has clearly indicated that a mixture between posi-
tively and negatively worded items creates construct-irrelevant multidimensionality
in assessments of motivational constructs such as self-concept (see Morin et al.
2015), we decided to omit negatively worded items, as these, by and large, measure
a substantively different construct than positively worded items (Marsh and
Gouvernet 1989). This has been confirmed for a number of measures that relied on
self-ratings (see for example, Davison and Srichantra 1988; Greenberger et al.
2003; Marsh and Gouvernet 1989; Podsakoff et al. 2003; Preckel 2014; Scherer and
Gustafsson 2015b). Van Sonderen et al. (2013) further pointed out that simply
recoding reversely coded items does not solve the issue of the method bias created
by negatively worded items; the hope to correct for potential response bias by
introducing such items has not been fulfilled. There is evidence of this method bias
in the measurement of motivational constructs in TIMSS (see Bofah and Hannula
2015; Marsh et al. 2013).

Self-concept: Students’ self-concept in mathematics was originally assessed by
seven items corresponding to the TIMSS 2011 ‘students confident in mathematics’
scale, four of which were negatively worded; as decided, these latter items were
deleted. The resultant scale comprised three items: “I usually do well in mathe-
matics”, “I learn things quickly in mathematics”, and “I am good at working out
difficult problems in mathematics”. Although this decision limited the overall
number of indicators of self-concept, existing research has shown that a three-item
scale still provides a reliable and valid measure of students’ self-concept (Gogol
et al. 2014).

Intrinsic Value: In order to represent the intrinsic task value, we used the TIMSS
2011 ‘students like learning mathematics’ scale, which comprised five items.3 This
scale refers to students’ enjoyment and interest in learning mathematics (for
example, “I enjoy learning mathematics”).

Extrinsic Value: This value component of achievement motivation was represented
by the ‘students value mathematics’ scale. The scale comprises differing aspects of
the utility and attainment value of learning mathematics and its personal impor-
tance: “I think learning mathematics will help me in my daily life”, “I 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”, and “I would like a job that involves using mathematics”.

3The original scale comprised six items, one of which was negatively formulated. As argued for
the measurement of self-concept, we deleted this item to avoid method bias and
construct-irrelevant multidimensionality.
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Control Variables: Socioeconomic Status

To represent students’ socioeconomic status, a variable derived from several items
in the student questionnaire (students’ ratings of the number of books at home, their
parents’ highest education and home study supports such as students having
their own room and internet connection) was available in the TIMSS 2011 data set
(the Home Educational Resources scale). We used the person estimate derived
from a partial credit model in the TIMSS 2011 scaling procedure (Martin and
Mullis 2012).

Control Variables: Gender

Gender served as another student-level covariate, because some research has sug-
gested that gender differences may exist in student ratings for both achievement
motivation and instructional quality (Lazarides and Ittel 2012; Meece et al. 2006a, b;
Wigfield et al. 2002).

3.5.3 Statistical Analysis

We conducted a number of modeling steps comprising measurement invariance
testing and multilevel structural equation modeling. In all analyses, robust maxi-
mum likelihood estimation (MLR) was used, with standard errors and tests of fit
that were robust against non-normality of observations and the use of categorical
variables in the presence of at least four response categories (Beauducel and
Herzberg 2006; Rhemtulla et al. 2012).

Step 1 Measurement invariance testing

We applied multi-group confirmatory factor analysis (MGCFA) to test the mea-
surement models of each construct included in the proposed research model for
invariance across the 50 participating TIMSS 2011 countries. This step was nec-
essary to ensure that the measures were, to a sufficient degree, comparable and to
exclude measurement bias as a potential source of cross-country differences
(Rutkowski and Svetina 2014). As instructional quality and the motivational con-
structs were measured at both the student and the classroom level, we tested for
measurement invariance at these two levels by conducting (a) single-level MGCFA,
and (b) multilevel MGCFA. For the latter, the student (individual) level was sat-
urated, assuming only correlations among all items of a scale (Ryu 2014). For the
school climate constructs, however, only (b) applied, because they were measured
by teacher ratings.

Testing for measurement invariance, we specified a configural model, in which
the number of factors and the pattern specified in the loading matrices were equal
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across countries. Building upon this model, metric invariance additionally con-
strained the factor loadings to equality. Finally, scalar invariance assumed that the
item intercepts were equal across countries in addition to the factor loadings. To
ensure that the relations among the latent variables proposed in our research model
were comparable across countries, at least metric invariance must hold (Millsap
2011). We evaluated these three invariance models with respect to their overall
goodness-of-fit, and the changes in the goodness-of-fit statistics after introducing
constraints on factor loadings and item intercepts. The configural model formed the
basis for evaluating these changes.

To evaluate the changes in model fit, we followed the recommendations given
by Rutkowski and Svetina (2014) and considered the changes of the incremental fit
indices as practically insignificant if changes in the comparative fit index
(CFI) were less than 0.020, and the root mean square error of approximation
(RMSEA) and standardized root mean square residual (SRMR) changed by less
than 0.020,4 compared to the configural invariance model. These statistics are
particularly sensitive to deviations from the invariance of factor loadings and
intercepts (Chen 2007). Although these guidelines have been studied and applied in
various contexts, we consider them to be only rough guidelines in the current
investigation, as the number of groups is extraordinarily high.

Step 2 Multilevel structural equation modeling (MSEM)

On the basis of the measurement invariance testing results, we applied multilevel
structural equation modeling to the data of each of the 50 countries and used the
factor loadings obtained from the first step of invariance testing at the classroom
level as fixed parameters in the measurement models of the constructs under
investigation. This procedure may circumvent convergence problems and provides
results in reasonable estimation time. Although we are aware that this fixed
parameters country-by-country approach may result in less precise parameter esti-
mates than a multi-group multilevel modeling approach that estimates the factor
loadings across countries, there were significant advantages in reducing the number
of model parameters and therefore simplifying the model estimation. In fact,
according to our research model, in a multi-group MSEM describing the relations
among, for instance, an orderly school climate, instructional quality, and academic
self-concept in mathematics, more than 1500 parameters had to be estimated; the
fixed parameters approach resulted in 36 estimated parameters per country. These
figures illustrate the substantial reduction in estimation effort and model complexity
gained by this approach, with only limited loss in precision.

In all country-by-country MSEM analyses, we tested the indirect effect of school
climate on achievement motivation via instructional quality against zero to check

4Please note that for large numbers of groups (20 or more) more liberal criteria for the ΔRMSEA
and ΔSRMR may be applied. In this sense, an increase in the RMSEA of less or equal than 0.030
could still be considered acceptable.
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for potential (partial) mediation. The corresponding standard errors were obtained
from Mplus using an asymptotic estimation procedure (Muthén and Muthén 1998–
2014; Preacher et al. 2010). We used an implicit latent group-mean centering and
level-specific standardization (Stancel-Piątak and Desa 2014).5

In all analyses, missing data were handled using the full-information maximum
likelihood procedure under the assumption that missing data occurred at random
(Enders 2010). We furthermore included the mathematics teachers’ weights in the
analyses (MATWGT) to account for the sampling design applied in TIMSS 2011.
The IDB (International Database) analyzer (IEA 2012) was used to prepare and
merge the data. Significance testing was performed at the 5 % level.

3.6 Results

3.6.1 Measurement Invariance Testing

As already mentioned, we tested for measurement invariance for the constructs that
play a role in our proposed research model (Fig. 3.1) in order to obtain evidence on
sufficient degrees of comparability of measures across the 50 participating TIMSS
2011 countries. In this respect, we tested for invariance of the measurement models
at the between (classroom/teacher) level for all constructs, and for invariance at the
within (student) level for constructs based on student ratings.

The resulting goodness-of-fit statistics and the corresponding model compar-
isons indicated that, for the different aspects of achievement motivation and student
ratings of instructional quality, both student- and classroom-level metric invariance
could be established (see Appendix C). For the school climate scales capturing
safety and order in schools, metric invariance can be assumed. Changes in
goodness-of-fit indices exceeded the suggested cut-offs in only few instances,
however: (a) the suggested cut-offs have not yet been evaluated in multi-group
multilevel situations with a larger number of groups (in our case, countries) and can
therefore only be regarded as approximate marking points; (b) the metric invariance
model fitted the data reasonably well; and (c) while the CFI was substantially lower
in the metric model, the TLI improved compared to the configural model, sug-
gesting that there was mixed evidence on changes in these fit statistics. As a
consequence, we accepted the metric invariance models for all constructs and levels
and interpreted the invariance testing results as evidence for a sufficient degree of
comparability. We therefore proceeded with comparing the relations among school
climate, instructional quality, and achievement motivation across countries.

5The resulting standardized regression coefficients are those reported for the classroom/teacher
level (in contrast to reporting the contextual or compositional effects; Marsh et al. 2012).
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3.6.2 Multilevel Structural Equation Modeling

Since specifying our research model for three aspects of school climate (namely,
SEAS, safety, and order in schools) and three aspects of achievement motivation
(self-concept, intrinsic, and extrinsic value) has resulted in nine models and
therefore a rich amount of data, we systematized the findings using the classification
presented previously (see Fig. 3.2). Specifically, for each, we allocated the data of a
particular country to one of our models: MED, INQ, PSC, and PSC&INQ. We here
present detailed results for one of these models (results of the other models are
provided in Appendix C). The goodness-of-fit statistics for the country-by-country
MSEM analysis with fixed factor loadings in the measurement models of the
constructs (see Sect. 3.5) were largely acceptable; in some cases, the statistics
approached the cut-off value (CFI and TLI close to 0.90, RMSEA close to 0.08).

We studied the model for SEAS as an indicator of teachers’ perceived school
climate and students’ intrinsic value. This model provided regression coefficients
for the 50 countries (Table 3.1). On the basis of the direct and indirect effects, each
country was assigned to one of the potential models.

Twelve countries fitted the MED model, where it was apparent that the
SEAS-intrinsic value relation was at least partially mediated by instructional quality
(indirect effect β1 × β2: M = 0.206, SD = 0.048, Mdn = 0.186, Min = 0.151,
Max = 0.283); for the South African data set, the mediation was negative due to a
negative relation between SEAS and instructional quality. Twenty-six countries
satisfied model INQ; the average path coefficient of instructional quality on stu-
dents’ intrinsic value was 0.844 (SD = 0.087, Mdn = 0.861, Min = 0.590,
Max = 0.985). The remaining 11 countries fulfilled the model PSC&INQ, where
both SEAS (M[β3] = 0.177, SD = 0.068, Mdn = 0.162, Min = 0.101,
Max = 0.337) and instructional quality (M[β2] = 0.865, SD = 0.040, Mdn = 0.865,
Min = 0.787, Max = 0.933) had significant effects on intrinsic value; in Turkey
there was a negative relationship between SEAS and instructional quality. None of
the countries fitted model PSC.

We were thus able to identify three out of the four proposed scenarios in our
research. Interestingly, for the majority of countries, instructional quality was
strongly associated with students’ intrinsic value; for some countries, the relation
between SEAS and intrinsic value was at least partially mediated via instructional
quality. The latter result points to the existence of a potential mechanism among the
three constructs.

We studied the proposed research model for each of the school climate aspects
and aspects of achievement motivation and assigned them the appropriate model
(Table 3.2).

Given the rich results, we here only highlight selected patterns. First, the results
for each country are relatively consistent; the majority of countries display similar
patterns across all aspects of achievement motivation, given a specific aspect of
school climate. For example, the Australian data set indicated that the school
climate-instructional quality-achievement motivation relation was mediated for
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Table 3.1 Standardized direct and indirect effects in the model with SEAS as the school climate
aspect and intrinsic value as the motivational outcome variable (see also Fig. 3.2 for explanation of
scenarios)

Country Direct effects Indirect
effect

Model

β1 (SE) β2 (SE) β3 (SE) β1 × β2 (SE)

Armenia –0.131
(0.098)

0.750
(0.059)*

0.118
(0.090)

−0.098
(0.073)

INQ

Australia 0.221
(0.066)*

0.827
(0.034)*

0.014
(0.054)

0.183
(0.055)*

MED

Bahrain –0.226
(0.128)

0.855
(0.093)*

0.337
(0.092)*

–0.193
(0.120)

PSC&INQ

Chile –0.003
(0.100)

0.897
(0.0039)*

0.070
(0.080)

–0.003
(0.090)

INQ

Chinese Taipei –0.039
(0.091)

0.933
(0.037)*

0.188
(0.077)*

–0.037
(0.085)

PSC&INQ

England 0.173
(0.091)

0.836
(0.037)*

0.044
(0.058)

0.144
(0.076)

INQ

Finland 0.186
(0.090)*

0.902
(0.034)*

0.073
(0.063)

0.168
(0.081)*

MED

Georgia 0.096
(0.097)

0.859
(0.043)*

0.160
(0.069)*

0.083
(0.083)

PSC&INQ

Ghana 0.048
(0.112)

0.817
(0.090)*

0.061
(0.091)

0.039
(0.092)

INQ

Hong Kong SAR 0.252
(0.125)*

0.746
(0.064)*

0.277
(0.078)*

0.188
(0.089)*

MED

Hungary 0.076
(0.090)

0.916
(0.023)*

0.011
(0.053)

0.070
(0.082)

INQ

Indonesia –0.051
(0.110)

0.943
(0.034)*

0.027
(0.061)

–0.049
(0.104)

INQ

Iran, Islamic Rep. of –0.101
(0.087)

0.845
(0.040)*

0.238
(0.079)*

–0.086
(0.075)

PSC&INQ

Israel –0.062
(0.078)

0.827
(0.042)*

0.147
(0.067)*

–0.051
(0.065)

PSC&INQ

Italy 0.048
(0.102)

0.985
(0.028)*

0.059
(0.057)

0.047
(0.100)

INQ

Japan 0.288
(0.090)*

0.895
(0.044)*

0.064
(0.073)

0.257
(0.078)*

MED

Jordan 0.071
(0.089)

0.963
(0.042)*

0.016
(0.064)

0.068
(0.086)

INQ

Kazakhstan 0.049
(0.103)

0.892
(0.034)*

0.130
(0.058)*

0.043
(0.092)

PSC&INQ

Korea, Rep. of 0.137
(0.072)

0.715
(0.048)*

–0.027
(0.060)

0.098
(0.053)

INQ

Lebanon –0.095
(0.109)

0.787
(0.051)*

0.180
(0.083)*

–0.075
(0.087)

PSC&INQ

(continued)
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Table 3.1 (continued)

Country Direct effects Indirect
effect

Model

β1 (SE) β2 (SE) β3 (SE) β1 × β2 (SE)

Lithuania 0.069
(0.082)

0.933
(0.022)*

0.044
(0.050)

0.065
(0.076)

INQ

Macedonia 0.081
(0.100)

0.878
(0.030)*

–0.035
(0.057)

0.071
(0.088)

INQ

Malaysia 0.105
(0.081)

0.883
(0.032)*

0.127
(0.048)*

0.092
(0.070)

PSC&INQ

Morocco 0.073
(0.095)

0.906
(0.063)*

0.091
(0.061)

0.066
(0.084)

INQ

New Zealand 0.206
(0.064)*

0.858
(0.030)*

–0.064
(0.062)

0.176
(0.056)*

MED

Norway 0.323
(0.105)*

0.866
(0.051)*

0.188
(0.067)*

0.280
(0.084)*

MED

Oman 0.215
(0.085)*

0.775
(0.034)*

0.103
(0.057)

0.166
(0.064)*

MED

Palestinian Nat’l
Auth.

0.211
(0.084)*

0.780
(0.047)*

0.015
(0.067)

0.165
(0.067)*

MED

Qatar 0.190
(0.099)

0.860
(0.055)*

0.002
(0.082)

0.164
(0.089)

INQ

Romania 0.061
(0.079)

0.886
(0.039)*

–0.021
(0.054)

0.054
(0.070)

INQ

Russian Federation 0.214
(0.095)*

0.917
(0.028)*

0.007
(0.053)

0.197
(0.088)*

MED

Saudi Arabia 0.052
(0.114)

0.892
(0.033)*

–0.024
(0.062)

0.046
(0.102)

INQ

Singapore 0.066
(0.070)

0.803
(0.059)*

0.056
(0.073)

0.053
(0.057)

INQ

Slovenia 0.035
(0.069)

0.893
(0.031)*

0.163
(0.058)*

0.031
(0.061)

PSC&INQ

Sweden 0.206
(0.074)*

0.734
(0.050)*

0.135
(0.076)

0.151
(0.054)*

MED

Syrian Arab Rep. –0.008
(0.124)

0.771
(0.065)*

0.006
(0.095)

–0.006
(0.096)

INQ

Thailand –0.057
(0.112)

0.896
(0.045)*

0.087
(0.065)

–0.0051
(0.101)

INQ

Tunisia 0.002
(0.096)

0.881
(0.036)*

0.072
(0.071)

0.002
(0.084)

INQ

Turkey –0.063
(0.091)

0.869
(0.031)*

–0.106
(0.053)*

–0.055
(0.078)

PSC(–)
&INQ

Ukraine 0.266
(0.118)*

0.952
(0.027)*

0.037
(0.059)

0.253
(0.111)*

MED

United Arab
Emirates

–0.098
(0.055)

0.834
(0.024)*

0.060
(0.039)

–0.082
(0.046)

INQ

(continued)
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both SEAS and order for all motivational aspects and model INQ was consistently
found for the safety component. Nevertheless, there are countries where the models
differ (consider Singapore and Kazakhstan).

Second, for SEAS and safety in schools, model INQ dominated; the MED model
was less common, but could be identified for more than 20 % of the countries. In
addition, model PSC&INQ was supported in 13 countries for students’ self-concept
and in 10 countries for intrinsic value. For order in schools, the MED model was the
most common, but the INQ model was also apparent for a significant number of
countries (Table 3.3).

Third, differences in the assignment of a specific model across the different
aspects of achievement motivation could be identified. For instance, while the
PSC&INQ model can be found in more than 20 % of the countries for SEAS and
for the two motivational constructs of self-concept and intrinsic value, this model is
substantially less common for students’ extrinsic value. For the remaining combi-
nations of scenarios, the overall frequencies across the motivational aspects are
relatively consistent.

Fourth, we found support for model PSC in only two cases, which implies that
only teachers’ perceptions of the school climate were significantly related to
motivation (Table 3.3).

Table 3.1 (continued)

Country Direct effects Indirect
effect

Model

β1 (SE) β2 (SE) β3 (SE) β1 × β2 (SE)

United States of
America

0.076
(0.063)

0.758
(0.029)*

–0.030
(0.050)

0.057
(0.048)

INQ

Ninth grade participants

Botswana –0.191
(0.127)

0.763
(0.067)*

0.156
(0.113)

–0.146
(0.098)

INQ

Honduras 0.295
(0.112)*

0.958
(0.033)*

–0.005
(0.065)

0.283
(0.110)*

MED

South Africa –0.398
(0.067)*

0.818
(0.039)*

0.012
(0.061)

–0.325
(0.058)*

MED(–)

Benchmarking participants

Abu Dhabi, UAE –0.086
(0.110)

0.861
(0.033)*

0.095
(0.064)

–0.074
(0.095)

INQ

Alberta, Canada 0.160
(0.088)

0.801
(0.038)*

–0.033
(0.072)

0.128
(0.073)

INQ

Dubai, UAE –0.136
(0.078)

0.814
(0.043)*

0.006
(0.064)

–0.111
(0.064)

INQ

Ontario, Canada 0.111
(0.117)

0.590
(0.070)*

0.158
(0.097)

0.065
(0.067)

INQ

Quebec, Canada 0.097
(0.081)

0.871
(0.029)*

0.101
(0.051)

0.084
(0.070)

PSC&INQ

Note (–) indicates a negative regression coefficient. SE standard error. UAE United Arab Emirates.
*p < 0.05
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Fifth, looking at the role of instructional quality as a mediator between aspects of
school climate and achievement motivation, the following cultural patterns could be
identified:

• Scandinavian countries: Mediation was apparent for SEAS and order across all
motivational aspects.

• English-speaking countries: Mediation was apparent for SEAS and order across
all motivational aspects in Australia and New Zealand. In England, the USA,
and Quebec, only the relation between order and motivation was mediated by
instructional quality.

• Asian countries: In Japan and Hong Kong, the relations between SEAS and
achievement motivation, and order and achievement motivation were mediated
by instructional quality; in Korea and Thailand, mediation was apparent only for
order.

• Eastern and Central European countries: instructional quality mediated the
relation between order and student motivation in Georgia, Romania, Macedonia,
Slovenia, and Kazakhstan. In the Russian Federation and the Ukraine, SEAS
was mediated; in the Russian Federation and Lithuania, safety in schools was
mediated.

• Arabic countries: The relation between safety and student motivation was
mediated in Iran and Jordan; in addition, SEAS and order were mediated in
Oman, Palestine, and Qatar.

• North Africa: The relation between order and student motivation was mediated
by instructional quality in Tunisia and Turkey; mediation was also found for
SEAS and safety in South Africa.

• South America: The models with SEAS, safety, and order as school climate
aspects showed mediation in Honduras.

Overall, the findings indicate that differing scenarios of relations exist among
school climate, instructional quality, and achievement motivation. Although there
were different patterns of relations across the aspects of school climate and
achievement motivation, models INQ and MED dominate.

3.7 Discussion

This study was concerned with the relations among school climate, instructional
quality, and achievement motivation across the 50 participating TIMSS 2011
countries in grade eight in mathematics. We proposed a research model that allowed
us to identify four potential scenarios that indicated different substantive interpre-
tations. With the help of MSEM, we found that models INQ and MED dominated
across all aspects of school climate and achievement motivation.

As a major aim in practice, policy, and teacher education is to increase the level
of instructional quality, as well as boost students’ motivation for mathematics, our
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findings emphasize the importance of school climate for instructional quality and
motivation (Creemers and Kyriakides 2008; Sammons 2009). Collective beliefs,
capabilities, and trust among the included members of the school institution, as
manifested by high levels of SEAS, are important for instructional quality and
achievement motivation. Creating a school climate that is oriented toward academic
success can therefore be associated with higher instructional quality, which in turn
leads to positive student outcomes. Although we do not claim causality in this
mechanism, we believe that a positive school climate is indeed beneficial for
instruction (Mitchell et al. 2010; Morin et al. 2014). In this respect, we found
support for the mediating role of instructional quality in the relation between SEAS
and achievement motivation in a number of countries. Nevertheless, in some cases,
higher levels of SEAS were associated with lower instructional quality; this finding
may point to the potential negative consequences of emphasizing academic success
in such a way that competition and an orientation toward performance rather than
motivation emerge.

Another explanation for the mediation may refer to the conceptualization and
measurement of SEAS as an aspect of teachers’ perceived school climate. SEAS
was measured as a latent variable, where indicators refer to parents’, students’, and
teachers’ ambitions and priorities for learning and academic success. The covari-
ance of these indicators reflects the collective and shared beliefs among these
members of the school institution (Hoy et al. 2006). The link between these
members that may arise when everyone aims for the same goal seems to influence
teachers’ instructional quality and student motivation. Indeed, previous research has
shown that a strong student-teacher relationship positively influences student
achievement (Roorda et al. 2011).

Moreover, we note that the mediation model was particularly apparent for the
order component; this again indicates that order in schools may serve as a pre-
requisite for creating learning environments of high quality. But since the strength
of the mediation differed across countries, further investigation is needed to assess
what determines this mechanism in the context of the specific countries. Our sec-
ondary data analysis showed cross-country differences in the occurrence of
mediation.

In summary, as previous research has found that instructional quality and school
climate are related to both achievement student motivation (Fauth et al. 2014; Hoy
et al. 2006; Klieme et al. 2009; Klusmann et al. 2008; Nilsen and Gustafsson 2014),
it is thus unsurprising that we found that school climate influences motivation.

Although the importance of school climate for students’ achievement motivation
has been confirmed in our study, the effects of instructional quality dominated
across almost all scenarios. Indeed, previous research has identified significant
interactions between instructional quality and learning outcomes (Baumert et al.
2010; Blömeke et al. 2013; Fauth et al. 2014), and our results support these find-
ings. Moreover, while the well-recognized research in this field is often restricted to
German-speaking countries (see Baumert et al. 2010; Klieme et al. 2009) and
English-speaking countries (Brophy 2006; Good et al. 2009), our findings support
previous research in general, but also contribute to fostering understanding of
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educational policy and practice in other countries as well, including developing
countries.

The strong relation between instructional quality and achievement motivation
may have two potential sources. First, instruction that focuses on engaging students
to learn mathematics also creates opportunities for students to become motivated by
the subject. Second, the measurement of instructional quality focused mainly on the
engagement part of the construct, thus aligning with the measurement of achieve-
ment motivation; this alignment of the measures may have created similarities in
how students understand and rate the items presented in the TIMSS 2011 ques-
tionnaire. Regardless, this strong association was consistently found in almost all
countries and therefore needs further attention.

While there have been a number of studies on the relations between school
climate and achievement (see Hoy et al. 2006; Martin et al. 2013; McGuigan and
Hoy 2006) and on relations between instructional quality and achievement (e.g.
Baumert et al. 2010), there have been relatively few studies investigating the
relations between school climate and instructional quality (Creemers and
Kyriakides 2010). The findings support our expectation of an association between
instructional quality and school climate, and point out the importance of SEAS,
Safety, and Order as important aspects of school climate. Moreover, including all
countries and using international large-scale studies may also inform policy and
practice about the importance of SEAS for instructional quality.

It is noteworthy that SEAS and instructional quality play an important role not
only for students’ motivation in learning mathematics but also for their self-beliefs
and future-oriented motivation to pursue a career in mathematics and value the
subject; this points to the significance of both the school and the classroom envi-
ronment for career aspirations and for students’ evaluation of their own capabilities
in mathematics, which in turn determine their performance.

3.8 Limitations

One limitation of the present study is the measurement of the core construct,
instructional quality. Although the student ratings of teachers’ clarity and support in
learning provide valid indicators of instructional quality with respect to instruc-
tional practices that are aimed at engaging students in learning mathematics
(Scherer and Gustafsson 2015a), it is desirable to capture further aspects, such as
cognitive activation and classroom management (Fauth et al. 2014; Klieme et al.
2009). We believe that gaining conceptual breadth in the measurement of
instructional quality provides (a) a better representation of this multidimensional
construct, and (b) more information about whether or not different aspects of
instructional quality relate differently to student outcomes.
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3.9 Conclusion

Besides supporting the importance of classroom instruction for motivational out-
comes, our study advocates the relevance of school climate for both instructional
quality and achievement motivation in many countries, feeding into the search for
ways to improve instructional quality. We encourage further research into the field
of educational effectiveness, to study the effects of instructional quality on educa-
tional outcomes by accounting for the school climate context.
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