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Abstract

Teaching-related motivations are often assumed to influence teaching quality; however, the
empirical evidence regarding the directionality of such influences is scarce. The present
study thus examined the reciprocal links between teaching-related motivations (self-efficacy
and enthusiasm for teaching) and student-reported teaching quality (classroom management,
learning support, and cognitive activation). Two-level cross-lagged panel analyses across
three time points (with an initial sample of 165 secondary-level mathematics teachers and
their 4273 students) revealed no significant cross-lagged effects when teachers’ stable inter-
individual differences are taken into account. Our findings suggest that teachers’ motivations

are remarkably stable over time.

Keywords: Teacher motivation; teaching quality; longitudinal effects; teachers’ self-efficacy;
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1. Introduction

Teaching-related motivations constitute a core element of teachers’ professional competence,
and are assumed to influence such important outcomes as teachers’ instructional practices
and teaching quality (e.g., Kunter et al., 2013; Zee & Koomen, 2016). Available research
generally supports positive associations between aspects of teacher motivation and teaching
characteristics such as autonomy support or monitoring (e.g., Hein et al., 2012; Kunter et al.,
2008; Morris-Rothschild & Brassard, 2006; Pelletier, Séguin-Lévesque, & Legault, 2002;
Roth, Assor, Kanat-Maymon, & Kaplan, 2007). However, the vast majority of this research
is cross-sectional and thus potential longitudinal reciprocal links between teaching-related
motivations and teaching quality remain relatively unexplored (see also Soodak & Podell,
1998). This constitutes an important gap in the literature, because argumentation for the high
relevance of teacher motivation regularly refers to its longitudinal effects on teaching quality,
and cross-sectional relations are not sufficient to support the existence of such effects.
Instead, there could be no longitudinal relation between these aspects at all (e.g., because
both depend on a third variable), there might be reciprocal links, or longitudinal influences
might in fact be in the opposite direction than previously assumed (Kunter & Holzberger,
2014). Indeed, recent evidence suggests that teacher motivation is not only a predictor of
teaching quality (as is typically assumed in the extant literature), but is also influenced by
teachers’ prior classroom experiences and quality of teaching. Specifically, Holzberger,
Phillipp, and Kunter (2013) demonstrated that two dimensions of student-perceived teaching
quality (cognitive activation and learning support) had a positive longitudinal predictive
effect on teachers’ self-efficacy whereas no significant predictive effects of teachers’ self-
efficacy on student-perceived teaching quality were found.

Disentangling potential reciprocal links between teacher motivation and teaching
quality is important for several reasons. For instance, gaining a more advanced
understanding of the longitudinal relations between aspects of teacher motivation and
teaching quality has implications for teacher training and professional development; if
teacher motivation has a considerable effect on teaching quality, it might be useful to not
only aim at enhancing teaching quality directly, but also indirectly through changing
teachers’ motivations (for a similar argument regarding students, see Wigfield & Eccles,
2000). Analogously, if teacher motivation is primarily a consequence of their classroom
experiences (e.g., mastery experiences with high quality teaching), then this might be a key

pathway towards improving teachers’ professional wellbeing. Finally, if these two types of
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constructs do not significantly predict each other over time, but are nevertheless correlated
within each time point, research attention should be devoted to third variables that might
shape both teachers’ motivations and instructional quality (e.g., professional knowledge,
prior training, and teaching beliefs). In the following sections, we discuss the role of
teaching-related motivations in the instructional process, conceptualizations of teaching

quality, and possible longitudinal relations between teachers’ motivations and teaching

quality.

1.1.  Aspects of teacher motivation. definition and relevance

The term motivation generally refers to the underlying reasons behind people’s
actions (Graham & Weiner, 1996). Because these reasons can be very diverse, motivation is
an umbrella term for a variety of internal characteristics and processes. Several theories have
been developed that differentiate types of motivations. One of the most prominent
frameworks is expectancy-value theory (Eccles, 2009). It proposes that achievement-related
behaviors can be predicted by individuals’ beliefs about whether they can carry out relevant
actions successfully (expectancy component) as well as the value they attach to these actions
and expected results (value component). Teachers’ self-efficacy (i.e., the belief in one’s own
capabilities) and teachers’ enthusiasm for teaching (i.e., intrinsic value seen in teaching) can
be seen as pivotal representations of these two basic motivational constructs; self-efficacy is
closely related to the expectancy component of motivation, enthusiasm to the value
component. Relating self-efficacy and enthusiasm to the logic of the expectancy-value
framework of motivation indicates that core aspects of teacher motivation can be captured by
investigating self-efficacy and enthusiasm, because each of them represents a central aspect
of human motivation. Due to their critical role for teachers and teaching (Kunter, 2011),
these two constructs have attracted substantial attention in research on teacher motivation.
For instance, both self-efficacy and enthusiasm for teaching have been linked to such
important teacher outcomes as burnout (e.g., Kunter, Frenzel, Nagy, Baumert, & Pekrun,
2011; Skaalvik & Skaalvik, 2007) and job satisfaction (e.g., Caprara, Barbaranelli, Borgogni,
& Steca, 2003; Kunter et al., 2011; Vieluf, Kunter, & van de Vijver, 2013). Teachers’ self-
efficacy in particular has been identified as by far the most frequently studied aspect of
teacher motivation (Woolfolk Hoy, 2008).

Teachers’ self-efficacy reflects a belief in teachers’ own capabilities to influence
student learning and to manage the learning environment (Klassen & Chiu, 2010; Dicke,

Parker, Holzberger, Kunter, & Leutner, 2015; Tschannen-Moran & Woolfolk Hoy, 2001).
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Self-efficacy constitutes a motivational construct, because individuals would be unlikely to
engage in activities or to pursue goals that they believe might exceed their capabilities;
conversely, efficacious individuals are more likely than less efficacious ones to set
challenging goals, to persist in the face of difficulty, and to show resilience in the face of
failure (Bandura, 1997). Drawing on Bandura’s (1997) socio-cognitive theory, Tschannen-
Moran, Woolfolk Hoy, and Hoy (1998) proposed that teachers’ self-efficacy develops
cyclically. Efficacy-building experiences (e.g., mastery experiences such as producing or
failing to produce desired classroom outcomes) affect teachers’ perceived teaching
competence and thus their sense of self-efficacy. Teachers’ self-efficacy, in turn, influences
subsequent levels of performance, mediated via teachers’ goals, effort, and persistence.
Teachers’ performance provides efficacy-relevant information, therefore starting a new cycle
of self-efficacy-building experiences and judgments.

Teachers’ enthusiasm refers to an affective, inner-personal state that can be
categorized as both a positive emotion and an intrinsic type of motivation (Kunter et al.,
2011).! Accordingly, teacher enthusiasm is investigated in research on both teachers’
emotions (see e.g., Frenzel, Goetz, Liidtke, Pekrun, & Sutton, 2009, labeled as teacher
enjoyment) and motivation (see e.g., Kunter et al., 2011). Two components of teacher
enthusiasm have emerged in motivation research: enthusiasm for the subject matter taught by
the teacher, and enthusiasm for teaching. Only the latter has been found to be positively
linked to students’ perceptions of teaching quality (Kunter et al., 2008). In a comprehensive
review of the literature, Kunter and Holzberger (2014) proposed that teacher enthusiasm
represents an intrinsic orientation towards teaching that is influenced by school
characteristics (e.g., school climate), teacher characteristics (e.g., self-efficacy), and student
characteristics (e.g., achievement), and influences teacher characteristics (e.g., well-being),
teaching quality (e.g., autonomy support for students), and student outcomes (e.g.,
achievement).

A common assumption in research on both teachers’ self-efficacy and enthusiasm for
teaching is that such motivational factors matter due to their effects on teachers’ behaviors,
which, in turn, can influence students’ motivation and achievement (e.g., Klassen & Tze,
2014a; Kunter et al., 2013; Tschannen-Moran & Hoy, 2001; Tschannen-Moran et al., 1998;

Ware & Kitsantas, 2007). One of the most important proximal outcomes of teacher

! Enthusiasm is in some contexts also conceptualized as a teaching style (see e.g., Patrick, Turner, Meyer, &
Midgley, 2003). In the present study, we use Kunter et al.’s (2011) conceptualization, according to which
enthusiasm reflects a subjective experience and has motivational implications.
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motivation within this functional chain is teachers’ instructional practices and their teaching
quality. The main objective of the present study was therefore to examine the longitudinal
relations between crucial teaching-related motivations (teachers’ self-efficacy and

enthusiasm for teaching) and dimensions of teaching quality.

1.2.  Teaching quality: conceptualization and Measurement

Teaching quality is one of the key factors influencing student learning over and above
the effects of student characteristics (see review in Hattie, 2009). In the context of teacher
effectiveness research (see review in Seidel & Shavelson, 2007) teaching quality is defined
as teaching characteristics that lead to an enhancement of student characteristics, mainly
focusing on student achievement. Different sets of such characteristics have been proposed
and several attempts have been made to integrate separate notions of teaching quality into an
overarching model. Interestingly, researchers from different cultural and educational
contexts, such as Germany and the United States, have identified similar instructional quality
dimensions (see Fauth, Decristan, Rieser, Klieme, & Biittner, 2014; Kunter et al., 2013;
Lipowsky et al., 2009; Pianta & Hamre, 2009; Reyes, Brackett, Rivers, White, & Salovey,
2012). Three generic teaching quality dimensions have been proposed that are assumed to be
essential for high quality teaching in different education systems, school types, grade levels,
and school subjects (see Klieme & Rakoczy, 2003): classroom management (also labeled
classroom organization), learning support (also labeled emotional support), and cognitive
activation (also labeled instructional support).

Classroom management is a characteristic of teaching quality that has gained much
attention for several decades since the initial work by Kounin (1970). Classroom
management focuses on maximizing students’ learning time (i.e., time on task) by preventing
or by dealing effectively with disruptions and disciplinary conflicts. Ways to achieve high
quality classroom management include, for instance, clearly explicated and consistently
implemented rules and routines and efficient classroom organization. Classroom
management has been linked to enhanced student achievement as well as student motivation
(Fauth et al., 2014; Kunter, 2005; Lipowsky et al., 2009; Rakoczy, 2008).

Learning support refers to teachers’ attempts to account for the needs and the
perspectives of their students in the instructional process (Cornelius-White, 2007; Davis,
2003; Pianta & Hamre, 2009). This dimension is closely aligned with and derived from self-
determination theory (Ryan & Deci, 2000) and focuses on fostering students’ experiences of

competence, autonomy, and social relatedness. The dimension reflects, for instance, a
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constructive way of dealing with student errors, constructive feedback, student-oriented
individual support, and positive teacher-student relationships. Learning support has been
shown in the literature to be positively linked to enhanced student motivation (e.g., Fauth et
al., 2014; Kunter et al., 2013; Lipowsky et al., 2009; Rakoczy, 2008).

Finally, cognitive activation aims at assisting students’ higher-level thinking (see,
e.g., the concept of teaching for understanding, Cohen, 1993; Mayer, 2004). It is based on
constructivist learning theories (e.g., Dewey, 1916); cognitively activating instruction
utilizes challenging tasks and questions that elicit students’ deep-level thinking, activates
prior knowledge and initiates content-related discourse. Cognitive activation has been linked
to higher student achievement (Baumert et al., 2010; Fauth et al., 2014; Lipowsky et al.,
2009).

There are different approaches to the assessment of teaching quality, including
observations by independent evaluators, teacher self-reports, and student reports. Each of
these approaches has its advantages and disadvantages (see e.g., Clausen, 2002; Kunter &
Baumert, 2006). In the present study, we rely on student ratings of their teachers. We chose
this approach, because it allows us to avoid a so called common method bias (see, e.g.,
Williams, Hartman, & Cavazotte, 2010); assessing the associations between different
constructs (here, teacher motivation and teaching quality) from the perspective of the same
source (teachers) can lead to inflated estimates. Using students’ ratings of teaching quality
thus provides a more rigorous test of associations. Compared to observer ratings, student
ratings allow a more general, long-term view on teaching, because external observers usually
observe only one or a few lessons, which is problematic if lesson quality varies substantially
(e.g., Practorius, Pauli, Reusser, Rakoczy, & Klieme, 2014). In addition, relative to other
indicators of teaching quality, students’ perceptions are more proximal to student-related

outcomes such as student achievement (e.g., Clausen, 2002).

1.3.  Relations between teacher motivation and teaching quality

Studies of the cross-sectional associations between teacher self-efficacy and
dimensions of teaching quality have produced mixed results (see meta-analysis by Zee &
Koomen, 2016): Studies that show significant positive relations between teacher self-
efficacy and teaching quality (e.g. Holzberger et al., 2013) seem to be just as common as
studies showing no associations at all (e.g. Jamil, Downer, & Pianta, 2012). Regarding
enthusiasm for teaching, Kunter et al. (2008) as well as Holzberger, Philipp, and Kunter
(2016) investigated its relation with three dimensions of teaching quality (classroom
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management, learning support, and cognitive activation) in cross-sectional studies. All three
dimensions (measured via student ratings or student teachers’ self-reports) were significantly
related to enthusiasm for teaching.

Because the vast majority of existing studies are cross-sectional, the directionality of
the investigated associations is uncertain, with three main possibilities (see Figure 1). First,
as stated previously, teacher motivation is typically conceptualized as an antecedent of
teachers’ behaviors and approaches to teaching. The general mechanisms are assumed to be
that more relative to less motivated teachers (a) behave differently in the classroom, for
instance, by investing more effort in teaching, working harder, setting more ambitious goals,
and showing higher persistence as well as enhanced concentration and attention in their
instruction (see Holzberger, Philipp, & Kunter, 2014; Kunter & Holzberger, 2014;
Tschannen-Moran et al., 1998); and (b) are more willing to engage and invest effort towards
professional development activities (see Klassen,Tze, Betts, & Gordon, 2011; Lohman,
2006; Ross & Bruce, 2007). Accordingly, teacher motivation could lead to higher teaching
quality.

Second, individuals’ motivation is shaped by prior experiences of success or failure
in achievement situations (e.g., Eccles & Wigfield, 2002). For teachers, experiences of
success or failure might refer to their perceived level of instructional quality. The higher
teachers perceive their teaching quality, the more confident they should be regarding their
teaching abilities (self-efficacy) and the more enthusiastic regarding teaching (enthusiasm
for teaching). Thus, higher levels of perceived teaching quality might foster higher levels of
teacher motivation.

Third, further characteristics (e.g., class characteristics such as the mean achievement
level of the students) and teacher characteristics (e.g., professional knowledge) might not
only shape their quality of teaching but also teachers’ motivations. Thus, the relations
between teaching quality and teacher motivation could dependent on third variables, in
addition to their potentially reciprocal links.

Empirical investigations regarding which of these types of relations is dominant for
the relation between teacher motivation and teaching quality are scarce, because very few
longitudinal studies of these associations exist. Specifically, using longitudinal analyses,
Holzberger et al. (2013) found no effect of self-efficacy on student-perceived teaching
quality. Instead, two dimensions of teaching quality (cognitive activation and learning

support) had a positive longitudinal predictive effect on teachers’ self-efficacy. Longitudinal



Longitudinal relations between teaching-related motivations and student-reported teaching quality

analyses of the potential reciprocal links between enthusiasm and teaching quality have not
been conducted (see review in Kunter & Holzberger, 2014). However, analogous to teachers’
self-efficacy, reciprocal effects between enthusiasm for teaching and teaching quality are
plausible. Potential dependencies on third variables have not been discussed or empirically

investigated so far, neither for teachers’ self-efficacy, nor for their enthusiasm for teaching.

E Environmental characteristics i
[ (e.g., school climate, school leadership) !
1 1

Teacher E Teacher behavior ! Teaching quality
motivation [ (e.g., effort, | (e.g., classroom
(e.g., self-efficacy, p persistence) 1 management,
enthusiasmfor —— — > learning support,
teaching) p i cognitive
E i activation)

Fig. 1. Assumptions regarding the influences and mediating processes for teacher motivation and teaching
quality. Solid lined boxes indicate aspects that have been measured in the present study; dashed lined boxes

indicate aspects that are hypothesized based on the literature but are not investigated in the present study.

1.4. Conditions for identifying longitudinal relations between teacher motivation and

teaching quality

Whether or not studies succeed at identifying longitudinal effects in cross-lagged
analyses, depends at least on two factors, (a) the chosen time lag for the analyses (see e.g.,
Dormann & Griffin, 2015; Voelkle, Oud, Davidov, & Schmidt, 2012), and (b) the
consideration of trait-like individual differences (Hamaker, Kuiper, & Grasman, 2015).

The length of the time lag for analyses of reciprocal links between two given
constructs must be carefully chosen to match the expected time frame of influence between
these constructs. However, the decision which time lag to choose is often not based on sound
theoretical or methodological evidence. According to Dormann and Griffin (2015), time lags
used in psychological research are often too long, so that potentially existing cross-lagged
effects are unlikely to be detected. Consistent with this assumption, Holzberger et al. (2013)
proposed that the lack of significant cross-lagged effects of teachers’ self-efficacy on
student-reported teaching quality in their study could be at least partially attributable to the
one-year measurement interval used in their study, which might have been too long to detect

such effects. Shorter-term effects are plausible due to the cyclical nature of self-efficacy
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(Bandura, 1997), which is continuously influenced by teachers’ subjective experiences of
success or failure in the classroom. Due to changes in curriculum, learning goals, or possible
developmental changes in their students, teachers’ classroom experiences and teaching
quality during a given school year should be more relevant for their self-efficacy ratings that
school year than for their ratings in following years (for a similar argument regarding the
relevance of short-term effects in psychological research, see Dormann & Griffin, 2015).
Therefore, not only long-term reciprocal effects (e.g., across school years), but also shorter-
term reciprocal effects (e.g., within the same school year) between teaching quality and
teacher self-efficacy should be considered. An analogous rationale applies regarding the
appropriate time lags for cross-lagged analyses of enthusiasm for teaching and teaching
quality, although no prior cross-lagged analyses exist that could serve as a reference point.
Hamaker et al. (2015) discussed an additional challenge associated with the
traditional cross-lagged panel approach, namely trait-like individual differences. For
example, analyses of teaching efficacy and teaching quality over time are likely influenced
by trait-like differences between teachers (i.e., some teachers are consistently more
efficacious than others and might consistently provide higher quality instruction than others).
Analyses of reciprocal influences examine whether changes in self-efficacy over time
correspond to changes in teaching quality, but generally fail to account for stable trait-like
associations between these constructs. Specifically, the autoregressive paths that aim to
account for temporal stability in traditional cross-lagged panel models, implicitly assume
that all people vary over time around the same means of the characteristics under
investigation. Because this assumption is unlikely to hold true (individuals can have different
means), the existing, but not taken into account trait-like differences can lead to biased
estimates of the cross-lagged paths. Taking such trait-like differences into account allows
disentangling stable relations between constructs and actual influences over time. The
importance of trait-like associations over time is also evident in the relatively large test-retest
correlations for teachers’ self-efficacy found in Holzberger et al.’s (2013) study, based on a
one-year period (r« = 0.84). No empirical evidence regarding the stability of teachers’

enthusiasm for teaching exists so far.

1.5.  Research questions and hypotheses

The present study was designed to examine the reciprocal links between teaching-
related motivations (self-efficacy and enthusiasm for teaching) and teaching quality (student-

reported classroom management, learning support, and cognitive activation). Based on
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theoretical assumptions in the literature on self-efficacy, positive effects of self-efficacy on
teaching quality were expected (Hypothesis 1.1). Consistent with Holzberger et al. (2013),
we expected significant positive effects of student-reported teaching quality on teachers’
subsequent self-efficacy (Hypothesis 1.2). We further expand upon earlier evidence by
examining the cross-lagged associations between teachers’ enthusiasm and student-reported
teaching quality. Analogous hypotheses to the ones for self-efficacy were examined for
teachers’ enthusiasm for teaching, expecting positive links from enthusiasm for teaching to
teaching quality (Hypothesis 2.1), as well as positive cross-lagged paths from student-
reported teaching quality to subsequent teacher enthusiasm (Hypothesis 2.2).

We additionally extend earlier research through the following research objectives:
First, we investigate cross-lagged effects between teacher motivation and teaching quality
across two different time lags (one year and six months), so that it is possible to examine not
only long-term, but also shorter-term effects. Based on the rationale presented by Holzberger
et al. (2013), we expected stronger cross-lagged effects for the shorter time lag than for the
longer time lag (Hypothesis 3). Second, in contrast to earlier research, our analyses account
for stable inter-individual differences in teacher motivation and teaching quality (see
Hamaker et al., 2015), in order to separate potential cross-lagged effects from trait-like
associations between these two constructs. We expected that motivational orientations are
relatively stable traits rather than situation-specific measures (Hypothesis 4); thus, taking
into consideration trait-like associations should lead to a decrease in the likelihood of finding
cross-lagged effects. Third, we conduct optimal time lag analyses to estimate the most
appropriate time frame for future longitudinal analyses of the associations between teacher

motivation and teaching quality (Dormann & Griffin, 2015).
2. Method

2.1. Sample and procedure

A total of 288 academic-track secondary schools (“Gymnasien”) in the German federal
state of Baden-Wiirttemberg were invited to participate in this study, 57 of which agreed to
participate. Thirteen schools were located in urban areas and 44 in rural areas; 46 of the
schools were public and 11 private. The number of teachers per school ranged between one
and five, because only mathematics teachers teaching in 5" grade classrooms in the school
year 2011/12 were invited to participate. We restricted the study to 5™ grade classrooms to

ensure comparability across classrooms. Data from all participating teachers were included

11



A.-K. Praetorius et al.

in the analyses across three measurement points. A total of 165 German mathematics
teachers (57% female, mean age 41.14 years, SD = 13.44, average teaching experience
13.30, SD = 12.29 with a range between 0 and 40 years) and their 4273 students (50%
female, mean age 13.88 years, SD = 0.47) participated at Time 1.

The data collection was continued in the 2012/13 school year for those teachers who
taught the same class the following year. This led to a reduction of the targeted sample size
to 70 teachers and 1538 students at Time 2, and 69 teachers and 1483 students at Time 3. Of
these, the data of 68 (i.e., a response rate of 97%) and 42 (i.e., a response rate of 69%)
teachers were available for the analyses at Times 2 and 3, respectively. All available data
were included in the analyses in order to utilize the maximum available information. The full
information maximum likelihood (FIML) estimator was used to handle missing data (e.g.,
Arbuckle, 1996). FIML is adequate for multilevel data even with a large amount of missing
data (Enders, Mistler, & Keller, 2016), if missing data is at least missing at random. As
shown in Table 1, a dummy variable indicating whether a teacher had complete vs.
incomplete data was unrelated to any other variables of interest, which suggests that teachers
who participated at all three time points did not differ significantly from teachers with
incomplete data.

Teachers and students were surveyed three times with a one year and a six months
interval (November 2011, November 2012, and June 2013). The first time interval is
comparable to Holzberger et al. (2013) with respect to its length (Time 1 to Time 2); the
second time interval was included to examine potential shorter-term effects within the same

school year (Time 2 to Time 3; cf. Dormann & Griffin, 2015).

2.2.  Instruments

Teacher measures. For the sake of comparability, teacher measures used in the
present study were informed by prior evidence on the associations between teacher
motivation and student-reported teaching quality (see Holzberger et al., 2013, for teacher
self-efficacy; and Kunter et al., 2008 for enthusiasm for teaching).

Teachers’ self-efficacy. Teacher self-efficacy was assessed with a 10-item scale
developed by Schwarzer and Schmitz (1999). The scale is widely used in German-speaking
countries and has been validated with diverse national and international teacher samples
(e.g., Schmitz & Schwarzer, 2000). The scale covers a broad range of aspects relevant for the
teaching profession (e.g., working with students, parents, and colleagues). A sample item

(translated from German) is: “I am confident that I can develop creative ideas for changing
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unfavorable instructional structures,” rated on a scale from 1 (disagree) to 4 (agree).
Cronbach’s a ranged between 0.73 and 0.75 across the three measurement points.

Teachers’ enthusiasm for teaching. A scale from the study “Professional competence
of teachers, cognitively activating instruction, and the development of students’
mathematical literacy” (COACTIV; Kunter et al., 2011) was used to measure teachers’
enthusiasm for teaching. The scale includes two items and has shown good predictive
validity in relation to both teaching quality indicators and student outcomes (Kunter et al.,
2008, 2013). Cronbach’s o ranged between 0.66 and 0.74 across the three measurement
points. A sample item is: “I teach mathematics in this class with great enthusiasm”, rated on
a scale from 1 (strongly disagree) to 5 (strongly agree).

Student measures of teaching quality. The students’ ratings of teaching quality
were assessed with measures that have been validated across diverse student samples and
have shown very good psychometric properties on the class level (see e.g., Kunter &
Baumert, 2006; Wild, 1999).

Classroom management. The quality of classroom management was assessed with a
three-item scale from the Programme for International Student Assessment (PISA) 2003
survey (Ramm et al., 2006). Cronbach’s a ranged between 0.91 and 0.94 across the three
measurement points. A sample item is: “In mathematics, it takes a very long time at the start

b

of the lesson until the students settle down and start working,” rated on a scale from 1
(strongly disagree) to 6 (strongly agree).

Learning support. Learning support was assessed with five items from a scale
developed by Wild (1999). Cronbach’s a ranged between 0.92 and 0.95. A sample item is:
“In mathematics, I feel accepted and supported by my teacher,” on a scale from 1 (strongly
disagree) to 6 (strongly agree).

Cognitive activation. Cognitive activation was assessed with six items from the PISA
2003 survey (Ramm et al., 2006). Cronbach’s o varied between 0.82 and 0.92. A sample item

is: “In mathematics, our teacher asks questions that cannot be answered directly but

stimulate thinking about them,” rated on a scale from 1 (rnever) to 5 (always).
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Table 1
Descriptive statistics as well as bivariate correlations between teacher motivation and the teaching quality scales
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time 1
1. Teacher self-efficacy 3.04
(.33)
2. Teacher enthusiasm 28%*% 421
(.38)
3. Classroom management .00 36%* 3,13
(ICC1=.22, ICC2=.88) (.58)
4. Learning support 23%% 0 23%% 2% 411
(ICC1=.11, ICC2=.75) (.40)
5. Cognitive activation .09 15 15 A40** 345
(ICC1=.03, ICC2=.44) (.17)
Time 2
6. Teacher self-efficacy 64%xx 2] .06 12 .26 2.99
(.33)
7. Teacher enthusiasm 37FF 0 A48¥F  37**F A43x* 06 25% 4.13
(.42)
8. Classroom management .13 20% 67*% 13 21 .07 32% 3.34
(ICC1=.28, ICC2=.91) (.71)
9. Learning support .10 22 34%% 43%* (17 30% 27% 39**% 381
(ICC1=.18, ICC2=.85) (.57)
10. Cognitive activation -.02 .03 33** 19 27* .14 28% A3¥*% 0 69%*% 336
(ICC1=.11, ICC2=.75) (.28)
Time 3
11. Teacher self-efficacy BOF** - 39% -.01 .29 .08 J19EFE - 36% .03 18 -.08 3.01
(.30)
12. Teacher enthusiasm 17 A45%% 25 32% -.10 27 67FF 26 A40%* .03 18 4.04
(.40)
13. Classroom management .09 30% 67*% 13 .16 .04 29% B2%*k  3pFkx  36%*F 03 30% 3.51
(ICC1=.32,1CC2=.92) (.82)
14. Learning support A1 AS¥*F - 27* ST*E .20 18 J7FER S 34%% 0 J4xEF - 47xx D5k 39% A1¥*% 361
(ICC1=.19, ICC2=.85) (.60)
15. Cognitive activation .05 31* 27* A2%% - 2T* 21 A3¥*F 0 39%*x  61*¥*  66%* 17 31* A4xx 7T 340
(ICC1=.12, ICC2=.77) (.31)
16. Complete data -.07 .08 -.08 .03 .01 -.01 -.06 -.09 .07 .06 .00 -.00 -.11 .06 .05

Note. In the diagonal, mean values and, in parentheses, standard deviations of the variables are displayed. Measurement intervals were 12 months (t1-t2) and 6
months (t2-t3) respectively. Complete data is coded as 1 (complete) and 0 (incomplete) n,;=168 classes with 4273 students and 168 teachers; n,,= 70 classes with
1538 students and 68 teachers; n;s= 69 classes with 1438 students and 42 teachers.

** p<.01; * p<.05.

14



Longitudinal relations between teaching-related motivations and student-reported teaching quality

2.3. Analyses

The items of each scale were averaged to derive one manifest variable for each
construct of interest; these manifest variables were used in subsequent analyses.? To account
for the nested structure of the data (students within classrooms), two-level models were
estimated. The individual student ratings of teaching quality were included on level one
(within-class level); the class-aggregated student ratings of teaching quality as well as the
teacher motivation measures were included on level two (between-class level).

Even though our final models relied on observed variables, the measurement model
parts of our final models were tested with latent variables to ensure measurement invariance
over time (see McArdle, 2009); thus, for every construct, correlated confirmatory factor
analyses including all time points were estimated to test whether a model with metric
measurement invariance (i.e., constraining all factor loadings to be equal over time) holds.
For constructs with more than 4 items, we used three parcels with randomly assigned items.
Model comparisons using chi-square difference tests confirmed that metric invariance holds
across all three time points for all constructs (see Table 2).

On level two, cross-lagged panel models were used to examine the reciprocal links
between teachers’ motivations and class-aggregated student-reported teaching quality across
the three time points of the study. These models include autoregressive paths from time point
to time point for the teacher motivation variables and teaching quality as well as cross-
lagged paths from self-efficacy/ enthusiasm at a certain time point to teaching quality at the
subsequent time point and vice versa. Specifically, cross-lagged predictive effects of self-
efficacy/ enthusiasm on teaching quality were tested across all time points (Hypotheses 1.1/
Hypothesis 2.1) as well as analogous cross-lagged predictive effects of teaching quality on
self-efficacy/ enthusiasm (Hypotheses 1.2/ Hypothesis 2.2). Additionally, cross-lagged paths
from time one to time two were compared to cross-lagged paths from time two to time three
to see whether stronger cross-lagged effects occur for the shorter time lag than for the longer

time lag (Hypothesis 3).

2 The use of latent variables with multiple item indicators posed problems with model convergence due to an
insufficient sample of teachers.
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Table 2
Measurement invariance tests over time for the teacher motivation and teaching quality
constructs

Model v df p CFI RMSEA

Self-efficacy
Configural invariance 40.10 24 .02 92 .07
Metric invariance 43.00 28 .03 92 .06
Difference between models Ay* (Adf=4)=2.9,p=.57

Enthusiasm
Configural invariance 3.76 6 71 1.00 .00
Metric invariance 5.23 8 73 1.00 .00
Difference between models Ay* (Adf=2)=147,p=.48

Classroom management

Configural invariance 63.97 24 .00 .96 .10
Metric invariance 68.22 28 .00 .96 .09
Difference between models Ay* (Adf=4)=4.25,p=.37

Learning support

Configural invariance 56.60 24 .00 .96 .09
Metric invariance 64.07 28 .00 .95 .10
Difference between models Ay* (Adf=4)=1747,p=.11

Cognitive activation

Configural invariance 44.76 24 .01 .96 .07
Metric invariance 51.64 28 .00 .95 .07
Difference between models Ay* (Adf=4)=6.88,p=.14

Note. CFI = comparative fit index; RMSEA = root-mean square error of approximation.
Configural invariance means that the factor structure is constrained to be invariant over time;

metric invariance means that factor loadings are constrained to be equal over time.

16



Longitudinal relations between teaching-related motivations and student-reported teaching quality

Two random intercepts were included to account for trait-like inter-individual
differences in teaching quality and teacher motivation respectively (Hypothesis 4; see Figure
2; for further information see Hamaker et al., 2015). Equivalence of the cross-lagged paths
was tested by imposing model constraints and comparing the model fit of the constrained

and unconstrained models using Satorra-Bentler scaling-corrected chi-square difference

RI
Motivation

tests.

Motivation Motivation \ Motivation
/’ t1 A t2 n, t3 s
mt,, Mz Mas RI.RI
mt, « tmy,

h Teaching quality
t3

t Teaching quality
t2

Teaching quality
1

RI
Teaching
quality

Fig. 2. Random intercept latent cross-lagged panel model for teaching quality and teacher motivation with three
measurement points. RI = random intercept; t1 = time point 1; t2 = time point 2; t3 = time point 3; m =
motivation; t = teaching quality.

The models were estimated with Mplus 7.11 (Muthén & Muthén, 1998-2012) using
the restricted maximum likelihood estimation approach and the FIML estimator. Separate
models were examined for each pair of teacher motivation constructs (self-efficacy and
enthusiasm) and student-reported teaching quality dimensions (classroom management,
learning support, and cognitive activation) as the sample size did not allow including all
variables in a single model.

Analyses of the optimal time lag for the presented cross-lagged models were
conducted based on suggestions by Dormann and Griffin (2015) for models with reciprocal
effects and using the Time 1 to Time 2 lag from the random intercepts latent cross-lagged
model, thus controlling for the inter-individual stability of the included variables and for

potentially relevant unmeasured third-variables (see Dormann & Griffin, 2015). Their
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approach seeks to estimate the time lag for which cross-lagged effects are expected to have
their maximum values. For doing so, a complex algebraic solution is calculated using the
stability coefficients as well as the two cross-lagged path coefficients; the calculation can be
done using ordinary least square regression analysis. The formula used can be found in

Appendix A.

3. Results

3.1. Descriptive analyses

Descriptive information for all measures as well as bivariate correlations are
presented in Table 1. The test-retest correlations ranged between 0.45 and 0.80 for the
teacher motivation variables and between 0.27 and 0.82 for the student-reported teaching
quality aspects.

The ICC(1) for the student-reported teaching quality ratings ranged between 0.11 and
0.32, with the exception of cognitive activation at the first measurement point, which was
0.03. This means that between 3 and 32 percent of the total variance in these variables is
attributable to systematic between-class rather than within-class differences. The ICC(2), a
measure of reliability on the class level, was satisfactory for all measures (ranging from 0.75
to 0.92), thus indicating that aggregation on the class level reveals a meaningful class-level
construct (see LeBreton & Senter, 2008). The only exception was cognitive activation at the
first measurement point (0.44; for a discussion of this finding, see section 4.2).

The cross-sectional correlations between teachers’ enthusiasm for teaching and
student-rated teaching quality were positive and small to medium sized, ranging from 0.15 to
0.39 (using conventions proposed by Cohen, 1993). These correlations were significant, with
the exception of the association between enthusiasm and cognitive activation at Time 1 (see
Table 1). The cross-sectional correlations between teachers’ self-efficacy and student-rated
teaching quality were positive and small for learning support and cognitive activation and
were close to zero for classroom management. Only the associations between self-efficacy

and learning support were significant (see Table 1).

3.2.  Reciprocal relations between teacher motivation and teaching quality: the classical
cross-lagged panel approach
The longitudinal relations between teachers’ self-efficacy and the three dimensions of
student-reported teaching quality were examined with a classical cross-lagged panel

approach (see Table 3). As shown in Table 3, the auto-regressive paths across time points
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Table 3

Classical cross-lagged panel analyses of the associations between teacher motivation and teaching quality

Variables Bivariate correlations Auto-regressive coefficients Cross-lagged coefficients
r (m, t)
()m 2)t (3) Time 1  (4) Time 2 (5) m> m ©)t>t (7Ym->t 8)t>m

12 month time interval

Teacher self-efficacy Classroom management 0.00 -0.07 0.64%** 0.78%** 0.06 0.06
Learning support 0.23%%* 0.34%* 0.65%** 0.48%** -0.01 -0.04
Cognitive activation 0.09 -0.01 0.63%** 0.39 -0.04 0.25

Enthusiasm for teaching Classroom management 0.39%** 0.03 0.44%** 0.75%** 0.08 0.24%*
Learning support 0.27%* -0.12 0.39%* 0.46%** 0.01 0.28
Cognitive activation 0.23* 0.55%%*x* 0.50%** 0.41%* -0.13 0.07

6 month time interval

Teacher self-efficacy Classroom management 0.06 0.20 0.79%*x* 0.90%** -0.02 0.08
Learning support 0.30%* 0.15 0.75%** 0.80%** -0.03 0.11
Cognitive activation 0.19 0.16 (0.79%%*x* 0.78%%* 0.15 -0.06

Enthusiasm for teaching Classroom management 0.35%* 0.13 0.70%** 0.90%*:* 0.00 0.00
Learning support 0.32% -0.03 0.60%** (0.73%%x* 0.18%* 0.32%
Cognitive activation 0.46%** 0.31 0.80%** 0.68%** 0.26* -0.21
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(column (5) for the teacher motivation scales; column (6) for the teaching quality
scales) are large in many cases (ranging from 0.39 to 0.90) and thus indicate high stability
over time, both for the 12 month (Time 1) and the 6 month time (Time 2) interval. None of
the three possible cross-lagged effects of teachers’ self-efficacy on dimensions of teaching
quality (see column (7) in Table 3) were significant across the 6 month interval (Time 2 to
Time 3) and the 12 month interval (Time 1 to Time 2). Thus, no longitudinal effects of self-
efficacy on

teaching quality could be identified. None of the three possible cross-lagged effects
of the teaching quality dimensions on teacher self-efficacy (see column (8) in Table 3) was
significant for the 6 or the 12 month interval. Longitudinal predictive effects of teaching
quality on self-efficacy were therefore not confirmed. Hypothesis 1.1 and 1.2 were not
supported in these analyses. A pattern of cross-lagged associations between self-efficacy and
teaching quality failed to emerge.

None of the three possible cross-lagged effects of teachers’ enthusiasm for teaching
on dimensions of teaching quality (see column (7) in Table 3) were significant for the 12
month interval; and two cross-lagged paths were significant for the 6 month interval
(positive effects of enthusiasm for teaching on learning support and cognitive activation of
0.18 and 0.26). Thus, for the longer time period, no longitudinal effects of teachers’
enthusiasm on teaching quality could be identified, whereas such effects existed for the
shorter time period. One of the three possible cross-lagged effects of the teaching quality
dimensions on enthusiasm for teaching (see column (8)) was significant for the 12 month
interval (a positive effect of classroom management on enthusiasm of 0.24); and one was
significant for the 6 month interval (a positive effect of learning support on enthusiasm of
0.32). Longitudinal predictive effects of teaching quality on enthusiasm for teaching thus
existed for the longer as well as the shorter time period. Hypothesis 2.1 and 2.2 were only
partly supported, since only few significant cross-lagged effects between enthusiasm for
teaching and teaching quality emerged.

The analyses provide some support for Hypothesis 3, according to which stronger
cross-lagged effects would emerge for the shorter rather than the longer time lag (6 versus 12
months). Only one significant cross-lagged effect was found across the 12-month time
interval (a positive effect of classroom management on enthusiasm for teaching), and a total
of three cross-lagged effects were found across the 6-month interval (positive effects of
enthusiasm on learning support and cognitive activation; and a positive effect of learning

support on enthusiasm).
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1]{1?1:)1!1(1);; intercepts cross-lagged panel analyses between teacher motivation an teaching quality.
Model Variables Bivariate correlations Auto-regressive coefficients Cross-lagged coefficients Correlation  Loadings Loadings
r (m, t) RILRI, ARIm ARIt
(1) (2) m 3)t @) 5) (6) (7) m>my/ )2t/ O)ymi=2 t/  (10) t1=> my/ (11) (12) (13)
Time1 Time?2 Time3 my—> ms > t3 my=> t3 t,> ms
1 Teacher self- Classroom -.08 -.10 -51 -.10/.15%* 33%/.47H%* .04/ -.07 .05/.06 -.05 .83-.87 .52-.76
efficacy management
2 Learning 22 A42% -.05 -.09/.10 .08/.54%** -.02/-.07 -.03/.18%* 24 .84-.87 A48-.78
support
3 Cognitive -.08 .14 A7 -.12/.13* A1%).779%** .00/.12 .13/-.02 - .85-.88 -
activation
4 Enthusiasm  Classroom .00 -.30 24 -.14/.18 32%/.50%%* .05/.13 .02/.18 .68%* .72-.95 .53-.79
for teaching ~ management
5 Learning -.11 -40 -.17 -.08/.12 A7/.56%%* -.15/.-.02 -.01/.07 69%* .64-.87 A4A7-73
support
6 Cognitive 15 T6** 22 -.06/ .15 28/ 51%* -.17/.30 .11/.05 - .67-.83 -
activation

Note. m = motivation (teacher self-efficacy or enthusiasm for teaching); t = teaching quality indicator (student-reported classroom management, learning support
or cognitive activation); RI = random intercept. Time 1 to Time 2 = 12 months; Time 2 to Time 3 = 6 months. Column (1) indicates the model number. Columns
(2) and (3) indicate which variables were included in each cross-lagged panel analysis. Columns (4), (5) and (6) indicate the correlations between these variables
at Time 1 (Column 4), Time 2 (Column 5), and Time 3 (Column 6). Columns (7) and (8) indicate the estimated autoregressive paths for one variable (i.e., its
stability) across time points. Column (9) indicates cross-lagged effects of motivation at Time 1/ 2 on teaching quality at Time 2/ 3, whereas Column (10) shows
the analogous cross-lagged effects of teaching quality at Time 1/ 2 on motivation at Time 2/ 3. Column (11) indicates the correlation between the trait factors of
the variables. Column (12) indicates the loadings of Time 1 to Time 3 measures of motivation on the motivation trait factor, whereas column (13) shows the
analogous loadings of the Time 1 to Time 3 measures of teaching quality on the teaching quality trait factor.
2 The variance of the trait factor of cognitive activation was not significant; thus, no loadings and correlations regarding the trait factor are reported.
*Ek p <.001; ** p<.01: * p<.05. All p levels are reported one-tailed.
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Table 5

Fit indices of the random intercept cross-lagged panel models

Model v df CFI RMSEA  SRMRyimin  SRMRpeqween
1 1.22 1 1.00 .01 .00 .01

2 0.56 1 1.00 .00 .00 .01

3 4.80 3 1.00 .01 .00 .09

4 0.21 1 1.00 .00 .00 .01

5 4.54 1 0.99 .03 .00 .07

6 10.99 1 0.97 .05 .00 .09

Note. The model numbers refer to Table 4.

3.3. Reciprocal relations between teacher motivation and teaching quality: the random

intercepts cross-lagged panel approach

A random intercepts cross-lagged panel analysis was conducted as a next step to estimate
stable inter-individual differences in teacher self-efficacy and teaching quality (see Models 1
to 3 in Table 4). The model fit was acceptable across all analyses (Table 5; Schermelleh-
Engel, Moosbrugger, & Miiller, 2003).

The loadings on the random intercepts indicate high to very high stabilities for the
two teacher motivation characteristics and moderate to high stabilities for the teaching
quality dimensions (see Table 4, columns (12) and (13)). However, there was no significant
trait variance for cognitive activation, which varied greatly across time points. The
respective association could therefore not be computed in a meaningful way. The
associations between the random intercepts of self-efficacy and the teaching quality
dimensions were non-existing to weak (max. of » = 0.24; see column (11) in Table 4). Thus,
the trait aspects of self-efficacy and teaching quality were only weakly or not at all related.

The auto-regressive paths across time points, and thus the individual carry-over
effects (i.e., effects on the individual level that persist across measurement points), are
mostly not significant for self-efficacy (-0.12 to 0.15; see column (7) in Table 4), and are
mostly medium to large for all teaching quality dimensions (0.08—0.79; see column (8) in
Table 4).

Controlling for trait-like stability in teacher motivation and teaching quality, none of

the six possible cross-lagged effects of teachers’ self-efficacy on the three dimensions of
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teaching quality was significant (see column (9)); one of the six possible cross-lagged effects
of the teaching quality dimensions on self-efficacy was significant (a positive effect of
learning support on self-efficacy, see column (10)). Satorra-Bentler scaling-corrected chi-
square difference tests (one-tailed) revealed, however, that this significant cross-lagged path
from Time 2 learning support to Time 3 self-efficacy was not significantly different from the
corresponding non-significant path from Time 2 self-efficacy to Time 3 learning support
(AyPdise = 1.96, df = 1, p = 0.08). Therefore, we cannot assume that the link from learning
support to self-efficacy differs from the reverse effect. The results of the random intercept
cross-lagged panel analyses of the associations between teacher enthusiasm for teaching and
the three teaching quality dimensions are shown in Table 4 (see Models 4 to 6). The model
fit was again satisfactory for all analyses (see Table 5). The correlations between the random
intercepts of teacher enthusiasm and the teaching quality dimensions ranged from 0.68 to
0.69 (see column (11) in Table 4; again with the exception of cognitive activation),
indicating that the trait-like parts of enthusiasm and teaching quality were mostly highly

correlated.
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Fig. 3. Estimation of the optimal time lags for investigating the reciprocal effects of teacher
motivation and teaching quality within the random intercept cross-lagged panel approach.
Enth = enthusiasm; TSE = self-efficacy; CogA = cognitive activation; Support = learning
support; ClassM = classroom management.
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The auto-regressive paths across time points, and thus the individual carry-over
effects, are not significant for enthusiasm (see column (7) in Table 4), but have mostly
medium to large values for all teaching quality dimensions (0.17 to 0.56; see column (8) in
Table 4).

None of the tested cross-lagged effects between teachers’ enthusiasm for teaching and
the teaching quality dimensions were significant, once trait-like stability in teacher
motivation and teaching quality was taken into account (see columns (9) and (10) in Table
4). Thus, longitudinal effects of enthusiasm for teaching on teaching quality or the other way
around could not be confirmed.

Consistent with Hypothesis 4, these analyses suggest that almost all cross-lagged
associations between teacher motivation and teaching quality revealed with our classical

cross-lagged models could be explained with trait-like associations.

3.4. Identifying optimal time lags for investigating cross-lagged effects

Analyses of the optimal time lag for the presented cross-lagged models were
conducted using an approach described by Dormann and Griffin (2015). The Time 1 and
Time 2 data from the random intercepts latent cross-lagged model were used for these
analyses. The results are illustrated in Fig. 3. The optimal time lag for analyses focusing on
the cross-lagged effects of enthusiasm for teaching would be about 3 months for learning
support and classroom management and about 2 months for cognitive activation. The
optimal time lag for analyses focusing on the cross-lagged effects of teacher self-efficacy
would be about 4 months for learning support and cognitive activation, and about 3 months
for classroom management. These findings are generally consistent with our expectations
that cross-lagged effects are more likely to occur with shorter time intervals. However, as
shown in Fig. 3, even at their expected maximum value, the estimated cross-lagged effects
between the teacher motivation variables and the teaching quality dimensions are very small
(with the exception of cognitive activation and enthusiasm), indicating no substantial cross-

lagged associations independent of the chosen time lag.

4. Discussion

Teacher motivation is often assumed to be an antecedent of desirable teaching
behaviors (see e.g. Richardson & Watt, 2010) and thus of teaching quality (e.g., Kunter et al.,
2011, 2013). However, motivational characteristics not only have an effect on teachers’

teaching quality but can also be influenced by it as has been shown initially by Holzberger et
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al. (2013). Additionally, relations between motivational characteristics and teaching quality
could as well be due to third variables. The present study aimed at answering the question of
how associations between teaching-related motivations and student-reported teaching quality
are shaped longitudinally in a sample of secondary-level math teachers and their students
across three time points.

Our analyses using classical cross-lagged panel models showed some of the expected
cross-lagged effects of teacher motivation on teaching quality and vice versa. However,
controlling for stable inter-individual differences (see Hamaker et al., 2015), we found no
systematic evidence in support of cross-lagged effects. The loadings of the state measures for
teacher motivation and teaching quality on the trait factors (random intercepts for teacher
motivation and teaching quality) indicate that all investigated characteristics besides
cognitive activation were fairly to highly stable so that reciprocal associations between
teaching quality and teacher motivation are not likely to occur, even over a period of one and
a half years and with three measurement points. An optimal time lag analysis indicated that a
shorter time frame is more likely to reveal potential cross-lagged effects, but that these
effects are likely to be weak regardless of the time frame with only one exception (the
longitudinal relation between cognitive activation and enthusiasm for teaching). The results
instead indicate that teachers whose students consistently perceive higher levels of teaching
quality tended also to consistently report higher enthusiasm, but that these relations cannot
be explained using a randomly chosen time span in the working life of a teacher. The stable
part in teachers’ self-efficacy, on the contrary, was relatively independent from the respective
stable parts in teaching quality. This high level of stability is consistent with earlier evidence

using a similar measure of teacher self-efficacy (Holzberger et al., 2013).

4.1. The relation between enthusiasm and teaching quality: explanations and implications

Over and above potential longitudinal effects of enthusiasm for teaching on teaching
quality and vice versa, third variables were mentioned as a possible explanation for existing
relations between enthusiasm and teaching quality. The high correlations of the trait parts of
enthusiasm and teaching quality indicate that third variables indeed could have a
considerable influence on both, enthusiasm and teaching quality. Such third variables might
include teacher, class, and school characteristics. Teacher variables such as teachers’
professional knowledge or their beliefs could shape their enthusiasm on the one hand and
their teaching on the other hand. Correlational patterns in the study of Kunter et al. (2013)

indicate, however, that significant relations between pedagogical content knowledge and
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enthusiasm as well as teaching quality do not exist consistently. The same is true for
constructivist beliefs and enthusiasm as well as teaching quality. Class characteristics are
another set of possible third variables. Kunter et al. (2011) could show that enthusiasm is
related to class characteristics such as class size and average student achievement.
Additionally, teaching enjoyment (which is closely related to the concept of enthusiasm for
teaching, see section 1.1) has been shown to vary significantly between classes (Frenzel,
Becker-Kurz, Pekrun, & Goetz, 2015). Teaching quality, too, seems to differ between classes
a teacher teaches (Kokkinou & Kyriakides, 2016). To what degree class characteristics shape
enthusiasm und teaching simultaneously, however, remains an open question for future
research. School characteristics (e.g., school leadership or teachers’ organizational
commitment), finally, are another set of possible third variables which have not been

investigated so far.

4.2. The relation between self-efficacy and teaching quality: explanations and implications

Whereas third variables might be an explanation for existing relations between
enthusiasm and teaching quality, this is not the case for self-efficacy as neither longitudinal
relations nor relations between their trait aspects could be found. Alternative explanations
are research focus, matching issues, and samples.

Most investigations of teacher motivation have exclusively focused on relations to
aspects of teaching quality on the teacher/ class level. There is, however, evidence that
teachers’ motivations can be shaped by their relationships with single students even more
strongly than by their relationships with a whole class (Lortie, 1975). If the whole class is
not the reference norm for building motivation and perhaps also not for the influence of
motivation on improving instruction (i.e., improving instruction not for all students but
rather for some of them), then future research would need to take a closer look at the
variation within classrooms. Qualitative approaches might be particularly useful for
answering this question.’

Furthermore, self-efficacy and teaching quality might not be related in the current
study because they do not refer to the same entities (cf. Bandura, 2012; Wheatley, 2005).
Whereas enthusiasm was assessed in a context-specific way, focusing on the class in which

student-reported teaching quality was measured, self-efficacy was assessed using the original

3 In accordance with the most common approach in cognitive survey research (e.g., Willis, 2005), one could let
teachers think aloud (Ericsson & Simon, 1993), while answering quantitative scales on their motivation as well
as conducting interviews with verbal prompts afterwards to see whether teachers refer to only some students
when reflecting on their motivation.
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version of the teacher self-efficacy scale. The scale refers to teaching in general and not to a
specific class which is common in teacher self-efficacy research (e.g., Tschannen-Moran &
Woolfolk Hoy, 2001). Holzberger et al. (2013) modified the scale to refer to a specific class,
which may contribute to an increased domain-specificity and thus to stronger associations
with class-specific teaching quality. Assessing self-efficacy with respect to a specific target
class thus seems reasonable for future studies, especially because it could be shown that self-
efficacy can vary across different classes of the same teacher (see, e.g., Raudenbush, Rowan,
& Cheong, 1992).

Teachers’ self-efficacy also depends on their career stage: For early-career and late
career teachers, substantial changes in self-efficacy can be expected (Klassen & Chiu, 2010;
see also Woolfolk Hoy and Burke Spero, 2005). Consequently, it may be more likely to
reveal longitudinal influences among early-career and late-career teachers relative to mid-
career teachers. A first hint that relations between teacher motivation and teaching quality
indeed differ for different career stages, can be gained by comparing the study of Holzberger
et al. (2013) and our study. For the sample of Holzberger et al. — consisting to a considerable
degree of late-stage career teachers (M job experience = 22 years) — effects of student-
perceived teaching quality on self-efficacy could be found. In the present study — covering
mainly mid-career teachers (M job experience = 13 years) — no longitudinal relations
between self-efficacy and teaching quality could be identified. If teachers’ self-efficacy is
indeed less stable during certain stages of a teacher’s career but very stable during others,
theories on teachers’ self-efficacy need to be further developed so that career stages are
explicitly included. For teacher training and professional development, these considerations
indicate that it might be especially useful to support teachers with respect to their self-
efficacy in their early and late career stages. If self-efficacy and teaching quality are closely
intertwined during these career stages, it seems also very promising to not only foster self-
efficacy, but at the same time teaching quality.

Furthermore, further research is needed to shed more light on the mechanisms linking
teacher motivation and teaching quality. First, a sound theoretical model is required to
explicate these mechanisms. Part of such a model could, for example, be the assumption that
high self-efficacy lets teachers perceive a need to focus on the teaching job and to
continuously improve teaching which, in turn, leads to corresponding actions by the teacher
(e.g., effort towards teaching). Hypotheses which are contrary to these assumptions should,

however, also be taken into account. According to Wheatley (2005) it might also be the case
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that lacking self-efficacy may be more likely than high self-efficacy to lead to a perceived
need to and corresponding actions aiming towards personal improvement. Second, in
bringing these assumptions to an empirical test, we need to think carefully about the time
intervals that, from a theoretical perspective, make it most likely to uncover the assumed
mechanisms. Third, for detecting these mechanisms, it seems worthwhile to also use more
fine-grained methods (e.g., daily logs, Borko et al., 2007, or experience sampling methods,
Csikszentmihalyi & Larson, 2014) or more direct approaches such as experimental and
quasi-experimental studies (e.g., see Tschannen-Moran & McMaster, 2009) to unfold what is

actually happening with respect to the relation between teacher motivation and teaching

quality.

4.3. Limitations and further directions

Our study was based on a sample of teachers who were investigated longitudinally
over the course of 18 months. As it was necessary for answering our research questions to
restrict the longitudinal sample to those teachers who were teaching mathematics in the same
class in two subsequent years, substantial parts of the sample were not investigated at Times
2 and 3. Our analyses suggest, however, that teachers who were retained in the sample did
not differ systematically from those who had to be excluded.

Another limitation refers to the fact that the analyses were not conducted on a latent
level due to an insufficient sample of teachers. Analyses of latent constructs may have
produced stronger results. However, since the size of the regression coefficients was small
(independent of their standard errors) and the loadings on the trait factors in the random-
intercept models were large, results are not expected to be substantially different if we were
using a latent approach.

Estimating optimal time lags is highly relevant for future research. However, whether
the estimated lags are accurate, depends on several assumptions. An aspect that we were not
able to control due to our use of observed variables is measurement error, which could lead
to biased estimates of optimal time lags. Thus, we should be rather careful to not over-
interpret single estimates in the optimal time lag analyses. At the same time, we must point
out that the very high stability of teacher motivation constructs—at least for self-efficacy—is
consistent with earlier research using latent variables (Holzberger et al., 2013, r; = 0.85).
Accordingly, our estimation of small reciprocal effects, regardless of the time lag, is
plausible. Another implicit assumption of optimal time lag analyses is that psychological

mechanisms are the same for different time lags. To what extent this is justified needs to be
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investigated in future studies. This is not only important to test the trustworthiness of optimal
time lag analyses but also to check whether prior studies with different time lags can be
compared at all.

Finally, we used student reports as an indicator of teaching quality. Student ratings,
aggregated on the class level, have many advantages compared to teacher self-ratings
(Clausen, 2002; Kunter & Baumert, 2006; Liidtke, Robitzsch, Trautwein, & Kunter, 2009).
However, in order to be suitable for a representation of shared perceptions of students in a
class, students’ ratings need to capture sufficient variability on the class/ teacher level
compared to the individual student level, and to have sufficient reliability not only on the
individual but also on the class level. In the present study, classroom management emerged
as the dimension with the highest levels of agreement among students. This is plausible,
because classroom management ratings typically require relatively low levels of inference
and instead rely on observable indicators such as class disruptions or time on task. Cognitive
activation, in contrast, more strongly depends on students’ idiosyncratic perceptions.
Accordingly, lower levels of reliability on the class level have been documented, both in the
present study (especially at Time 1) and in prior research (see e.g., Kunter et al., 2008).
Assessments of cognitive activation might be most suitable as a student-level indicator of
individual perceptions of instruction, and alternative measures might be necessary for
capturing this dimension on the classroom level (e.g., observations by trained external
evaluators). One option to improve student ratings might be the time of investigation within
the school year as the amount of shared student perceptions in a class increased over time.
This indicates that it might be useful to measure teaching quality not too early in the school

year when student perceptions are used to measure teaching quality.

4.4. Conclusions

Although it is often taken for granted that teacher motivation has an influence on
teaching quality, the present study showed that longitudinal effects of teacher motivation on
teaching quality or vice versa do not necessarily exist as both were rather stable over time in
the present sample. These stable parts, however, were substantially related, at least for
teachers’ enthusiasm and teaching quality. It seems to be promising to focus on early- and
late-stage career teachers in further research, because reciprocal influences might exist to a

larger extent for these groups.
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