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Promoting student interest is a key challenge in education (Harackiewicz et al., 2016; Krapp
et al., 1992). Interest improves the quality of learning and fosters academic success by increasing
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attention and engagement. It is also positively related to a range of non-cognitive outcomes and
even career choices (Eccles, 2009; Hazari et al., 2020; Kang et al., 2019; Potvin & Hasni, 2014; Pugh
et al., 2021; Renninger & Hidi, 2016; Schiefele et al., 1992; Wigfield & Cambria, 2010). Increasing or
at least maintaining students’ interest in school subjects is therefore considered a key educational
goal (Harackiewicz et al.,, 2016; Krapp et al,, 1992; Reeve et al., 2015; Renninger & Hidi, 2016).
However, there is ample evidence that students’ interest and related variables decrease over time in
different school subjects, often beginning in lower secondary school (Krapp & Prenzel, 2011;
Lazowski & Hulleman, 2016; Renninger & Hidi, 2016). The decline in interest is particularly strong
in mathematics and science (Frenzel et al., 2012; Gottfried et al., 2001; Potvin & Hasni, 2014,
Wigfield & Cambria, 2010) and it is more pronounced in physics and chemistry than in biology
(Héussler & Hoffmann, 2002; Krapp & Prenzel, 2011). Several longitudinal studies reveal a substan-
tial decline in interest in physics and chemistry as well as in interest-related constructs
(e.g., Gottfried et al., 2001; Hoft & Bernholt, 2019; Wang & Hazari, 2018). Furthermore, secondary
school students show a considerable lack of interest in physics and chemistry and rate them as less
popular and interesting than biology (Keller et al., 2017; Krapp & Prenzel, 2011).

The lack of interest in science subjects is one of the main factors contributing to the decreasing
numbers of students choosing science subjects in upper secondary school (Subotnik et al., 2010). This
tendency is concerning in light of the current high demand for professionals in scientific and techni-
cal fields. Furthermore, it is important to improve scientific literacy so that citizens understand every-
day phenomena and can participate in debates on socio-scientific issues (Gago & Parchmann, 2004;
Kang et al., 2019; Krapp & Prenzel, 2011; Shahali et al.,, 2019; Sjeberg & Schreiner, 2010; Stoll
et al., 2017). Identifying factors that foster the development in science interest or at least mitigate the
decline during secondary school is therefore of crucial importance (Cheung, 2018).

Science teaching and teaching quality are considered key factors that affect students’ interest in
science (Krapp & Prenzel, 2011; Logan & Skamp, 2013). Indeed, experimental studies have demon-
strated beneficial effects of specific interventions—for instance, contexts evoking initial interest or
utility value interventions—on motivational outcomes such as student interest (e.g., Curry Jr.
et al., 2020; Hulleman et al., 2017; Rosenzweig et al., 2020). Observational studies have suggested,
however, that participation in science teaching can also have detrimental effects on students’ inter-
est in science, for example, when the teachers used a narrowly focused questioning style (Hansson
et al., 2021; Seidel et al., 2006). Further observational studies using comprehensive models of teach-
ing quality (Praetorius & Charalambous, 2018) indicated that basic dimensions of teaching quality
such as student support foster student interest in science (Dorfner et al., 2018; Fauth et al., 2014).

However, previous research on the role of teaching and teaching quality on student interest
in science has several limitations. Much of this research was based primarily on cross-sectional
or short-term longitudinal studies focusing on single instructional units (e.g., Fauth et al., 2014;
Trobst et al., 2016). In particular, there is a lack of longitudinal studies on physics teaching, a
domain in which student interest is especially low at the secondary school level (e.g., Krapp &
Prenzel, 2011; Organization for Economic Co-operation and Development [OECD], 2016).
There is also a lack of studies focusing on interest development in the lower secondary school
grades. To address this important research gap, the present study used longitudinal and quasi-
experimental data to investigate (1) the development of physics interest in lower secondary
school classes (Grades 5-7), (2) the role of participating or not participating in physics teaching,
and (3) the role of perceived teaching quality in the development of class-level interest in phys-
ics. As this study aimed to investigate the effects of teaching and teaching quality on interest
development, it was specifically focused on the class-level changes in student interest using
latent change score models.

a5UB0|7 SUOWIWOD BAIeER1D) 8|qedldde ay) Aq peusenob ae sapiie YO ‘88N J0 S3jnu 10} AriqIT 8UIUO AB]IM UO (SUO N IPUOD-PUE-SLUBYW0D" A3 | 1M ARe1q1[Bu U0//:SdNY) SUORIPUOD pue S | 84} 89S *[£202/50/2T] Uo AriqiTaulluo AB|IM ‘BIX XeuiolqIgs IS BAIN AQ 7612 €8/200T OT/I0p/W0D A3 Im Akeiqpul|uoy/sdny woi papeojumoq ‘T ‘€202 ‘9€.2860T



1| W] LEY-~ JRST STEIDTMANN ET AL.
1 | THE CONSTRUCT OF INTEREST

In educational research, interest is commonly considered as a motivational construct that
directs an individual's attention and drives activities related to specific objects, stimuli, and
events. Interest-driven activities are typically accompanied by positive emotions and increased
cognitive functioning (Ainley et al., 2002; Frenzel et al., 2012; Hidi & Renninger, 2006; Krapp &
Prenzel, 2011; Schiefele, 1992). A wealth of research has demonstrated that interest is positively
related to a range of cognitive and non-cognitive outcomes as well as career choices
(e.g., Harackiewicz et al., 2016; Hazari et al., 2020; Kang et al., 2019; Kim et al., 2015; Lazarides
et al., 2020; Nugent et al., 2015; Pugh et al., 2021; Renninger & Hidi, 2016).

The construct of interest has three key characteristics. First, interest is considered to be
object-specific, as interest is always directed toward an object or activity, field of knowledge, or
goal (Krapp & Prenzel, 2011; Renninger & Hidi, 2016). In the present study, we investigated
interest in physics, a science domain that is particularly affected by declining interest. Second,
interest is commonly conceptualized as a multifaceted construct with affective, cognitive, and
behavioral components. The experience of interest is typically accompanied by positive emo-
tions such as enjoyment and excitement (affective component). At the same time, interest-based
activities are generally perceived as personally meaningful and are accompanied by a desire to
learn more about the object of interest (cognitive component) and by autonomously chosen
engagement with the object of interest (behavioral component) (Krapp & Prenzel, 2011;
Renninger & Hidi, 2016). Despite its multifaceted character, interest is considered a predomi-
nantly motivational construct (Krapp, 2002; Renninger & Hidi, 2016). The present study used
this conceptualization of interest with its affective, cognitive, and behavioral components.
Third, individual and situational interest can be distinguished. Individual interest refers to the
dispositional, trait-like interest of an individual and is seen as a relatively stable tendency to
engage with an object of interest repeatedly over time (Krapp & Prenzel, 2011; Renninger &
Hidi, 2016). Situational interest refers to state-like current engagement and is triggered primar-
ily by specific features of the immediate environment (e.g., conditions of a learning situation)
(Hidi, 1990; Krapp et al., 1992; Krapp & Prenzel, 2011; Renninger & Hidi, 2016). In this study,
we concentrated on individual interest. Please note that individual (versus situational) interest
refers to trait-like (versus state-like) interest, which can be investigated either on the within-
class (“individual”) level or on the between-class (“class”) level.

2 | DEVELOPMENT OF INTEREST IN SCIENCE

Two perspectives on the development of interest can be distinguished (Frenzel et al., 2012;
Krapp & Lewalter, 2001). The first perspective is primarily focused on the quantitative develop-
ment of interest, that is, whether a person's level of interest changes over time (e.g., Frenzel
et al., 2010; Hoft et al., 2019). The second perspective concentrates on qualitative changes in the
construct of interest that occur in the process of interest development. For instance, the emer-
gence of individual interest out of situational interest as described in the four-phase model of
interest development represents such a qualitative change in the construct of interest over time
(Frenzel et al., 2012; Hidi & Renninger, 2006; Reeve et al., 2015). Please note that the two per-
spectives refer to different conceptualizations of change and do not refer to quantitative versus
qualitative data. In this study, we focused on the first perspective, that is, change in the level of
interest. Research taking this first perspective on interest development has shown quite
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consistently that in secondary school, students’ individual interest in school subjects decreases
over time. The decline in interest typically begins around age 11, which is usually after the tran-
sition from elementary to secondary school, and occurs across school subjects and school cul-
tures. The trajectories are typically curvilinear, with sharper declines in the earlier years of
downward trends (Anderhag et al., 2016; Frenzel et al., 2010; Krapp et al., 1992; Krapp &
Prenzel, 2011). Similar trajectories have been observed for interest-related constructs such as
academic intrinsic motivation, goal orientations, and instrinsic value (e.g., Gottfried et al., 2001;
Jacobs et al., 2002; Watt, 2004; Wigfield & Cambria, 2010).

Thus, the lower secondary school grades seem to be a critical stage for the development of
interest. While a decline in interest has been observed in several academic domains, it is partic-
ularly pronounced in mathematics and science (Anderhag et al., 2016; Cheung, 2018; Frenzel
et al,, 2012; Kim et al.,, 2015; Krapp & Prenzel, 2011; Potvin & Hasni, 2014; Wigfield &
Cambria, 2010). Some studies focus on the decline in interest from childhood to late adoles-
cence (e.g., Gottfried et al., 2001 for math and science; Jacobs et al., 2002 for math). For mathe-
matics, studies have shown a decline in interest at the secondary level from the beginning of
Grade 5 (e.g., Frenzel et al., 2010 for Grades 5-9; Kim et al., 2015 for Grades 6-10; Lazarides
et al., 2019 for the beginning of Grades 5-6; Watt, 2004 for Grades 7-11).

Within the domain of science, physics and chemistry seem to be more affected than biology
(Krapp & Prenzel, 2011). Long-term longitudinal studies carried out over a period of several
school years (e.g., Gottfried et al., 2001; H6ft & Bernholt, 2019 for Grades 9-11), short-term lon-
gitudinal studies (e.g., Trobst et al., 2016 for Grades 4 and 6; Wang & Hazari, 2018 for Grade
11), as well as cross-sectional results considering several school years (e.g., Hoft et al., 2019 for
Grades 5-11) suggest a substantial decline in interest in physics and chemistry as well as in
interest-related constructs. On average, secondary school students show a considerable lack of
interest in physics and chemistry and rate them as less popular and interesting than biology
(Keller et al., 2017; Krapp & Prenzel, 2011).

The lower secondary grades should represent a particularly critical phase for interest devel-
opment as this phase is associated with a number of important changes in science teaching
(e.g., mostly specialist teachers in secondary school versus generalist teachers in elementary
school). Research on identity- and self-formation in adolescence suggests that such transitional
phases are often associated with fluctuations in identity, which are themselves closely related to
changes in motivational constructs (Branje et al., 2021; Klimstra et al., 2010). The lower second-
ary grades may therefore lay the motivational foundations for students’ interest development
and course choices in the upper secondary grades (Harackiewicz et al., 2016; Kang et al., 2019;
Nugent et al., 2015; Renninger & Hidi, 2016).

Taken together, the findings discussed above provide initial evidence that interest in physics
declines substantially during secondary school and suggest that the lower secondary school
grades might be a particularly critical stage in this trajectory.

However, as pointed out, longitudinal research on the development of science or physics
interest in the lower secondary grades is rare. The existing research in this area is also subject
to a further limitation: When the aim is to investigate the effects of teaching and teaching qual-
ity as class-level constructs, the between-class variability in interest trajectories is of great
importance (e.g., Fauth et al., 2014; Marsh et al., 2012; Trobst et al., 2016). We could not identify
any longitudinal studies carried out over a period of several school years disentangling
between-class from within-class variability in the trajectories of student interest in science or
physics. Consequently, the portion of variability in interest trajectories between classes
(as opposed to variability within classes) is still an open question.
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3 | THE ROLE OF TEACHING AND TEACHING QUALITY IN
THE DEVELOPMENT OF INTEREST IN SCIENCE

Extant research suggests that several teaching-related and non-teaching-related factors are
involved in both the formation and the decline of science interest: Interest differentiation across
adolescence, science-related stereotypes, and parental influence are among the factors that are
not (directly) related to teaching (Hannover & Kessels, 2004; Harackiewicz et al., 2012; Krapp &
Prenzel, 2011). In the present study, we focused on teaching-related factors, in particular factors
related to teaching quality. This seems to be a promising route, as factors related to teaching are
amenable to intervention and change (Grigg et al., 2013; Hulleman et al., 2017; Kleickmann
et al., 2016).

3.1 | Therole of teaching

According to the four-phase model of interest development (Hidi & Renninger, 2006), initial
interest develops by triggering situational interest and needs to be maintained through external
support and sustained stimulation. If interest is not maintained, it can go dormant or even be
abandoned (Harackiewicz et al., 2016; Hidi & Renninger, 2006; Renninger & Hidi, 2016).

Based on theories on motivation and the formation of interest, a range of teaching-related
interventions have been developed to promote interest and related constructs (Durik
et al., 2015; Harackiewicz et al., 2016; Hulleman et al., 2017; Lazowski & Hulleman, 2016).

These interventions target two main mechanisms (Harackiewicz et al., 2016; Hidi &
Renninger, 2006; Rotgans & Schmidt, 2017). The first of these mechanisms triggers and main-
tains situational interest by providing activities that use problems, challenges, or surprise to
stimulate attention and cognitive engagement for all students. The second mechanism builds
on and maintains emerging and well-developed individual interest by providing content and
tasks that help students connect academic topics with their existing interests and everyday life
experiences. Grounded in expectancy-value-theory (Eccles, 1983; Wigfield & Eccles, 2000),
utility-value interventions are a prominent and well-investigated example of interventions
targeting both mechanisms (Hulleman et al, 2017; Hulleman & Harackiewicz, 2009;
Rosenzweig et al., 2020; Shin et al., 2019). Similar approaches have been used in context-based
science instruction but have failed to produce consistent results (Taasoobshirazi & Carr, 2008).
Both mechanisms indicate that it is important for the development of interest that children
engage with the respective object. Therefore, participation in physics teaching seems to be an
important prerequisite for the development and maintenance of interest in physics, as many
children only have the opportunity to come in contact with physics in the classroom (Kaya &
Lundeen, 2010; Shymansky et al., 2000).

However, several studies have also pointed to potential detrimental effects of physics teach-
ing on physics interest. Some studies have found that secondary school physics is often charac-
terized by a teacher-centered instructional approach such as a narrowly focused questioning
style or activities led by teachers, with students as passive learners (Hansson et al., 2021;
Mostafa et al., 2018; Seidel et al., 2006; Stigler et al., 1999). Other studies have revealed that
physics teaching often failed to make connections to everyday life, an important measure to
show the utility of physics (Taasoobshirazi & Carr, 2008). Evidence is therefore inconclusive on
whether physics teaching in secondary school mitigates or even fosters the decline in interest in
physics on average. We did not find any studies addressing this important question by
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comparing interest development between classes participating in physics teaching and classes
not participating in physics teaching.

Studies indicate that learning opportunities in science may affect student interest positively,
but that teaching quality must be taken into account to promote or at least maintain student
interest (Krapp & Prenzel, 2011; Liu & Schunn, 2018; Logan & Skamp, 2013; Potvin &
Hasni, 2014; Trobst et al., 2016).

3.2 | The role of teaching quality

Another strand of research investigating teaching-related factors in interest development uses
comprehensive models of teaching quality (e.g., the Classroom Assessement Scoring System, Pianta
et al., 2012) to identify the basic dimensions of teaching quality that predict student outcomes such
as the development of student interest (Kyriakides et al., 2018; Patrick et al., 2011; Pianta &
Hamre, 2009; Praetorius & Charalambous, 2018). This research typically focuses on the class-level
as teaching quality is conceptually a classroom level construct (Fauth et al., 2014; Trobst
et al., 2016). For the present study, we used the three basic dimensions model (TBD; Baumert
et al., 2010; Klieme et al., 2009; Kunter & Voss, 2013; Praetorius et al., 2018), which exhibits broad
overlap with other generic models of teaching quality (Praetorius & Charalambous, 2018). The
model is considered basic or generic, that is, applicable to different subjects such as mathematics or
science (e.g., Fauth et al., 2014; Fortsch et al., 2017; Trobst et al., 2016). The three basic dimensions
model distinguishes three central dimensions of teaching quality: classroom management, student
support, and cognitive activation (Klieme et al., 2009; Praetorius et al., 2018). Classroom manage-
ment aims at maximizing student active learning time and engagement, for instance, by reducing
or avoiding disruptions and disturbances in the classroom. Student support aims at fostering the
experience of competence, autonomy, and social relatedness, for instance, by reducing complexity
of the content, by pointing out the relevance of learned content, by providing students with choice
options, and by being sensitive to students’ social problems. This dimension is related to other con-
structs that have been used in science education research to capture support in classrooms that
helps students to better understand scientific concepts and processes (e.g., instructional support,
scaffolding, and coherent content storylines; Hardy et al., 2006; Lazonder & Harmsen, 2016;
Puntambekar & Kolodner, 2005; Roth et al., 2011). Finally, cognitive activation aims at fostering
higher-order thinking, for instance, by offering challenging tasks and encouraging students to justify
their statements. This parallels strategies suggested in science education research such as challeng-
ing student thinking, eliciting student ideas, and promoting scientific reasoning (e.g., Kolodner
et al., 2003; Roth et al., 2011; Windschitl et al., 2012). In the TBD framework, classroom manage-
ment is assumed to foster both student learning and motivation. Continuous teacher monitoring
and clear procedures may serve to create a well-structured environment within which students per-
ceive themselves as autonomous and competent and thus develop subject-related interest (Klieme
et al., 2009; Kunter, Baumert, & Kéller, 2007; Kunter, Klusmann, et al., 2007; Rakoczy et al., 2007).
Longitudinal studies support the assumption that classroom management positively affects the
development of student interest, but not on the class-level, suggesting that this dimension of teach-
ing quality is especially effective for individual students within classes (Kunter, Baumert, &
Koller, 2007; Kunter, Klusmann, et al., 2007). In cross-sectional studies, however, classroom man-
agement has been shown to be positively related to student interest on the class-level
(e.g., Schiefele, 2017). Student support is explicitly grounded in motivational theories and in particu-
lar in self-determination theory (Ryan & Deci, 2000). It is assumed that student support promotes
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student motivation by providing students with experiences of autonomy, competence, and social
relatedness (Praetorius et al., 2018). In fact, several studies have found positive effects of student
support on students’ interest in science and mathematics (Dorfner et al., 2018; Fauth et al., 2014;
Kleickmann et al., 2020; Klieme & Rakoczy, 2003; Kunter et al., 2013; Lazarides et al., 2020;
Lazarides & Ittel, 2012). However, the evidence is mixed, as other studies report either no effect of
student support or unclear results (e.g., Lazarides & Ittel, 2013; Yi & Lee, 2017).

The theoretical basis of the third basic dimension, cognitive activation, lies primarily in the-
ories of cognitive learning such as social constructivist theories (Palincsar, 1998). Cognitive acti-
vation is therefore primarily expected to promote student understanding (Praetorius
et al., 2018), but some authors also note its potential for promoting student motivation
(e.g., Fauth et al., 2014). From the perspective of theories of motivation and interest, cognitive
activation appears to have great potential to promote student interest, as it has key features that
trigger and maintain situational interest, such as providing challenging tasks or creating cogni-
tive conflicts that generate surprising insights and maintain individual interest (e.g., by
highlighting connections between subject matter and students' everyday lives). However, the
evidence to support this notion is inconclusive (Praetorius et al., 2018; Yi & Lee, 2017). Whereas
some studies using short-term longitudinal designs suggest positive effects of cognitive activa-
tion on students' interest in science (Dorfner et al., 2018; Fauth et al., 2014; Fortsch et al., 2017,
Kleickmann et al., 2020), others do not find evidence of the expected pattern (Waldis
et al., 2010; Yi & Lee, 2017).

To conclude, there is initial evidence that the three basic dimensions of teaching quality
may promote student interest in physics. There are several possible reasons for the mixed find-
ings, including different conceptualizations or measures of the three basic dimensions. How-
ever, the existing research also has several limitations. Many studies examining how basic
dimensions of teaching quality affect student interest in science or mathematics have used
cross-sectional (Lazarides & Ittel, 2012; Schiefele, 2017; Yi & Lee, 2017) or short-term (across
several weeks) longitudinal designs (Dorfner et al., 2018; Fortsch et al., 2017; Kleickmann
et al., 2020). There is a clear lack of long-term longitudinal research examining the potentially
critical stage of the lower secondary school grades. In addition, most findings that refer to the
change in student interest from a short-term perspective are based on intervention studies and
do not consider class-level trajectories. For these reasons, it is unclear how the results of cross-
sectional or short-term longitudinal studies relate to the long-term development of interest
across several school years. In particular, we did not find any studies investigating the class-
level effects of teaching quality in physics education from a long-term perspective. Moreover,
most of the previous studies take only certain dimensions or features of teaching quality into
account, and most of the findings relate to the domain of mathematics. As far as we know, the
average effects of teaching in physics (versus no participation in physics teaching) on interest in
physics in secondary school classes have not yet been investigated longitudinally.

4 | PRESENTSTUDY

Extant research suggests that interest in science (in particular physics and chemistry) declines
substantially during secondary school. Despite being considered potentially highly relevant fac-
tors, the roles of teaching and teaching quality in the long-term development of class-level
interest in physics across the secondary school years are still poorly understood.
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In the present study, we aimed to fill this research gap. We focused on the domain of phys-
ics in the lower grades of secondary school and looked at the changes in interest in two time
periods. Specifically, we aimed (1) to describe class-level changes in students' trait-like interest
and (2) to examine the class-level effects of participation versus no participation in physics
teaching as well as (3) the effects of perceived teaching quality on changes in class-level interest.
To achieve these aims, we used a large longitudinal dataset comprising three measurement
points at the end of Grades 5, 6, and 7. In addition, we used a quasi-experimental design featur-
ing a comparison of classes with and without physics instruction to estimate the average effect
of teaching. To investigate the effects of teaching quality on the long-term development of class-
level interest in physics, we took a deeper look into those classes taught in physics and used stu-
dent ratings to assess the quality of the teaching.

In particular, the following research questions and hypotheses guided this study:

1. How does the average level of interest in physics change from Grade 5 to 6 and 6 to 7 at the
class level? Based on the results of previous studies on the development of interest and
related motivational constructs in elementary and secondary school (Frenzel et al., 2010;
Gottfried et al., 2001; Hoft & Bernholt, 2019; Lazarides et al., 2019), we expected a decline in
interest in physics from Grade 5 to 7 with a particularly strong decline from Grade 5 to
6. Beyond this mean trajectory, we expected significant class-level differences in the interest
trajectories (i.e., in the initial levels and changes in interest).

2. What role does it play for the change in interest whether classes participate in physics teach-
ing or not? The four-phase model of interest development suggests that without external
support and stimulation, interest can go dormant or even be abandoned (Harackiewicz
et al., 2016; Hidi & Renninger, 2006). Yet the question of whether interest can be maintained
or even fostered should also depend on the quality of teaching (e.g., Pianta & Hamre, 2009;
Praetorius & Charalambous, 2018). We therefore did not have a directed hypothesis for this
question.

3. What role does teaching quality play in the changes in interest in physics? Tentatively
extrapolating from previous short-term longitudinal studies and the theoretical consider-
ations described in the introduction, we assumed that cognitive activation, student support,
and classroom management have positive effects on the development of interest in physics
(Fauth et al., 2014; Fortsch et al., 2017; Hulleman & Harackiewicz, 2009; Praetorius
et al., 2018; Rosenzweig et al., 2020; Shin et al., 2019).

5 | METHODS
5.1 | Participants and design

Our analyses were based on data from a study on science education in German fourth- to
seventh-grade classes (Kauertz et al., 2011). The sample used for the present study consisted of
3577 lower secondary students (51% female) in 140 classes from different types of schools, that
is academic track (56%) and non-academic track schools, in North Rhine-Westphalia in western
Germany. The longitudinal data included three measurement points from Grade 5 to 7 and
were collected at the end of each school year. On average, students were 11.8 years old
(SD = 0.5 years) at the first measurement point (at the end of Grade 5). Thus, our study covered
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the potentially critical phase of lower secondary school, which students typically enter around
age 11.

During this phase, secondary schools in Germany provide an interesting quasi-experimental
design for investigating the effects of physics teaching on student interest: Physics is not taught
every year of lower secondary school, and this is not a matter of individual choice, which avoids
bias due to self-selection effects. Instead, each school decides whether physics is taught in Grade
5, 6, and/or 7. Only the number of hours of physics teaching for Grades 5-6 and for Grades 7-9
is binding. Information about whether a class participated in physics teaching during a given
school year was provided by the teachers. We only included classes (N = 140) with unambigu-
ous information on whether physics was or was not taught in Grade 6 or Grade 7. We used the
information on participation in physics teaching and on teaching quality as predictors for the
class-level changes in student interest from Grade 5 to 6 and 6 to 7 (research questions 2 and
3, respectively). Students completed questionnaires on their interest in physics and perceived
teaching quality, among other constructs. Student participation was voluntary and required
parental consent.

For research questions 1 and 2, we used the full data set of 3577 students in 140 classrooms.
For Research Question 2, we included information from the quasi-experiment, that is, informa-
tion on participation in physics teaching in Grade 6 and Grade 7. For Research Question 3, we
used the subsamples of only those classes that were taught physics that year (2543 students in
107 classes for Grade 6 and 1962 students in 85 classes for Grade 7). For a conceptual overview
of research questions and related analyses, see Figure 1.

5.2 | Measures
52.1 | Interestin physics

To measure student interest in physics, we used five items that were originally constructed by
Blumberg (2008) and employed and validated in previous studies (e.g., Kleickmann et al., 2020;
Trobst et al., 2016; Walper, 2017). Two items assessed the affective component (e.g., “I enjoy
engaging with these topics™), two items the cognitive component (e.g., “I am eager to learn
more about these topics.”), and one item the behavioral component (“At home, I often read
about these topics™). The wording of all items is included in Table S1. All items were rated on a
four-point scale ranging from “strongly disagree” (1) to “strongly agree” (4). Students were
instructed to consider topics such as acoustics, magnetism, and optics as examples of physics
topics when responding to the items. Cronbach's alphas for interest in physics in Grades 5, 6,
and 7 were a = 0.82, 0.84, and 0.86, respectively. The reliabilities on the class-level were
ICC2 = 0.78, 0.69, and 0.69 for Grades 5, 6, and 7, respectively.

5.2.2 | Student ratings of teaching quality

Students rated teaching quality along a set of 20 items measuring cognitive activation, two
facets of student support (i.e., cognitive support and emotional support), and classroom man-
agement (Kleickmann et al., 2020). Each of the four constructs was assessed by five items. Cog-
nitive activation aims at fostering higher-order thinking, which parallels concepts from science
education such as ambitious science teaching or challenging student thinking (e.g., by eliciting
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Research question 1: How does the average
level of interest in physics change from grade
5 to 6 and Grade 6 to 7 at the class level?

N = 140 classes (3577 students)

Research Question 2: What role does it play
for the change in interest whether classes
participate in physics teaching or not?

N =140 classes (3577 students)

Research question 3: What role does
teaching quality play in the changes in
interest in physics?

We used the two subsamples of only those
classes that were taught physics that year
and set up two separate models.

Grade 6: N = 107 classes (2543 students)
Grade 7: N = 85 classes (1962 students)

Change in

interest from
Grade 5to 6

Participation in
physics teaching
(ves/no)
Grade 6

Change in
interest from
Grade 5to 6

JRSTIWILEY L2

Change in

interest from
Grade 6to 7

Participation in
physics teaching
(ves/no)
Grade 7

Change in
interest from
Grade6to 7

Teaching
quality at
Grade 6

Change in
interest from
Grade 5to 6

Teaching
quality at
Grade 7

Change in
interest from
Grade 6to 7

FIGURE 1 Conceptual overview of research questions and analyses. Gray parts refer to the latent change
score models used to model change in interest. Rectangles denote manifest variables and ovals denote latent
variables. For a detailed description of the models please, see the Analyses Section.

and challenging student ideas; Roth et al., 2011; Windschitl et al., 2012). Cognitive activation

was operationalized by the experience of cognitive conflict, justification of ideas, testing of

hypotheses, and application of physics concepts to everyday situations (e.g., “Our teacher asks
us to give reasons for our assumptions”). Cronbach's alphas for Grades 6 and 7 were a = 0.71
and a = 0.68, respectively. The reliabilities on the class-level for Grades 6 and 7 were
ICC2 = 0.90 and 0.88, respectively. Cognitive support aims to reduce cognitive demands and
promote clarity, which corresponds to strategies used to provide clear and coherent learning
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environments and guidance to assist student inquiry (e.g., Lazonder & Harmsen, 2016; Roth
et al., 2011). Cognitive support was operationalized by clarity of goals and procedures, absence
of incomprehensible terms, and adequate reduction of complexity (e.g., “During instruction, too
many topics are often covered simultaneously,” recoded). Cronbach’s alphas for Grades 6 and
7 were a = 0.66 and a = 0.65, respectively. The reliabilities on the class level for Grades 6 and
7 were ICC2 = 0.88 and 0.88, respectively. Emotional support aims at fostering the experience
of autonomy and social relatedness and was operationalized by autonomy support, praise, and
teacher sensitivity to student problems (e.g., “Our teacher pays attention to my problems”).
Cronbach's alphas for Grades 6 and 7 were a = 0.83 and a = 0.84, respectively. The reliabilities
on the class level for Grades 6 and 7 were ICC2 = 0.92 and 0.91, respectively. Classroom man-
agement aims at maximizing learning time and was operationalized by the absence of disrup-
tions and of time-wasting (e.g., “Students fool around in class,” recoded). Cronbach's alphas for
Grades 6 and 7 were @ = 0.89 and a = 0.91, respectively. The reliabilities on the class level for
Grades 6 and 7 were ICC2 = 0.93 and 0.92, respectively. For the item wording of all items, see
Table S2. All items were rated on a four-point scale ranging from “strongly disagree” (1) to
“strongly agree” (4). A recent study provided evidence of the factorial and predictive validity of
the four scales used to assess teaching quality from the student perspective (Kleickmann
et al., 2020).

The wording of all items for student interest and teaching quality was simple, and all items
were read out loud by the teachers following the description in a manual to minimize language
and reading problems and maximize standardization of the procedure. Means, standard devia-
tions, and ICC1 for each scale are listed in Table 2.

5.3 | Analyses
5.3.1 | Multilevel and longitudinal structure of the data

The nature of the present data was multilevel (students nested in classes) and longitudinal
(three measurement points of physics interest). When analyzing student ratings of teaching
quality, variance within and between classes can be distinguished (e.g., Wagner et al., 2016). In
the present study, we were interested in the role of teaching and the role of teaching quality for
the development of students’ interest in physics (research questions 2 and 3). Thus, our main
interest was in the respective relationships on the between-class level. For intra-class correla-
tions indicating the ratio of within- and between-class variance (ICC1), see Table 2.

To investigate the development of interest across the three measurement points, we used multi-
level structural equation modeling, specifically two-level latent change score models decomposing
intra-individual, within-class, and between-class variability (Bollen & Curran, 2006; Kievit
et al., 2018; McArdle, 2009). A latent change score model for a given variable (here: interest) mea-
sured at two time points (Interest Grade 5 and Interest Grade 6) is based on the assumption that
Interest Grade 6 can be decomposed into Interest Grade 5 (i.e., the initial level) and a factor rep-
resenting the difference between Interest Grade 6 and Interest Grade 5 (i.e., the latent change score
modeling intra-individual change). This assumption can be transferred into a structural equation
model by setting up an autoregressive model with the regression weight of Interest Grade 6 on
Interest Grade 5 fixed to 1. Moreover, Interest Grade 6 is regressed on the latent change factor with
the regression weight fixed to 1. Finally, the residual variance of Interest Grade 6 is fixed to 0. Conse-
quently, Interest Grade 6 is perfectly predicted by Interest Grade 5 and the latent change score
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factor. To model three measurement points, we applied neighbor change models. In this case,
change between Interest Grade 5 and Interest Grade 6 is modeled as described above. Change
between Interest Grade 6 and Interest Grade 7 is modeled by regressing Interest Grade 7 on Interest
Grade 5, the factor representing latent change between Interest Grade 5 and Interest Grade 6, and
on a factor representing latent change between Interest Grade 6 and Interest Grade 7. Again, the
respective regression weights have to be fixed to 1 and the residual variance of Interest Grade 7 has
to be fixed to O (see Figure 2; McArdle, 2009). For the states of Interest Grade 5 to Interest Grade
7, we included measurement models based on each five indicators (i.e., the five items used to assess
student interest in physics).

We set up a latent neighbor change model on the within- and the between-class level using
the doubly latent approach (Marsh et al., 2009) for the three measurement models (Interest
Grade 5 to Interest Grade 7). However, as already mentioned, we were particularly interested in
the between-class level. We entered gender (at the within- and between-class level) and school
type (academic-track versus non-academic-track school at the between-class level) as time-
invariant covariates of the intercept factor (level of interest at the end of Grade 5) and the two
latent change score factors.

A Interest
Grade 7-6

A Interest
Grade 6-5

Interest
Grade 7

Interest
Grade 6

Interest
Grade 5

€15 €25 €35 €45 €ss €16 €26 €36 €46 Esp €17 €27 €37 €47 Es7

FIGURE 2 Two-level latent change score model used to model latent change in physics interest from Grade
5to 6 and 6 to 7. Ovals and circles refer to latent variables and rectangles to observed variables. Delta interest
(A Interest) denotes the latent change in physics interest. Short arrows not originating from a variable denote
variances or residual variances. Lambdas () denote factor loadings. Epsilons (¢) denote error terms in the
measurement models. For the sake of clarity, only the between-level part of the model is displayed. Moreover,
correlations between residuals of the same interest items across measurement occasions were included in the
model but are not displayed. Covariates (gender and school type) were also included in the model but are not
displayed. Please note that in the doubly-latent approach used here to model within- and between-level
variability in physics interest, the indicators 115-157 (circles) represent latent intercepts on the between-class
level (latent aggregation, Marsh et al., 2009).
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To investigate Research Question 1, we inspected the means and variances of the latent
intercept and change score factors modeling the development of interest in physics on the
between-class level.

To investigate Research Question 2, we introduced two dummy variables (coding participa-
tion versus non-participation in physics teaching in Grade 6/Grade 7) on the between-class level
as predictors of the latent change scores for Grades 5-6 and Grades 6-7. Thus, participation in
physics teaching was considered a time-varying covariate.

To investigate Research Question 3, we inspected the two subsamples of students participat-
ing in physics teaching in Grade 6 (Subsample 1, n = 2543) and Grade 7 (Subsample
2, n = 1962). For Subsample 1, we set up a latent change score model for change in interest
from Grade 5 to 6. For Subsample 2, we set up a latent change score model for change in inter-
est from Grade 6 to 7. We then separately introduced latent factors modeling the dimensions of
teaching quality on the within- and the between-class level. We regressed the latent change
score modeling change in interest on the respective factor for teaching quality. In addition,
teaching quality was regressed on the initial level of interest in Grade 5/Grade 6 (see Figures 4
and S1 for Mplus code). We therefore controlled for the effect of initial interest on perceived
teaching quality. All significance testing was performed at the 0.05 level.

5.3.2 | Measurement invariance

A necessary condition for analyzing change in longitudinal studies is measurement invariance
across measurement occasions (Bollen & Curran, 2006; McArdle, 2009). This seems to be partic-
ularly relevant in research on student interest as previous studies indicated qualitative shifts in
the construct of interest during adolescence (Frenzel et al., 2012; Renninger & Hidi, 2011). As
suggested in the literature (e.g., Vandenberg & Lance, 2000), we compared the model fit in a
series of latent state models with measurement parameters (i.e., factor loadings, intercepts, and
residuals) progressively constrained to equality.

We evaluated model fit by means of the comparative fit index (CFI), the root-mean-square
error of approximation (RMSEA), the standardized root-mean-square residual (SRMR), which
was calculated separately for the within- and between-class covariance matrices (SRMR within,
SRMRpetween), and the Bayesian information criterion (BIC). CFI values above 0.90, RMSEA
values below 0.05, and SRMR values below 0.08 are considered indicative of a satisfactory to
good model fit (Hu & Bentler, 1999; Yu, 2002). For model comparisons used for invariance test-
ing, we inspected the respective changes in model fit (Chi square difference testing, delta CFI,
and delta RMSEA) and BIC (lower values indicating better model fit).

According to the absolute model fit, CFI, Tucker-Lewis index(TLI), RMSEA, and SRMR
showed acceptable to good model fit for all models depicted in Table 1. Nevertheless, Chi
square difference tests, delta TLI, delta RMSEA, and BIC suggested that the strong invariance
model showed substantially better model fit than the strict invariance model. We therefore
assumed strong invariance of our physics interest measure, which is considered sufficient for
analyzing change in longitudinal studies (McArdle, 2009; Vandenberg, 2002).

Although teaching quality was assessed in different subsamples and not as a longitudinal
measure (classes taught physics in Grade 6 and classes taught physics in Grade 7), we addition-
ally tested measurement invariance for teaching quality in those classes (n = 67) that were tau-
ght physics in Grades 6 and 7. To reduce model complexity, we set up models for each
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TABLE 1 Measuring physics interest across Grades 5-7 using a two-level latent-state model: Model fit for
models featuring configural, weak, strong, and strict measurement invariance across measurement occasions

Configural Weak Strong Strict

1nvariance invariance invariance invariance
Ve 371 401 429 1061
df 156 164 172 192
p 0.000 0.000 0.000 0.000
CFI 0.988 0.987 0.986 0.955
RMSEA 0.020 0.020 0.021 0.035
SRMR within 0.024 0.026 0.027 0.048
SRMR between 0.075 0.073 0.072 0.091
BIC 100,556 100,521 100,483 100,952
Ay*/Adf 30/8* 28/8* 632/20*
ACFI 0.001 0.001 0.032°
ARMSEA 0.000 0.001 0.014
ASRMR between 0.002 0.001 0.019

Note: The As refer to the comparison with the previous model.

Abbreviations: BIC, Bayesian information criterion; CFI, comparative fit index; RMSEA, root-mean-square error of
approximation; SRMR, standardized root-mean-square residual.

“Loss of fit indicating noninvariance according to Chen's (2007) and Cheung and Rensvold's (2002) cut-off criteria.
*p < 0.01 (loss of fit statistically significant).

dimension of teaching quality. Based on the criteria for model fit described above, the results
showed strong measurement invariance for the four dimensions of teaching quality.

5.3.3 | Missing data

Missing data represent a potentially serious issue in empirical research and in longitudinal stud-
ies in particular (Allison, 2002; Schafer & Graham, 2002). Of the full sample of N = 3577 stu-
dents, 3234 students (90.4%) completed the items on physics interest in Grade 5; 3032 students
(84.8%) in Grade 6; and 3121 students (87.3%) in Grade 7. Students participating in Grade 7 did
not differ significantly from non-participating students either in physics interest in Grade 5,
F(1, 4223) = 0.382, p = 0.536, d = 0.02, or in physics interest in grade 6, F(1, 3030) = 0.746,
p = 0.388, d = 0.05. Inspecting the rates of missingness on the item level revealed that the lowest
covariance coverage was 75%; that is, for any combination of two measurement time points (¢1-£2;
t1-t3; 12-t3), at least 75% of the students completed the respective item at both measurement time
points. For the subsamples used to investigate Research Question 3 (effects of teaching quality), the
lowest covariance coverages were 79% and 75% for Grades 6 and 7, respectively.

For the items on teaching quality, inspection of missing data in the subgroup of students
participating in physics teaching in Grade 6 showed that up to 13.9% of the data were missing.
Inspection of the respective missing data in the group of students participating in physics teach-
ing in Grade 7 showed that up to 12.8% of the data were missing. Class membership was very
stable and only 0.1% and 0.3% of individual students changed classes from Grade 5 to 6 and 6 to
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7, respectively. These students were considered missing after they changed classes. We used full
information maximum likelihood (FIML; Enders & Bandalos, 2001) estimation with robust
standard errors implemented in Mplus (Muthén & Muthén, 1998-2012) to deal with
missing data.

6 | RESULTS
6.1 | Preliminary descriptive results

Inspection of the descriptive results provided in Table 2 showed that classes’ average interest in
Grade 5 was slightly below the scale mean of 2.5 points and that average interest was descrip-
tively lower in Grades 6 and 7. The means of the four aspects of teaching quality ranged from
1.95 to 2.81 scale points, with classroom management showing the lowest values.

The portion of between-class variability (ICC1I) in interest in physics was rather low at 0.12,
0.08, and 0.08 for Grades 5, 6, and 7, respectively. For teaching quality, the portion of between-
class variability ranged between 0.23 for cognitive activation (in Grade 7) and 0.36 for classroom
management (in Grade 6). Thus, the classes differ more in their perceived teaching quality than
in their level of interest.

Inspection of the manifest zero-order correlations on the between-class level indicated that
rank-order stability of physics interest was low from Grade 5 to 6 (r = 0.35) and high from
Grade 6 to 7 (r = 0.65). The correlations between the four dimensions of teaching quality were
medium to high, indicating sufficient discriminant validity. For Grades 6 and 7, the correlations
between the dimensions were quite similar, indicating similar construct relations. Emotional
and cognitive support were the constructs showing the highest correlations with » = 0.77 and
r = 0.71 in Grades 6 and 7, respectively. Each dimension of teaching quality was positively
related to interest in physics at the respective measurement time point. The correlations ranged
from r = 0.28 (cognitive activation and classroom management with physics interest at Grade
7) to r = 0.62 (emotional support with physics interest at Grade 6).

6.2 | Research Question 1: Change in class-level interest in physics
from Grades 5 to 7

The results were based on the full sample of N = 3577 students in N = 140 classes. We used a two-
level latent change score model as depicted in Figure 2 to analyze the decline in physics interest.
According to common criteria for model evaluation (Hu & Bentler, 1999; Yu, 2002), this model
showed good fit to the data (RMSEA = 0.02, CFI = 0.99, TLI = 0.98, SRMRyjmnin = 0.03,
SRMRpetween = 0.07). The mean of the latent intercept factor (labeled “Interest Grade 5” in
Figure 2) indicated the mean of the reference indicator (“I enjoy engaging with these topics™) in
Grade 5. The mean of 2.32 was slightly below the scale mean of 2.50. As indicated by the means of
the latent change variables (labeled “A Interest Grade 6-5” and “A Interest Grade 7-6” in Figure 2),
interest in physics declined by 0.38 and 0.18 scale points from the end of Grade 5 to the end of
Grade 6 and from the end of Grade 6 to the end of Grade 7, respectively.

The latent intercept (level of interest in Grade 5) as well as the two latent change variables
showed significant variability on the between-class level (see Table 3). The levels of interest in
Grade 5 were negatively related to the changes in interest indicating a compensatory relation
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TABLE 3 Interest level and change: Means and variances for the latent intercept (level) and latent change
score variables on the between-class level

Variable M SE p Var SE P

Interest level: Grade 5 2.32 0.03 <0.01 0.09 0.02 <0.01
Interest change: Grade 5 to 6 —0.38 0.03 <0.01 0.10 0.02 <0.01
Interest change: Grade 6 to 7 —0.18 0.02 <0.01 0.04 0.01 <0.01

TABLE 4 Effects of gender and school type on interest level and change on the within and between level

Level of interest: Change in interest: Change in interest:

Grade 5 Grade 5 to 6 Grade 6 to 7

Within Between Within Between Within Between

p SE p SE p SE p SE p SE p SE
Gender 0.15*  0.03 —-0.02 0.15 0.05% 0.02 0.03 0.19 —0.01 0.03 014 0.23
School type  — — —0.02 0.11 — — 0.01 012 — — 0.07 0.15

*p < 0.05.

(i.e., classes starting with high interest in Grade 5 showed a stronger decline from Grade 5 to
6 and 6 to 7).

To control for effects of gender and school type on the level and changes in interest, the
model included gender (on the within- and between-class level) and school type (on the
between-class level) as dichotomous time-invariant covariates. Effects of gender and school type
on interest level and change are depicted in Table 4. On the between-class level, neither gender
nor school type were significantly related to interest level in Grade 5 or changes in interest from
Grade 5 to 6 or from Grade 6 to 7. However, gender was related to interest level (f = 0.15,
p < 0.01) and the change in interest from Grade 5 to 6 (# = 0.05, p < 0.01) on the within-class
level, meaning that boys showed a higher level of interest in grade 5 and a more positive slope
(i.e., less decline) of the interest trajectory. For the subsequent analyses, we dropped gender and
school type as covariates on the between-class level, but retained gender as a covariate on the
within-class level.

6.3 | Research Question 2: Effects of participation versus no
participation in physics teaching on changes in physics interest

The results were based on the full sample of N = 3577 students in N = 140 classes. We used the
latent change score model as depicted in Figure 2 and introduced two dummy variables coding
participation in physics teaching in Grade 6 or Grade 7 on the between-class level as time-
varying covariates (see Figure 3). This model fit the data well, with RMSEA = 0.02, CFI = 0.98,
TLI = 0.98, SRMRyithin = 0.03, SRMRpetween = 0.10. Physics teaching (yes = 1, no = 0) in Grade
6 was marginally and negatively related to the change in physics interest from Grade 5 to 6, with
B = —0.12, p = 0.08. Neither physics teaching in Grade 6 (f# = 0.00, p = 0.97) nor physics teach-
ing in Grade 7 (f = —0.06, p = 0.58) was significantly related to the change in physics interest
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FIGURE 3 Effects of participation (versus no participation) in physics teaching on changes in physics interest
from Grade 5 to 6 and 6 to 7 on the between-class level. Results are based on a two-level latent change score model
and maximum likelihood estimation with robust standard errors. Participation (versus no participation) in physics
teaching in Grade 6 or 7 is considered a manifest time-varying covariate. Ovals and circles refer to latent variables
and rectangles to observed variables. Delta interest (A Interest) denotes the latent change in physics interest. Short
arrows not originating from a variable denote variances or residual variances. Lambdas (A) denote factor loadings.
Epsilons (g) denote error terms in the measurement models. For the sake of clarity, only the between-level part of the
model is displayed. Correlations between residuals of the same interest items across measurement occasions were
included in the models but are not displayed. Please note that in the doubly-latent approach used here to model
within- and between-level variability in physics interest, the indicators I15-157 (circles) represent latent intercepts on
the between-class level (latent aggregation, Marsh et al., 2009). "p < 0.10. *p < 0.05

from Grade 6 to 7. Thus, there were no substantial effects of participation versus non-
participation in physics classes on the change in interest in physics.

6.4 | Research Question 3: Effects of teaching quality on changes
in physics interest

To investigate the effects of teaching quality on class-level changes in physics interest (Research
Question 3), we used the two subsamples of classes that were taught physics in Grade

a5UB0|7 SUOWIWOD BAIeER1D) 8|qedldde ay) Aq peusenob ae sapiie YO ‘88N J0 S3jnu 10} AriqIT 8UIUO AB]IM UO (SUO N IPUOD-PUE-SLUBYW0D" A3 | 1M ARe1q1[Bu U0//:SdNY) SUORIPUOD pue S | 84} 89S *[£202/50/2T] Uo AriqiTaulluo AB|IM ‘BIX XeuiolqIgs IS BAIN AQ 7612 €8/200T OT/I0p/W0D A3 Im Akeiqpul|uoy/sdny woi papeojumoq ‘T ‘€202 ‘9€.2860T



= | WILEYLJRST

STEIDTMANN ET AL.

Model for Grades 5 and 6

0.14*/0.07%/0.24*/0.24*

Teaching
Quality
Grade 6

0.45*/0.46*/0.53*/0.34*

0.09*/0.08*/0.09*/0.08*

Model for Grades 6 and 7

0.11*/0.04*/0.19*/0.27*
Teaching

Quality
Grade 7

0.37*/0.42*/0.25/0.25

0.03*/0.03*/0.03*/0.03*
0.21*/0.10/0.26*/-0.10 0.10/0.55*/0.46*/0.24*
A Interest A Interest
Grade 6-5 Grade 7-6
-0.78"/0-.76%/-0.83*/-0.68" -0.34%/-0.49%/-0.38%/-0.34"

0.09%/0.09%/0.09*/0.09* 0.05*/0.05*/0.05*/0.05*

Interest
Grade 5

Interest Interest Interest
Grade 6 Grade 6 Grade 7

@@@ G @HEHEE

€15 €5 €35 €5 €55 €116 €16 €36 =3 €56 €116 €126 €136 €5 €156 €117 €17 €37 €147 €157

FIGURE 4 Effects of teaching quality on changes in physics interest controlling for prior interest on the
between-class level. We introduced each one of the four dimensions of teaching quality, that is, cognitive
activation, cognitive support, emotional support, and classroom management, in the models. Dashes separate
the respective path coefficients, variances, and residual variances for cognitive activation, cognitive support,
emotional support, and classroom management. Ovals and circles refer to latent variables. Delta interest

(A Interest) denotes the latent change in physics interest. Short arrows not originating from a variable denote
variances or residual variances. Lambdas (1) denote factor loadings. Epsilons (¢) denote error terms in the
measurement models. For the sake of clarity, only the between-level part of the model is displayed. Correlations
between residuals of the same interest items across measurement occasions are included in the models but are
not displayed. Please note that in the doubly-latent approach used here to model within- and between-level
variability in physics interest and perceived teaching quality, the indicators 115-I157 and TQ16-TQ57 (circles)
represent latent intercepts on the between-level (latent aggregation, see Marsh et al., 2009). *p < 0.10. *p < 0.05

6 (n = 107 classes, n = 2543 students) or Grade 7 (n = 85 classes, n = 1962 students). We
applied two-level latent change score models to each of the two subsamples. The main depen-
dent variables were the class-level latent changes in physics interest from Grade 5 to 6 or 6 to
7. The latent change score models and the effects of teaching quality on changes in physics
interest are depicted in Figure 4. Cognitive activation and cognitive support were positively
related to changes in interest from Grade 5 to 6 as well as from Grade 6 to 7. Emotional support
and classroom management were positively related to changes in physics interest from Grade
5 to 6 only. The direction of effects was the same: Higher teaching quality was related to a more
positive slope of the interest trajectory in the respective classes. As interest, on average, declined
from Grade 5 to 6 and 6 to 7 (see results on Research Question 1, Table 3), this means that
higher teaching quality was related to less decline in interest in the respective classes. The
respective effect sizes were medium and ranged from f = 0.34 for classroom management in
Grade 6 to # = 0.53 for emotional support in Grade 6. In addition, the results provide initial evi-
dence for reverse effects: Classes' interest level at the end of Grade 5 was positively related to
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their perception of emotional support in Grade 6. Moreover, classes’ interest level at the end of
Grade 6 was positively related to their perception of cognitive and emotional support in Grade
7 (see Figure 4).

To explore the robustness of the effects of teaching quality, we calculated additional models
for the effects of each dimension of teaching quality on changes in interest from Grade 5 to
6 and 6 to 7 including gender and school type as between-class level covariates. Comparing the
results from the models with and without these class-level covariates revealed very similar
effects of teaching quality (Table S3). We concluded that the results seem to be robust con-
cerning the inclusion of such covariates on the between-class level, which was our focal level of
investigation.

7 | DISCUSSION

Promoting interest is a pivotal goal of education (Harackiewicz et al., 2016; Krapp &
Prenzel, 2011; Reeve et al., 2015). However, this goal seems to be achieved rarely in math and
science education (and particularly in physics and chemistry), as interest in these domains
declines substantially in secondary school (Anderhag et al., 2016; Frenzel et al., 2012; Gottfried
et al., 2001; Krapp & Prenzel, 2011). In the present study, we were interested in class-level dif-
ferences in the development of physics interest and the effects of teaching and teaching quality
on this development. Using a large sample of students in lower secondary school, this study is
one of a few to investigate between-class differences in the trajectories of trait-like interest
across several school years. Complementing intervention studies that manipulated specific
teaching-related features (e.g., utility-value interventions) and examined their role in the devel-
opment of interest and related motivational constructs, this study focused on the effects of
“business-as-usual” teaching. We also used a comprehensive model of teaching quality (instead
of single features) to examine the role of teaching quality in interest development.

7.1 | Declining interest in physics: Variability in interest trajectories
between classes is significant but low compared to within-class
variability

Supporting our hypotheses on Research Question 1, the average level of interest in physics at
the class level declined from Grade 5 to 7. As expected, the average interest trajectory showed a
more pronounced decline from Grade 5 to 6 and a less pronounced decline from Grade 6 to
7 (suggesting a non-linear trajectory). The intra-class-correlations (ICC1) for physics interest in
Grades 5, 6, and 7 were significant but rather small, indicating comparably low variability in
interest in physics on the between-class level (compared to class-level variability in cognitive
achievement tests, e.g., Baumert et al., 2012). Moreover and in line with our expectations, we
found substantial between-class differences in the latent changes in interest in physics. How-
ever, compared to within-class variability, these differences were relatively small but significant.
Finally, rank-order stability of class-level interest was low from Grade 5 to 6 and high from
Grade 6 to 7. Our findings on the mean interest trajectory are consistent with previous results
on interest in STEM subjects (Fredricks & Eccles, 2002; Frenzel et al., 2012; Krapp &
Prenzel, 2011; Potvin & Hasni, 2014), indicating a curvilinear trajectory of decline in interest
(see Frenzel et al., 2010; Jacobs et al., 2002; Kim et al., 2015; Watt, 2004). Hence, our results

a5UB0|7 SUOWIWOD BAIeER1D) 8|qedldde ay) Aq peusenob ae sapiie YO ‘88N J0 S3jnu 10} AriqIT 8UIUO AB]IM UO (SUO N IPUOD-PUE-SLUBYW0D" A3 | 1M ARe1q1[Bu U0//:SdNY) SUORIPUOD pue S | 84} 89S *[£202/50/2T] Uo AriqiTaulluo AB|IM ‘BIX XeuiolqIgs IS BAIN AQ 7612 €8/200T OT/I0p/W0D A3 Im Akeiqpul|uoy/sdny woi papeojumoq ‘T ‘€202 ‘9€.2860T



184 WI LEY~\~ JRST STEIDTMANN ET AL.

underscore the notion that the lower grades of secondary school represent a relatively critical
phase for the development of student interest (Hoft et al., 2019; Tr6bst et al., 2016) and comple-
ment the current body of longitudinal research on interest development in science focusing on
the later school years (e.g., Hoft & Bernholt, 2019; Wang & Hazari, 2018). Our results also add
to previous research that focused primarily on the student level and did not disentangle within-
and between-class variability in interest trajectories. Nevertheless, to probe the effects of teach-
ing and teaching quality, it is the between-class variability in the interest trajectories that is of
particular relevance (e.g., Wagner et al., 2016).

Concerning the measurement of interest, our results on measurement invariance suggest
that trait-like interest in physics might not be subject to the qualitative shifts found in older
adolescents in the domain of mathematics (Frenzel et al., 2012). Furthermore, we did not find
gender differences in either levels or changes in interest on the between-class level, which
means that the percentage of girls in classes was not related either to the classes’ level of interest
or to classes’ changes in interest. The non-existence of gender effects on the between-class level
is partly attributable to the low between-class variability in the portion of girls (ICC = 0.03).
Nevertheless, on the within-class level, we found gender differences in the levels and small dif-
ferences in the changes of interest from Grade 5 to 6.

7.2 | On average, participation in physics teaching neither fostered
nor reduced classes’ interest in physics

To analyze the “net” effect of participation (versus no participation) in physics teaching for
class-level trajectories in physics interest (Research Question 2), we used a quasi-experimental
design and considered physics teaching a time-varying class-level covariate. Our results
suggested no or relatively small and negative effects of participation (versus no participation) in
physics teaching on class-level changes in interest from grade 5 to 6 and 6 to 7, respectively.
Hence, on average, it did not make a great difference for class-level interest trajectories whether
classes were taught physics or not: Physics teaching neither promoted nor reduced interest in
physics to any large extent. We found at best small detrimental effects on class-level interest
development from Grade 5 to 6. According to the four-phase model of interest development
(Hidi & Renninger, 2006), scholastic learning environments are important to triggering or
maintaining interest. This seems to be particularly important in science, as many children only
have the opportunity to learn about science in school (Kaya & Lundeen, 2010; Shymansky
et al., 2000). However, our results suggest that on average, physics teaching may not achieve
the goal of buffering the decline in physics interest in lower secondary school. Approaches
known from intervention studies such as utility-value interventions (Curry Jr. et al., 2020;
Hulleman et al., 2017; Rosenzweig et al., 2020; Shin et al., 2019) are probably not implemented
on a sufficiently regular basis in schools. Our findings emphasize the importance of such
approaches and to improve teaching quality (see next section).

7.3 | Perceived teaching quality made a difference
In the next step, we inspected only those classes participating in physics teaching in Grade 6 or

7 to analyze the role of perceived teaching quality in the class-level changes in physics interest
(Research Question 3). Our results suggested that teaching quality does make a substantial
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difference: Higher teaching quality was related to a more positive slope of interest development
in physics. As hypothesized, cognitive activation was positively related to changes in physics
interest from Grade 5 to 6 as well as from Grade 6 to 7, thus mitigating the decline in interest.
Cognitive support (please recall that we differentiated student support into cognitive support
and emotional support; Kleickmann et al., 2020; Pianta et al., 2012) was also positively related
to changes in interest from Grade 5 to 6 as well as from Grade 6 to 7. However, for classroom
management and emotional support, the expected patterns were only partly confirmed: Class-
room management and emotional support were only related to changes in interest from Grade
5 to 6. While this effect was relatively small for classroom management, it was large for emo-
tional support. Examining changes in interest in two time periods (Grade 5 to 6 and 6 to 7) with
different samples, allowed us to test the robustness of the effects of the four dimensions of
teaching quality across the two periods. The effects of cognitive activation and cognitive support
proved to be stable across the two periods: They were significant with substantial effect size in
both time periods (see Figure 4). The effects of emotional support and classroom management,
however, seemed to be less robust: The positive effects found in the first period did not replicate
in the second time period. Additional robustness analyses comparing models with and without
the between-class level covariates gender and school-type revealed very similar effects of teach-
ing quality suggesting that the results are robust concerning the inclusion of such covariates.

In sum, despite the low class-level variability in trait-like interest in physics, teaching qual-
ity did make a substantial difference for class-level changes in physics interest. These results do
not contradict the results from Research Question 2, but rather show that whether or not clas-
ses are taught in physics is less important for the change in interest. What is crucial for the
change in interest in physics seems to be the way physics is taught. This underscores the impor-
tance of teaching quality and physics instruction that supports students in their learning
process.

Our findings are partly consistent with previous findings from studies using the three basic
dimensions framework for teaching quality. As hypothesized, cognitive activation showed consis-
tent positive effects on the changes in interest from Grade 5 to 6 and 6 to 7. Earlier studies using
short-term longitudinal designs already suggested positive effects of cognitive activation on classes'
interest (e.g., Dorfner et al., 2018; Fauth et al., 2014; Kleickmann et al., 2020). Our long-term longi-
tudinal findings thus confirmed the potential of cognitively engaging strategies (e.g., problem-based,
challenging tasks, fostering student thinking and challenging student preconceptions, or the con-
nection to everyday life phenomena) for the development of motivational constructs as also
highlighted in specific intervention studies (see Hulleman & Harackiewicz, 2009; Rosenzweig
et al., 2020) and science education research (Dorfner et al., 2018; Fauth et al., 2014; Kleickmann
et al., 2020).

Within the construct of student support, we distinguished cognitive and emotional support
(Kleickmann et al., 2020; Pianta et al., 2012). Cognitive support showed—similar to cognitive
activation—strong and consistent effects on the class-level changes in interest from Grade 5 to
6 and 6 to 7. As cognitive support focuses, for example, on reducing task complexity and structur-
ing, it supports classes in mastering cognitively demanding tasks. This notion has also been
highlighted in science education research pointing out, for instance, the importance of guidance in
student inquiry and structured content storylines (Hardy et al., 2006; Lazonder & Harmsen, 2016;
Puntambekar & Kolodner, 2005; Roth et al., 2011). Against the backdrop of self-determination the-
ory, it seems plausible that perceived cognitive support may lead to higher interest, probably
through the experience of competence and autonomy (Eccles, 2009; Ryan & Deci, 2000). Con-
cerning the two more domain-general dimensions of teaching quality (i.e., emotional support and
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classroom management), our findings were inconsistent. Emotional support was the strongest pre-
dictor of class-level changes in interest from Grade 5 to 6, but we found no effect on the respective
changes in interest from Grade 6 to 7. It may be assumed that emotional support from teachers does
not have the same importance in higher grades because, for instance, peer interactions become
more relevant at that age. However, this speculation would require further investigation. For class-
room management, previous studies found no effects on class-level interest development
(e.g., Kunter, Baumert, & Koller, 2007; Kunter, Klusmann, et al., 2007). Similarly, we only found a
small effect on the change in interest from Grade 5 to 6 and no effect from Grade 6 to 7. Although
these studies assessed different aspects of classroom management (our study focused on the absence
of disruptions, whereas Kunter et al., 2007, assessed monitoring and rules), they rather consistently
suggested that classroom management was not or was only weakly related to interest development
on the class level.

Although we investigated trait-like interest (in contrast to previous studies focusing on situ-
ational interest, such as Dorfner et al., 2018; Fauth et al., 2014; Kleickmann et al., 2020), our
results suggest that perceived teaching quality is closely related to class-level changes in
interest.

7.4 | Implications

As longitudinal research on the development of interest in scientific subjects is rare, especially
regarding class-level development, this study takes a first step to close this gap. In addition,
many studies on interest development test specific interest interventions. This study, however,
is devoted to regular physics lessons. Our results have important implications for research and
practice. Regarding the development of interest in physics (Research Question 1), our results
suggest that lower secondary school (Grades 5 to 7) might indeed be a critical phase for stu-
dents' interest in physics given the strong declines found here.

Although the impact of teaching on the long-term development of secondary school classes'
interest in physics across school years is seen as a potentially highly relevant factor, the effect of
teaching is still unclear. Therefore, our study examines the longitudinal class-level effects of
participation versus no participation in physics teaching in lower secondary school classes in a
quasi-experimental design. Our results on Research Question 2 suggest that, on average, physics
teaching might not achieve the goal of promoting or maintaining interest in physics: Participa-
tion (versus no participation) in physics teaching was at best marginally related to class-level
changes in physics interest, if at all. This seems to be particularly problematic as physics lessons
represent an important opportunity to develop or maintain student interest. Compared to other
domains such as reading, sports, and music, in the domain of science, there are fewer extra-
curricular or home-based learning opportunities available to (e.g., museum visits, television
broadcasts). Studies indicate that parents are less involved in their children's science learning in
elementary and secondary school as compared, for example, to math and reading (Kaya &
Lundeen, 2010; Shymansky et al., 2000). Schools thus represent an important environment for
the development of interest in science.

Going beyond the results on the average decline in interest, our results on Research Ques-
tion 3 suggest that teaching quality might be an important means to mitigate the decline in
interest in physics, a science sub-domain in which the decline in interest is particularly severe.
Complementing previous studies, our study examined the class-level effects of teaching quality
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in physics education in lower secondary school from a long-term perspective, considering four
dimensions of teaching quality.

Cognitive activation and cognitive support were closely and positively related to class-level
changes in interest from Grade 5 to 6 and 6 to 7. As these two basic dimensions of teaching
quality take the content of teaching into account (Blazar et al., 2017; Klieme et al., 2009), our
results point to the need to consider content-specific features of teaching quality as well when it
comes to promoting or maintaining interest in physics. Cognitive activation and cognitive sup-
port are typically considered from the perspective of cognitive learning outcomes. Looking at
the research on teaching quality together with theories of motivation and interest development
underscores the importance of using challenging tasks, pointing out the relevance of learned
concepts, and making connections to everyday life and previous experiences (Harackiewicz
et al., 2016; Hulleman et al., 2017; Trobst et al., 2016). These features are closely related to con-
tent and have not yet been sufficiently considered with regard to their role in interest develop-
ment in the three basic dimensions model of teaching quality (e.g., Klieme et al., 2009).
Cognitive support may play an increasing role in interest development in later years of second-
ary school, when content-related demands become more challenging. In this context, different
forms of cognitive support, such as reduction of task complexity, individual support, and feed-
back, might be important to develop competence-related beliefs (Eccles, 2009; Ryan &
Deci, 2000). However, this interpretation would need to be tested in further studies that would
include science education, for instance, in the higher grades of secondary school.

Our findings on the more general aspects of teaching quality were somewhat more inconsis-
tent. Emotional support and classroom management in Grade 6 were related to change in phys-
ics interest from Grade 5 to 6 (classroom management with a small effect only), but this pattern
was not replicated in the following year. It is not clear why the domain-general dimensions
show this inconsistent pattern of results and what it means for the relevance of domain-general
dimensions in lower secondary school science. For classroom management, our results mirror
previous findings that suggest a minor role of interest development on the between-class level
(e.g., Kunter, Klusmann, et al., 2007). For emotional support, it might be speculated that among
other possible reasons, peer relationships become more important during secondary school than
the relationship with the teacher (which was the focus of our measure of emotional support).
However, the reasons given here are speculative and require further investigation. Yet in light
of the differential findings and theoretical assumptions on their relationships with student moti-
vation, differentiating between content-specific and content-general dimensions of teaching
quality—and particularly between cognitive and emotional support—appears promising for
future research on interest in science.

7.5 | Limitations and directions for future research

Clearly, the results of this study should be explored further to address their limitations. First,
our results suggest that disentangling within- and between-class variability in interest trajecto-
ries is important to obtain a differentiated picture. Our results on Research Question 1 suggest
that variability in the interest trajectories on the within-class level is particularly high. In this
regard, future studies should further explore how predictors on the within- and the between-
class levels might be differentially related to changes in physics interest.

Second, future studies on physics interest could complement the results of this study by
focusing on the transition from elementary to secondary school. It should be noted that the
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transition from elementary to secondary school in Germany usually takes place after Grade
4 and that Grades 5 to 7, which were investigated in the current study, fall within the secondary
level. Our study suggests that these lower grades of secondary school, which were insufficiently
considered in previous research, seem to play an important role in physics interest. These find-
ings point to potential reforms, in particular, initiatives to improve teaching quality (e.g., Grigg
et al., 2013; Hulleman et al., 2017; Kleickmann et al., 2016). Future studies should, nevertheless,
replicate the results of this study in other education systems with later school transition.

Third, we assessed teaching quality solely from the perspective of students and used latent
aggregation (Marsh et al., 2009) to obtain the class-level perceptions of teaching quality.
Although the student-level or class-level perspective seems especially relevant for interest and
interest development (e.g., Fauth et al., 2014; Kleickmann et al., 2020; Kunter & Voss, 2013),
studies using ratings of external observers, for instance, could help to broaden our understand-
ing of the effects of teaching quality on classes’ interest in physics.

Fourth, the items in our measure of classroom management focused on student disruptions
and time-wasting, which is in line with many other studies using student ratings of classroom
management (e.g., Fauth et al., 2014; Wagner et al., 2016). As these aspects relate to student
behavior, other aspects of classroom management more closely related to teacher behavior
(e.g., rule clarity, routines, and monitoring) should be considered in future studies. Such mea-
sures might be better suited to picking up teacher or teaching effects, as classroom management
also reflects the effects of student composition, which may give rise to disruptions (Gollner
et al., 2020).

8 | CONCLUSION

This study focused on long-term class-level trajectories of trait-like interest in physics and the
roles of teaching and perceived teaching quality on these trajectories. Based on a large sample
and using a quasi-experimental and longitudinal design spanning Grades 5-7, the results pro-
vided evidence of a declining interest in physics from Grade 5 to 7 with stronger declines from
Grade 5 to 6 than from Grade 6 to 7. Class-level variability in the interest trajectories was signif-
icant, but low compared to within-class variability. The results also show that—on average—
physics teaching did not notably reduce nor increase interest in physics during this phase. Thus,
on average, “business-as-usual” physics teaching did not achieve the goal of promoting classes'
interest in physics. However, the results suggest that teaching quality might serve as an impor-
tant means to mitigate the decline in interest in physics, with content-specific aspects of teach-
ing quality (i.e., cognitive activation and cognitive support) deserving particular attention.
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