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1. Introduction

Instructional quality is a strong predictor of students' learning out-
comes (Helmke, 2012; Seidel & Shavelson, 2007). To assess aspects of
instructional quality in classrooms, various sources of information can
be used. While classroom observations by colleagues or trained ob-
servers are time consuming and restricted to narrow time frames (Van
der Scheer et al., 2019), the assessment of instructional quality by
students has the advantages of providing aggregated data that can cover
extended periods of time and does not require additional resources.
When acquiring information in the form of standardized assessments of
students' perceptions of instructional quality (SPIQ), it is necessary to
discuss whether these can be used as a reliable and valid information
source. SPIQ have frequently been examined in the context of higher
education (college or university students' evaluations of teaching, SET,
Clayson, 2008; Cohen, 1980; Marsh, 1980), but, due to differences with
respect to learners’ as well as teaching characteristics, this research is
not readily transferable to a secondary education context, which re-
quires specific investigation.

Marsh, Dicke, and Pfeiffer (2019) note that questionnaires used in
schools to obtain standardized perceptions have received little attention
in scientific research while rarely being used for teaching evaluation in
OECD countries. In order to obtain SPIQ in an objective, reliable, and
valid way and based on sound theory, there is a growing body of

research on construct and factorial evidence (Fauth et al., 2014,
Ferguson, 2012, Göllner et al., 2016, Kunter & Baumert, 2007,
Kyriakides et al., 2014, Lüdtke et al., 2006, Lüdtke et al., 2007, Marsh
et al., 2019, Praetorius et al., 2018, Scherer et al., 2016, Wagner
et al., 2013, Wagner et al., 2016, Wallace et al., 2016, Fauth et al., 2014;
Ferguson, 2012; Ferguson & Danielson, 2014; Gaertner &
Brunner, 2018; Göllner et al., 2016; Kunter & Baumert, 2007;
Kyriakides et al., 2014; Lüdtke et al., 2006; Lüdtke et al., 2007; Marsh
et al., 2019; Praetorius et al., 2018; Scherer et al., 2016; Wagner
et al., 2013; Wagner et al., 2016; Wallace et al., 2016). To conceptualize
perceptions of instructional quality, previous research on SPIQ has used
different frameworks, the most prominent being the model of three
basic dimensions, namely classroom management, student support, and
cognitive activation (Klieme et al., 2006; Praetorius et al., 2018).

To obtain SPIQ, school teachers partly use ad-hoc instruments that
are mainly based on everyday assumptions and not on sound theory
(Ory & Ryan, 2003), but even for instruments that are based on sound
theory and for which validity checks have been conducted, in many
cases, studies do not take the nested structure of student data into ac-
count (Lüdtke et al., 2007). The majority of previous studies examining
the factorial structure of questionnaires for SPIQ in primary and sec-
ondary education have only considered individual student responses as
the unit of analysis (e.g., Coffey & Gibbs, 2001; Jackson et al., 1999;
Lenske, 2016; Shevlin et al., 2000; Watkins, Marsh & Young, 1987).
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Therefore, Marsh et al. (2019) describe the use of doubly latent multi-
level models for the examination of SPIQ as a major research desider-
atum. Beyond the necessity of this approach to adequately model stu-
dent responses, we consider it an important research goal to show that
doubly latent multi-level models can also be applied to contexts such as
school subjects, school types, or grade levels when examining instruc-
tional quality.

Considering the growing body of research on instructional quality
based on the student perspective, there is a need for knowledge re-
garding the reliability and validity of SPIQ and about the properties of
the used data. In this article—after a brief outline of the state of re-
search on students' ability to provide meaningful assessments of
teaching characteristics and the dimensionality of instructional qual-
ity—we investigate the factorial structure and measurement invariance
of SPIQ in secondary education across different subject groups, school
types, and grade levels, considering a two-level structure of the data
both for confirmatory factor analysis and measurement invariance
testing, and relate them to teachers’ self-assessments of their instruc-
tional quality.

1.1. Can students adequately assess instructional quality?

When students are asked about characteristics of instructional
quality, it is essential to ensure that their answers to measures of SPIQ
are reliable, valid, and fair. In the following, we sum up previous
findings from secondary education and supplement them with research
from higher education. In doing so, we also consider differences be-
tween both contexts—such as in teaching and learning methods, the
learning environment, and the personal responsibility of learners for
their achievement (Hassel & Ridout, 2018; Helmke et al., 2008).

1.1.1. Reliability
In the K-12 context, correlations of SPIQ between several student

responses regarding the same teacher or course are large (r = .70 to
r = .87, Kyriakides et al., 2014). There are strong similarities between
responses to different courses offered by the same teacher, but little to
no similarities between responses to the same courses offered by dif-
ferent teachers, suggesting that SPIQ depend more on a teacher's be-
havior in a given course than on particular subjects and their content
(Richardson, 2005). While specific aspects, such as the content of the
items, depend on the questionnaire at hand, these findings strongly
support the notion that secondary students' perceptions of instructional
quality can be reliably assessed.

1.1.2. Validity
Evidence for the validity of the interpretability of student percep-

tions as a measure of instructional quality can be based, among others,
on item content, relations to other variables, and the internal structure
of students’ answers to the measure (AERA, APA, & NCME, 2005).

An important aspect of validity based on item content is unfairness
as a source of construct-irrelevant variance, favoring subgroups or in-
dividuals. K-12 SPIQ are often criticized regarding fairness (Goe
et al., 2008), assuming that they are influenced by grades and interests,
teacher popularity, or the attractiveness of the subject rather than ob-
servable teacher behavior. Such fairness concerns have been widely
refuted for college and university students (Aleamoni, 1987;
Feldman, 2007; Marsh, 2007; Ory & Ryan, 2001; Richardson, 2005) and
also for K-12 students, who are able to discriminate between effective
and ineffective teaching and are no more prone to grading leniency
effects or other distortions and bias than university students
(Follman, 1992, 1995).

Some studies have provided evidence for relations to student
achievement that speak for the predictive validity of K-12 SPIQ
(Ferguson, 2012; Kane et al., 2014; Kuhfeld, 2016), with the most pre-
dictive aspects of student perceptions being related to a teacher's ability
to control a classroom and to challenge students with rigorous work.

Moreover, students' motivations are influenced by perceived teacher
support and cognitive activation (Dietrich et al., 2015; Fauth
et al., 2014; Klieme, Pauli, & Reusser, 2009; Scherer et al., 2016).
Nonetheless, the existing findings are not conclusive: Praetorius,
Klieme, Herbert, and Pinger (2018) reviewed results across different
studies on predictive evidence for SPIQ regarding student achievement
and student motivation and found inconsistent results. They name
multiple reasons for the inconsistency of findings and emphasize con-
struct validity as a requirement for predictive validity.

Apart from predictive evidence, comparisons of SPIQ with others'
perspectives constitute another aspect required to validly interpret
SPIQ. Agreement between teachers, students, and external observers
when assessing instructional quality are low to moderate, ranging from
r = −.28 to .50 (Clausen, 2002, Van der Scheer et al., 2019, Wagner
et al., 2013). Agreement between teachers' and students’ assessments is
higher for dimensions that are easy to observe such as classroom
management (r = .64), and lower for less observable dimensions such
as cognitive activation (r = .09) or interaction pace (r = .10; Kunter &
Baumert, 2007). Again, as predictive validity, this aspect of criteria
validity also depends on the construct underlying the measurement of
SPIQ.

Existing research has already identified different models that de-
scribe the internal structure of SPIQ in a given measure and presented
evidence for construct validity (see section 1.2 for further details on
these models). However, in some cases, theoretically assumed models
could not be statistically confirmed and in other cases, models were
confirmed, but without considering the nested data structure. Taken
together, existing research suggests that K-12 SPIQ assessments suffi-
ciently fulfill a series of basic validity aspects. However, more research
is needed on the internal structure, particularly based on the premise
that the nested data has to be adequately modelled, which has often
been ignored in previous research.

1.1.3. Generalizability
Generic instructional quality is understood as a concept that is

supposed to be relatively stable (Wagner et al., 2016) and that can be
assessed in any lesson, no matter the subject, irrespective of school
types or grade levels.

Correlations of SPIQ between one school year and the next are large
(r > .80, Kyriakides et al., 2014), which is consistent with findings from
the higher education context, where students are able to provide as-
sessments with high test-retest-reliability even for extended periods
between test times (Carle, 2009; Marsh, 2007). Considering the differ-
ential stability (or generalizability across time) of SPIQ, Kunter and
Voss (2013) distinguish surface structures (characteristics that are di-
rectly observable, e.g., social forms, forms of teaching, methods, media
use) from deep structures of teaching (characteristics that become
visible through the interpretation of the teaching process, teaching-
learning processes, and interaction). While deep structures are assumed
to be more stable over time, surface structures can vary heavily from
lesson to lesson (Praetorius et al., 2014). Teaching characteristics that
are defined by students’ preconditions, teacher-student interactions
(i.e., motivation, orientation towards student interests, comprehensi-
bility), or situational factors (Gaertner & Brunner, 2018; Kane, 2013)
are less suitable for comparisons across different contexts (Göllner
et al., 2016; Wagner et al., 2013). Given this background, configural
and metric invariance of SPIQ have been attested for certain instruc-
tional characteristics such as lesson structuring and classroom man-
agement across different subjects and measurement time (Gaertner &
Brunner, 2018; Göllner et al., 2016). However, indications for impaired
generalizability have also been reported, with humanities and lan-
guages tending to be assessed more favorably than natural and social
sciences (Feldman, 2007) and stability being moderated by grade level
(Gaertner & Brunner, 2018).

Taken together, these findings show the limitations of SPIQ com-
parisons across time and different contexts. However, generalizability is
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a crucial prerequisite for using SPIQ to compare instructional quality
characteristics obtained in different contexts. While it stands to reason
that low-inference dimensions of instructional quality are more suitable
for comparisons, more research is required, especially as evidence on
generalizability can be influenced by the clustered structure of the data.
The, to the best of our knowledge, hitherto underinvestigated combi-
nation of multi-level analysis and measurement invariance testing is
essential in order to meet this requirement.

1.2. Models of instructional quality in secondary education

Seeking high construct validity, assessing instructional quality re-
quires models that adequately map the very construct. SPIQ can be used
to assess the deep structure of teaching, that is, how interesting, diffi-
cult, or understandable instruction generally is (Gaertner & Brunner,
2018). Most pertinent models for the secondary education context
consist of a common core of instructional characteristics, including
classroom management, structuring, motivation, and support, but these

are grouped differently and vary in their grade of differentiation and
dimensionality, with each comprising specific instructional aspects (see
Fig. 1 for an overview, and Praetorius & Charalambous, 2018, or Seidel
& Shavelson, 2007, for more detailed comparisons). Particularly pro-
minent is the concept of three basic dimensions of instructional quality
(Klieme et al., 2006, Praetorius et al., 2018, Klieme et al., 2006;
Praetorius et al., 2018). Additionally, a 4-factor-model (Slavin, 1994;
1997), a 10-factor-model (Helmke, 2012), and a 7-factor-model
(Ferguson & Danielson, 2014; Gates Foundation, 2012, 2013) were
proposed.

The model of three basic dimensions (Klieme et al., 2006; Praetorius
et al., 2018) has a parsimonious structure and a very strong theoretical
foundation based on general theories of instruction and psychological
theories of student cognition and motivation alike. The three dimen-
sions of classroom management, student support, and cognitive acti-
vation have been verified by confirmatory factor analyses (Fauth
et al., 2014, Künsting et al., 2016, Kunter & Voss, 2013, Fauth
et al., 2014; Künsting et al., 2016; Kunter & Voss, 2013) and Praetorius

Fig. 1. Comparisons of models of instructional quality.
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et al. (2018) presented evidence that dimensions found in studies that
identify more than the three factors are often close or identical to these.
Moreover, the measurement of the three basic dimensions has been
found to be invariant across different countries (Scherer et al., 2016).

Two conceptually similar 7-factor models (Ferguson &
Danielson, 2014; Gates Foundation, 2012, 2013; Wisniewski & Zierer,
2020) reflect these three basic dimensions and further distinguish three
sub-dimensions each for cognitive activation and student support.
While having a weaker theoretical and empirical foundation than the
model of three basic dimensions, they offer the advantage of providing
practitioners with an easy to interpret dimensionality while standar-
dized instruments exist to gather feedback from students: the Tripod
questionnaire (Gates Foundation, 2012, 2013) and the teaCh ques-
tionnaire (Wisniewski & Zierer, 2020). The latter was developed for
German-speaking students and previous results from conventional ex-
ploratory and confirmatory factor analyses suggest that it measures
SPIQ on the basis of a measurement model that is very similar to the 7
Cs from the Measures of Effective Teaching (MET) project, sharing the
seven category titles, but not being completely identical to it (see Fig.
S1 in the supplement).

The differentiation of seven factors as sub-dimensions of the three
basic dimensions from a theoretical perspective can be justified based
on different existing frameworks and conceptualizations. The included
seven dimensions are rooted in extensive literature on the relevance of
time spent on task as a central prerequisite of effective learning pro-
cesses and the essential necessity to create a learning atmosphere en-
abling this (dimension “control” as related to the basic dimension
“classroom management”; e.g., Brophy, 2000; Kuger, 2016). Moreover,
they refer to comprehensive research documenting the fundamental
role that motivational and social dimensions of instruction as well as
feedback play in self-regulated and co-constructive learning processes
(dimensions “captivation”, “conferment”, and “care” as related to the
basic dimension “student support”; e.g., Benning, Praetorius, Janke,
Dickhäuser, & Dresel, 2019; Hattie & Timperley, 2016; Patrick, Kaplan
& Ryan, 2011; Rakoczy, 2008). According to Taut and Rakoczy (2016),
student support can be divided into organizational choices (provision of
choice, individualization) and supportive social aspects (teacher-stu-
dent relationship), a separation of aspects closely reflected in the di-
mensions of captivation and care. Further, the dimension of conferment
as an additional aspect of student support is characterized by instruc-
tional behavior that enables teachers and students to judge progress
toward learning goals (Seidel & Shavelson, 2007; Taut & Rakoczy,
2016) and the teacher being sensitive to individual needs (Praetorius
et al., 2018). Finally, the dimensions included in this model build on
work demonstrating the importance of challenging and stimulating
problems for enabling active cognitive processing, on the one hand, and
clarity, structuring, and practicing, on the other hand, for developing
understanding, knowledge, and their long-term availability (dimen-
sions “challenge”, “clarity”, and “consolidation” as related to the basic
dimension “cognitive activation”; e.g., Brophy, 2000; Klieme, Pauli, &
Reusser, 2009; Lipowsky et al., 2009). The theoretical understanding of
learning that underlies the model refers to learning as an active, con-
structive, self-regulated, and social process that depends on cognitive,
motivational, and emotional characteristics of the learner, the de-
scribed instructional characteristics of the learning environment (as a
learning opportunity that is used more or less), and their interaction
(e.g., Helmke, 2012). Praetorius et al. (2018) define cognitive activa-
tion by teachers exploring and building on students’ prior knowledge
and ways of thinking and by providing students with challenging pro-
blems and questions in order to engage them in higher-level thinking
processes. These two aspects are reflected in the dimensions of clarity
and challenge. Clarity is apprehended as a distinct factor by several
researchers (Clausen, Reusser, & Klieme, 2003; Schlesinger & Jentsch,
2016; Seidel & Shavelson, 2007) who define it as a dimension focusing
on structural transparency and goal orientation. Furthermore, the as-
pect of consolidating knowledge can be identified as a separate factor

(Schlesinger & Jentsch, 2016; Taut & Rakoczy, 2016), characterizing
how teachers help students organize material by practicing and con-
necting ideas, leading to better retention, multiple pathways for
knowledge retrieval, and more effective reasoning (Ferguson, 2012).

At first glance, the separability of some of the aforementioned di-
mensions may not be obvious. In particular, the dimensions of “capti-
vation” and “challenge” both refer to motivational prerequisites of
teaching. However, “captivation” includes specific characteristics of the
instruction (interesting, varied, relevant, demanding, useful) that en-
able students to experience self-efficacy (Ryan &Deci, 2000) and ex-
pand their competence (Benning et al., 2019), while “challenge” in-
corporates what teachers demand from their students, reflecting their
beliefs about students’ academic capabilities (Rubie-Davies, 2010).

1.3. Two-level modeling of SPIQ

SPIQ are, by definition, focused on the behaviors of individual
teachers. In order to map these perceptions in a methodologically
adequate way, it is necessary to consider the statistical peculiarities of
this form of data. The assumption that students within and between
classes are independent of each other and share no common perceptions
is violated for nested data—i.e., when students are taught within groups
(here: classrooms)—because substantial similarities within groups
(here: a common teacher) lead to inaccurate estimates of model para-
meters, standard errors, and fit indices, as well as an increased risk of
type I errors (D'Haenens, Van Damme&Onghena, 2010; Dyer, Hanges
&Hall, 2005; Schweig, 2014). Lüdtke et al. (2011) showed that nested
structures are particularly salient when students are asked to assess
aspects of the school context. Using aggregated student data at the
classroom level is crucial when investigating characteristics of in-
structional quality because students' individual perceptions of this
classroom-level construct are exposed to multiple sources of inter-
ference at the student level (Marsh et al., 2012) and the shared per-
ception of students, adjusted for these interferences, is of interest. As
such, it is necessary to confirm that all findings based upon individual
students as the unit of analysis can also be demonstrated at the class-
room level (Marsh, 1983), requiring the observation of student per-
ceptions simultaneously on an individual student level and a clustered
classroom level, which can be done using multilevel confirmatory factor
analysis.

Even when considering different levels of analysis, educational re-
searchers run the risk of reporting distorted results when applying
models to different contexts (Schwab & Helm, 2015). A model that
works for one specific school type or one specific school subject may not
be suitable for a different context (e.g., that can exhibit different in-
structional characteristics) or different groups of people (e.g., who
might understand items differently). Therefore, the analysis of in-
structional quality not only requires the consideration of different le-
vels, but also the consideration of different contexts and groups of re-
spondents. To make sure that a model can be applied to them,
measurement invariance has to be confirmed.

1.4. Research questions and theory-based expectations

The purpose of the present study was to illuminate central aspects of
reliability and validity of SPIQ in secondary education. We wanted to
test whether reliable assessments of instructional quality are possible
with classroom-sized samples. Based on previous research, the as-
sumptions of a multi-dimensional construct and students' general
ability to provide meaningful assessments thereof are plausible.
However, research requires an empirical demonstration of a factorial
structure that fits theoretical considerations on a student and classroom
level and that can be applied to multiple contexts (different school
types, school subjects, or grade levels) on both levels. Finally, as a
criterion of validity from relations to other variables, we wanted to
demonstrate that SPIQ sufficiently reflect teachers’ self-perceptions.
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To this end, we put forward five specific hypotheses:

Hypothesis 1. Average-sized classes (25 students) are large enough to
obtain reliable assessments of instructional quality based on the
underlying 7 factors as facets of three basic dimensions.

Hypothesis 2. SPIQ can adequately be described with seven factors and
three superordinate factors on the student level and the corresponding
factors on the classroom level. Specifically, we expected both the 7-
factor model and the 7-factor model with 3 superordinate factors to
describe the data well and better than alternative models (that subsume
or disentangle different facets of instructional quality).

Hypothesis 3. A large part of the variation of SPIQ lies on the between-
classroom level (given the fact that student perceptions are
substantially related to instructional characteristics of different
teachers and to student-teacher relationships).

Hypothesis 4. The measurement model is invariant across school types,
subject types, and grade levels.

Hypothesis 5. SPIQ are positively correlated with teachers' self-
perceptions of instructional quality.

2. Method

2.1. Procedure and sample

We surveyed a sample of 15,005 student perceptions from 690
classes in grades five to twelve in eight German schools from three
different school types (n = 6,005 from three university preparatory
high schools/Gymnasium, n = 6212 from three intermediate secondary
schools/Realschule, n = 1,192 from two vocational schools/
Berufsschule, and n = 504 with no specification) during the period of
September 2017 to October 2018 via an online feedback portal.
Teachers were able to conduct surveys on their students’ perceptions of
instructional quality and compare these to their self-perceptions. The
data originated from an everyday school context, rather than being
obtained for research purposes.

With the approval of their school administrations, the participating
schools provided consent to use their data in an anonymized form and
acquired the written consent of teachers and parents. Due to the tech-
nical nature of the online portal, no personalized student data were
obtained. Any personalized teacher data was anonymized before it was
transferred to us for analysis.

Students participated regarding the subjects of humanities and
languages (4,209 students), math, sciences, and IT (4,671 students),
and social studies (2,559 students). For 1,171 students, the subject was
not specified. Data from 892 students had to be excluded from the
analyses as they answered less than one third (9 of the 29) of the items
(in which case, serious participation was unlikely). Two hundred and
seventy-one teachers took part in the survey. A total of 172 teachers
participated with more than one class and 421 classes rated more than
one teacher. The average cluster size of the classes was 22.6 students.
For 392 classes, teachers also made self-assessments. The data include
identification codes for teachers and information on school type, sub-
ject, and grade level.

The assessed school types provide a heterogenous database re-
flecting the variety of different school types in the German school
system—however, they do not constitute a representative sample on the
school level in a narrow sense. Because teachers decided to use the
online feedback portal voluntarily, the sample is restricted to such
teachers who were willing to reflect their teaching based on student
feedback. This might have led to a positive selection of teachers. All
participating schools are from the same German federal state (Bavaria),
which furthermore restricts the representativity due to Germany's fed-
eral structure.

2.2. Measures

To measure SPIQ, we used the German questionnaire for student
perceptions in secondary education (teaCh). This questionnaire com-
prises 29 items that refer to seven categories reflecting the three basic
dimensions of instructional quality (see Fig. 1), with three items for
“care”, six items for “control”, four items for “conferment”, four items
for “clarity”, two items for “challenge”, four items for “consolidation”,
and six items for “captivation”. All 29 items and their reliability indices
are listed in the appendix. They were presented with four-point Likert-
type scales, ranging from 1 (I don't agree) to 4 (I agree). The items for
teachers were identical to the student version but formulated from the
teachers' perspective.

2.3. Statistical analyses

For data analysis we used R-Studio (version 1.0.136 for Mac; R Core
Team, 2014) and the multilevel package for R (version 2.6;
Bliese, 2016) for the calculation of intraclass correlations and interrater
agreement, and Mplus (version 8.1; Muthén &Muthén, 2018) for multi-
level CFA and measurement invariance testing.

First, we conducted a conventional one-level confirmatory factor
analysis on the student level in which we tested the seven-factor model
by using the total sample covariance matrix and correcting the standard
errors with Taylor-series linearization (Muthén, 1994). Then, we ex-
amined the extent of variation within (student level) and between
classes (classroom level). For this purpose, the intraclass correlations
(ICC1 and ICC2) were computed as a measure for the degree of de-
pendence or clustering of the data within classrooms of different tea-
chers with ICC1 representing the proportion of variance of individual-
level outcomes explained by group membership and ICC2 representing
the observed total variance in classroom average scores occurring at the
classroom level (and therefore the inter-individual reliability of ag-
gregated mean scores; Shieh, 2016). ICC1 values exceeding .05 are in-
dicative of substantial correlations among variables between and
within, implying that a multilevel analysis is necessary to describe the
data well (Dyer et al., 2005) and ICC2 values above .60 allow a
meaningful aggregation of individual-level data on a group level
(Bliese, 2000; Chen, Mathieu & Bliese, 2004). Because for some tea-
chers, more than one course was assessed (courses nested within tea-
chers) and because teachers were nested in schools, level-2-ICCs and
level-3-ICCs (Hedges et al., 2012) were calculated for these additional
levels.

The aggregation of data requires confirmation that the underlying
construct has an identical meaning on the level of the student and on
the level of the classroom (Lüdtke et al., 2006). To investigate the ex-
tent of absolute agreement between individual student ratings within a
classroom, we used two indicators of interrater agreement, rWG(j)

(James et al., 1984) and ADW(j) (Burke and Dunlap, 2002). For four-
level Likert-type scales as used in the present research, rWG(j) > .70 and
ADW(j) ≤ .67 indicate satisfactory interrater agreement (Lüdtke
et al., 2006).

Regarding the required number of students for reliable assessments,
we calculated the theoretical sample sizes that are required to get re-
liable information from the used items. Because ICC1 and ICC2 are
related to each other as a function of group size per item (Bliese, 2000),
they can be used to calculate the theoretically assumed sample sizes
that provide different levels of reliability for each item, using Cicchetti's
(1994) suggested guidelines for interpretation (fair reliability from .40,
good reliability from .60, excellent reliability from .75).

To examine the factorial structure of our data, while controlling for
the nested data structure, we subsequently conducted a two-level con-
firmatory factor analysis (MCFA), using separate within- and between-
group covariance matrices. For the assessment of the model fit, con-
servative fit statistics were used (χ2/df ≤ 3, CFI ≥ .95, TLI ≥ .95,
RMSEA ≤ .08, SRMR ≤ .08, Hu & Bentler, 1999). The hypothesized
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models (seven factors and seven factors with three superordinate fac-
tors) were compared to each other and against different alternative
models (that were based on theoretical as well as statistical con-
siderations). For model comparisons, we investigated Satorra-Bentler-
scaled χ2-difference tests, and the common cut-off values of ΔCFI = .01
and ΔRMSEA = .015 (Chen, 2007). As indicated in Fig. 1, loadings
from the first-order factors captivation, conferment, and care on the
second-order factor student support, loadings from the first-order fac-
tors challenge, clarity, and consolidation on the second-order factor
cognitive activations and a loading from the first-order factor control on
the second-order factor classroom management were modelled. To
adequately model the second-order factor “classroom management”
(that consists of only one first-order factor), we set the loading of the
first-order factor on the second-order factor and the variance of the
second-order factor to one.

In a next step, we tested measurement invariance of both assumed
models to see if the supposed factorial structure can be applied in-
dependently of respective school types, subjects, and grade levels. We
report a detailed description of our approach in the electronic supple-
ment. In contrast to previous research on SPIQ measurement invariance
(Scherer, Nilsen, & Jansen, 2016), we used a two-level model to test for
measurement invariance of the hypothesized models. Accordingly, we
met the demand to examine whether a common factorial structure is
tenable not only on different levels, but also across different groups.

In order to add an external criterion of validity to our considera-
tions, we investigated the convergence between students' and teachers'
perceptions (by estimating correlations between students' perceptions
and teachers’ self-perceptions of the aspects of instructional quality on
the between level, as well as conducting multi-group analyses to in-
vestigate whether the covariances between these aspects differed be-
tween students and teachers).

3. Results

3.1. Descriptive results

All item means were slightly above the theoretical mean (see ap-
pendix) and the data contained a significant portion of inter-individual
variance (Table 1). Responses were approximately normally distributed
with skewness ranging from −0.97 to −0.57 and kurtosis values ran-
ging from −0.49 to 0.13.

The ICCs for all of the items were above the conventionally used cut-
off values (Chen, Mathieu, & Bliese, 2004) with a median of .11 for ICC1
(range: .08–.15) and a median of .75 for ICC2 (range: .66–.81, see ap-
pendix). These values indicate a between-level variability that requires
multilevel analysis. Considering a third and fourth level of analysis
(courses within teachers and teachers within schools) indicated that the
observed variance of the average intra-teacher-scores and intra-school-
scores did not require further levels of analysis (ICC1s < .001).

Interrater agreement was satisfactory for all scales except for

“captivation”, which had a rWG(j) value slightly below the critical cut-off
value of .70. Furthermore, our results indicated that at least 9 students
are needed for fair reliability, 19 students for good reliability and 30
students for excellent reliability of all 29 items. For example, the ICC1
for the item “care 1” is .11. Using the Spearman-Brown-formula (which
describes ICC2 as a function of ICC1 and sample size), the sample size
needs to be at least 30 to reach the cut-off of ICC2 = .75 indicating
excellent reliability.

Results of a conventional one-level CFA, in which only the in-
dividual student level was considered, indicated a good fit for the
seven-factor model on the student level (χ2/df = 3.40, p < .01;
CFI = .984; TLI = .982; RMSEA = .013; SRMR= .017). As this type of
analysis does not reflect the nested data structure adequately, we sub-
sequently estimated two-level CFAs.

3.2. Two-level confirmatory factor analyses

Results of the two-level CFAs showed an excellent fit to the data of
the 7-factor model (Table 2). Adding the three superordinate factors
yielded a slight decrease in model fit (which was not substantial re-
garding the CFI and RMSEA values, however the χ2-difference tests
were statistically significant). All factor loadings were significantly
different from zero (p < .01). The standardized loadings for all items
ranged from .43 to .60 on the student level and from .60 to .97 on the
classroom level, demonstrating that the seven factors explain large
proportions of the variation in item responses on the aggregated level.
Intercorrelations between factors were large and positive (within level:
.56–.89, between level: .40–.93). All factor loadings and intercorrela-
tions between factors for the 7-factor-model are shown in Fig. 2. The
intercorrelations of the superordinate factors were .25 for classroom
management with student support, .24 for classroom management with
and cognitive activation, and .95 for student support with cognitive
activation.

Following theoretical consideration, we compared four additional
models (see Table 2). Regrouping our items according to
Helmke's (2012) 10-factor model, Slavin's 4-factor model (1984, 1987),
the three basic dimensions of instructional quality (Klieme et al., 2006),
and an undifferentiated single factor model described the data sig-
nificantly worse. Furthermore, based on statistical considerations (large
factor correlations), we estimated another set of alternative models that
also described the data inferiorly (see Table S2 in the supplement).

3.3. Measurement invariance for subject type, school type, and grade levels

Next, we investigated the measurement invariance of the hypothe-
sized models. We summarize the results for the 7-factor model in
Table 3 (and the results of the 7-factor model with the three super-
ordinate factors in Table S1 in the supplement). The analyses for subject
groups, school types, and grade levels showed that the more parsimo-
nious models did not fit the data worse than the models allowing for
between-group variations (as indicated by the statistically non-
significant χ2-difference tests and the CFI and RMSEA differences). As
the more restrictive models did not describe the data statistically sig-
nificantly worse than the less restrictive models, strict measurement
invariance can be assumed across the investigated subject groups (hu-
manities/languages, math/sciences, and social sciences), school types
(university preparatory high school, secondary intermediate school,
vocational school), and grade levels (5–7, 8–10, 11–12).

3.4. Convergence between students' perceptions and teachers’ self-
perceptions

Latent correlations between students' perceptions and teachers’ self-
perceptions of instructional quality were substantial for all seven fac-
tors on the classroom level of analysis, with a median of .59 (range:
.49–.78, see Table 4). Students and teachers shared between 24.0% and

Table 1
Descriptive statistics for factors on the student level.

Factor Items M SD ω ICC1 ICC2 rWG(J) ADw(J)

Care 3 3.12 0.90 .82 .08 .87 .83 .63
Control 6 3.22 0.86 .84 .09 .88 .92 .58
Conferment 4 3.10 0.87 .85 .07 .85 .87 .63
Clarity 4 3.10 0.86 .74 .07 .84 .88 .55
Challenge 2 3.18 0.87 .77 .08 .86 .80 .60
Consolidation 4 3.02 0.90 .83 .08 .86 .85 .67
Captivation 6 3.05 0.86 .84 .07 .84 .68 .58

Notes. ω reflects McDonald's Omega on the subscale level. ICC1 and ICC2 re-
present intra-class correlations on the subscale level, rWG(J) and ADw(J) re-
present absolute interrater agreement. Descriptive statistics for single items can
be found in the appendix.
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60.8% of common variance, with particularly high correlations for the
factors “clarity” and “control”.

Finally, as a second aspect of convergence between students' and
teachers’ perceptions, we tested if the distinguished aspects of in-
structional quality were similarly related to each other for students and
teachers. Multi-group modeling indicated no statistically significant
differences in between-factor correlations between students and tea-
chers (see electronic supplement for a detailed description of these
findings).

4. Discussion

The aim of the present study was to investigate the characteristics of
secondary students' perceptions of instructional quality, specifically
their factorial structure and generalizability. Multilevel methods were
applied to explore the factorial structure of SPIQ at an individual and a
classroom level and across different contexts (school type and subject).
Strengths include the consistent consideration of both levels of analysis,
the focus on secondary education students as a rather underinvestigated

Table 2
Fit statistics and comparisons between expected and alternative models of SPIQ.

χ2 df χ 2/df CFI TLI RMSEA SRMR within SRMR between ΔCFI ΔRMSEA TRd Δdf p

Hypothesized models
7-factor model 1491 712 2.90 .984 .982 .009 .017 .074
7-factor model with 3 s order factors 2052 736 2.76 .972 .969 .011 .021 .071 .006 .002 10,692 22 <.001
Alternative models
10-factor model 3004 664 4.52 .953 .943 .015 .026 .091 .031 .006 1015 48 <.001
4-factor model 4409 742 5.94 .927 .920 .018 .032 .101 .057 .009 13,083 30 <.001
3-factor model 3487 748 4.66 .945 .940 .015 .029 .098 .039 .006 11,264 36 <.001
1-factor model 4560 745 6.12 .924 .918 .032 .018 .100 .060 .023 17,371 33 <.001

Notes. All models were compared with the 7-factor-model; TRd, Satorra-Bentler-scaled χ2-difference test. See Table S2 in the electronic supplement for further
alternative models.

Fig. 2. Measurement model of the seven dimensions of SPIQ (care, care; cont, control; conf, conferment; clar, clarity; chal, challenge; con, consolidate; capt,
captivation). Residual variances are not reported.
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population in comparison to college and university students (Marsh
et al., 2019), and the large sample. Our findings demonstrated that a 7-
factor model with the three underlying basic dimensions of instruc-
tional quality (Klieme et al., 2006; Praetorius et al., 2018) can be ap-
plied to student perceptions of teaching, with classroom-sized samples
being large enough to obtain reliable assessments. This worked (a) on
both levels, (b) for students and teachers, and (c) invariantly across
different contexts, while students' perceptions converged substantially
with their teachers’ self-perceptions.

Our findings on internal consistencies, reliabilities of the aggregated
class means (ICC2), and interrater agreement suggest adequate relia-
bility. In terms of ICC2 values, our results align very well with previous
findings (Gaertner & Brunner, 2018; Lüdtke et al., 2006; Praetorius
et al., 2018). In contrast, the proportions of individual-level variance
explained by class (in terms of ICC1, ranging from .07 to .09) were on
the lower bound of variance proportions found in previous research
(with ICC1s ranging between .09 and .42 for different dimensions of
instructional quality; Gaertner & Brunner, 2018; Lüdtke et al., 2006;
Praetorius et al., 2018). Interestingly, we observed the lowest propor-
tions for “conferment”, “clarity”, and “captivation” (dimensions that
partly include high-inference items, e.g., on student performance
feedback, personal student learning progress, student pre-knowledge)
and highest for “control” (which includes rather low-inference items).
Nonetheless, the ICCs were not consistently higher for low-inference
items than for high-inference items. This might be traced back to dif-
ferent students interpreting items differently (Gitomer, 2019)—and
therefore has to be perceived as a hint towards a necessary revision of
the used questionnaire in the future, that should not be implemented
without caution in the current version. For example, for the item
“during the lesson there were plenty of opportunities to practice the

new content” a higher ICC should be expected than for “the teacher
gave me helpful feedback on my performance”. Not having found dif-
ferences in their ICC1s might be due to “opportunities to practice new
content” being related to different occasions among different students,
whereas helpful feedback on individual students’ performances may be
perceived in a more similar way by different students when the teacher
either gives highly differentiated or little differentiated feedback. In a
possible revision of the questionnaire, this issue could for example be
addressed by replacing interpretable expressions by more distinct ex-
pressions (for example “helpful” by “individual and differentiated”).
Beyond this, the interrater agreement that we found implies that the
used items have a similar meaning on both levels of analysis. One ex-
ception to this was the dimension “captivation” for which interrater
agreement was slightly below the critical cut-off. This might be at-
tributed to this category containing more student-dependent aspects
(perceived personal learning progress, perceived requirement level,
perceived learning pace). Finally, calculating intraclass correlations for
each item, we provided information on how many students are needed
to acquire reliable perceptions of teaching. Even for small classes
(n = 19), a good level of reliability can be expected (confirmation of
Hypothesis 1), which points to evaluation questionnaires, such as the
one used, being practicable in real life classrooms.

Hypothesis 2 was also confirmed, with MCFA providing construct
validity evidence for the two hypothesized models that were shown to
operate at the individual and the classroom level of analysis. This is in
line with previous findings that concluded that a multidimensional
structure is more adequate for representing instructional quality than a
single factor. The results therefore provide evidence for the validity of
the internal structure of the employed measure, but do not allow dif-
ferent models in general to be compared. Regarding the measure at
hand, our results do not support the assumption of a bifactor structure
with one general and seven group factors as found by Wallace, Kelcey,
and Ruzek (2016) for the related Tripod questionnaire. Such a bifactor
structure follows the logic of apprehending instructional quality as a
general factor related to teacher responsivity that influences all teacher-
student interactions on the one hand and a set of domain-specific di-
mensions on the other hand (Hamre et al., 2014; Wallace et al., 2016).
Conversely, we present evidence for seven highly intercorrelated, but
distinguishable dimensions that can be apprehended as subdimensions
of three superordinate factors that are theoretically incorporated in the
model of three basic dimensions of instructional quality (Klieme
et al., 2006; Praetorius et al., 2018). That we found generally relatively
high intercorrelations between the factors is consistent with existing
findings on the factorial structure of student perceptions of teaching
(Kane et al., 2014). However, the magnitudes of the loadings also imply

Table 3
Measurement invariance of the 7-factor model for subject types, school types, and grade levels.

χ2 df χ2/df CFI TLI RMSEA SRMR within SRMR between ΔCFI ΔRMSEA TRd Δdf p

Subject type
Configural Invariance 3296 2136 1.54 .968 .968 .019 .019 .070
Metric invariance 3356 2224 1.51 .970 .970 .020 .020 .077 .002 .001 80.25 88 .71
Scalar invariance 3421 2282 1.50 .970 .970 .020 .020 .078 .000 .000 65.56 58 .23
Strict invariance 3533 2396 1.48 .972 .972 .021 .021 .082 .002 .001 126.79 114 .19
School type
Configural invariance 4225 2136 1.98 .966 .961 .015 .017 .098
Metric invariance 4092 2224 1.84 .970 .967 .014 .018 .103 .004 –.001 57.91 88 .99
Scalar invariance 4436 2282 1.94 .965 .963 .015 .018 .103 .005 .001 53.40 58 .66
Strict invariance 4377 2396 1.83 .968 .967 .014 .019 .104 .003 –.001 123.73 114 .25
Grade level
Configural invariance 3148 2136 1.47 .979 .976 .010 .012 .065
Metric invariance 3232 2224 1.45 .979 .977 .010 .012 .071 <.001 93.93 88 .31
Scalar invariance 3298 2282 1.45 .979 .977 .011 .013 .071 <.001 .001 64.82 58 .25
Strict invariance 3435 2396 1.43 .978 .978 .011 .014 .078 .001 .001 144.10 114 .08

Notes. TRd, Satorra-Bentler-scaled χ2-difference test. Subject types: humanities and languages (n = 4,209), math, sciences, and IT (n = 4,671), and social studies
(n = 2,559). School types: university preparatory high schools (n = 6,005), intermediate secondary schools (n = 6,212), vocational schools (n = 1,192). Grade
levels: grades 5–7 (n = 5,901), grades 8–10 (n = 4,647), grades 11–12 (n = 3,445).

Table 4
Estimated student-teacher correlations of the latent variables on the between
level.

ρ S.E. p

Care .54 .12 .01
Control .68 .10 <.01
Conferment .58 .11 <.01
Clarity .78 .11 <.01
Challenge .49 .15 <.01
Consolidation .56 .11 <.01
Captivation .60 .08 <.01

Notes. ρ represents the correlations of students' perceptions with teachers' self-
perceptions on the latent factors.
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that each factor contains a significant proportion of unique variance.
Interestingly, intercorrelations were lower on both levels for the di-
mensions “captivate” and “challenge” which focus on motivational
characteristics. Conversely, there were particularly high intercorrela-
tions between “control” and “care” and between “consolidation” and
“captivation” on the between level, but not on the student level. This
implies that while individually students perceive these categories as
different constructs, students taught by one specific teacher perceive
them as strongly interconnected (yet, separable) characteristics of
teaching. This could be traced back to interpretations of different
teaching styles. For example, Walker (2009) defined control and nur-
turance (which is similar to the “care” factor) as primary dimensions of
an authoritative classroom management style. As such, it is plausible
that when observing a specific teacher, students perceive control and
care quite similarly, as an aspect of classroom management style. Op-
posed to this, the strong link between “consolidation” and “captivation”
is less apparent but might point to the intertwined nature of teaching in
which ensuring that students practice and make progress is related to
lessons being interesting, varied, and fitting their preconditions.

Considering the 3 s-order factors, a very high correlation between
student support and cognitive activation was found, which seems un-
expected at first sight. However, this is in line with prior research
(Atlay, Tieben, Hillmert, & Fauth, 2019; Fauth, Decristan, Rieser,
Klieme, & Büttner, 2014; Schiepe-Tiska, 2019; Wagner et al., 2013; for
an overview see; Praetorius et al., 2018), where close associations of a
similar size were identified between these two basic dimensions of in-
structional quality.

All in all, the 7-factor-model describes our data well, but, as the
model was originally developed based primarily on statistical con-
siderations (namely EFA), the embedding in a distinguished theoretical
framework is ongoing (Wisniewski & Zierer, 2020). A first outline of the
theoretical justification of the separability of the considered facets has
been presented in this article but opens up a field of action for future
research.

In line with our expectations, we further found that a large part of
the variation of SPIQ is explained between teachers (confirmation of
Hypothesis 3). Particularly, the seven factors explained more variation
of the item responses at the classroom level, or in other words for
students taught by a specific teacher in a specific classroom, than for
the complete sample, resulting in significantly higher factor loadings on
the classroom level. This is in line with previous findings on student
perceptions being substantially related to instructional characteristics
of different teachers and student-teacher relationships (Ditton &
Arnoldt, 2004).

Hypothesis 4, namely measurement invariance across the context
variables of school type, subject type, and grade level, was also verified.
We supplement previous findings on configural and metric invariance
(Feldman, 2007; Göllner et al., 2016), by showing scalar and even strict
measurement invariance of the employed measure across humanities/
languages, math and natural sciences, and social sciences. This supports
the idea of a set of basic aspects of instructional quality that are uni-
versal and independent of subject-specific characteristics. We demon-
strated the generalizability of the 7-factor structure not only across
different subjects, but also different school types and grade levels, in-
dicating a high robustness against contextual distortions (although the
underlying measure contained—amongst other aspects—motivation-
orientated dimensions that are often considered to be less suitable for
comparisons across different contexts; Göllner et al., 2016; Wagner
et al., 2013). A major concern held by researchers and practitioners is
that student perceptions are influenced to a large extent by the at-
tractiveness of the respective subject than by individual instructional
characteristics (Aleamoni, 1987). Our findings open up the possibility
of comparing SPIQ with a model that works across these contexts. To
the best of our knowledge, this is the first study to analyze measure-
ment invariance of SPIQ with a two-level model in the secondary school
context. Therefore, we provide a methodological basis for future

investigations in this line of research.
Finally, our findings also provide evidence for validity beyond the

internal structure. The substantial convergence between students and
teachers' perceptions of instructional quality (both in regard to the in-
structional quality exhibited by particular teachers, as well as the as-
sociations between different aspects of instructional quality) attests that
students and teachers generally agree in how they perceive instruc-
tional quality (confirmation of Hypothesis 5). This is a strong hint to-
wards convergent validity and stands in contrast to previous research
that showed that there is often only little concordance between the two
perspectives (Clausen, 2002; Van der Scheer et al., 2019; Wagner et al.,
2013). Furthermore, these findings partly confirm Kunter and
Baumert's (2007) findings that agreement is higher for low-inference
characteristics: In the present study, we found the highest for the di-
mensions “clarity” (r = .78) and “control” (r = .68) on the classroom
level, dimensions that contain items clearly relating to observable
teacher behavior, whereas “challenge,” with the lowest correlation on
the classroom level (r = .49), contains items that are partly influenced
by students' preconditions.

When interpreting these findings, certain limitations of the study at
hand need to be borne in mind and open up directions for future re-
search. First of all, we could not include bias variables such as gender
and age of students and teachers. As previous research indicated that
these can affect students’ evaluations of teaching quality in higher
education (Boring, 2017; MacNell et al., 2015), future research should
specifically incorporate these aspects into statistical models. This be-
comes particularly important for the interpretation of student percep-
tions and their associations with other variables (whereas the structural
aspects investigated in the current work should be rather independent
from that). Following up on such bias factors is an important avenue for
future research. Another limitation is the restriction of our data to
German schools within one German federal state. While our findings on
the measurement invariance across different school types can be con-
sidered a first indication for the generalizability of our findings, they
also need to be interpreted cautiously as there was only a limited
number of schools from each school type. Finally, we could not observe
the stability of perceptions over time (e.g., one school year). In order to
inspect the professional development of teachers by comparing their
results at multiple points of time with measures such as the one at hand,
such evidence on the sensitivity of the measure to individual increases
or decreases would still be required.

Despite these limitations, practical implications can already be
drawn: First, teachers can acquire reliable and valid information on
how students assess their way of teaching and can use this information
as a basis for personal development concerning relevant teaching di-
mensions. Second, our results encourage secondary education teachers
to trust in their students' ability to assess effective teaching. We were
able to point out that a well definable construct of generic instructional
quality precisely differentiates between different classes and is in-
dependent of context variables like subject, school type, or grade level.
Third, it is helpful for teachers to know that relatively small sample
sizes are sufficient for reliable assessments of students’ perceptions of
teaching.

5. Conclusions

In brief, secondary school students’ perceptions of teaching offer
important value to the diagnosis of instructional quality. Our findings
suggest that systematically obtained perceptions are a reliable and valid
information source. SPIQ provide valuable information for educational
research and they may also provide teachers with valuable information
that they can use to reflect on their work—an important aspect of
successful teaching that is often overlooked.
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Appendix

Formulations of the Items Used to Assess Instructional Quality and Descriptive Statistics.

Item Item formulation M SD γ1 γ2 ritc ICC1 ICC2

Care
car 1 The teacher met me in a friendly and appreciative way [Die Lehrperson begegnete mir freundlich und wertschätzend]. 3.15 0.91 –.83 –.17 .61 .11 .75
car 2 The teacher created an atmosphere free of fear [Die Lehrperson sorgte für eine angstfreie Atmosphäre]. 3.07 0.92 –.70 –.38 .53 .10 .74
car 3 The teacher was interested in whether I really learned something [Die Lehrperson interessierte sich dafür. ob ich

wirklich etwas gelernt habe].
3.15 0.89 –.80 –.23 .60 .11 .75

Control
cont 1 During the lesson, clear rules were discernible, which the teacher set and enforced [In der Stunde waren klare Regeln

erkennbar, die die Lehrperson vorgab und durchsetzte].
3.18 0.86 –.82 –.09 .56 .11 .76

cont 2 The teacher did not waste time due to delays or idling [Die Lehrperson verschwendete keine Zeit durch
Verzögerungen oder Leerlauf].

3.22 0.85 –.88 .05 .52 .15 .81

cont 3 The teacher provided a trouble–free working atmosphere [Die Lehrperson hat für eine störungsfreie
Arbeitsatmosphäre gesorgt].

3.23 0.84 –.89 .06 .54 .14 .80

cont 4 The teacher had a good overview of what was happening in the class [Die Lehrperson hatte einen guten Überblick
über das Geschehen in der Klasse].

3.24 0.86 –.95 .14 .57 .14 .80

cont 5 When students violated the rules, the teacher intervened quickly and consistently [Bei Regelübertretungen durch
Schüler griff die Lehrperson schnell und konsequent ein].

3.24 0.88 –.97 .09 .59 .15 .81

cont 6 The course of instruction was smooth [Die Übergänge zwischen den Phasen waren reibugslos]. 3.20 0.87 –.89 .00 .64 .13 .79

Item Item formulation M SD γ1 γ2 ritc ICC1 ICC2
Conferment

conf 1 The teacher assessed my performance fairly [Die Lehrperson beurteilte meine Leistungen fair]. 3.09 0.88 –.68 –.31 .62 .11 .76
conf 2 The teacher gave me helpful feedback on my performance [Die Lehrperson gab mir zu meinen Leistungen ein

hilfreiches Feedback].
3.14 0.88 –.76 –.22 .60 .09 .76

conf 3 The teacher was fair and unbiased towards me and my classmates [Die Lehrperson hat sich mir gegenüber fair und
unvoreingenommen gezeigt].

3.07 0.88 –.64 –.35 .61 .09 .71

conf 4 The teacher gave me meaningful feedback on my contributions [Die Lehrperson hat mir sinnvolle Rückmeldungen zu
meinen Beiträgen in der Stunde gegeben].

3.08 0.87 –.66 –.33 .62 .08 .71

Clarity
clar 1 The lesson had a clearly recognizable thread [Die Stunde hatte einen klar erkennbaren roten Faden]. 3.08 0.85 –.61 –.35 .50 .11 .75
clar 2 The teacher showed me what the new content is related to [Die Lehrperson hat mir gezeigt, womit die neuen Inhalte

zusammenhängen].
3.10 0.85 –.67 –.23 .47 .11 .76

clar 3 The teacher showed me what I could use the new content for [Die Lehrperson hat mir gezeigt, wofür ich die neuen
Inhalte brauchen kann].

3.10 0.87 –.69 –.25 .47 .10 .74

clar 4 The teacher has tied in content that was already known to me [Die Lehrperson hat an Inhalte angeknüpft, die mir
schon bekannt waren].

3.10 0.85 –.68 –.23 .49 .12 .77

Challenge
chal1 The tasks in the lesson were challenging for me [Die Aufgabenstellungen in der Stunde waren für mich

herausfordernd].
3.17 0.87 –.79 –.18 .52 .12 .77

chal2 The teacher had high expectations of me [Die Lehrperson hat hohe Erwartungen an mich gestellt]. 3.19 0.87 –.84 –.11 .52 .14 .80

Item Item formulation M SD γ1 γ2 ritc ICC1 ICC2
Consolidation

cons 1 During the lesson, learning and practice phases alternated [In der Stunde wechselten sich Lern– und Übungsphasen
ab].

2.99 0.90 –.58 –.46 .62 .08 .69

cons 2 During the lesson, the teacher showed me exactly how I could solve certain tasks [Die Lehrperson hat mir genau
gezeigt, wie ich eine bestimmte Aufgabenstellung lösen kann].

3.01 0.89 –.60 –.44 .61 .08 .67

cons 3 I had enough time to concentrate on the content of the lesson [Ich hatte genügend Zeit, mich intensiv mit den Inhalten
der Stunde zu beschäftigen.]

3.07 0.90 –.69 –.35 .58 .10 .72

cons 4 During the lesson there were plenty of opportunities to practice the new content [In der Stunde gab es ausreichend
Gelegenheiten, die neuen Inhalte zu üben].

3.00 0.90 –.57 –.49 .61 .09 .70

Captivation
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capt1 The content of the lesson was taught by the teacher in an interesting way [Die Inhalte der Stunde wurden durch die
Lehrperson auf interessante Art vermittelt].

3.03 0.88 –.61 –.37 .57 .07 .66

capt2 The course of the lesson was varied [Der Ablauf der Stunde war abwechslungsreich]. 3.06 0.87 –.62 –.34 .60 .11 .75
capt3 I was able to see personal learning progress through the lessons [Ich konnte während der Stunde einen persönlichen

Lernfortschritt feststellen].
3.05 0.87 –.60 –.39 .57 .10 .74

capt4 The requirement level in the lesson was appropriate for me [Das Anforderungsniveau der Stunde war für mich
angemessen].

3.05 0.86 –.60 –.37 .59 .10 .74

capt5 The learning pace in the class was appropriate for me [Das Lerntempo in der Stunde war für mich angemessen]. 3.06 0.85 –.62 –.31 .58 .09 .73
capt6 During the lesson I was able to apply strategies that are also useful for other problems/topics/areas [Im Unterricht

konnte ich Strategien anwenden, die auch für andere Probleme/Themen/Gebiete nützlich sind].
3.05 0.85 –.62 –.24 .58 .11 .75

Notes. Presented are translations of the original German items that are not yet validated in the English language. SD represents the standard deviation, γ1 the
skewness and γ2 the kurtosis. ritc describes the corrected item total correlation on the item level and ICC1, and ICC2 the intra–class correlations on the item level.
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