
Heterogeneity in students’ perceptions of teaching quality: A marker of 
adaptive teaching?
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A B S T R A C T

Background: Students attending the same class can vary greatly in their perceptions of the teaching quality of the 
same lessons with the same teacher; however, the current understanding of heterogeneity in students’ percep
tions of teaching quality, its sources, and implications remains limited.
Aims: This study investigated whether heterogeneity in students’ perceptions of teaching quality within classes 
may indicate that the teacher’s instruction is not equally adaptive for all students.
Sample: We used longitudinal data from the TALIS Global Teaching InSights study (N = 19,659 students, N = 679 
mathematics teachers, across eight countries).
Methods: We ran multigroup latent change score models to examine the effect of student-reported adaptive 
teaching on (a) teaching quality ratings (clarity of instruction, autonomy support, student-teacher relationships, 
cognitive engagement, support for learning, support for competence, and classroom disruptions) and, impor
tantly, (b) heterogeneity in students’ perceptions of these dimensions.
Results: Our findings revealed that adaptive teaching predicted lower heterogeneity in students’ percep
tions—particularly regarding autonomy support, clarity of instruction, and, to some extent, support for learning, 
support for competence, and student–teacher relationships. Adaptive teaching was related to less classroom 
disruptions and more heterogeneous perceptions of disruptions within classes.
Conclusions: Our findings indicate that adaptive teaching can explain the extent of heterogeneity in students’ 
perceptions of several teaching quality dimensions. This underscores the substantive value of considering het
erogeneity in student perceptions as a meaningful construct.

Teachers play an important role in promoting students’ educational 
outcomes, such as their motivation or achievement. Hence, teachers’ 
behavior, and specifically the quality of their teaching, is relevant for 
students’ positive development and learning outcomes (e.g., Kuhfeld, 
2017; Maulana & Helms-Lorenz, 2016; Seidel & Shavelson, 2007). To 
assess teaching quality, surveys capturing students’ perceptions of 
teaching quality have become widely used (e.g., Praetorius et al., 2018).

When analyzing student surveys, researchers are faced with their 
multi-level data structure as students are typically grouped in classes. If 
data from many individual students within a class is available, re
searchers can aggregate individual student ratings at the class level, 
yielding a measure of the “shared perceptions” of teaching quality, (i.e., 
the mean ratings of the students within each class). Aggregated student 

ratings of teaching quality have thus been used to study teaching qual
ity, conceptualized as a feature that varies between classes (e.g., Lüdtke 
et al., 2006). At the same time, students in the same class who rate the 
same teacher can vary greatly in their perceptions. While heterogeneity 
in perceptions of students within a class has often been ignored or 
treated as “noise” and something to control for, an emerging line of 
research has started to explore heterogeneity in students’ perceptions in 
more depth, focusing on its substantive meaning, sources, and impli
cations (e.g., Bardach et al., 2019; Bardach et al., 2021; Schenke et al., 
2017, 2018; Schweig, 2016; Wittwer, 2008).

The present study aims to contribute to the emerging literature on 
heterogeneity in student-rated teaching quality by establishing a link 
between heterogeneity in students’ perceptions of teaching quality and 
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adaptive teaching. Adaptive teaching refers to teachers’ attempts to 
tailor their teaching to the varying needs and characteristics of students 
(e.g., Corno, 2008; Hardy et al., 2019). Here, we propose that, if students 
in the same class feel equally supported and perceive that the teacher 
adapts teaching to their individual needs and learning prerequisites (e. 
g., Bondie et al., 2019; Corno, 2008; Tetzlaff et al., 2022), then het
erogeneity in teaching quality perceptions within classes should be low. 
Conversely, a lack of tailored teaching should increase heterogeneity in 
student-rated teaching quality. Hence, we propose that adaptive teach
ing may predict heterogeneity in students’ perceptions of teaching 
quality, or put differently, that heterogeneity in student-rated teaching 
quality may serve as a marker of adaptive teaching.

To provide, to the best of our knowledge, the first empirical test of 
this hypothesis, we leveraged a large, longitudinal multi-country dataset 
with two measurement points (TALIS GTI survey; OECD, 2020) and 
examined whether adaptive teaching predicted heterogeneity in stu
dents’ perceptions of teaching quality (clarity of instruction, cognitive 
engagement, support for learning, support for competence, autonomy 
support, student-teacher relationship, and classroom disruptions) within 
classrooms. In addition, we looked at effects of adaptive teaching on 
class-mean levels of all teaching quality dimensions (i.e., more positive 
perceptions of clarity of instruction, cognitive engagement, support for 
learning, support for competence, autonomy support, student-teacher 
relationship, and classroom disruptions). Overall, this study advances 
the current knowledge on heterogeneity in students’ teaching quality 
perceptions, with potential implications for educational practice (e.g., 
on the role of adaptive teaching).

1. Teaching quality: Dimensions and heterogeneity in students’ 
perceptions

The question of which teaching characteristics have a particularly 
beneficial effect on the educational outcomes (e.g., students’ subject- 
related knowledge, motivation, students’ self-concept) has long been 
of central interest in educational research. Various conceptions of 
teaching quality have been developed (Darling-Hammond, 2021). These 
conceptions differ not only in terms of the teaching characteristics 
included but also in terms of the number of quality dimensions (e.g., 
Charalambous et al., 2021; Ferguson & Danielson, 2014; Praetorius & 
Charalambous, 2018). However, certain central characteristics can be 
identified in almost all conceptions (Praetorius & Charalambous, 2018; 
Röhl et al., 2025). In the present study, we focused on the following 
teaching quality dimensions (in italics):

A set of important teaching quality characteristics comprises forms of 
social and academic support from the teacher; for example, autonomy 
support provided by the teacher and a supportive student-teacher rela
tionship figure prominently in several frameworks.

In addition, teaching quality concepts focus on the communication of 
learning content, such as comprehensibility (e.g., clarity of instruction), 
the stimulation of cognitive learning processes (e.g., students’ cognitive 
engagement), and teachers’ support for students’ learning processes (e.g., 
support for learning, support for competence).

A disruption-free working atmosphere, teachers’ effective handling 
of disruptions, and the establishment of order in the classroom (often 
referred to as classroom management), are central components of 
teaching quality. Thereby, researchers often focus on the absence of 
classroom disruptions as an important indicator of such a disruption-free 
learning atmosphere.

Among the various ways to assess teaching quality, student ratings 
have become the most commonly used. When using student ratings, all 
students in a class are usually surveyed using questionnaires, and class- 
averages of the scales are formed (i.e., the mean of the ratings of all 
students within a class). However, prior research has documented sub
stantial heterogeneity in the ratings of students attending the same class, 
with most of the variance in students’ perceptions existing within rather 
than between different classes (e.g., Schenke et al., 2018). This 

heterogeneity in students’ perceptions of teaching quality is relevant 
from both a methodological perspective (e.g., a sufficient degree of 
overlap in students’ perceptions of constructs, such as teaching quality, 
has been regarded as a precondition to the aggregation of individual 
student ratings at the classroom level, e.g., Lüdtke et al., 2006; Nelson 
et al., 2016), and a substantive perspective, which is the main focus of 
our investigation. Prior to further elaborating on heterogeneity from a 
substantive perspective, we briefly cover how heterogeneity can be 
conceptualized and operationalized.

2. Measuring heterogeneity in students’ perceptions of teaching 
quality

Heterogeneity in students’ perceptions of teaching quality can be 
defined and operationalized in different ways. First, heterogeneity can 
be understood as the amount of variability in the ratings of the students 
within a class. Following this, heterogeneity is commonly assessed with 
variance-based interrater-agreement indices (e.g., Lindell, 1999; Burke 
et al., 1999). These interrater-agreement indices yield one value for each 
class that can be used as a (class-level) variable if researchers want to 
study relations between heterogeneity and other constructs (for an 
overview see e.g., Lüdtke et al., 2006; for empirical studies see e.g., 
Bardach et al., 2018; Bardach et al., 2019, 2021; Schweig, 2016; 
Wittwer, 2008). Depending on the specific index, the resulting value is 
then often referred to as “agreement” (or “within-class consensus”) 
rather than “heterogeneity”; however, as agreement simply represents 
the absence of heterogeneity, such indices lend themselves well to the 
study of heterogeneity.

Second, researchers have adopted profile-based approaches, in 
which they first clustered students according to their configurations of 
teaching quality perceptions on multiple dimensions. Next, the extent of 
profile heterogeneity within classes was calculated. As for agreement 
indices, the resulting value of profile heterogeneity (one per class) can 
then be used in further analyses (Schenke et al., 2017).

Third, there are more indirect ways to approach heterogeneity, 
which build on the assumption that multiple sub-groups exist within a 
classroom unit (e.g., Seidel, 2006; see also Robinson, 2023). Students 
within each sub-group have more similar perceptions of teaching qual
ity, whereas the perceptions of members of different subgroups within 
classes differ. Hence, the existence of different sub-groups within 
classes—instead of one overall “climate” (i.e., shared perceptions of all 
students within a class)—can underlie heterogenous student perceptions 
if the class is looked at as a whole (see e.g., Schweig, 2016 discussing this 
issue). This approach can be labelled as “indirect”, as it does not directly 
measure heterogeneity within classes and instead pays attention to 
sub-groups within classes. For example, a recent study employed social 
network analysis to identify sub-groups of students within classes who 
were friends with each other and then explored if friends within a class 
become more similar in their perceptions of teaching (Bardach et al., 
2024).

In the present study, we opted for the first approach and thus used an 
interrater agreement index (see Methods section for methodological 
details). We did so because the aim of this study was to directly examine 
heterogeneity in students’ perceptions of multiple teaching quality 
perceptions and to investigate them separately to be able to draw 
differentiated conclusions.

3. Searching for the substantive meaning of heterogeneity in 
students’ perceptions of teaching quality

From a substantive perspective, a better understanding of hetero
geneity in students’ teaching quality perceptions, its sources and con
sequences, can help to better understand teaching and learning 
processes more generally. It has, for example, been argued that class
rooms in which students have highly varying perceptions might not be 
ideal environments for learning, compared with classrooms in which 
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students do not vary as much in their perceptions (Schenke et al., 2017). 
Hence, heterogeneity could carry unique information on the classroom 
learning environment that is distinct to the information captured by 
class-mean levels of these ratings (i.e., how a class, on average, rates the 
teaching quality of a lesson or teacher; see also e.g., Bardach et al., 2021; 
Schenke et al., 2017; Schweig, 2016). In high heterogeneity-classes, 
friction and less goal-directed learning behavior may occur due to the 
students’ varying perceptions and different interpretations (Bardach 
et al., 2021; Schenke et al., 2017). In line with these claims, it has been 
shown that higher levels of heterogeneity in teaching quality predicted 
lower learning gains (Schenke et al., 2017; Schweig, 2016).

In addition to studying consequences of heterogeneity in students’ 
teaching quality perceptions (e.g., Bardach et al., 2018; Bardach et al., 
2019; Schenke et al., 2017; Schweig, 2016), scholars have sought to gain 
insights into sources of heterogeneity. Given the central role of teachers 
as facilitators of student learning and important sources of academic and 
social support, it has been proposed that specific teacher characteristics 
and specific teacher behavior may give rise to higher or lower levels of 
heterogeneity in students’ perceptions of teaching quality. For instance, 
Schenke et al. (2018) found that teacher unfairness/unfriendliness, 
measured via classroom observations carried out by researchers, pre
dicted heterogeneity in students’ ratings of teachers’ emotional support. 
A further study on teacher characteristics (Bardach et al., 2021) inves
tigated, among other factors, the effects of teacher-reported teacher 
characteristics (teachers’ emotional exhaustion, teaching-related anxi
ety and enjoyment) on agreement (i.e., the absence of heterogeneity) in 
students’ perceptions of teaching quality. It was shown that teachers’ 
emotional exhaustion, in particular, and, to a lesser extent, 
teaching-related anxiety, negatively predicted agreement regarding 
several teaching quality aspects. No statistically significant effect 
occurred for teaching-related enjoyment. In explaining their findings for 
emotional exhaustion, the authors proposed that the teaching strategies 
of teachers who feel emotionally exhausted may be less consistent over 
time and across students. This could then increase heterogeneity in 
students’ perceptions of teaching quality (Bardach et al., 2021).

4. Heterogeneity in student-perceived teaching quality as a 
potential marker of adaptive teaching

The present work expands upon existing research addressing the 
substantive meaning of heterogeneity in students’ perceptions. We 
propose that a high level of heterogeneity in students’ perceptions of 
teaching quality may indicate that a teacher is not successfully meeting 
the individual needs of the various students forming the class. Thus, we 
conceptualize heterogeneity in students’ perceptions of teaching quality 
as a marker (i.e., indicator) of adaptive teaching in that higher levels of 
adaptive teaching should be predictive of less heterogeneous percep
tions of teaching quality. This assumption has already been put forth by 
several scholars focusing on teaching quality and heterogeneity in stu
dents’ perceptions (e.g., see Bardach et al., 2021; Lüdtke et al., 2006; 
Schenke et al., 2017; Schweig, 2016); however, empirical research 
directly testing this link is, so far, absent.

4.1. Adaptive teaching

Teachers’ adjustments to students’ individual needs and differences 
are generally considered to be fundamental components of effective 
teaching (see Parsons et al., 2018). Various terms and conceptions have 
been used for the process by which teaching-learning processes can be 
adapted to students’ individual needs and differences, such as adaptive 
teaching (e.g., Corno, 2008; Vaughn et al., 2021), personalized learning 
(e.g., Bernacki et al., 2021), instructional adaptations (e.g., Parsons 
et al., 2018), individualized instruction (e.g., Connor et al., 2018), 
differentiated instruction (e.g., Bondie et al., 2019), and others (see e.g., 
Tetzlaff et al., 2022). However, these terms do not necessarily have an 
identical meaning, can differ in their underlying theoretical 

assumptions, terminology, and instructional arrangements (Pozas & 
Schneider, 2019), and should thus not be used interchangeably. In 
addition, it has been stressed that adaptation can be delivered by the 
teacher, via technology (e.g., intelligent tutoring systems, Spitzer et al., 
2024), or a combination of both (e.g., when teachers use information 
provided by adaptive learning technology).

Our study focuses on adaptive teaching as this concept best aligns 
with the present investigation. Adaptive teaching operates on a con
tinuum ranging from adjusting the pace of instruction, level of difficulty, 
or explanations for the class or groups of students to individualized 
learning and the support of self-directed learning. Adaptive teaching 
describes the process by which teachers align their teaching to the 
varying needs and characteristics of students. Adaptive teaching 
generally refers to teaching practices that are non-routine and flexible in 
order to actively and proactively meet the needs of a particular student 
or learning situation (see Hardy et al., 2019). For Corno (2008), these 
adaptations can occur both at the macro level of teaching through 
instructional design and implementation, and at the micro level of 
teaching through teacher-student interactions. Teachers may vary in the 
degree to which their instructional design creates affordances for 
adaptive teaching during classroom instruction (Hardy et al., 2019).

It should be mentioned that some conceptualizations of teaching 
quality consider adaptive teaching as a component of teaching quality 
(e.g., van de Grift, 2007), and adaptive teaching and related terms have 
also subsumed under specific teaching quality dimensions (e.g., student 
support in Praetorius & Charalambous, 2018). However, in the current 
study, we follow recent integrative conceptualizations that consider 
adaptive teaching (referred to there as adaptation) as forming a 
grounding layer of teaching quality aspects (e.g., autonomy support, 
clarity of instruction), acknowledging its importance for all teacher 
behaviors and interactions with students (Charalambous & Praetorius, 
2020).

4.2. Adaptive teaching and its relationship to mean levels and 
heterogeneity in specific teaching quality dimensions

Overall, it can be assumed that teaching that adapts to the needs and 
learning requirements of all students (i.e., adaptive teaching) should 
have positive effects. First, studies indicate that students rate the 
teaching quality of teachers with higher adaptive teaching competency 
more positively (Brühwiler & Blatchford, 2011; Brühwiler & Vogt, 
2020). Hence, adaptive teaching should be predictive of higher class-mean 
ratings of teaching quality. Second, adaptive teaching aims to make 
learning more effective, but also serves to ensure that every student 
participates actively and successfully in lessons. Hence, in line with 
conceptualizations of heterogeneity in students’ perceptions of teaching 
quality as marker of adaptive teaching, we thus suggest that adaptive 
teaching should be predictive of lower levels of heterogeneity in students’ 
ratings of teaching quality as well: If high levels of adaptive teaching 
prevail, students with different needs and learning prerequisites should 
feel equally supported and should share similar teaching quality per
ceptions. Fig. 1 displays these conceptual considerations. It should be 
noted that while we propose that the patterns (adaptive teaching pre
dicts more positive teaching quality perceptions and lower heteroge
neity in teaching quality perceptions) should in general hold across most 
teaching quality dimensions, there may also be exceptions (as outlined 
below for classroom disruptions).

Here, we outline theoretical assumptions that link adaptive teaching 
to students’ perceptions of teaching quality dimensions, both in terms of 
class-mean levels of student ratings and heterogeneity in the ratings of 
students within classes. Thereby, we focus on the specific teaching 
quality dimensions that are investigated in our study: clarity of in
struction, cognitive engagement, autonomy support, and classroom 
disruptions.

First, adaptive teaching is needed to ensure that all students can 
understand the structure and content of lessons, as captured in the 
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teaching quality dimension clarity of teaching (Brühwiler & Blatchford, 
2011); accordingly, in the presence of high levels of adaptive teaching, 
students within a class should, on average, perceive the clarity of 
teaching more positively (i.e., at higher class-mean levels). Moreover, as 
adaptive teaching caters instruction (e.g., the clarity of teaching) to the 
potentially differing needs of students within a class, higher rating of 
adaptive teaching should also be conducive to reducing heterogeneity in 
students’ perceptions of clarity of teaching (i.e., lower heterogeneity).

Similarly, adaptive teaching ensures that all students engage cogni
tively and actively with the learning content at an appropriate level (e. 
g., teaching quality dimension cognitive engagement; Corno, 2008). 
Hence, adaptive teaching should be linked to students feeling more 
cognitively engaged on average (i.e., higher class-mean levels of 
cognitive engagement). Given that in classes characterized by higher 
levels of adaptive teaching, teaching practices fostering cognitive 
engagement take place at the right level for different students or groups 
of students, it seems conceptually plausible that adaptive teaching 
should also give rise to lower levels of heterogeneity in students’ per
ceptions of cognitive engagement.

Furthermore, if a teacher successfully adapts their teaching, all stu
dents should perceive higher levels of autonomy support that fits to their 
learning needs and, as all students are supported, there should be lower 
levels of heterogeneity with respect to the provision of autonomy sup
port (McCaslin et al., 2015). More precisely, considering that adaptive 
teaching seeks to enable students to become more self-directed and in
dependent in their learning (Corno, 2008), adaptive teaching should be 
linked to more positive perceptions of autonomy support (i.e., higher 
class-mean levels). As adaptive teaching, per definition, aims to enable 
all students with their differing needs and learning prerequisites to 
become more self-directed and independent in their learning and makes 
them feel equally supported, it should also reduce heterogeneity in 
students’ perceptions of autonomy support. Similarly, adaptive teaching 
helps each student feel supported and recognized (Corno, 2008; Gasser 
et al., 2017; Hardy et al., 2019), which may contribute to more positive 
perceptions of both other types of support for students (i.e., support for 
learning and support for competence) as well as student–teacher re
lationships and less heterogeneity in those perceptions.

For classroom disruptions, the relationship with adaptive teaching is 
less clear. On the one hand, it is conceivable that adaptive teaching may 

be predictive of fewer student-perceived classroom disruptions. A 
mechanism underlying this effect could be that adaptive teaching leads 
to higher learning motivation of students (Corno, 2008; Hardy et al., 
2019), which may result in fewer classroom disruptions from 
non-motivated or under- or over-stretched students. On the other hand, 
adaptive teaching may result in more disruptions as teachers may pro
vide tailored support to individual students to a greater extent and spend 
only a few phases of the lesson interacting with the class as a whole 
(McCaslin et al., 2015). It is thus possible that the interactive nature of 
adaptive teaching may create noisier environments, and the reduced 
presence of the teacher at the front of the classroom may feed into higher 
levels of disruptive student behavior. To summarize, with respect to 
class-mean levels of classroom disruptions, both positive and negative 
effects of adaptive teaching seem theoretically plausible.

Regarding heterogeneity in students’ perceptions of classroom dis
ruptions, strong conceptual links to adaptive teaching are, from our 
perspective, lacking. Still, we acknowledge that successfully adapting 
instructions to the different needs of students within a class may also 
prompt teachers to select appropriate routines for all students, which 
may then contribute to less heterogeneous perceptions of classroom 
disruptions within a class. However, since our study focuses exclusively 
on the presence or absence of classroom disruptions rather than on 
classroom management strategies, such as implementing routines for 
students, a direct connection to the heterogeneity in students’ percep
tions of classroom disruptions is less apparent.

5. The current study

This study provides the first empirical test of the novel hypothesis 
that heterogeneity in students’ perceptions of specific teaching quality 
aspects serves as a marker of adaptive teaching in that adaptive teaching 
predicts heterogeneity in students’ perceptions of these specific teaching 
quality aspects. In addition to heterogeneity in students’ perceptions, we 
also considered class-mean levels of teaching quality as further out
comes to contribute to a more comprehensive understanding.

The following research questions were addressed: Does adaptive 
teaching predict perceived teaching quality (i.e., higher class-mean 
levels), and importantly, heterogeneity in students’ perceptions of 
teaching quality (i.e., lower heterogeneity)? We hypothesized that 

Fig. 1. Conceptual illustration of the possible consequences of adaptive teaching on student perceptions of teaching quality.
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adaptive teaching in terms of a better adjustment to the learning re
quirements of the class and individual students should result in (a) more 
positive teaching quality perceptions (i.e., higher class-mean levels) of 
the dimensions clarity of teaching, cognitive engagement, support for 
learning, support for competence, autonomy support, and student- 
teacher relationships), and, most importantly, (b) lower levels of het
erogeneity in students’ perceptions of these teaching quality di
mensions. With respect to mean levels of classroom disruptions, we left 
it open whether the effect would be positive or negative. Due to a lack of 
strong conceptual links between adaptive teaching and heterogeneity in 
students’ perceptions of classroom disruptions, we did not specify con
crete hypotheses and conducted exploratory analyses.

Our study used data from the large multi-country TALIS Global 
Teaching InSights study (OECD, 2020). A mathematics teaching unit on 
the topic of quadratic equations lasting several weeks was examined in 
eight different countries, with assessments of teaching quality at two 
measurement points, both before (with a focus on the usual teaching 
practice so far) and after the unit (with a focus on the teaching practice 
during the unit) .1 We adopted latent change score models on the class 
level to analyze the data. Hence, even though we phrase our hypotheses 
in terms of “higher levels of adaptive teaching predicting less hetero
geneity in teaching quality dimensions”, the more precise, but lengthy, 
description would be that we are interested in whether “more positive 
perceptions of the teaching unit on quadratic equations, as compared to 
normal mathematics lessons, predicts a lower degree of heterogeneity in 
students’ perceptions of teaching quality in the teaching unit on 
quadratic equations, as compared to heterogeneity in their perceptions 
in normal mathematics lessons.”

In order to draw conclusions about the results across the different 
countries of the TALIS GTI study, we conducted a two-step integrative 
data analysis that has already been used for the international integration 
of national findings from other large-scale assessments (Brunner et al., 
2022; Curran & Hussong, 2009).

6. Methods

6.1. Sample and procedure

This study uses student surveys (adaptive teaching, teaching quality 
aspects) from the TALIS Global Teaching InSights study (OECD, 2020), 
which includes data from Chile, Colombia, England, Germany, Japan, 
Spain, Mexico, and Shanghai (for more detailed information on the re
gions surveyed, see OECD, 2020). It surveyed teaching quality percep
tions of N = 19,659 secondary school students and their N = 679 math 
teachers (between 50 and 103 per country) at two measurement time
points before and after a teaching unit on quadratic equations lasting 6 
to 13 lessons (depending on national curriculum standards; Klieme & 
Schweig, 2020). As there were problems in the data in one country 
(Madrid/Spain) with the exact allocation of students and classes be
tween the measurement points (Herbert et al., 2022; OECD, 2020), we 
only used the other seven countries with N = 16,143 students and N =
594 math teachers in the study.

The average age of the students (51 % female) was 14.9 (SD = 1.1), 
ranging from 10.1 to 21.4 years. More details on the recruitment process 
and the characteristics of the sample can be found in the technical re
ports of the TALIS GTI study (OECD, 2021).

6.2. Measures

To assess teaching quality dimensions, we used student ratings. 
Adaptive teaching was assessed from both the students’ and their 
teachers’ perspective. All items are listed at the end of the supplemen
tary document. Please note that we attempted to include as many 
teaching quality dimensions as possible in our analyses; however, we 
could not include all of those that were assessed for various reasons (e.g., 
assessed only once, low reliability of some scales in many countries). 
Tables S1 and S2 in the Online Supplement provides an overview of 
these issues.

6.3. Adaptive teaching

The adaptive teaching scale in the student questionnaire consisted of 
five items (see Supplemental Table S3 for exact item wordings and item- 
factor loadings). However, a closer inspection revealed that three of the 
items referred to the teacher’s adaptation of the entire lesson to the 
prerequisites and emerging needs of the whole class (e.g., “Our mathe
matics teacher adapts the lessons to my class’s needs and knowledge”) 
and addressed situational adaptions (microadaptions) made by the 
teacher during the lessons (Corno, 2008; e.g., “Our mathematics teacher 
changes the structure of the lesson on a topic that most students find 
difficult to understand”). In contrast, the fourth item referred to the 
adaption of tasks to the learning prerequisites of individual students 
(“Our mathematics teacher gives different work to students of different 
ability levels”). Since the latter item conceptually differed from the other 
items (see also Hardy et al., 2019) and had only weak loadings on the 
overall scale (T1: λ = .29; T1: λ = .35), we decided to analyze the two 
aspects of adaptive teaching separately as class-related adaptive teaching 
and student-related adaptive teaching. Additionally, the fifth item of the 
original scale focused on teachers’ use of diagnostic questions as another 
different aspect of teaching (formative assessment) and showed only 
weak loadings on the original scale (T1: λ = .52; T1: λ = .59). Therefore, 
we decided to exclude this item from further analyses. All items referring 
to adaptive teaching used a 4-point agreement answering scale, ranging 
from 1 = “strongly disagree” to 4 = “strongly agree.” The scale assessing 
class-related adaptive teaching showed sufficient reliability in each of 
the seven countries (.71 ≤ McDonald’s ω ≤ .94; Mihaly et al., 2021).

6.4. Teaching quality dimensions

For indicators of students’ perceptions of teaching quality, we used 
the student-reported scales clarity of instruction (4 items, .69 ≤ ω ≤ .87, 
example “Our mathematics teacher presents a summary of recently 
learned content”), cognitive engagement (3 items, .63 ≤ ω ≤ .86, “I think 
intensively about the mathematical content”), support for learning (3 
items, .75 ≤ ω ≤ .91, “Our mathematics teacher continues teaching until 
we understand”), support for competence (4 items, .86 ≤ ω ≤ .94, “Our 
mathematics teacher makes me feel confident in my ability to learn the 
material”), autonomy support (4 items, .66 ≤ ω ≤ .87, “Our mathematics 
teacher encourages me to find the best way to proceed by myself”), 
student-teacher relationship (5 items, .83 ≤ ω ≤ .93, “My mathematics 
teacher makes me feel she/he really cares about me”) and classroom 
disruptions (3 items, .81 ≤ ω ≤ .91, “There is much disruptive noise in 
this classroom”). All measures use a 4-point agreement answering scale, 
ranging from 1 = “strongly disagree” to 4 = “strongly agree,” except for 
clarity (4-point frequency scale).

In the latent change score models set up to address our research 
questions, only the class-mean values and heterogeneity measures (one 
index per class, see below) were used. Nonetheless, we also provide 
information on construct validity (confirmatory factor analyses for each 
country, following the approach of Kline (2016) in the Online Supple
ment for interested readers. The confirmatory factor analyses showed 
acceptable model fit indices at both measurement time points 
(Supplemental Table S4). In addition, we tested each scale in 

1 As reported by Opfer et al. (2020), between 20 % and 55 % of participating 
teachers in individual countries stated that they had prepared their lessons 
more carefully than usual during the study. Therefore, we assume that teachers 
focused more strongly during the study on what they considered to be the most 
effective way of teaching.
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longitudinal analyses (Supplemental Table S5; 2.8 ≤ χ2 ≤ 202.8; 5 ≤ df 
≤ 17; .000 ≤ p ≤ .731; .934 ≤ CFI ≤1.000; .000 ≤ RMSEA ≤.108; .006 ≤
SRMR ≤.135).2 In order to compare statistical effects from different 
countries, at least metric measurement invariance should be present. 
The analysis based on the criteria proposed by Rutkowski and Svetina 
(2014; changes of fit values between configural and metric model 
specification ΔCFI <.02 and ΔRMSEA <.01) pointed out that this 
requirement is met for the constructs used (Supplemental Table S6).

6.5. Heterogeneity in students’ perceptions of teaching quality

For each student-rated teaching quality scale, heterogeneity of stu
dents’ perceptions within classes was calculated using Lindell’s r*wg(J) 
(Lindell et al., 1999), an interrater agreement index, using the following 
formula: 

r*
wg(J) =1 −

S2
Xj

σ2
EU 

Where S2
Xj is the average item variability (observed group variance), σ2

EU 

is the expected random variance of a rectangular distribution of the item 
answers. Higher values of r*wg(J) indicate a higher agreement of students 
within classes (i.e., lower levels of heterogeneity). r*wg(J) can range from 
− 0.8 to 1 for a four-point scale and from − 1 to 1 for five-point scales, 
with lower values indicating higher heterogeneity. Compared to many 
other agreement indices, r*wg(J) has the advantage that it is independent 
of the number of items on a scale and that different assumptions 
regarding the expected random variance lead to linearly dependent 
values (O’Neill, 2017). The standardized regression coefficients re
ported in this study are therefore independent of the assumed random 
variance and number of items. In return, we accept some disadvantages, 
such as the possibility of a relatively higher correlation with the scale 
mean, which is less relevant in our study.

Missing values only occurred at the student level. Two percent of the 
students did not answer any of the items used here at either the first or 
second measurement time point. A further 6.1 % only took part in the 
first measurement time point and a further 3.8 % only in the second. 
Single missing values were only present for around 2.4 % of students and 
can be considered negligible (Graham, 2009). As we calculated mean 
values and heterogeneity measures at class level for each time point 
separately, the complete items available within a scale at the respective 
time point were therefore used. On average, the number of valid student 
responses per class was 25.2 (SD = 7.3).

6.6. Statistical analyses

To test our hypotheses, we specified dual latent change score models 
on the class level (McArdle, 2009, Fig. 2). Separate models were speci
fied for adaptive teaching and heterogeneity in teaching quality per
ceptions, and for adaptive teaching and mean levels of teaching quality. 
Fig. 2 provides an example of a dual latent change score model for 
heterogeneity. In this model, the latent change scores for the adaptive 
teaching variable (in Fig. 2: Δηadapt) and the heterogeneity index (Δηrwg) 
of the included teaching quality aspect are partialized between the two 
measurement points using latent regression analysis. Hence, we exam
ined the effect of adaptive teaching during the specific lesson unit, while 

controlling for general adaptive teaching in mathematics lessons, on the 
heterogeneity in students’ perceptions of teaching quality during that 
unit—also controlling for their general perception heterogeneity in 
mathematics lessons.

We accounted for the different origin countries of the data by using 
multigroup structural equation modeling, in which the same dual latent 
change score model was estimated for every country without restrictions 
between the groups. Analyses were conducted using maximum likeli
hood estimation with robust (Huber-White) standard errors and a scaled 
Yuan-Bentler test statistic.

We examined the fit of the latent change score models using model 
Х2 statistics, Steiger–Lind root mean square error of approximation 
(RMSEA), Bentler comparative fit index (CFI) and standardized root 
mean square residuals (SRMR), whereby an acceptable model fit is 
assumed for CFI ≥.95, and SRMR ≤.08 and as suggested by Kline (2016). 
As the relatively small number of 16 degrees of freedom of the LCSM 
combined with a relatively small sample size per country can lead to an 
increase in the RMSEA index (Kenny et al., 2015), slightly higher values 
up to a maximum of RMSEA ≤.15 are also tolerated.

To summarize the individual effects of the seven countries, we con
ducted a two-step integrative data analysis (Brunner et al., 2022; Curran 
& Hussong, 2009) that has recently been increasingly used in studies 
with data from international large-scale assessments in order to inte
grate effects from different countries and survey waves as used for other 
international large-scale assessments. In this analysis method, the co
efficients for the individual subgroups are estimated and then combined 
using meta-regressive random-effect models. Statistical effects from 
different countries can be compared if - as in the present analyses 

Fig. 2. Dual latent change score model estimating the effect of the change in 
adaptive teaching on heterogeneity in student perceptions of teaching quality.

2 For the adaptive teaching scales and the teaching quality scales clarity, 
cognitive engagement, autonomy support, RMSEA values lay below .08 and the 
SRMR value below .07, with the exception of the support for autonomy scale in 
Japan (RMSEA = .108). For the scale classroom-management – disruptions, 
RMSEA and SRMR values in Shanghai, Germany, Japan, and England lay in a 
slightly higher range (.064 ≤ RMSEA ≤.100; .094 ≤ SRMR ≤.135). According 
to Kenny et al. (2015), however, these values are acceptable due to the small 
number of degrees of freedom in the model (df = 17).
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(Supplemental Table S6) – at least metric measurement invariance is 
given (Putnick & Bornstein, 2016). As with other meta-analytic 
methods, the integrative data analysis can be used to draw inferences 
about average effects across different countries, but it is not suitable for 
addressing country-specific differences.

All analyses were conducted in R using the packages multilevel 
(Bliese, 2022), lavaan (Rosseel, 2012) and metafor (Viechtbauer, 2010).

7. Results

7.1. Descriptive analyses

The mean values, standard deviations, and pre-post changes of all 
manifest variables in the overall sample are shown in Table 1. In this 
study, r*wg(J) values (agreement index), our measure of heterogeneity in 
teaching quality perceptions, ranged between 0.47 and 0.66 for the 
teaching quality scales at T1 and between 0.50 and 0.63 for the teaching 
quality scales at T2. According to common interpretation guidelines, 
r*wg(J) values of above 0.30 indicate weak agreement, values above 0.50 
indicate moderate agreement, values above 0.70 indicate strong agree
ment, and values above 0.90 indicate very strong agreement (LeBreton 
& Senter, 2008). Thus, values observed in this study reflect a generally 
moderate amount of agreement.

A significant increase in student-related adaptive teaching between 
T1 and T2 (p < .001, effect size Hedges’ g = .037) emerged, whereas 
class-related adaptive teaching decreased (p < .001, g = − 0.35). 
Additionally, there were significant changes between T1 and T2 in 
means and heterogeneity for the teaching quality measures across the 
entire sample, except for mean clarity of instruction and heterogeneity 
of cognitive engagement and disruptions. There were significant de
creases for the scale mean values of the teaching quality dimensions (p 
< .001, − 0.12 < g < − 0.40), except for an increase in the mean values 
of disruptions (p < .001, g = 0.50, i.e., more disruptions).

Values on the agreement index used to assess heterogeneity in stu
dents’ perceptions of teaching quality decreased significantly (p < .001) 
for autonomy support (g = − 0.26), support for learning (g = − 0.40), 
support for competence (g = − 0.26), and for student-teacher relation
ship (g = − 0.33), which indicated an increase in the heterogeneity of 
perceptions within the classes at T2. Conversely, perceived clarity of 
instruction showed higher agreement (i.e., lower heterogeneity) at T2 (p 
< .001, g = 0.20). Correlations of all variables used in the latent change- 

score analyses can be found in Supplemental Table S7.

7.2. Latent change-score analyses

All fit statistics for the latent change-score models lay in an accept
able range (10.3 < χ2(14) < 32.2; .009 < p < .740; .983 < CFI <1.00; 
.000 < RMSEA <.124; .022 < SRMR <.065; see Supplemental Table S8
for details). The weighted-mean effects of adaptive teaching change 
between T1 and T2 on student perceptions of teaching quality are pre
sented in Table 2. We focus on the results across countries in our 

Table 1 
Overall means, standard deviations and pre-post changes of the variables used in the latent change-score models.

T 1 T2 ES
M SD M SD T(591) p g

Adaptive Teaching Student-related 2.09 0.43 2.20 0.42 − 8.31 <.001 0.34
Class-related 3.07 0.30 3.01 0.31 8.37 <.001 − 0.34

Clarity of Instruction r*wg(J) 0.47 0.15 0.50 0.16 − 4.90 <.001 0.20
Mean 3.09 0.35 3.10 0.37 − 1.04 .149 0.04

Cognitive Engagement r*wg(J) 0.57 0.11 0.56 0.13 0.96 .168 − 0.04
Mean 2.80 0.25 2.78 0.28 2.93 .002 − 0.12

Autonomy Support r*wg(J) 0.57 0.13 0.53 0.15 6.91 <.001 − 0.28
Mean 3.03 0.30 2.99 0.33 6.41 <.001 − 0.26

Classroom Disruptions r*wg(J) 0.55 0.15 0.55 0.17 0.67 .252 − 0.03
Mean 2.78 0.51 2.88 0.50 − 12.26 <.001 0.50

Support for Learning r*wg(J) 0.66 0.14 0.63 0.16 5.42 <.001 − 0.22
Mean 3.28 0.30 3.21 0.32 9.65 <.001 − 0.40

Support for Competence r*wg(J) 0.57 0.15 0.54 0.17 5.55 <.001 − 0.23
Mean 3.09 0.35 3.04 0.36 6.45 <.001 − 0.26

Student-Teacher Relationship r*wg(J) 0.62 0.13 0.58 0.16 8.13 <.001 − 0.33
Mean 3.14 0.30 3.12 0.33 3.86 <.001 − 0.16

Note. M = mean. SD = standard deviation. T, p = test statistics of one-sided dependent T-Test of pre-post changes. ES g = effect size Hedge’s g of pre-post change. r*wg(J) 
= agreement index according to Lindell et al. (1999).

Table 2 
Weighted-mean standardized regression coefficients of the effects of the student 
and teacher perceived adaptive teaching change on the heterogeneity and mean 
change of different dimensions of teaching quality.

Teaching Quality within Classes
Heterogeneity r*wg(J) Mean
βrwg SE p βM SE p

Student-Related Adaptive Teaching
​ Clarity of Instruction .08 .04 .044 .18 .04 <.001
​ Cognitive Engagement − .09 .04 .018 .12 .04 .001
​ Support for Learning .02 .04 .541 .16 .04 <.001
​ Support for Competence .05 .04 .175 .25 .04 <.001
​ Autonomy Support .09 .04 .014 .39 .03 <.001
​ Student-Teacher 

Relationship
.07 .04 .068 .28 .04 <.001

​ Classroom Management – 
Disruptions

− .10 .04 .005 − .19 .04 <.001

Class-Related Adaptive Teaching
​ Clarity of Instruction .24 .03 <.001 .50 .03 <.001
​ Cognitive Engagement − .03 .04 .468 .17 .04 <.001
​ Support for Learning .24 .04 <.001 .60 .03 <.001
​ Support for Competence .19 .04 <.001 .56 .03 <.001
​ Autonomy Support .19 .04 <.001 .52 .03 <.001
​ Student-Teacher 

Relationship
.20 .04 <.001 .55 .03 <.001

​ Classroom Management – 
Disruptions

.04 .04 .268 .02 .04 .546

Note. Heterogeneity was assessed using r*wg(J), which is an agreement index (i.e., 
higher values reflect higher within-class agreement and thus, lower within-class 
heterogeneity).β = standardized regression coefficient of the change in adaptive 
teaching on students’ teaching quality perceptions. SE = standard error. p = two- 
tailed significance value of regression coefficient.
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manuscript, but we also provide separate results for the individual 
countries in Tables Supplement S9-S12 for interested readers. In the 
following, we describe the findings separately for student-related 
adaptive teaching and class-related adaptive teaching. Fig. 3 provides 
an overview of the effects.

7.3. Effects of student-related adaptive teaching

A higher level of student-related adaptive teaching predicted higher 
agreement (i.e., less within-class heterogeneity) in students’ perceptions 
of clarity (βrwg = .08, p = .044) and autonomy support (βrwg = .09, p =
.014), and higher mean levels of these dimensions (i.e., higher levels of 
clarity, βM = .18, p < .001, and autonomy support, βM = .39, p < .001). 
Additionally, higher levels of student-related adaptive teaching pre
dicted higher mean values of support for learning (βrwg = .06, p < .001) 
and support for competence (βrwg = .25, p < .001) as well as higher mean 
values of student-teacher relationship (βrwg = .28, p < .001); however, 
there were no statistically significant effects on heterogeneity in these 
dimensions. Higher levels of student-related adaptive teaching were 
predictive of higher mean values for cognitive engagement (βM = .12, p =
.001), but also predicted lower agreement (i.e., larger heterogeneity) in 
student ratings within classes (βrwg = − .09, p = .018). Further, regarding 
the classroom disruptions scale, higher levels of student-related adaptive 
teaching predicted a lower mean (i.e., less disruptions, βM = − .19, p < 
.001) and lower agreement (i.e., a higher degree of heterogeneity; βrwg =

− .10, p = .005) of students’ perceptions of classroom disruptions within 
classes.

7.4. Effects of class-related adaptive teaching

Higher levels of class-related adaptive teaching predicted higher 
levels of agreement (i.e., lower levels of heterogeneity) of students’ 
perceptions of clarity (βrwg = .24, p < .001), support for learning (βrwg =

.24, p < .001), support for competence (βrwg = .19, p < .001), autonomy 
support (βrwg = .20, p < .001), and student-teacher relationship (βrwg = .20, 
p < .001). No significant effects emerged for cognitive engagement or 
disruptions. Regarding the class averages (mean levels) in student per
ceptions, higher levels of student-reported class-related adaptive 
teaching predicted higher levels of clarity (βM = .50, p < .001), support 
for learning (βM = .60, p < .001), support for competence (βM = .56, p < 
.001), autonomy support (βM = .54, p < .001), student-teacher relationship 
(βM = .55, p < .001), and, to a lesser extent, in cognitive engagement (βM 
= .17, p < .001), but not disruptions.

8. Discussion

While heterogeneity in students’ perceptions of teaching quality has 
often been dismissed as “noise”, emerging research suggests that this 
heterogeneity carries substantive meaning (e.g., Bardach et al., 2021; 
Schenke et al., 2017, 2018; Schweig, 2016). The aim of this study was to 
contribute to this emerging line of research by investigating, for the first 
time, whether heterogeneity in students’ perceptions of teaching quality 
within a class can serve as a marker of adaptive teaching. Leveraging a 
large, multi-country data set (TALIS Global Teaching InSights study, 
OECD, 2021), we therefore tested whether adaptive teaching predicts 
heterogeneity in students’ perceptions of teaching quality in terms of 
clarity of instruction, cognitive engagement, support for learning, sup
port for competence, autonomy support, student-teacher-relationship, 
and classroom disruptions. In addition to effects of adaptive teaching 
on heterogeneity in students’ teaching quality perceptions, we investi
gated effects of adaptive teaching on mean levels of teaching quality. 
The consideration of both mean levels and heterogeneity in students’ 
teaching quality perceptions contributes to a more comprehensive un
derstanding, and allows comparing effects on mean levels, the typical 
focus in research on teaching quality, and heterogeneity in perceptions 
as crucial extension. Another novel contribution of our study is that we 
investigated two aspects of adaptive teaching separately. Specifically, 
we distinguished between adaptive teaching related to individual stu
dents (student-related adaptive teaching) and adaptive teaching that 
also considers tailoring teaching to classroom processes more generally 
(class-related adaptive teaching).

Our findings relating to adaptive teaching (both student-related and 
class-related adaptive teaching) supported our hypothesis that hetero
geneity in students’ perceptions of teaching quality serves as a marker of 
adaptive teaching for several teaching quality aspects. For example, the 
effects on heterogeneity of student perceptions of clarity of instruction 
within classes indicate that adaptive teaching contributes to lower het
erogeneity in student ratings, possibly because the teaching is compre
hensible at “the right level” for all students: If teachers are successful in 
adapting their teaching to different students’ needs and learning pre
requisites, all students should receive relatively unambiguous and 
comprehensible messages (e.g., Bardach et al., 2021), which likely gives 
rise to a more shared perception of clarity of instruction within classes (i. 
e., lower heterogeneity). Moreover, both student-reported student-re
lated and class-related adaptive teaching predicted higher mean levels of 
clarity of instruction. The effects of adaptive teaching on mean levels of 
clarity of instruction suggest that adaptive teaching helps to make 

Fig. 3. Overview of the effects of student-related and class-related adaptive teaching on heterogeneity (r*wg(J)) and mean levels (M) of teaching quality dimensions 
within Classes. 
Note. Solid lines: Significant positive effects. Dashed lines: Significant negative effects. No lines: No statistically significant effects.
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instructions more comprehensible on average, which adds to existing 
findings on the positive effects of adaptive teaching documented in the 
literature (e.g., Brühwiler & Blatchford, 2011; Brühwiler & Vogt, 2020).

For autonomy support, our assumption that adaptive teaching is 
predictive of higher mean levels of and less heterogeneity in teaching 
quality perceptions in classes was also confirmed. With respect to het
erogeneity, we propose that adaptive teaching makes it easier for all 
students to find tasks fitting their learning needs and preferences (see 
also Corno, 2008), which could explain the reduced heterogeneity in 
autonomy support perceptions. In addition, if teachers take the differing 
autonomy needs and learning difficulties of students into account, they 
should be perceived as more autonomy supportive by students, on 
average (i.e., higher mean levels).

Students’ reports of student-related and class-related adaptive 
teaching were predictive of higher mean levels of cognitive engagement, 
but not to a reduction in within-class heterogeneity. The fact that we 
found consistent support for positive effects of both types of adaptive 
teaching on mean levels, in line with our hypothesis, indicates that 
adaptive teaching helps to increase the extent to which students in a 
class feel cognitively engaged. Since cognitive engagement is a key 
precursor to successful domain-specific learning processes (e.g., Kunter 
et al., 2013), identifying its predictors—such as the mean levels of 
different forms of adaptive teaching—is relevant for both research and 
educational practice. On the other hand, the non-significant effect of 
class-related adaptive teaching on heterogeneity, and the finding that 
higher levels of student-related adaptive teaching even predicted higher 
heterogeneity contradict our hypothesis and raise questions. Cognitive 
engagement is a strongly “cognitively loaded” teaching aspect, and it 
may be particularly challenging for teachers to adapt their teaching so 
that everyone is cognitively engaged to the same or a highly similar 
degree. For example, high-quality adaptive teaching not only requires a 
large pool of suitable tasks at different difficulty levels, it is necessary 
also for either the teacher to assign the different tasks to students in a 
way that is befitting their ability or competency, or for students to be 
adequately trained to choose the appropriate level of difficulty for 
themselves (Bondie et al., 2019). Especially the adaptation of tasks to 
the learning prerequisites of individual students within a class (i.e., 
student-related adaptive teaching) may be challenging for teachers in 
that it may even increase gaps in the perceptions of different groups of 
students within classes, as manifested in higher levels of heterogeneity 
in cognitive engagement.

Furthermore, it should be noted that the cognitive engagement 
dimension differs from the other dimensions in two key respects. First, it 
is the only scale that exclusively uses “I” as the item referent (e.g., “I 
think intensively about the mathematical content”), whereas most other 
scales refer to the “teacher” (e.g., “My mathematics teacher is interested 
in my well-being”) or to the classroom environment (e.g., “There is 
much disruptive noise in this classroom”). This distinction has been 
discussed in several studies on student perceptions of teaching quality, 
particularly regarding how the use of “I” versus “we” in item wording 
may affect interpretation (Jaekel et al., 2022; see also den Brok et al., 
2006). While minor differences did emerge in some cases, they warrant 
further investigation. In our study, we did not systematically examine 
item formulation effects within the same scale (see, e.g., Jaekel et al., 
2022). Future research using the same scale with two versions of item 
referents—differing by addressee—and investigating the effects of 
adaptive teaching on heterogeneity in both versions could provide 
further clarity. Second, the cognitive engagement dimension differs 
from the others in that it is the only one used here that focuses on the 
individual student’s experience and learning behavior during mathe
matics lessons, rather than on the teaching provided by the teach
er—such as the use of cognitively activating tasks and instructional 
methods. Unfortunately, we were unable to include the cognitive acti
vation scale in our analyses for comparison purposes due to its low 
reliability.

For support for learning, support for competence, and student–teacher 

relationships, the same pattern of findings emerged: higher levels of class- 
related adaptive teaching predicted less heterogeneity in students’ 
perceptions of these three dimensions, whereas student-related adaptive 
teaching showed no significant effects. For both types of adaptive 
teaching, however, effects on the mean levels of these dimensions were 
observed. It is also possible that class-related adaptive teaching, having 
been assessed more comprehensively than student-related adaptive 
teaching, may better capture aspects that contribute to the more shared 
student perceptions with respect to these dimensions. With respect to 
student–teacher relationships, it is possible that providing tasks at 
different levels—as examined here through student-related adaptive 
teaching—may do little to change heterogeneity in perceptions (i.e., no 
significant effect): Students receiving easier tasks due to lower 
achievement levels might feel less liked or valued, while higher- 
achieving students may perceive the teacher more positively. Similar 
mechanisms may unfold for support for learning and support for 
competence. Class-related adaptive teaching, by contrast, may capture 
aspects such as situational adaptations (Corno, 2008) that are more 
relevant for predicting heterogeneity in these dimensions. Such situa
tional microadaptations (e.g., adjusting the structure of a lesson that most 
students find difficult) focus less on making differences between stu
dents more salient, as the student-related adaptive teaching scale might, 
and more on connecting with and supporting everyone.

Lastly, the findings revealed that students’ ratings of greater student- 
related adaptive teaching predicted lower mean levels of perceived 
classroom disruptions and greater heterogeneity in students’ perceptions 
of the presence of disruptions. The observed effect of student-related 
adaptive teaching in reducing mean levels of classroom disruptions 
suggests that it can facilitate smoother teaching and learning processes, 
thus contributing to the growing body of literature highlighting the 
positive effects of adaptive teaching (e.g., Brühwiler & Blatchford, 2011; 
Brühwiler & Vogt, 2020). Interestingly, student-related adaptive 
teaching increased heterogeneity in perceptions of classroom disrup
tions. We propose that student-related adaptive teaching likely requires 
a more individualized form of support from the teacher (McCaslin et al., 
2015), such as one-on-one discussions about individual questions or 
problems with the respective student. As such, student-related adaptive 
teaching perhaps presents a particular challenge when it comes to 
observing all students, their behavior, and to reacting promptly and 
effectively to emergent disruptions (McCaslin et al., 2015), which could 
manifest in increasingly heterogeneous perceptions. It is also conceiv
able that the larger heterogeneity in perceptions of disruptions within 
classes could be attributed to the fact that students’ expectations, sen
sitivities and needs regarding noise levels during periods of the lesson in 
which student-related adaptive teaching prevails may differ, as reflected 
in greater heterogeneity in perceptions of classroom disruptions. 
Moreover, no statistically significant effects occurred for students’ rat
ings of class-related adaptive teaching on classroom disruptions. These 
findings underscore that the two adaptive teaching forms are differen
tially related to students’ perceptions of classroom disruptions. Impor
tantly, student-related adaptive teaching seems to capture content more 
relevant to both mean levels and heterogeneity in students’ perceptions 
of classroom disruptions, and we propose that this may be due to the 
stronger focus of student-related adaptive teaching on individualized 
adaptations.

8.1. Implications for research and practice

By testing whether heterogeneity in students’ perceptions of adap
tive teaching serves as a marker of adaptive teaching, the present study 
contributes to the emerging line of research focusing on the substantive 
meaning of heterogeneity in students’ ratings of teaching quality, and to 
respective theory building. Our work showed that higher level of het
erogeneity in students’ perceptions of autonomy support, clarity of in
struction, and – with regard to class-related adaptive teaching – support 
for learning, for competence and student-teacher relationship can 
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indicate a lack of adaptive teaching; at the same time, our study high
lights important differences across teaching quality aspects and types of 
adaptive teaching, given that adaptive teaching did not predict hetero
geneity in students’ perceptions of cognitive engagement, for example, 
and given that we obtained more significant effects for class-related than 
student-related adaptive teaching. The finding that adaptive teaching 
even predicted an increase in heterogeneity in students’ perceptions of 
classroom disruption is relevant for theory as well, as it underscores that 
adaptive teaching likely does not function in the same way across 
teaching quality aspects when the focus is on heterogeneity in students’ 
ratings. Thus, there is a clear need for research on heterogeneity in 
students’ perceptions to think thoroughly about contents of teaching 
quality aspects and their conceptual links to different potential sources 
of heterogeneity (in our study: adaptive teaching), and to let these 
conceptual considerations guide the theory-informed selection of con
structs and the specification of hypotheses.

In addition, our study has implications for recent conceptualizations 
of teaching quality, which emphasize the importance of adaptive 
teaching for all teacher behaviors and interactions with students by 
considering adaptive teaching as grounding layer of teaching quality 
aspects (Charalambous & Praetorius, 2020). Our findings that (studen
t-reported) adaptive teaching was consistently related to positive 
changes in mean levels of all teaching quality aspects support this 
theoretical preposition. Importantly, our work also suggests that these 
conceptualizations may benefit from expanding their focus to include 
heterogeneity in students’ teaching quality perceptions as a feature that 
had so far received no or little attention in conceptual work on teaching 
quality.

Our work has implications for practice too. The obtained effects of 
adaptive teaching on positive changes in mean levels of all teaching 
quality aspects highlight the importance of adaptive teaching in creating 
learning environments that students perceive to be autonomy- 
supportive, characterized by high levels of clarity of instruction and 
few classroom disruptions, and beneficial for their cognitive engage
ment. Therefore, assisting teachers and prospective teachers in 
improving their adaptive teaching competencies represent important 
goals for teacher education, professional development programs, and 
interventions (e.g., Vogt & Rogalla, 2009).

Our findings may also have implications for the use of student sur
veys as feedback for the further development of teaching quality (e.g., 
student feedback; Röhl et al., 2021), even though we acknowledge that 
replications of our study’s findings, especially regarding effects of 
adaptive teaching on heterogeneity in student-perceived teaching 
quality are needed before definite implications for practice can be 
derived. Nonetheless, we suggest that when using student surveys as 
feedback tools for teachers, it may be promising to complement reports 
of item or scale averages with respective measures of heterogeneity. 
Furthermore, teachers may need to learn to interpret heterogeneity 
within classes as a potential indication of the need for greater adaptive 
teaching with respect to certain aspects of teaching quality. As shown in 
a recent meta-analysis, a discussion of the student feedback between the 
teacher and the class with the aim of a collective development of 
possible improvements has proven to be very effective in improving 
teaching practices (Röhl et al., 2025). For this purpose, the heteroge
neity measures of the individual scales could also be used, as this ex
change may enable to obtain more detailed information on specific 
learning requirements of the students within a class and ways to better 
adapt teaching students’ needs.

8.2. Limitations and directions for future research

Several limitations and promising directions for future work should 
be noted. Even though student ratings are considered as a reliable 
measure of teaching quality, they have some potential limitations. Stu
dents may tend to rate the teaching quality of teachers they like more 
highly (Bijlsma & Röhl, 2023). If a teacher is liked by all students in a 

class, this could lead to less heterogeneity in student perceptions of 
teaching quality within a class. However, conversely, it can also be 
assumed that teachers with a higher level of adaptive teaching are more 
liked by the students because they take the students and their needs into 
account. This is also evident in the high correlations between 
class-related adaptive teaching and the average student-teacher rela
tionship (Supplemental Table S7). Therefore, using further data sources 
would have been desirable. However, the video ratings available as part 
of the TALIS GTI study are only cross-sectional and could therefore not 
be considered in this longitudinal study. In addition, the TALIS-GTI 
study also provides teacher ratings, but they are generally considered 
less meaningful than student ratings (e.g., Wagner et al., 2015).

Bifurcating adaptive teaching into individual student- and class- 
related aspects was supported by the present findings as the two adap
tive teaching aspects differed in their effects of student perceptions of 
some teaching quality dimensions. However, it remains a limitation that 
student-related adaptive teaching was only surveyed with one item. It 
would be useful to differentiate between the different types of adaptive 
teaching in further studies and to use two more comprehensive multiple- 
item scales. In addition, this would allow for the assessment of psy
chometric properties, including reliabilities and factorial structures, of 
all adaptive teaching scales—something that was not possible for 
student-related adaptive teaching in the current study.

We were able to use data from two measurement points; however, 
the interval between the measurement points was relatively short, so in 
typical longitudinal study, only a few changes in teaching practice 
would be expected. Nonetheless, many of the participating teachers 
reported that they prepared their lessons more carefully than usual be
tween the measurements due to the video recordings (Opfer et al., 
2020), making changes in student perceptions of lesson quality more 
likely. Without this unique situation, changes in student perceptions of a 
teacher’s teaching practice would probably not have been expected, 
even over a longer period—particularly if teaching quality was assessed 
using questionnaires referring to a longer period (Gaertner & Brunner, 
2018). In future longitudinal studies, our findings could, for example, be 
examined using a targeted intervention design with changes in adaptive 
teaching over time as treatment. Another promising approach could be 
to capture the actual dynamics of classroom processes relating to 
adaptive teaching as they unfold at shorter time scales (e.g., from day to 
day or even moment to moment). We envision future work following up 
on our study and using intensive longitudinal study designs (e.g., 
Davison et al., 2023) to shed light on fine-grained, dynamic, and 
potentially reciprocal associations between adaptive teaching and het
erogeneity in students’ perceptions of teaching quality. In addition, we 
employed one specific agreement index in our study. The use of other 
interrater agreement indices could possibly lead to slightly different 
effect sizes (for an overview of their advantages and disadvantages, see 
O’Neill, 2017), and we deem it worthwhile to systematically compare 
different indices in future work.

Another limitation of the present study lies in an implicit assumption 
underlying our argument: that students, regardless of differences in 
ability level, interest, or prior knowledge, are equally accurate in their 
evaluations of teaching quality. This assumption may not fully hold, as 
students’ characteristics could systematically influence how they 
perceive and interpret teaching practices (e.g., Golke et al., 2022). 
Future research building on our work could also examine differences in 
student ratings across diverse learner profiles.

Lastly, we used class level aggregated data in our analyses, due to our 
interest in the class level and given that some of our variables (hetero
geneity) can only be located at the class level. One limitation of our 
approach, however, is that information on the level of individual stu
dents was not used. Using individual student data and disaggregating 
information on the individual student and class level in future research 
would make it possible to reap the advantages of more complex statis
tical approaches, such as doubly latent multi-level modelling (e.g., 
Marsh et al., 2012). Applying our latent change score approach within a 
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doubly latent multi-level modelling framework would, for example, 
allow to simultaneously correct for both measurement and sampling 
error for constructs other than heterogeneity in perceptions (which is 
captured by one manifest index/class).

9. Conclusions

What does it mean when students in the same classroom differ in how 
they perceive teaching quality? This study contributes to the scarce body 
of research exploring the significance of heterogeneity in students’ 
perceptions of teaching quality and its theoretical implications. Our 
findings suggest that adaptive teaching predicted lower heterogeneity in 
students’ perceptions—particularly regarding autonomy support, clarity 
of instruction, and, to some extent, support for learning, competence, 
and student–teacher relationships. Thus, the present study provided 
initial evidence for our claim that heterogeneity in student-perceived 
teaching quality can serve as a marker of adaptive teaching.
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Dr. Sebastian Röhl is interim professor at Freiburg University of Education. His research 
topics include teaching quality, feedback, professional development of teachers and school 
leaders.

Dr. Kyle Davison is Post-Doctoral Researcher at Giessen University. His research focuses 
interpersonal processes and the co-regulation of learning.

Dr. Lisa Bardach’s research focuses on the role of individual differences in learning con
texts and cultural diversity in schools. She holds a position as Full Professor for Psychol
ogy, Giessen University.
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