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1  Introduction

Within the last decade, research on both teachers’ profes-
sional competencies and teachers’ performance in the class-
room has been of major interest in mathematics education 
(Baumert et  al., 2010; Charalambous, & Hill, 2012; Hill 
et  al., 2008; Learning Mathematics for Teaching Project, 
2011; Schmidt et  al., 2007). As these characteristics have 
a long tradition of being polarized, a great step forward in 
the field of educational research has been the framework of 
Blömeke, Gustafsson, and Shavelson (2015). In this frame-
work, competence is conceptualized as a continuum includ-
ing teachers’ dispositions, their situation-specific skills and 
their performance, namely the observable behavior in real 
classroom situations, with the situation-specific skills com-
prising the competence facets Perception, Interpretation 
and Decision-making (in short PID-model).

Recent studies focused mainly on the relation between 
teacher competence and students’ achievements, analyzing 
to what extent competence is directly predictive of students’ 
outcomes. With regard to the processes between these char-
acteristics, instructional quality received increased attention 
as a variable mediating the relation between teachers’ com-
petence and students’ achievements (Baumert et al., 2010; 
Kersting et  al., 2012; Hill, Rowan, & Ball, 2005). The 
question of instructional quality or what good instruction is 
has a long history in educational research (e.g. Oser, Dick, 
& Patry, 1992). Depending on different research traditions, 
the approach to this question and possible answers vary. 
Recent foci emphasized methods of teaching, instructional 
goals, as well as learning theories, which resulted in edu-
cational reforms in several countries (Atweh, Clarkson, & 
Nebres, 2003; Matsumura, Garnier, Pascal, & Valdés, 2002; 
Sawada et  al., 2002). Particularly in mathematics educa-
tion and mathematics instruction “scholars, policymakers, 
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and educators have spent decades debating what ‘counts’ 
in mathematics classrooms” (Learning Mathematics for 
Teaching Project, 2011, p. 25).

Quality of instruction is discussed as one of the main 
influential factors on students’ learning and achievement 
(Hattie, 2009; Hill et  al., 2005). Seidel and Shavelson 
(2007) identified the largest teaching effects on students’ 
outcomes for domain-specific aspects of teaching. Hiebert 
and Grouws (2007) claimed that “the nature of classroom 
mathematics teaching significantly affects the nature and 
level of students’ learning” (p. 371). However, the most 
relevant subject-specific aspects of instructional quality in 
mathematics education have yet to be identified as these 
aspects are inconsistent in different studies. In addition, 
depending on learning goals, it is not unambiguous how 
mathematics teaching can be effective (Hiebert & Grouws, 
2007).

Several instruments have recently been developed for 
measuring instructional quality; amongst others, in Ger-
many this development was influenced by the unsatisfac-
tory achievements of German students in international large 
scale assessments such as TIMSS or PISA (Beaton, Mul-
lis, Martin, Gonzales, Kelly, & Smith, 1996). In addition, 
research on instructional quality has a long tradition in the 
U.S. resulting for example in a large number of instruments 
on the measurement of educational reforms (Learning 
Mathematics for Teaching Project, 2011; Smith & Gorard, 
2007; Scheerens & Bosker, 1997). Overall, a major goal of 
these approaches is to describe teachers’ professional com-
petence and classroom practice in order to improve teach-
ing and teacher education (Scheerens, 2004).

However, most of these instruments, which have been 
developed by researchers and practitioners, do not con-
sider subject-specific aspects of instructional quality as the 
instruments are used for different subjects, which means 
that subject-related aspects, for example concerning math-
ematics education, are not part of the evaluation.

Not unexpectedly, methodological challenges arise when 
measuring instructional quality reliably, particularly when 
regarding effects on students’ outcomes (Hill et  al., 2010, 
2012; Praetorius et  al., 2014). However, these challenges 
have frequently not been discussed in empirical research 
publications so far, although research literature points out 
that influences of teacher competence on instructional qual-
ity and its effects on students’ achievement depend strongly 
on methodological considerations (e.g. Hiebert & Grouws, 
2007; Praetorius et al., 2012).

The aim of this paper is therefore twofold: we focus on 
theoretical as well as methodological challenges in meas-
uring instructional quality in mathematics education with 
classroom observations which means observations of les-
sons (videos as well as live observations) by external per-
sons using standardized rating instruments. Firstly, the 

paper aims at conceptualizing instructional quality and 
discusses how to integrate subject-specific aspects into a 
generic model. For this purpose, we provide an overview of 
important recent instruments measuring instructional qual-
ity in mathematics education. Secondly, the paper examines 
methodological considerations in measuring instructional 
quality using observer ratings. These analyses finally lead 
to prospects concerning the future development of the 
measurement of instructional quality in mathematics edu-
cation. Our aim is not to identify the “best” or “most ade-
quate” instrument for measuring instructional quality. In 
contrast, we present theoretical and methodological chal-
lenges to researchers in mathematics education, for facili-
tating the selection of instruments measuring instructional 
quality in mathematics classrooms.

2 � Conceptualization of instructional quality

In the last decades, teaching effectiveness research seems 
to be one of the most prominent strands in the fields of 
psychology and education (Brophy, 2000; Kersting et al., 
2012; Oser et al., 1992). In this strand, instructional qual-
ity is understood in a more functional way, i.e., the main 
goal is to predict students’ achievements at school (Sei-
del & Shavelson, 2007). These studies are often based on 
the process-mediation-product paradigm (Brophy, 2000, 
2006), which emphasizes relations between aspects of 
instruction as “opportunities to learn” provided by the 
teacher (process), students’ usage (mediation) and their 
achievement (product). This framework has been modi-
fied to the utilization of learning opportunities model 
(Fend, 1981; Helmke, 2012), which is based on the con-
structivist idea that students’ learning processes cannot be 
controlled from outside. The teacher’s task is to provide 
learning opportunities that have to be used effectively by 
students in order to develop their achievements. Scholars 
conducting empirical research tend to describe instruc-
tional quality by a setting of characteristics independently 
from certain instructional designs. As recent studies on 
instructional quality have created many individual results 
it has become important to structure or “meta-analyze” the 
relevant factors of effective instruction (Seidel & Shavel-
son, 2007). However, these approaches were mainly induc-
tive, i.e. they were not based on learning theories (Pianta 
& Hamre, 2009).

Recently, another framework for instructional qual-
ity has gained attention. It has been developed by sev-
eral studies from German-speaking countries within 
the TIMSS Video Study and consists of three dimen-
sions which are called classroom management, personal 
learning support and cognitive activation (see Fig. 1). It 
treats instructional quality in more detail, but separately 
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from other facets like subject, school and grade even 
though it was firstly developed for mathematics instruc-
tion (Baumert et  al., 2010; Lipowsky et  al., 2009; Lotz, 
Lipowsky, & Faust, 2013; Helmke, 2012). Several studies 
have used this or a similar three-dimensional framework 
as a foundation for further empirical research (Klieme, 
Pauli, & Reusser, 2009; Pianta & Hamre, 2009). The pre-
dictive validity of these three basic dimensions on stu-
dents’ achievement has already been pointed out (Baumert 
et al., 2010; Klieme et al., 2009; Kunter et al., 2013; Lip-
owsky et al., 2009).

The first dimension, classroom management, focuses 
on quality-oriented learning time provided for students. 
Amongst other aspects, this dimension focuses on how 
effectively the teacher deals with disruptions or discipli-
nary conflicts (Brophy, 2000; Kunter, Baumert, & Köller, 
2007). Effective classroom management is characterized 
by a structured and well-organized lesson with clear rules 
and routines (Lipowsky et  al., 2009; see also Kounin, 
1970).

The second dimension, called personal learning sup-
port, focuses on aspects of self-determination theory (Deci 
& Ryan, 1985). This dimension includes students’ indi-
vidual support provided by differentiation, the creation of a 
positive learning climate with a good relationship between 
students and teacher as well as constructive feedback 
(Klieme et al., 2009; Lipowsky et al., 2009).

Finally, cognitive activation refers to a high level of 
students’ thinking supported by the teacher with problem-
solving tasks to activate learning and understanding pro-
cesses (Brophy, 2000; Hiebert & Grouws, 2007; Klieme 
et  al., 2009; Lipowsky et  al., 2009). This dimension 
includes the activation of previous knowledge, the activ-
ity of co-construction beginning with student ideas as well 
as challenging tasks and questions (Lipowsky et al., 2009; 
Praetorius et  al., 2014). With regard to subject-specific 
aspects of instructional quality in mathematics education, 
the conceptualization of the third dimension can differ 
largely between studies (see Sects. 2.1, 2.3).

2.1 � Instructional quality: generic or subject‑specific?

Since the three-dimensional framework we just described 
was developed to hold for many different subjects, it does 
not sufficiently describe the mathematics educational 
quality of instruction. It becomes obvious that the domain 
content is not completely covered (Klieme & Rakoczy, 
2008; Praetorius et al., 2014). However, the importance of 
subject-specific aspects on instructional quality has been 
claimed widely from theoretical and empirical perspectives 
(Drollinger-Vetter, 2011; Hiebert & Grouws, 2007; Klieme 
& Rakoczy, 2008; Seidel & Shavelson, 2007).

Despite these claims, the relation between subject-spe-
cific and generic aspects of instructional quality has been 
treated seldom in mathematics education and it is not clear 
until now to what extent the generic dimensions include 
subject-specific aspects especially regarding cognitive 
activation. Furthermore, the dimensionality of subject-
specific aspects has rarely been addressed in mathematics 
education. Various studies aimed at solving this problem 
by either integrating a few subject-specific aspects into the 
three basic dimensions of instructional quality or by creat-
ing additional dimensions. We explore these approaches 
first before proposing a more systematic way of including 
subject-specific aspects in educational quality of instruction 
in Sect. 2.3.

Whether a dimension could be understood as sub-
ject-related depends essentially on its operationalization 
(Baumert et  al. 2010; Drollinger-Vetter 2011). Educa-
tional researchers have mostly agreed on what they mean 
by classroom management, whereas other dimensions of 
instructional quality are not as well-established (Praetorius 
et  al., 2014). Classroom management is mainly regarded 
as a generic dimension, because the aspects of this dimen-
sion are important in all subjects (e.g., clear rules and rou-
tines and well-organized lessons, see description in Sect. 2). 
Still, it is possible that reasons for students’ disruptions 
are partly content-related due to domain-specific interests 
or content-specific mental under- or overload (Drollinger-
Vetter, 2011, p. 325). Furthermore, there are different kinds 
of operationalization of structural clarity. Several research-
ers classify structural clarity as a generic sub-dimension of 
classroom management focusing on organizational struc-
ture and clarity (e.g. Helmke, 2012; Kunter et  al., 2007). 
In contrast, other researchers regard structural clarity as a 
subject-specific dimension focusing amongst others on the 
development and implementation of mathematical concepts. 
As an example, in the German-Swiss project Instructional 
Quality and Mathematical Understanding in Different Cul-
tures (so-called “Pythagoras-study”; Klieme et  al., 2009) 
subject-specific aspects were measured separately beyond 
the three-dimensional generic framework. This subject-spe-
cific dimension consists of elements of understanding, the 

three dimensions of 
instructional quality 
(learning opportunities)

students utilization effects/products

cognitive activation

classroom 
management

personal learning 
support

high level thinking

time on task

self-determination

achievement, 
conceptual 
understanding

motivation

Fig. 1   Three-dimensional model of instructional quality (reproduced 
from Klieme & Rakoczy, 2008, p. 228)
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quality of representations and structural clarity in a content-
related operationalization (Drollinger-Vetter & Lipowsky, 
2006; Drollinger-Vetter, 2011, p. 179). However, it remains 
uncertain whether all authors who use the term "structural 
clarity" refer to the same kind of structure.

The dimension personal learning support can also be 
regarded as generic, focusing on positive learning climate 
and the relationship between students and teacher (Klieme 
& Rakoczy, 2008; Pianta & Hamre, 2009). Still, various 
kinds of operationalization differ between studies as other 
researchers include content-specific activities that support 
students’ learning (Baumert et  al., 2010). In mathemat-
ics classes, subject-specific aspects of personal learning 
support could be content-related adaptive support, inner 
differentiation based on different content foci, as well 
as a positive approach to students’ conceptual errors or 
misunderstandings.

Especially the operationalization of cognitive activation 
differs largely between various studies and it is ambiguous, 
to what extent cognitive activation contains subject-specific 
aspects. Beyond the approach to use “challenging tasks” or 
foster “high-level thinking”, it is still not clear what such a 
dimension could consist of. Several researchers describe 
cognitive activation by aspects like “activating previous 
knowledge”, “building on students’ ideas” or “stimulating 
students to explain their solution methods” (Klieme et  al., 
2009), whereas others include aspects like “scaffolding” 
(Schoenfeld, 2013). Especially when focusing on students’ 
mathematical concepts and solution methods, these aspects 
are mainly subject-specific. However, aspects like “fostering 
high-level thinking” or “using scaffolding” might occur not 
only in mathematics education, but in other subjects too and 
can therefore be described as generic. For instance, research-
ers in the German study Professional Competence of Teach-
ers, Cognitively Activating Instruction, and Development of 
Students´ Mathematical Literacy (in short COACTIV-study; 
Baumert et  al., 2010) developed a framework according to 
the three basic dimensions of instructional quality with a 
focus on the potential for cognitive activation. By doing so, 
cognitive activation was understood from a content-specific 
perspective with a focus and an emphasis on cognitively acti-
vating and mathematically demanding tasks (Baumert et al., 
2010; Klieme et al., 2009; Lipowsky et al., 2009).

So, even if one might use the same framework and the 
same dimensions of instructional quality, it is possible 
that the interpretation of a certain dimension and the sub-
ject-specific depth may vary greatly. This leads to several 
empirical problems as analyses between instructional qual-
ity and students’ achievement can differ largely between 
different studies due to known conceptual differences (Sei-
del & Shavelson, 2007).

Overall, there is a shortcoming of frameworks that con-
sist only of generic dimensions, namely, they do not seem 

to suffice as a theoretical framework to describe math-
ematics instruction completely. Even if several aspects of 
instructional quality are partly subject-specific, be it cogni-
tive activation or structural clarity, many important details 
of teaching and learning are not addressed, such as lan-
guage, representations, or correctness of the results. With 
regard to mathematics education and instructional quality, 
Blum, Drüke-Noe, Hartung, and Köller (2006) therefore 
refer to an educational approach describing mathematics 
education as orchestration of rich subject-related content 
beyond the three generic dimensions. In the following we 
use mathematics educational quality of instruction (MEQI) 
to describe those aspects of instructional quality that are 
specific to mathematics as a subject.

2.2 � Subject‑specific aspects of instructional quality

Conceptualizing subject-specific aspects of instructional 
quality seems yet to be a major theoretical challenge in 
educational research: “if educators could more satisfac-
torily describe and measure the MQI [mathematical qual-
ity of instruction], they would be in a better position to 
improve teaching and learning” (Learning Mathematics for 
Teaching Project 2011, p. 30).

In the following, we shall concentrate on subject-specific 
aspects of instructional quality in detail and how they have 
been addressed by recent studies. In order to gain a repre-
sentative insight into the field we first conducted an explor-
ative survey and looked at a wide range of different instru-
ments that measure instructional quality, although most of 
these instruments do not focus on subject-specific aspects 
of instructional quality. For validating our findings we then 
conducted a systematic literature review within the interna-
tional databases of Web of Science, ERA and ERIC. In the 
description of our research we included only articles from 
social sciences, educational sciences or psychology. Our 
selection criterion was the publication source of the papers 
or the instruments, restricting ourselves to papers com-
ing from peer-reviewed journals that have been published 
within the last 20 years. The following keywords were used 
within the selection process: instructional quality, quality 
of instruction, teaching quality, educational quality. We 
crossed each of these keywords with the following terms: 
mathematics, mathematics education or mathematics 
instruction. By reviewing the titles and abstracts, we then 
excluded articles that focus on a specific part of educational 
science, i.e., distance education, special education or pre-
school education. Finally, we excluded papers that do not 
use classroom observations to assess instructional quality.

In the following table we have not analyzed a given 
paper itself; the focus was on the standardized observational 
instrument that is described in this paper. As an example, 
there has apparently been more than one publication on the 
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MQI instrument, but in order to provide clarity we have 
listed the MQI instrument referring only to one publication 
instead of listing every publication in which the instrument 
is described. We want once again to highlight that the table 
does not include classroom observation instruments that 
do not focus on subject-specific aspects in mathematics 
education, as for example the CLASS instrument (Pianta 
& Hamre, 2009). Moreover, due to unpublished descrip-
tions of potential subject-specific aspects it was not possi-
ble to find examples for each dimension listed in the table. 
Generic dimensions are not included in the table, as well 
as the development of the presented instruments; we are 
focusing only on the final conceptualizations.

We are aware of the fact that we might have missed 
important contributions in our study; however, this explora-
tory approach will give an overview of studies that have 
been carried out in this field. In order to get an overview 
of different instruments measuring instructional quality, we 
included the results of other research in mathematics edu-
cation based on literature reviews (Learning Mathematics 
for Teaching, 2011; Schoenfeld, 2013). As in our case, the 
authors of these publications, too, could find only a small 
number of studies and instruments.

When looking at the different subject-specific aspects 
or dimensions, it becomes obvious that there is no consist-
ency in either the nomination or the conceptualization of 
subject-specific aspects. In addition, it is confusing that 
some studies use the term dimension whereas other stud-
ies talk only about aspects or even items. Therefore, one 
aspect of a given study could cover a whole dimension 
within another study which makes it very difficult to com-
pare the instruments described in Table 1. Even more gen-
erally, the dimensionality of subject-specific aspects has 
rarely been studied empirically in mathematics education. 
In addition, it shows that the relevant aspects of mathemat-
ics educational quality have yet to be identified, not to men-
tion the relation between those aspects. On the other hand, 
it becomes apparent that there are some aspects that are 
included in many of the above listed instruments (e.g. rep-
resentations, demanding tasks).

Therefore, a first approach to identify these commonali-
ties can be to find out the aspects that are included in more 
than one instrument. The aspects covered are:

•	 Representations
•	 Mathematical language
•	 Mathematical content and topics (e.g. problem solving, 

reasoning)
•	 Connections, relations, abstractions and generalizations 

(i.e. mathematical richness)
•	 Mathematical errors, mathematical correctness
•	 Elements of understanding
•	 Instructional practices (classroom practices)

•	 Implementation of the task
•	 Students’ participation and understanding
•	 Cognitive demand, cognitive activation, potential of the 

task
•	 Materials, manipulatives.

When analyzing these different conceptualizations, it 
is also important to consider that some instruments were 
developed for special content areas (in particular introduc-
tion to the Pythagorean Theorem), whereas others were not 
even developed for mathematics instruction solely. We will 
discuss this fact in Sect. 3.2 when describing methodologi-
cal challenges. In the following, we develop some sugges-
tions of how the subject-specific aspects in mathematics 
education could be structured in a more systematic way.

2.3 � Structuring generic and subject‑specific aspects 
of instructional quality

Overall, we can state that there is presumably more than 
one way to identify categories for mathematics educational 
quality of instruction. However, as we lack theories on the 
subject-specific depth of instructional quality (as men-
tioned in Sect. 2.1) we might as well move forward with a 
rather pragmatic approach. When we ignore the terms that 
were used to name subject-specific aspects in those studies 
(second column of Table 1), but look mainly at the content 
of a given aspect (see the examples), we see at least two 
independent approaches towards a mathematics educational 
quality of instruction.

Firstly, we find in the studies the attempt to define those 
facets of instruction that are subject-specific in a narrow 
way, for instance mathematical language, mathematical 
errors or mathematical concepts, topics and connections. 
By these aspects, one addresses aspects that are not rele-
vant only in classroom practice but also in other situations 
that deal with mathematics; that is, these aspects might 
come from a more mathematical perspective on mathemat-
ics educational quality of instruction. In most cases, it is 
not viable to study mathematical concepts in other than 
mathematics classes, in contrast to the issue of classroom 
practice or cognitive activation, which can be studied in all 
kinds of classes. Consequently, we argue that these genuine 
subject-specific aspects of mathematical instruction cannot 
be integrated into a generic framework that aims at measur-
ing instructional quality in any classroom.

Secondly, subject-specific dimensions can be found 
which arise when looking at mathematics educational qual-
ity of instruction from a pedagogical perspective. This can 
be done either theoretically or in a way that is related to 
educational practice. In this category, we can put subject-
specific aspects like instructional practices, connecting 
classroom practice to mathematics or students’ discussions 
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and students’ participation. Moreover, there are facets 
of mathematics educational quality of instruction that are 
strongly related to the three generic dimensions of instruc-
tional quality. Apparently, under this category falls the 
potential of the task from IQA, cognitive demand from 
TRU Math and cognitive activation from PERLE and 
the Pythagoras study. We can identify particular learning 

theories (e.g., social constructivism) that have appar-
ently been the conceptual foundation for these quality 
dimensions.

This second, pedagogical perspective of subject-specific 
aspects is, in our opinion, the more complicated part: due 
to the pedagogical perspective on mathematics instruction 
some aspects may be seen as generic. This is of course only 

Table 1   Overview of subject-specific aspects of instructional quality measured in different studies

Study Subject-specific dimensions/aspects (examples)

Elementary mathematics classroom observation form  
(Thompson & Davis, 2014)

Computation and concepts (problem-solving, reasoning, algebra, geom-
etry, measurement, data,…)

Technology (calculators, computers, others)
Manipulatives (materials, real-world objects, journals, pictures, text-

books)

Inside the classroom observation protocol  
(Horizon Research, Inc., 2000)

Mathematics content (significance, appropriateness, content informa-
tion, concepts, abstractions, connections, sense-making)

Instructional quality assessment (IQA)  
(Matsumura et al., 2002)

Potential of the task
Implementation of the task
Student discussion following the task
Rigor of expectations

Mathematical quality of instruction (MQI)  
(Learning Mathematics for Teaching Project, 2011)

Richness of the mathematics (representations, explanations, mathemati-
cal language, multiple procedures, developing generalizations)

Mathematical errors and imprecisions (major mathematical errors, 
imprecision in language, lack of clarity)

Students participating in meaning making and reasoning (providing 
explanations, posing mathematically motivated questions, engaging 
in reasoning)

Working with students and mathematics
Connecting classroom practice to mathematics

PERLE (Lotz, Lipowsky, & Faust, 2013) Elements of understanding
Mathematical language
Representations

Pythagoras study (Klieme et al., 2009) Elements of understanding (occurrence, duration)
Representations (enactive, iconic, formal, verbal)
Structural clarity

Reformed teaching observation protocol (RTOP)  
(Sawada et al., 2002)

Propositional knowledge (conceptual understanding, fundamental 
concepts, abstractions, connections)

Procedural knowledge (representations, reflection, intellectual rigor, 
thought-provoking activity)

TIMSS video study 1999 (Hiebert et al., 2003) Instructional practices (solution methods, mathematical processes, 
applications, problem context)

Mathematical content (topics, reasoning, complexity, mathematical 
relations)

TRU Math (Schoenfeld, 2013) Mathematical focus, coherence and accuracy (richness and centrality, 
mathematical practices,…)

Cognitive demand
Equitable access to content

Uteach teacher observation protocol (UTOP)  
(Marder, & Walkington, 2014)

Lesson structure (organization, important concepts, students’ under-
standing)

Implementation (problem-based approach, conceptual understanding)
Mathematics content (deep knowledge and fluidity of the teacher, 

abstractions, connections)

Capturing teacher knowledge (Kersting et al., 2012) Developing concepts (mathematical concepts or ideas are mathemati-
cally correct)

Appropriate use of representations to explain algorithms (manipulatives 
and drawn representations)

Connecting concepts and topics
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partly true, as we have discussed earlier using the exam-
ples of cognitive activation and structural clarity. Thus, 
we can understand these mathematics educational aspects 
of instructional quality as both subject-specific and also 
generic (or in-between). Instructional quality can be seen in 
a direct connection to teachers’ professional knowledge, as 
it is then interpreted as teachers’ performance in the class-
room (Blömeke et al., 2015; see also Kersting et al., 2012). 
It may hence be possible that instructional quality can be 
divided into separate subject-specific dimensions, similarly 
to the well-known division of teachers’ knowledge into 
MCK, PCK and GPK. Broad discussions exist especially 
on the operationalization of PCK (see e.g. Buchholtz, Kai-
ser, Blömeke, 2014), which is supposed to have a major 
impact on students’ learning (Shulman, 1986, 1987). Nev-
ertheless, the conceptual issues we just mentioned can be 
regarded only as a first step towards future developments.

3 � Methods and methodological challenges 
for measuring instructional quality

Beyond the question of how to conceptualize instruc-
tional quality, methodological challenges should also be 
addressed more carefully in order to gain a better under-
standing of how the research design affects the psychomet-
ric quality of a study (Hill, Charalambous, & Kraft, 2012; 
Hill, Kapitula, & Umland, 2010). The following table gives 
an overview of methods and methodological issues from 
several studies in which the instruments from Sect.  2.2 
were used (Table  1). It becomes apparent that, regarding 
methodological decisions, these studies vary largely.

Classroom observation is the most commonly used 
method to measure instructional quality directly (Clare, 
Valdés, Pascal, & Steinberg, 2001; Helmke, 2012).1 These 
observations can be conducted by either internal or exter-
nal observers (or both). Internal observers are teachers or 
students who attend the class. According to many authors, 
internal observers have some disadvantages (e.g. Hiebert & 
Grouws, 2007; Pianta & Hamre, 2009): as teachers and stu-
dents participate actively in the lesson, they cannot concen-
trate exclusively on the observation. In addition, self-
reports by teachers are influenced by how teachers think 
they should be teaching. Hence, classroom observations by 
external observers are awarded higher validity. In addition, 
external observers generally look at a huge number of les-
sons of different teachers, so their ratings tend to be less 

1  Sometimes the word instructional research is used only if class-
room observation methods are performed, as for example Helmke 
puts it: “The silver bullet of the description and assessment of instruc-
tion is without doubt observation” (own translation, 2012, p. 288).

subjective than the evaluation by teachers or students (Prae-
torius et al., 2012; Helmke, 2012).

However, there are a few well-known disadvantages that 
go along with external ratings (Howard et al., 1980; Lüdtke 
et al., 2009; Reyes et al., 2012). External observers spend 
little time on the observation compared with the long-
term perspective of the teacher or students. In addition, 
the observers normally have only a little information about 
the class and the students. Nevertheless, these disadvan-
tages are seen as less serious than those that go along with 
the evaluation by teachers or students (Clare et  al., 2001; 
Helmke, 2012; Pianta & Hamre, 2009; Praetorius et  al., 
2014). As an example, Kunter and Baumert (2006) claim 
that there are only a few aspects of instructional quality 
that can be observed by teachers and students adequately, 
for example sampling information about the frequency of 
different instructional practices in a classroom or students’ 
perceptions regarding the classroom climate or learning 
environment (see also Praetorius et al., 2014).

3.1 � Assessing instructional quality with high‑inferent 
observer ratings

Classroom instruction can be divided into aspects that can 
be observed directly (so-called surface structures, e.g., 
how many students put their hands up) and aspects that 
need interpretations (so-called deep structures, e.g., how 
many students participate in high-level thinking), which 
accounts for the amount of inference that is left to the 
observer. When analyzing an instrument, one can distin-
guish between items of higher or lower inference, i.e., the 
aspect to be measured requires more or less interpretation 
respectively, from the observer (Rosenshine, 1970). Nowa-
days, instructional quality is described mainly as a latent 
construct requiring interpretations, because recent research 
showed that the presence of aspects from surface structures 
and the quality of the deep structures can vary almost inde-
pendently from each other (Baumert et al., 2010; Veenman, 
Kenter & Post, 2000). Hence, a questionnaire that contains 
only low-inference-items will lead to validity problems, 
even if the instrument is reliable. Of course, items with less 
inference are more likely to measure reliably and, there-
fore, have frequently been recommended in the past (Bro-
phy, 2006; Kounin, 1970; Soar, Medley, & Coker, 1983). 
However, the main goal in measuring instructional qual-
ity must be that the ratings are not only reliable, but also 
valid (Hill et al., 2010; Kane, 2006; American Educational 
Research Association/American Psychological Associa-
tion, 1999). Still, there are also some facets of instructional 
quality with lower inference, which can hence be evaluated 
more easily (e.g., students’ oral participation in class vs. 
high-level thinking). In some cases, the indicators for the 
surface structure are an indication for the quality at deep 
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structure; for example, mathematical high-level thinking of 
the students can only occur when the lesson time is con-
nected to the learning of mathematics (i.e. time-on-task). 
For describing both surface and deep structures of math-
ematics teaching, an instrument is necessary that con-
tains items at any inference level. The studies presented in 
Table  2 have measured instructional quality mainly with 
items of both lower and higher inference.

3.2 � Reliability issues of external observer ratings

At a methodological level, the reliability of classroom 
observations—that is a necessary condition for valid meas-
ures—has been a major issue in the last few years (Hill 
et al., 2010, 2012; Praetorius et al., 2014). More precisely, 
the following questions are discussed in detail:

•	 How many lessons are sufficient in order to secure reli-
able data?

•	 How many raters are necessary?
•	 What is the optimal length of a rating period/time inter-

val (i.e. unit of analysis)?
•	 How can different lessons be compared objectively?

In order to analyze these questions, the generalizabil-
ity theory or, in short, G Theory is a useful psychometric 
method (for more information see Brennan, 2001; Cron-
bach, Gleser, Nanda, & Rajaratnam, 1972; Shavelson & 
Webb, 1991). With G Theory it is possible to investigate 
different sources of error that can occur in classroom situ-
ations (Brennan, 2001; Shavelson & Webb, 1991; Hill 
et al., 2012). For every potential source of error, variance 
estimations are performed. The resulting G coefficients 
can be interpreted as reliability coefficients of classical 
test theory. Decision studies can then be conducted for 
estimating the reliability under different conditions (e.g. 
number of lessons and raters per class) and deciding on 
the optimal conditions for obtaining sufficiently reli-
able measures. With regard to other theories, reliability 
issues as mentioned above can be addressed less condi-
tionally than in item response theory and more precisely 
than in classical test theory, which makes G Theory a 
great tool for analyzing instruments (Brennan, 2011; Hill 
et  al., 2012). In conclusion, the decision studies enable 
researchers to address issues such as rater bias, i.e., errors 
caused by observers. Studies showed that errors commit-
ted by observers sum up to 41 % of the variance (Praeto-
rius et al., 2012, 2014; for more details see Shavelson & 
Webb, 1991). However, in most cases, these analyses are 
limited to a single instrument since it is usually not pos-
sible to compare questionnaires validly, because of differ-
ent concepts or terms (Hill et al., 2010; Seidel & Shavel-
son, 2007).

In the following, we present selected recent results on 
these questions and issues. The first question focuses on 
the variation of instructional quality between lessons and 
is asking, how many lessons are necessary to obtain suf-
ficiently reliable measures for instructional quality. Until 
recently in empirical research, this issue has been discussed 
controversially by different researchers using plausibil-
ity arguments for both short periods and longer observa-
tion periods without empirical evidence. Praetorius et  al. 
(2014) analyze this problem with data from the Pythago-
ras study using G theory. The results of their analysis show 
that the two quality dimensions classroom management 
and personal learning support (operationalized as content-
independent) show a high stability across lessons, whereas 
the dimension cognitive activation (operationalized partly 
content-dependent) varied largely between lessons (Praeto-
rius et al., 2014). In detail, one lesson is sufficient to meas-
ure classroom management and personal learning support, 
whereas nine lessons are needed to measure cognitive acti-
vation reliably. In addition, results of the MET-study sug-
gest the benefit of observing each teacher during more than 
one single lesson (Gates Foundation, 2012). However, the 
questions remain whether these results are generalizable 
for further studies and how the operationalization (content-
dependent vs. content-independent) influences the results.

The second question on the number of raters is dis-
cussed for the Pythagoras study by Praetorius et al. (2014). 
For reliability values greater than E2 = .90 there are theo-
retically eight observers necessary for the evaluation of the 
dimension personal learning support (for more informa-
tion see Brennan, 2001, 2011; Shavelson & Webb, 1991). 
Similar analyses were made for the MQI-instrument focus-
ing on the number of lessons per teacher and the number 
of raters. The results show that the relatively small num-
bers of three lessons and two raters seem to be the optimal 
combination for their research purposes (Hill et al., 2012). 
Other studies, which were not presented here, found differ-
ent optimal combinations that in some cases vary largely 
between the number of raters and lessons, characterized by 
measurement points (see Praetorius et al., 2014). However, 
these analyses depend strongly on the study within which 
observer reliability and rater bias have been measured and 
therefore a transfer to other studies is not easily possible. 
As Hill et al. (2012) put it: “there is no optimal number of 
observations or raters that transcends specific instruments 
and rater populations and we caution against extrapolating 
our results to other observational instruments and scoring 
designs” (p. 62). Even if no optimal number of raters gen-
erally exists, for analyzing rater bias, it is necessary that a 
minimum of two raters observe one lesson.

The third question addressing rating periods is another 
important methodological issue, which treats the unit 
of analysis. With regard to the relationship between 
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instructional quality and students’ achievement it is impor-
tant to analyze meaningful units that allow descriptions 
of the processes in class. Hiebert and Grouws (2007) 
proposed the analysis of units of typical lesson periods. 
Still, this decision depends on the aspects that are to be 
measured as there can be large variance in some aspects 
of instructional quality within one lesson, e.g., whether 
the lesson time is used efficiently. Therefore, recent obser-
vational instruments use shorter and therefore more rat-
ing periods (Learning Mathematics for Teaching Project 
2011). This leads to other technical challenges, e.g., how 
many ad-hoc ratings can be performed per lesson if no vid-
eos are recorded.

The last question focuses on the comparability of les-
sons. In order to gain higher comparability, it is possible 
to standardize content, classes, grades, teacher activities, 
settings or learning goals within the lesson. Domain-spe-
cific teaching studies are mainly conducted under quasi-
experimental conditions (Seidel & Shavelson, 2007). This 
quasi-experimental approach leads to some advantages and, 
therefore, is used in different recent studies like the Pythag-
oras study or the PERLE study. In both of these studies the 
content was standardized, e.g., all classes in the Pythagoras 
study treated an introduction into the Pythagorean Theo-
rem. The instruments used in standardized content settings 
allow the deepening of the subject-specific perspective 
(Lipowsky et al., 2009) and the specification of the subject-
specific items. However, this approach may have an influ-
ence on other methodological questions; for example, the 
question remains of how results of these studies can be 
transferred to other mathematical content and also, more 
globally, how these results can be transferred to ordinary 
all-day classroom instruction without any standardization. 
Therefore, one main goal in future research might be to 
develop instruments that can be applied in all-day instruc-
tion and that are not bound to specific contents or class-
room situations.

4 � Summary and conclusion

Until now, there seems to be no general framework for 
instructional quality, especially for the purposes of math-
ematics education and subject-specific aspects. Moreover, 
the understanding of what MEQI really is varies greatly 
among studies. This shows that there is apparently no con-
sensus about the essential issues of MEQI, its structure and 
its relation to generic aspects. In addition, analyzing results 
of classroom studies with a focus on mathematics educa-
tion becomes quite difficult as almost every framework 
uses different terms describing different underlying con-
cepts. Therefore, we argue that agreeing on some defini-
tions could be helpful for further research in mathematics 

education and, more generally, empirical research. As a 
first step, we suggest that MEQI could be studied from both 
a mathematical and a pedagogical perspective.

At the methodological level, we gave an overview 
of challenges concerning observer ratings. In detail, we 
focused on questions such as how many lessons and raters 
are necessary for securing reliable data and what is the opti-
mal length of a rating period (unit of analysis). In addition, 
we discussed advantages and disadvantages that go along 
with quasi-experimental studies standardizing aspects 
of the observed lessons (e.g., the content). Still, there are 
other questions which could not be discussed in this paper 
(e.g., how raters can be trained ideally or the number of 
items in the observational instrument; see Hill et al., 2012; 
Praetorius et  al., 2012). Consequently, Hill et  al., (2012) 
use the term observational systems to highlight the inter-
dependency of raters, instruments and conceptualizations 
in a given study. However, it is necessary also to think of 
systematic problems. In particular, one should address not 
only reliability, but even more important validity issues of 
instructional quality.

From the perspective of educational practice, the instru-
ments described in Sects. 2.2 and 3.1 carry the problem of 
not always being easily applicable to large samples. They 
often require videotaping and, in order to analyze the 
instructional quality, need multiple inspections of videos, 
which leads to many organizational challenges (for more 
information see Casabianca et  al., 2013). Hence, for con-
ducting empirical research in mathematics classrooms it 
may be necessary to develop an observational instrument 
that can be used in ad-hoc classroom observations. Regard-
ing cost-efficiency, statistical methods such as G theory can 
provide a useful benefit for practitioners as it is possible 
to decide on a theoretical basis how many raters and items 
may be necessary to gain reliable measures (see Hill et al., 
2012; Shavelson & Webb, 1991). Thus, for future research 
it is important to use theory-based frameworks and obser-
vation instruments that fulfill both validity and reliability 
conditions for measuring instructional quality in mathemat-
ics education.
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