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Abstract

This study presents a novel standardized rating instrument for observing and measuring effective classroom management
(ECM) as part of the teaching and learning environments in primary school. The instrument comprises eight high-inferent
items on organizational aspects (lack of disruptions/discipline problems, withitness, effective time use, clear rules, clear
routines, appreciation) and instructional aspects (structuring, goal clarity). It was applied in second grade classrooms of
German primary school teachers (n =35) providing early reading and writing instruction. Pairs of trained raters (student
teachers) observed one to three lessons in each classroom over 3-4 months, reaching acceptable interrater agreement.
The instrument showed acceptable internal consistency. Factor analyses revealed structures with good to acceptable
fit indices, with confirming the differentiation into organizational and instructional ECM aspects. Correlations between
observed ECM and facets of teacher knowledge (that were directly assessed by using paper—pencil tests) provide diver-
gent and convergent validity evidence: Whereas no significant correlations could be found between pedagogical content
knowledge for early reading and writing instruction and ECM, findings show significant correlations between general
pedagogical knowledge and the ECM. The added value of the study is therefore to provide a novel instrument that can
be applied in future empirical research on primary school classroom management.
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1 Introduction

Classroom management relates to teacher behavior and action providing learning environments free from interfer-
ence or distractions as well as ensuring effective time use in classroom teaching and learning [1, 2]. As an educational
concept, classroom management serves to describe specific measures taken by the teacher such as providing clear
rules, structuring the lesson, or monitoring student behavior [3]. Managing classrooms is a core requirement expected
from a professional teacher [4].

For decades, many researchers have contributed to a scientific understanding of classroom management [5, 6].
Several meta-analyses of empirical studies proliferated reliable evidence that classroom management positively
affects student cognitive and affective-motivational learning outcomes (e.g., [7-10]). Today, broad agreement exists
that effective classroom management (ECM) is a core constituent of teaching practice and a basic dimension of
instructional quality [11, 12].

However, the reliable assessment of instructional quality is a complex process [13, 14]. Classroom observations
are necessary and lesson evaluation has to be underpinned by scientific concepts. As teachers, their students, and
external observers may assess the same lesson differently, their varying perspectives can influence empirical studies’
results [15]. While student ratings were frequently used as a measure for ECM (e.g., [15, 16]), ratings by external and
trained raters are favored to accesses teachers’instructional quality directly and prevent self-reported bias [13]. This
is particularly important with early primary school students as they can be overwhelmed by reading and responding
to rating scales in ECM questionnaires.

Different subject-specific (e.g., [17]) and generic instruments (e.g., [18]) for classroom observations were used in
various studies. However, only few studies considered generic aspects of ECM that could be applied in early instruc-
tion in primary school yet (e.g., [19, 20]), using video recording with time-consuming coding mainly rather than
efficient in-vivo ratings. Against this background and to proliferate the development of specific learning environ-
ments research instruments, we ask how ECM can be observed and measured reliably and validly by ratings of trained
observers in early instruction in primary schools using a novel instrument. The added value of the study is therefore
to develop such an instrument that can be applied in future empirical research on primary school classroom teaching
and learning in general, including early reading and writing instruction which is the overall focus of the project Pro-
fessional Knowledge of Teachers, Instructional Quality, and Second Grade Student Progress in Reading and Writing
(Professionelles Wissen von Lehrkréften, Unterrichtsqualitéit und Lernfortschritte von Schiilerinnen und Schiilern im basalen
Lese- und Schreibunterricht - WibaleS) forming the context of present instrument’s evolution and development.

2 Theoretical framework
2.1 Effective classroom management

Over decades and following the process—-product research paradigm, empirical educational researchers have been
investigating student learning outcomes—mostly student achievement—and their link to relevant learning envi-
ronment characteristics [21, 22]. Numerous studies analyzed classroom instruction components and their possible
influence on student learning. Well-known meta-analyses (e.g., [7, 9, 10, 23]) offer systematic and integrating per-
spectives of many studies’findings, highlighting the most relevant factors for effective teaching. Specifically, Hattie
[23] found that relevant factors describing effective instruction are “classroom management” (effect size of d=0.52;
p. 102), “teacher clarity” (d=0.75; p. 126), and “teacher-student relationships” (d=0.72; p. 118). According to Hattie’s
[7]1 meta-analysis, effect sizes greater than 0.4 are in the “zone of desired effects,” indicating high practical relevance
regarding the effects of teaching and student outcomes.

To conceptualize ECM, some authors suggested differentiating between organizational and instructional aspects
of classroom management [24-26, p. 79]. The former relates to successfully dealing with time management and
student behavior, for example, by working with clear rules and routines [6, 26-29], monitoring student behavior [1,
2, 28], and establishing positive teacher-student relationships [30]. The latter comprises pedagogical issues such as
teaching methodes, structuring lessons, and instructional clarity [1, 25, 31]. The absence of disruptions and students’
time on task can be considered outcomes of teachers’ ECM [2, 32].
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On an aggregated level, ECM aspects have been subsumed into one basic dimension of instructional quality.
Following the Third International Mathematics and Science Study (TIMSS), several approaches emerged on basic
instructional quality dimensions (e.g., [18, 33]) claiming that these approaches are generic and can be observed in
any teaching-learning situation but with different quality manifestations. Besides students’ cognitive activation and
constructive support, ECM is usually conceptualized as one of three instructional quality dimensions that are con-
sidered crucial for high-quality teaching “across education systems, school types, grade levels, and school subjects”
[22, p. 1931.

2.2 Live classroom observation of ECM

When assessing and measuring ECM as part of learning environments and instructional quality, various methodological
approaches are possible. Ratings can be done live and on-site in schools or via video-based lessons or sequences. Fur-
ther, observers may vary: lesson observations rating can occur through teachers themselves, their students, or external
observers. However, external observers are considered being more reliable in their ratings and less subjective in their
judgements as they are usually specifically trained and observe different lessons of different teachers [13]. When rating
lessons on-site, observers have to decide about complex ad-hoc situations. Here, difficulties due to events taking place
in a very fast manner and sometimes simultaneously with instant judgements and lessons that cannot be repeated [34].
However, there are several advantages of live observations over video-taped lessons, such as being in the middle of the
events and seeing the whole classroom instead of only what camera angles show.

When developing observational instruments, differences are made between low- or high-inferent items (e.g., [19]). The
latter demand complex and fast situational assessments for lessons. Raters have to make decisions for each segment—for
example, identifying the quality manifestation, how teachers behave, and how students act or react to teachers’ expec-
tations and instructions. High-inferent items often need a lot more interpretation as they relate to “deep structures”
during a lesson, such as to students’ profoundness of thinking, whereas lower inferent items refer to so-called “surface
structures’, such as how often an event related to an indicator takes place [31, 35, p. 35]. Rater training should therefore
aim at a mutual understanding of indicators’ meaning and quality manifestations. The newly developed instrument of
the present study contains mostly high-inferent items and requires the assessment of deep structures related to ECM.

2.3 Correlations between effective classroom management and teacher knowledge

Developing a novel rating instrument includes determining its adequacy based on testing for validity evidence. Validity
refers to how plausible the interpretation of a test score is supported by evidence and theory for the proposed use of a
test [36]. In case of in-vivo observations of ECM practices, the observed scores are used to draw inferences about teachers'’
actual performance and teacher-student interaction in the classroom. Therefore, those interpretations can only be made
with plausibility if it is shown that the observational instrument’s results are psychometrically sound with theoretical
and empirical knowledge about classroom teachers’ ECM. That means, empirical relationships to other variables that are
related in a plausible way to the interest construct are a central source [37].

As teachers’ professional knowledge is supposed to affect their performance [38], the two facets of teachers’ profes-
sional knowledge—general pedagogical knowledge (GPK) and pedagogical content knowledge (PCK)—are included
in correlational analyses with observed instructional quality. Teachers’ GPK is a strong predictor of instructional quality
and studies showed significant positive correlations between GPK and ECM aspects (e.g., [39-41]). Additionally, ECM
is related to student achievement [7] with GPK affecting it and thus linked to student performance [42, 43]. PCK, on
the contrary, is a stronger predictor for subject-specific instructional quality, in particular for cognitive activation [44].
Therefore, in relating PCK and GPK to ECM observational and rating data, hypotheses on convergent (GPK) and divergent
(PCK) validity evidence can be tested as shown below.

3 The present study
3.1 Rating instrument construction

This study focuses on the construction and implementation of an observation instrument for assessing ECM at the begin-
ning of primary school—particularly applicable to early instruction in primary school, therefore including early reading
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and writing instruction, but not restricted to language teaching. First, we were seeking for an existing instrument with
few, high-inferent items especially applicable in early instruction in primary school. In the English-speaking world, the
Classroom Assessment Scoring System (CLASS) [18] is frequently applied for this purpose, however, drawing on a differ-
ent model of instructional quality than German-language studies [12]. This impeded us from implementing the CLASS to
the context of our project WibaLeS: In our project we aimed to assess the quality of early reading and writing instruction
comprehensively. To do so, we adopted a model of (measuring) instructional quality along the three basic dimensions
(1) effective classroom management, (2) constructive support, and (3) cognitive activation (e.g., [11, 12]). This model is
well established in Germany as the country of our study (e.g., [15, 17, 25, 41, 42, 44]). Therefore, the present observation
instrument was developed to assess ECM as a generic basic instructional quality dimension in this project-besides and
conceptually demarcated from the subject-specific basic dimensions of constructive support and cognitive activation
(both of which are not part of the present study, but still make up an important component of our project). In addition,
the CLASS instrument includes three complex 7-point scales to capture classroom organization, each of which combines
indicators of different aspects of classroom management. For our measurement approach, however, our goal was a larger
number of differentiated items, each with a focus on one aspect of classroom management.

Within the German-speaking area, the observation instrument of the so-called PERLE (Persénlichkeits- und Lernent-
wicklung an staatlichen und privaten Grundschulen) video study should be highlighted (e.g., [45]), which is used to rate
videos of early mathematics and language instruction retrospectively. This instrument was conceptually close to the
theoretical framework of our project. In addition, it used a similar rating approach with a larger number of categories
each targeting a specific aspect of classroom management (e.g., rule clarity). However, the complex and effortful video
recording was neither feasible nor necessary in our project context. In contrast, the instrument of the present study aims
to enable in-vivo classroom observation and is intended to include a comparably compact selection of categories that
consider relevant aspects of ECM in primary school teaching situations. We planned for using a relatively small number of
observable indicators to facilitate in-vivo observation, but enough indicators to make a reliable measurement (e.g., [35,
37]). Its implementation in classroom environment is far less effortful compared with video recordings (e.g., concerning
data protection requirements in Germany and management of collected data). At least in German schools, access to the
field for empirical investigation of instructional quality sometimes might be denied if video recordings are selected as
the means of data collection, whereas in vivo ratings have the advantage to open up the field for empirical studies. This
was one of the main reasons why our project team decided to develop a novel instrument capturing ECM.

Consequently, for instrument development, ECM as an important generic facet of learning environments, was differ-
entiated into several aspects. ECM results in quality and quantity of actual learning time provided for students (time-on-
task) [2, 32]. Due to its complexity, ECM comprises various aspects such as teacher efficacy when dealing with classroom
disruptions or disciplinary conflicts [16, 31] and involves the degree of alertness and attentiveness of teachers to student
behavior. ECM features structured and well-organized lessons with clear rules and routines [2, 11, 16, 46]. This is par-
ticularly relevant in early instruction in primary school, since students still have to get used to typical social interaction
of classroom learning (e.g., raising one’s hand in order to participate in whole-group discussion, following the teacher’s
instruction for transition from single to group work, etc.).

When developing the rating instrument, we used and combined existing classroom management categories from
several empirical studies [2, 11, 12, 17, 33, 47] and adapted and enhanced them using additional indicators. In particular,
we sought to select categories that seemed appropriate for early instruction in primary school. These included a number
of categories already used for the similar instrument in the PERLE project, for example, global indicators, such as effective
time use or (lack of) disruptions, which generally reflected successful classroom management, and organizational aspects
of classroom management (e.g., withitness, establishing clear rules). However, we additionally included instructional
aspects, that is, structuring and goal clarity (e.g., [24]), taking into account that a clear lesson structure and transparent
communication of learning objectives can play an important role in establishing a learning environment. Moreover, a
separate category focusing on clear routines was included, which may be regarded as a key requirement of primary
school instruction, since first and second grade students are not yet familiar with instructional routines [45]. In addition,
teachers’ appreciation—an aspect that affects both social climate and classroom management—was considered. This
also takes into account the assumption that the relationship between teacher and students affects classroom interac-
tions, especially with younger children.

In general, the item development accounted for primary school teaching and learning, explicitly including early
instruction where the observational instrument was to be applied in our study. Finally, the instrument comprised the
following eight high-inferent items:
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lack of classroom disruptions and discipline problems (DIS),
withitness (WIT),

effective time use (ETU),

clear rules (CRU),

clear routines (CRO),

appreciation (APP),

structuring (STR), and

goal clarity (GCL).

Each item comprises four categories, which are described qualitatively (1 =low quality/low manifestation of instruc-
tional quality; 4=high quality/high manifestation of instructional quality) (see, for further details, Additional file 1: Appen-
dix Table S1).

3.2 Research questions

The present study serves to investigate whether the novel rating instrument captures the ECM quality. We therefore
address the following research questions:

1.1. Does the novel rating instrument provide a reliable measurement of ECM as one basic instructional quality dimen-
sion in early instruction in German primary schools?

We assume that our rating instrument is appropriate to depict ECM by conducting confirmatory factor analyses (CFA)
and testing for different model structures. Drawing on classroom management as a basic instructional quality dimension,
we first investigated whether all items used for the rating instrument represent aspects of one latent construct. Second,
we tested for a two-factor model that differentiates between organizational and instructional classroom management
aspects (Table 1). The former is related to the “social dimension” and “time-related dimension” of teaching [48, p. 467]
and encompasses the items, “lack of classroom disruptions and disciplinary problems, withitness, effective time use,
clear rules, clear routines, [and] appreciation.” The remaining items—structuring and goal clarity—are conceptualized as
instructional classroom management aspects as they depict the “content dimension” of teaching [48, p. 469]. However,
these are not necessarily subject-specific, but focus on instructional teaching content processes from a general standpoint
[49]. So, these items are generic instruction aspects featured in subject-specific instruction rather than subject instruc-
tions reflecting particular disciplines, that is, in our case, the specific aspect of early reading and writing.

2.2. Can validity evidence be provided for ECM based on relations to teachers’ professional knowledge?

Table 1 Measures of interrater

s o Aspects of classroom  Item Plenary phase Working phase
reI|ab|I.|ty of ratlr.19 items management
capturing effective classroom n Kappa Icc PA(%) n Kappa ICC PA (%)
management
Organizational aspects
Lack of disruptions ~ DIS 83 0.716 0.717 88 85  0.677 0702 84
Withitness WIT 83 -0.025 -0.019 95 83 0.534 0.675 82
Effective time use ETU 83 0.366 0419 81 81 0.361 0313 79
Clear rules CRU 83 0.399 0404 76 85  0.627 0.631 84
Clear routines CLO 82 0.161 0.166 81 84  0.258 0319 76
Appreciation APP 82 0.345 0351 87 82 0308 0314 95
Instructional aspects
Structure STR 82 0.182 0.183 92 84 0325 0358 87
Goal clarity GCL 83 0.659 0.662 93 84 0464 0540 81

Statistics are based on a concurrent analysis of the three measurement time points. /ICC Intraclass correla-
tion, one-way random ICC (1,1), PA Percent agreement

@ Springer



Research Discover Education (2023) 2:35 | https://doi.org/10.1007/s44217-023-00058-7

The present study aims to provide validity evidence based on relations to other constructs. As instructional quality
of teachers (i.e., performance) is related to their professional knowledge [38, 42, 44], we hypothesize that high-quality
manifestations of ECM as an instructional quality dimension irrespective of specific school subjects are significantly
positively related to teachers’ GPK (convergent evidence), but only weakly related to their PCK of early reading and writ-
ing instruction (divergent evidence) due to its subject-specific character. Because previous investigations on teachers’
GPK and PCK came to conclude the two knowledge facets are substantially inter-correlated, accounting for both facets
using different hypotheses related to convergent and divergent evidence can strengthen validity evidence for ECM based
on relations to teachers’ professional knowledge. Moreover, such empirical evidence could highlight the specific need for
teachers’' GPK besides PCK as part of the professional teacher’s knowledge base [40, 41, 43]. We consider this examination
also an important issue with regards to our conceptualizing of instructional aspects of classroom management, which,
as mentioned above (see the outline of our first research question), focuses on instructional teaching content processes
from a general standpoint rather than from a subject-specific perspective.

4 Material and methods
4.1 Participants and procedure

The data derives from the project WibaLeS that focuses on early reading and writing instruction, in which primary school
teachers in the administrative district of Cologne, Germany participated. Conducted between fall 2020 and spring 2021,
the COVID-19 pandemic affected data collection procedures, causing partial school closures and reduced class sizes.
Since schools were subjected to strict rules for external visitors, some teachers dropped out during our study, causing
a decrease in the number of participating teachers from 35 at the time of the first classroom observation to 29 in the
second and 23 in the third.

An online questionnaire for assessing teachers’ GPK and PCK and gathering demographic information was completed
by 30 teachers who, on average, were 41 years old (SD=28.99) and had 12.5 years of teaching experience (SD=7.42).
The sample consisted of 26 women (90%) and four men, a distribution typical for the profession of primary teachers in
Germany. Except for one person who had originally studied to become a teacher for upper secondary school (academic
track), all had been trained as primary school teachers (non-academic track).

All teachers participated voluntarily and were recruited first via email invitation sent to all primary schools in greater
Cologne region, Germany, and second via central information events for principals in the administrative district. Teachers
got reimbursed with a financial compensation of 50 Euros. Keeping data privacy was in accordance with the researchers’
university’s provisions and commissioner for data protection. The study was carried out in compliance with regulations
by the German Research Foundation (Deutsche Forschungsgemeinschaft, DFG).

4.2 Tests measuring teacher knowledge

Teachers’ GPK was measured using the standardized test developed in TEDS-M [50]. The test items address knowledge
on generic teaching dimensions: structuring, motivation, classroom management, adaptivity, and assessment. Moreover,
they can be divided into three categories regarding the quality of cognitive demands: when responding to test items,
teachers are required to recall knowledge elements; understand/analyze concepts and situations based on GPK; generate
options for action using their GPK. The test design can thus be described by a 3 x4 matrix (cognitive demands x knowl-
edge dimensions). To avoid cognitive overload, a short form of the original TEDS-M instrument was implemented, which
included 15 complex test items (five multiple choice items, 10 open-response items) resulting in 60 dichotomous test
items for scaling analysis. It took approximately 20 min to complete. PCK was measured using an instrument developed
by our research team [51]. It comprises acquisition of reading and writing, including child development and diagnostics,
instruction, including curricular aspects, and teaching strategies (29 items: 26 multiple choice items, three open-response
items).

Open-response items of both tests were coded by two experienced coders, respectively, based on comprehensive cod-
ing manuals. Since the GPK test is a frequently used and established instrument, double coding was only necessary for a
subsample of 10 cases. As the PCK test is less frequently used, the entire sample of 30 cases was double coded. Average
interrater reliability was good for both instruments (GPK: My, =0.74, SDy550, = 0.27; PCK: M55, = 0.80, SDy5p0, =0.16).
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Scaling analysis based on item response theory (IRT) was conducted using the software package Conquest [52]
and revealed acceptable reliability values for both GPK (WLE=0.676, EAP=0.724) and PCK (WLE=0.58, EAP=0.62). The
weighted mean square of items did not exceed the recommended range (0.80-1.20) [53]. For the subsequent analysis,
weighted likelihood estimates (WLE) [54] were used as ability parameters. Additionally, the GPK test was used to construct
subscales, which was possible for items measuring GPK of motivating students (12 items, a=0.66), structuring lessons
(18 items, a=0.59), and adaptivity (12 items, a=0.53). These subscales will be used for providing further validity evidence
related to our second research question.

4.3 Rating instrument

Observation and rating occurred directly on-site in schools by a team of two trained observers that observed in differ-
ent constellations. Each rater had a coding sheet with items and a 4-point rating scale (see Additional file 1: Appendix
Table S1). Raters had to check off one of the possible four quality manifestations. They were advised to rate the stricter
category if they were unsure between two scale points. At the end of the coding sheet, raters were asked to evaluate
the rating difficulty on a 4-point Likert-scale. In 60% of all ratings, observers provided such an evaluation. 90.4% found
the rating “not at all difficult” or “rather not difficult” Considering that raters evaluated the rating difficulty when facing
challenges in particular, the rating procedure is interpreted as predominantly feasible.

Teachers had not been asked to prepare specific lessons. However, the rating took place in lessons in which the teacher
was in charge of the whole class. The rating took place twice during a typical lesson of 45 min, mainly for two reasons:
Ratings should be processed as close to the observed situation as possible and because every lesson, despite structural
variation, started basically with a plenary phase followed by a working phase, two ratings were carried out to capture
ECM comprehensively. First, the plenary phase had to be rated after about 15 to 20 min of the lesson, depending on the
individual duration of this phase. Even if the introductory plenary phase was shorter (e.g., 5 min only), this requirement
assured that rating was not delayed too much, for example, until the end of the lesson. The working phase succeeding the
plenary phase was rated separately after again 15-20 min (again to prevent rating delays) using the same items (except
for group focus due to its specific nature related to the plenary phase) before the lesson was ended with a feedback
phase, which was not rated separately. There were no deviating lesson patterns, so the rating of the two phases was
applicable to every lesson without any difficulties.

Teacher education students who were at least in the fourth semester of their bachelor studies were recruited to be
trained as reliable observers. Altogether, eight raters were trained at three time points for several hours in the weeks
before data collection started. They had to read introductory theoretical texts beforehand and the concept of ECM was
explained at the beginning of training. Their attention was also called to their implicit beliefs about “good teachers”and
rater bias. Next, the instrument and rating manual were explained, after which they had to rate several example lessons
on the basis of video-taped lessons. Ratings were subsequently discussed and compared to reach a mutual understand-
ing of the instrument’s conceptual underpinning. Interrater reliability was checked by the project team, and critical items
were discussed again. In some cases, items had to be adjusted to be more concise.

Interrater reliability was investigated for the plenary and working phases using Cohen’s Kappa, intraclass correlation
coefficients (/ICC), and percent agreement (Table 1). All observations for each item were included in a concurrent analy-
sis of interrater reliability. When considering percent agreement values, all items show high or very high agreement by
raters. However, it should be noted that Kappa values and ICC show partly low values especially for the items WIT, STR,
and CRO (Table 1). This is due to high agreements on the highest category on the one hand, and a low base rate of lower
categories combined with relatively low agreement on the other hand.

4.4 Analyses

For answering our first research questions, CFAs were conducted to provide validity evidence based on internal structure.
The different factor models were compared considering the following indices of model fit: comparative fit index (CFI),
root mean square error of approximation (RMSEA), standardized root mean square residual (SRMR), and the results of
the Chi? goodness of fit test (Chi?/df). For the comparison of models, internal scale consistency (Cronbach’s a) was taken
into account.

For answering our second research question, to provide divergent and convergent validity evidence [55], the relation-
ship between ECM and professional knowledge was investigated using Spearman’s rank correlation coefficient because
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of the small sample size and the distribution of rating scores being left-skewed. To investigate whether the correlation
between observed ECM and GPK differs significantly from that between the former and PCK, z-tests for comparing cor-
relations from dependent samples were applied [56]. Due to small teacher sample size, we use the 10% significance level
to reduce the risk to miss statistically significant correlations.

In the course of conducting the study and our analyses, it became apparent that the sample studied was a positive
selection in terms of teaching quality and teachers’ professional knowledge. This circumstance of limited variance may
bias statistical findings. Therefore, to explore the potential of the instrument, separate generalizability studies were con-
ducted for all indicators. This allowed us to identify those indicators for which variance was attributable to differences
between the teachers. Assuming that these indicators have particular diagnostic value in our sample, a scale was con-
structed using these indicators and linked to the knowledge tests. It should be noted that this procedure is exploratory
and significance testing using this scale should be interpreted with caution. A short description of the generalizability
study approach can be found in the Additional file 1: Appendix.

Table 2 Descriptive item statistics

Observation 1 Plenary phase (n=33) Working phase (n=34)

M (SD) Min Max M (SD) Min Max
DIS 3.64 (0.46) 3.00 4.00 3.57 (0.46) 3.00 4.00
WIT 3.94(0.17) 3.50 4.00 3.62(0.57) 2.00 4.00
ETU 3.73(0.47) 2.00 4.00 3.78 (0.35) 3.00 4.00
CRU 3.68 (0.39) 3.00 4.00 3.71(0.43) 3.00 4.00
CRO 3.89(0.27) 3.00 4.00 3.87(0.26) 3.00 4.00
APP 3.89(0.27) 3.00 4.00 3.90(0.27) 3.00 4.00
STR 4.00 (0.00) 4.00 4.00 3.85(0.32) 3.00 4.00
GCL 3.89(0.30) 3.00 4.00 3.75(0.35) 3.00 4.00
Observation 2 Plenary phase (n=29) Working phase (n=29)

M (SD) Min Max M (SD) Min Max
DIS 3.71(0.43) 3.00 4.00 3.43(0.44) 3.00 4.00
WIT 4.00 (0.00) 4.00 4.00 3.88(0.26) 3.00 4.00
ETU 3.88(0.29) 3.00 4.00 3.81(0.34) 3.00 4.00
CRU 3.72(0.39) 3.00 4.00 3.60 (0.41) 3.00 4.00
CRO 3.81(0.28) 3.00 4.00 3.76 (0.35) 3.00 4.00
APP 3.83(0.31) 3.00 4.00 3.98 (0.09) 3.50 4.00
STR 3.88 (0.26) 3.00 4.00 3.91(0.23) 3.00 4.00
GCL 3.84(0.33) 3.00 4.00 3.81(0.39) 3.00 4.00
Observation 3 Plenary phase (n=22) Working phase (n=22)

M (SD) Min Max M (SD) Min Max
DIS 3.80(0.37) 3.00 4.00 3.52(0.57) 2.00 4.00
WIT 4.00 (0.00) 4.00 4.00 3.79(0.52) 2.50 4.00
ETU 3.82(0.29) 3.00 4.00 3.74 (0.40) 3.00 4.00
CRU 3.80(0.33) 3.00 4.00 3.72(0.45) 3.00 4.00
CRO 3.91(0.20) 3.50 4.00 3.76 (0.42) 2.50 4.00
APP 3.95(0.15) 3.50 4.00 4.00 (0.00) 4.00 4.00
STR 3.95(0.15) 3.50 4.00 3.89(0.34) 2.50 4.00
GCL 3.91(0.25) 3.00 4.00 3.70 (0.49) 2.00 4.00
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Table 3 Results of

Item Model 1 Model 2
confirmatory factor analyses
(working and plenary phases) Classroom management  Organizational aspects Instructional
(all items) aspects
DIS 0.945 0.968
WIT 0.422 0.407
ETU 0.336 0.327
CRU 0.650 0.645
CRO 0.489 0.477
APP 0.135 0.131
STR 0.349 0.781
GCL 0.244 0.529
Fit-indices
Chi? (p-value) 54.941 (<0.001) 30.636 (< 0.05)
Degrees of freedom 20 19
RMSEA 0.101 0.060
SRMR 0.074 0.057
CFI 0.848 0.949
Gevistions forcbserved n M 50 Meams (D)
effective classroom Class observation scales
E\aorxazn;:nt and teacher (1) Classroom management (all items) 36 3.82 0.11 -
(2.1) Factor 1: Organizational aspects 36 3.79 0.14 -
(2.2) Factor 2: Instructional aspects 36 3.87 0.13 -
(3) Selected indicators 36 3.78 0.14 -
Professional knowledge tests
GPK 30 0.94 0.60 41.97 (5.54)
PCK 30 1.13 0.77 20.17 (3.31)
Mean scores of class observations represent aggregated means across all three observation time points
5 Results

5.1 Descriptive statistics

Table 2 shows the means and standard deviations of each item separately for phases and observational time points.
High-quality ratings with upper categories three to four were common with observers and thus, ceiling effects occurred.
The items WIT and STR in the plenary phase and APP in the working phase were particularly highly rated.

5.2 Confirmatory factor analyses and internal consistency

To provide validity evidence based on internal structure, we conducted CFA (n=170) using the mean aggregated

rating values of both raters (Table 3). Two models were tested according to our hypotheses: a one-factorial model
with all items loading on one factor of ECM aspects and a second model with two theoretically assumed factors—one
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Table 5 Rank correlations between knowledge and observed effective classroom management

PCK (1) CM (all) (2.1)F1: (2.2) F2: Instruction (3) Selected
Organization indicators
GPK General Pedagogical Knowledge 0.501** 0.385* 0.292 0.334* 0.434*
PCK Pedagogical Content Knowledge 0.103 0.002 0.098 0.089
CM (all) Classroom management (all items) 0.961** 0.567** 0.960%*
F1 Factor 1: Organization 0.366* 0.921**
F2 Factor 2: Instruction 0.519**

#p<0.10; *p<0.05; **p<0.01. Values indicate Spearman’s rank correlation coefficient. Correlations between classroom management and
knowledge: n=30. Correlations within classroom management scales: n=36

Table 6 Rank correlations between GPK subscales and observed effective classroom management

GPK-Str  GPK-Ada (1)CM(all)  (2.1) F1: (2.2) F2: Instruction  (3) Selected
Organiza- indicators
tion
GPK-Mot  GPK subscale: motivation 0.159 -0.057 0.340* 0.333* 0.018 0.263
GPK-Str GPK subscale: structuring 0.233 0.347% 0.258 0.373% 0.409*
GPK-Ada  GPK subscale: adaptivity -0.223 -0.299 0.104 -0.190
CM (all) Classroom management (all items) 0.961** 0.567** 0.960**
F1 Factor 1: organization 0.366* 0.9271**
F2 Factor 2: instruction 0.519**

#p<0.10; *p<0.05; **p <0.01. Values indicate Spearman’s rank correlation coefficient. Correlations between classroom management and
knowledge: n=30. Correlations within classroom management scales: n=36

organizational and one instructional factor. Model 1 shows poor model fit, which is due to low factor loadings for
GCL and APP. By contrast, model 2 has an acceptable fit with factor loadings ranging from reasonable to high.

The scales’internal consistency was examined using Cronbach’s alpha (see Additional file 1: Appendix Tables S2
and S3). For each observational time point, working and plenary phases were analyzed separately with each scale
consisting of eight items. They were also tested as one scale with 16 items. Internal consistency was sufficient for the
16-item-scale at all three measurement time points (a=0.69-0.79). Upon analyzing each phase separately, internal
consistency values were still acceptable but lower due to the lower number of items. Internal consistency was higher
for the working phase (a=0.68-0.86) than the plenary phase (a=0.50-0.60). Regarding item discrimination, no item
was systematically conspicuous regarding low discrimination at all measurement time points.

5.3 Correlations to teachers’ professional knowledge

Table 4 shows means and standard deviations for the ECM scales and knowledge tests. M, represents the points
scored in the test (GPK: Maximum =60; PCK: Maximum =29). Since Cronbach’s alpha was at least acceptable for the
different ECM scales investigated in the factors analyses, we included all scales when we investigated the relationship
to teachers’ professional knowledge.

The analyses in this section are based on scales which were constructed as follows— (1) Classroom management with
all items (DIS, WIT, ETU, CRU, CRO, APP, GCL, STR); (2.1) Factor 1 (Organizational aspects: DIS, WIT, ETU, CRU, CRO, APP); and
(2.2) Factor 2 (Instructional aspects: STR, GCL). As described above, given that ceiling effects of this measure might lead
to underestimated correlations, generalizability study for each indicator was conducted to investigate which indicators
were relevant at the teacher level (i.e., showed a sufficient proportion of variance between teachers). Using this explora-
tive approach, we included another scale called “selected indicators” encompassing DIS, CRU, CRO, APP, and GCL (3).

As depicted in Table 5, GPK is related to ECM. This is especially true for the (1) classroom management scale including
all items as well as the (3) scale containing selected indicators only. For these, the correlation with GPK is significant. By
contrast, there is no significant relationship with PCK. Even though this pattern of findings corresponds to our hypothesis,
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it is important to note that only the difference between the correlations of (3) classroom management with selected
items only and GPK versus PCK is significant (z=1.66; p = 0.048). Given that the scale (3) was constructed on the basis of
an exploratory analysis, this result, despite its plausibility, should be interpreted with caution.

When the GPK test is differentiated into a selection of reliable subscales, “structuring lessons” as a knowledge dimen-
sion shows significant relationships to observed ECM (Table 6). Whereas GPK of “motivating students” is significantly
correlated on the 10% significance level, GPK of “adaptivity” does not significantly correlate with the observed ECM.

6 Conclusion and discussion
6.1 Main research findings

In this study, a newly developed standardized rating instrument for observing and measuring ECM in primary school—exem-
plified in early reading and writing instruction—was presented and tested for validity evidence. The generic instrument was
applied in second-grade classrooms of 35 primary school teachers. Their instructional quality was assessed by trained raters.
We investigated reliability and the dimensionality of the observer ratings and were able to show that ECM as a generic basic
instructional quality dimension in German primary schools can be reliably and validly measured.

With respect to the factor structure, contrary to our expectations, the one-factor model showed a poor fit. Nevertheless,
the two-factor model suggesting a theory-based differentiation into organizational and instructional dimensions showed
an acceptable or even good fit. Internal consistency values were sufficient and higher for working phases as for plenary
phases. Since in early reading and writing lessons, working phases are longer than plenary phases, rating might have been
facilitated, thus strengthening ratings'reliability. Still, that every lesson contained this partial structure of having an introduc-
tory plenary phase followed by a working phase (even if there was substantial variation of the plenary phase’s length and
the working phase later on might be followed by another phase, such as discussion or transfer phase), might indicate that
only little variation was found in the formal structure of the rated lessons. This kind of monotony of teaching methods in
Germany primary schools could be critically regarded as a possible detriment of teaching quality.

In our second research question, we considered the validity evidence necessary for ECM based on relations to teachers’
professional knowledge. In our sample, both GPK and PCK were positively related to the observed ECM, but when using
inferential statistics, no significant correlations could be found between PCK and ECM, whereas, significant correlations
existed between GPK and the ECM scale including all items as well as the scale with selected indicators. A differentiation of
GPK into subscales with sufficient reliability (motivating students, structuring, adaptivity) showed that in particular GPK of
structuring lessons correlated significantly with the observed ECM. Since structuring of lessons has long been related to ECM
in the literature (e.g., [25, 49]), this finding can be interpreted as further evidence on validity of the novel ECM observation
instrument. Moreover, motivating students might be seen being partly related to ECM as well [16], as significant correlations
between GPK of student motivation and the observed ECM were just missed (p <0.10).

6.2 Implications for measuring effective classroom management

The present study showed the development and validation of a new generic rating instrument being implemented in early
primary school classrooms. The instrument is designated to be applicable to early reading and writing, but also to other
subjects (e.g., mathematics) and grades, both at the primary school and beginning secondary school levels. However, the
application of this instrument in these contexts should be investigated in future studies. The results of factor and correlational
analyses suggest that rating values can be validly interpreted as teachers'ECM. The two-factor model provided evidence that
ECM can better be depicted as a multifaceted construct and divided into organizational and instructional aspects, supporting
theoretical assumptions (e.g., [24-26]. Correlations with teachers’ GPK evidenced that the instrument covers generic facets
of ECM [39, 43]. In contrast, a link to PCK as subject-specific teacher knowledge could not be found, which corresponds well
with other studies [41, 44].

As shown by additional analyses using Generalizability Theory (see Additional file 1: Appendix), there was no main effect for
a measurement point. However, as the interaction of teachers and measurement points are significant, one might conclude
teachers differed in their ECM over the three observation time points. Possible explanations are that preparations might
have been different, partial school closures could have played an important role, and due to restricted lessons, methods and
instruction might have differed especially during the third observation. In general, stability of observational time points plays
an important role when assessing teachers'instructional quality. Their performance may vary especially during the first two
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school years of primary school as they adapt to students’ needs more fluidly than in secondary school, where routines and
rules have already been established and transitions between phases are well-practiced [45].

6.3 Limitations and implications for future research

Several limitations to our instrument and study should be mentioned. On the methodological level, the exploratory
approach to select indicators based on the generalizability studies should be highlighted. Also, the high number of
tested correlations could be associated with an increased risk of alpha error. However, it should be emphasized that the
pattern of correlations is consistent across the included ECM scales.

Concerning the instrument, ceiling effects showed that the definition of the four possible coding categories of the
single item (see Additional file 1: Appendix, Table S1, as an example) could be more precise. The meaning of frequency
indicators and terms such as “always’, “rarely”, and “sometimes” need to be explained more accurately in the rating manual.
Frequency and level of, for example, disruptive classroom behavior should not be confounded [19]. Possibly, further
items can be developed and added to the instrument, including negative item statements for the purpose of increasing
variance.

The sample was probably a positive selection of teachers. Due to the outbreak of COVID-19 during the study, only
few and very committed teachers participated. The instrument should thus be tested again based on a larger and more
heterogeneous teacher sample. Its efficiency might be underestimated due to the highly selective sample. It can thus
be assumed that a more heterogeneous sample would produce a rank order, which is more stable across measurement
time points.

Although the lessons were observed by two raters, we could not specifically control for them as they were not sys-
tematically arranged into pairs. However, this is an important aspect as in our study, they had to observe lessons with
deep structure and rate high-inferent items. Studies show that observer errors can constitute about 40% of variance [13].
Rater bias (e.g., halo and leniency effects) and errors could be methodically addressed by decision studies and should be
considered in future research. Because of ceiling effects, in future studies teachers should be explicitly encouraged to
teach as usual as possible, so that daily teaching can be observed. Although there is potential for further development
of the instrument in terms of controlling for observer errors, the results of our study show that the rating instrument can
assess instructional quality in terms of ECM, with the potential to be implemented in future studies accounting for other
contexts, subjects, and grades in primary school.
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