


Observing effective classroom management in early instruction in primary school: 
Rating instrument construction and its link to teacher knowledge
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Table A.1 Item example from the rating manual 
	ECM Observation and Rating Instrument – Item: Lack of Disruptions (DIS)

	Description:
This item examines whether and to what extent classroom disruptions and disciplinary problems during the plenary or working phase occur, and if there is appropriate volume in the classroom. Students should be able to follow the lesson without interruption, thereby listen to their teacher and classmates and concentrate on content and given tasks during the lesson.  

	
Indicators:
· The volume during plenary and working phases is appropriate. 
· There are no considerable disturbances during one of the phases. 
· Students can concentrate on the content and follow the lesson.  


	Rating aid:
This item deals with the relationship between disruptions (distractions, noise) and students’ ability to concentrate. More precisely, it requires the measurement of the extent to which students can follow the lesson without restrictions. Due to its broad scope, this item necessitates the observation of both teachers and students as well as their interactions.


	1
	2
	3
	4

	“1” is rated if there are permanent disruptions, and the noise is constantly/for longer parts too loud for students to be able to concentrate on the lesson content or tasks, or students have difficulty in understanding the teacher or other students. 
	“2” is rated if there are disruptions repeatedly, the noise is repeatedly too loud, and students or some of the students thus have difficulties in following the lesson. 
	“3” is rated if the lesson proceeds without a lot of disruptions and students are mostly quiet, even if there are single disruptions or noise problems. But only some students’ concentration is affected negatively by that. 

	“4” is rated if both phases proceed without disruptions, students are quiet, and all students can follow the lesson uninterrupted constantly. This does not mean that single students cannot briefly be inattentive (e.g., notebook falls on the floor accidentally). However, as a result, the whole group is not disturbed. 




Table A.2 Results of reliability analyses
	
	Observation 1
	
	Observation 2
	
	Observation 3

	
	PP
n = 33; α = .603
	WP
n = 34; α = .676
	
	PP
n = 29; α = .504
	WP
n = 29; α = .695
	
	PP
n = 22; α = .505
	WP
n = 23; α = .857

	
	rit
	αdel
	rit
	αdel
	
	rit
	αdel
	rit
	αdel
	
	rit
	αdel
	rit
	αdel

	DIS
	.621
	.431
	.587
	.581
	
	.476
	.342
	.855
	.510
	
	.595
	.254
	.813
	.810

	WIT
	.326
	.579
	.401
	.648
	
	.000
	.512
	.130
	.711
	
	.000
	.513
	.803
	.812

	ETU
	.362
	.557
	.104
	.701
	
	.515
	.368
	.429
	.656
	
	.052
	.548
	.590
	.841

	CRU
	.475
	.507
	.448
	.625
	
	.287
	.448
	.683
	.578
	
	.571
	.285
	.325
	.871

	CRO
	.374
	.553
	.373
	.651
	
	.044
	.529
	.461
	.648
	
	-.077
	.557
	.809
	.815

	APP
	.177
	.602
	.525
	.625
	
	.164
	.496
	.092
	.707
	
	.340
	.429
	.000
	.875

	STR
	.000
	.615
	.348
	.652
	
	.057
	.521
	.349
	.676
	
	.348
	.453
	.769
	.826

	GCL
	.037
	.639
	.270
	.667
	
	.449
	.469
	.071
	.745
	
	.000
	.513
	.577
	.843

	
	Both Phases—Observation 1
n = 32; α = .769
	
	Both Phases—Observation 2
n = 29; α = .695
	
	Both Phases—Observation 3
n = 22; α = .792

	
	PP
	WP
	
	PP
	WP
	
	PP
	WP

	
	rit
	αdel
	rit
	αdel
	
	rit
	αdel
	rit
	αdel
	
	rit
	αdel
	rit
	αdel

	DIS
	.589
	.734
	.422
	.753
	
	.544
	.642
	.627
	.627
	
	.614
	.761
	.654
	.754

	WIT
	.075
	.773
	.589
	.733
	
	.000
	.698
	.128
	.697
	
	.000
	.795
	.721
	.746

	ETU
	.354
	.760
	.273
	.765
	
	.391
	.671
	.642
	.636
	
	.039
	.805
	.434
	.778

	STR
	.000
	.773
	.279
	.764
	
	-.084
	.715
	.282
	.683
	
	.318
	.788
	.388
	.785

	CRU
	.497
	.745
	.454
	.749
	
	.334
	.676
	.481
	.653
	
	.603
	.763
	.317
	.793

	CRO
	.274
	.764
	.274
	.764
	
	.230
	.688
	.372
	.671
	
	-.002
	.801
	.799
	.746

	GCL
	.310
	.762
	.429
	.752
	
	.068
	.707
	.203
	.694
	
	.521
	.773
	.343
	.785

	APP
	.128
	.773
	.555
	.746
	
	.078
	.704
	-.011
	.700
	
	-.024
	.799
	.000
	.795


Note. PP = Plenary phase; WP = Working phase; rit = corrected item-total correlation.


Table A.3 Reliability analyses of all scales 
	[bookmark: _Hlk112068123]Observation / Phase
	Classroom Management
	Organizational aspects
	Instructional aspects
	Selected  indicators

	Observation 1
	n
	α
	n
	α
	n
	α
	n
	α

	
	Plenary phase
	33
	.603
	33
	.657
	33
	-
	33
	.523

	
	Working phase
	34
	.676
	34
	.649
	34
	.426
	34
	.659

	
	Both phases
	32
	.769
	32
	.744
	33
	.421
	32
	.717

	Observation 2
	
	
	
	
	
	
	
	

	
	Plenary phase
	29
	.504
	29
	.524
	29
	.662
	29
	.361

	
	Working phase
	29
	.695
	29
	.743
	29
	.310
	29
	.641

	
	Both phases
	29
	.695
	29
	.745
	29
	.532
	29
	.633

	Observation 3
	
	
	
	
	
	
	
	

	
	Plenary phase
	22
	.505
	22
	.404
	22
	.632
	22
	.537

	
	Working phase
	23
	.857
	23
	.810
	23
	.776
	23
	.719

	
	Both phases
	22
	.792
	22
	.754
	22
	.550
	22
	.744






Appendix: Generalizability Analysis 
Given the ceiling effects for the instrument used in the present sample, Generalizability Theory (GT) was applied to control for time point and instructional phase as sources of measurement error. Furthermore, GT covers the naturalistic reality of classroom observations better, since it allows for the simultaneous estimation of multiple sources of error during the observation. Therefore, additional GT analyses support the psychometric evidence of the observation tool. By this means, we identified indicators that showed a sufficient proportion of variance explained by teachers (across observation time points and instructional phases). A more detailed description of the concept and procedures of GT can be found below.

Research questions

RQ 1.) To what extent can the measurement of ECM be generalized across observational time points and instructional phases (G study)?
RQ 1 is addressed using analyses based on GT. For individual teachers, observed instructional quality ratings are not necessarily stable across several measurement time points even within one lesson (Praetorius et al., 2014; Jentsch et al., 2020). Thus, our analysis considered two further sources of measurement error: the measurement time point (i.e., differences between lessons); the instructional phase (i.e., differences within one lesson). We expect that much of the variance can be attributed to the facet of teachers and their associated interactions (i.e., teacher-measurement time, teacher-phase), indicating that classroom management differs. Less variance will be attributable to measurement time points and phases, indicating reasonable findings’ generalizability across these facets.
RQ 2.) How many observational time points are necessary to allow for a dependable measurement of teachers’ ECM (D study)? 
We assume that more observational time points are also associated with higher reliability (i.e., more total explainable variance). An acceptable dependability coefficient of  ≥ .70 should be achieved. As observations in our study were made over a three-to-four month period, undertaking more than 10 observations would roughly result in one observation per week on average (due to the ratio of having 40 weeks at school over 52 weeks in Germany, i.e. 40/52 = .77, three to four months comprises only about net 10 weeks at school). We consider the instrument as rather inefficient if more than one observation per week is necessary.

Design of generalizability studies


Since COVID-19 did not allow for each rater to observe each teacher, there were different numbers of observations for each rater (min = 6 observations, max = 38 observations). Thus, we were unable to control for the raters as a measurement error source. Therefore, the mean aggregated values from both raters were used for the generalizability analyses.
The focus of the G studies in the current study is on ratings’ generalizability regarding two central measurement error sources: the instructional phase (p); the measurement time point (m). Two G study designs were conducted that both aimed at investigating the proportion of variance resulting from time stable differences between teachers (t; object of measurement). In the first step, eight G studies were conducted—one for each item—each of which had a two-facet, fully crossed random effects model (t x m x p). This design allowed for estimating seven separate sources of variance from: time stable differences between teachers’ (t; confounded with classrooms); measurement time points (m); phases (p); individual differences in teachers’ performance across measurement time points (t x m); individual differences in teachers’ performance across the instructional phases (t x m); the interaction between measurement time points and phases across all teachers (m x p); and the three-way interaction (t x m x p), which represents an unspecific error component and thus cannot be interpreted as an interaction of facets. This design was a second step conducted with the mean aggregated indicators.
Using the software package SPSS, variance components (VCs) were determined through restricted maximum likelihood estimation, which are suitable for VC estimations based on small sample sizes and samples including missing data. For all G studies, we calculated the generalizability coefficients for relative decisions (ερ) and dependability index for absolute decisions (Φ). Regarding high variation assumptions for teachers across measurement time points, decision studies (D studies) were conducted to investigate how many observations are necessary for a sufficiently reliable measurement. A value of ≥.70, which represents a commonly used cut-off value in social science, was used as criterion.

Results of generalizability and decision studies


The separate G studies’ results for each item are depicted in Table A.4. It should be noted that only a small proportion of variance is explained by teachers (objects of measurement) with them even being fixed to zero for WIT, ETU, and STR.  
Then, G studies were conducted with items being aggregated to scales (see Table A.5). We considered three scales that were investigated using CFAs: classroom management (all items); the two-factor model including factor 1, that is, organizational aspects and factor 2, that is instructional aspects. A supplemental G study was conducted with a scale including all indicators for which variance was explained by teachers in separate G studies for each item. Subsequently, this scale is called “(3) selected indicators” and comprises DIS, CRU, CRO, APP and GCL.
Table A.4 Results of generalizability studies for each indicator
	Variable
	DIS
	WIT
	ETU
	CRU
	CRO
	APP
	STR
	GCL

	Source of variance
	VC (%)
	VC (%)
	VC (%)
	VC (%)
	VC (%)
	VC (%)
	VC (%)
	VC (%)

	Teacher (t)
	.036 (16)
	.000 (0)
	.000 (0)
	.011 (7)
	.009 (9)
	.004 (6)
	.000 (0)
	.010 (7)

	Measurement point (m)
	.000 (0)
	.003 (2)
	.000 (0)
	.000 (0)
	.000 (0)
	.001 (2)
	.000 (0)
	.000 (0)

	Phase (p)
	.021 (9)
	.034 (21)
	.000 (0)
	.002 (1)
	.002 (2)
	.001 (2)
	.001 (1)
	.004 (3)

	t x m
	.028 (12)
	.000 (0)
	.047 (34)
	.037 (23)
	.026 (26)
	.004 (7)
	.004 (7)
	.050 (36)

	t x p
	.000 (0)
	.021 (13)
	.002 (1)
	.016 (10)
	.006 (6)
	.000 (0)
	.000 (0)
	.000 (0)

	m x p
	.000 (0)
	.006 (4)
	.000 (0)
	.000 (0)
	.000 (0)
	.002 (3)
	.001 (1)
	.000 (0)

	t x m x p, res
	.148 (63)
	.097 (60)
	.089 (65)
	.092 (58)
	.056 (57)
	.045 (79)
	.058 (91)
	.076 (54)

	Total
	.233 (100)
	.161 (100)
	.138 (100)
	.158 (100)
	.099 (100)
	.058 (100)
	.064 (100)
	.140 (100)

	ερ
	.52
	.00
	.00
	.24
	.29
	.29
	.00
	.26

	Φ
	.45
	.00
	.00
	.23
	.28
	.26
	.00
	.24



The high proportion of variance explained by the interaction of teachers and measurement points is an important finding, which suggests that within the present sample, a relatively high amount of variance is given for the same teacher who is rather strongly differentiated over the three observations. Furthermore, only a small proportion of variance was explained by teachers. There was no main effect for a measurement point, which did not explain any variance. The phases also explained only a little variance. This goes along with the generally low generalizability coefficients and dependability indices.
Table A.5	Results of generalizability studies for scales (aggregated items)
	Variable
	(1)
Classroom management (all items)
	
	(2.1)
Factor 1: Organizational aspects
	
	(2.2)
Factor 2: Instructional aspects
	
	(3)
Selected items
	

	Source of variance
	VC
	%
	VC
	%
	VC
	%
	VC
	%

	Teacher (t)
	.004
	9%
	.005
	9%
	.002
	3%
	.008
	14%

	Measurement point (m)
	.000
	0%
	.000
	0%
	.000
	0%
	.000
	0%

	Phase (p)
	.004
	9%
	.005
	8%
	.003
	4%
	.003
	6%

	t x m
	.018
	40%
	.017
	31%
	.026
	36%
	.020
	36%

	t x p
	.000
	0%
	.002
	3%
	.000
	0%
	.002
	4%

	m x p
	.000
	0%
	.000
	0%
	.000
	1%
	.000
	0%

	t x m x p, res
	.019
	42%
	.027
	49%
	.041
	57%
	.023
	41%

	Total
	.045
	100%
	.055
	100%
	.072
	100%
	.056
	100%

	ερ
	.31
	
	.31
	
	.12
	
	.41
	

	Φ
	.27
	 
	.27
	 
	.11
	 
	.38
	



Considering the high variability of classroom management for teachers across measurement time points, two decision studies were conducted to determine the number of necessary observations to assure a sufficiently reliable measurement. The first was for the scale including all items (cf. Fig. A.1), while the second was for the selection of relevant indicators on the teacher level (cf. Fig. A.2). For the first, the critical value of .70 was reached when 16 observations were simulated, while for the second, 14 observations were sufficient.


Figure A.1. D study for the aggregation of all items.

Figure A.2. D study for the aggregation of relevant items only.
Discussion of Generalizability and Decision studies

We examined extent to which the measurement of ECM can be generalized across observational time points and instructional phases and applied GT. Although some items and scales showed rather low generalizability coefficients, a sufficient amount of variance was produced for further analyses. Contrary to our expectations, only a small proportion of variance was explained by teachers. In particular, the interaction of teachers and measurement points explains a high proportion of variance. Thus, the same teacher is rather strongly differentiated among the three observations. We then examined how many observational time points were necessary to allow for a dependable measurement of teachers’ ECM. For the scale including all items of ECM, the D study showed that more than 10, namely 14 to 16 observations, would be needed. 
However, the D studies showed the instrument’s limitations regarding the number of ratings necessary for reliable measurement. Results showed that 14 or 16 observations are necessary to reach a reliable measure of ECM. Considering that ratings occur on-site in schools, this is rather high and results in rather excessive effort and expenses for schools and research. However, 14 or 16 observations during four months (the duration of our study) imply one observation per week. Thus, given enough trained observers, the instrument could still be successfully implemented. 

Supplementary information on Generalizability Theory
Generalizability Theory (GT) is a statistical approach to examine behavioral observation data dependability, which indicates the accuracy in generalizing an observed score on a measure to the average of all acceptable measurements on the construct of interest (Shavelson & Webb, 1991). Basically, the central idea of GT is examining how well one can generalize from a given set of conditions (e.g., two observation situations) to an average score of all possible conditions. It can thus be defined as a specification of the reliability concept. GT is an extension of the classical test theory (CTT), which enables the simultaneously examination of multiple sources of measurement error (see, for a detailed description, e.g., Brennan, 2001; Cronbach et al., 1972). In GT, the variance sources are conceptionally called facets (e.g., observational situations, occasions/measurement points), which represent “a set of similar conditions of measurement” (Brennan, 2001, p. 5). A facet influences generated scores’ variance and is conceptually defined as the so-called universe of admissible conditions, which means that the conditions chosen for a facet should include either all admissible conditions or a representative sample of them (Brennan, 2001). Through the simultaneous estimation of multiple facets (e.g., occasions, situations) and their interactions, major error sources that might impact the measurement can be identified. Additionally, through subsequent analyses, in which different measurement conditions of a facet are varied to decrease undesirable error variance (i.e., decision, or D study), the conditions under which an observational measure provides a dependable score (e.g., the number of occasions) can be estimated. Therefore, the results can be used to improve a) an observational tool’s reliability and b) the practical application to ensure the best possible psychometric performance.
[bookmark: _Hlk88251074]The methodological procedure within the GT has two steps. First, in a set of so-called generalizability studies (G studies), individual facets’ variance and their interactions with each other are estimated to determine the extent to which they contribute to the measurement error. This is done using analyses of variance, treating the facets as factors and their conditions as factor levels (Brennan, 2001). The results are then used as a starting point for the second step called the decision study (D studies), the aim of which is optimizing the measurement instrument regarding specific decisions. Here, how variance changes if the number of permissible conditions within certain facets is varied is simulated. Additionally, test goodness is assessed using two indices. The generalizability coefficient (G coefficient) ρ2 (1) corresponds to the reliability coefficient definition in the CTT and is calculated as follows:
									(1)
Thus, it is composed of the variance of the universal values of the individuals () in relation to its sum and the relative error variance () from several individuals’ measured values. Therefore, the G coefficient ρ2 is also called relative error coefficient, mainly used as a basis for norm-oriented group comparisons because it is based on the ranking (relation) of the examined persons and only the relative error variance is included in the calculation. With a sufficiently high G coefficient, the instrument allows the measurement of individuals’ rankings (e.g., a secondary school teacher shows better classroom management than a primary school teacher). However, it is not yet possible to assess the magnitude of this difference.  
The second goodness-of-fit measure is the dependability index (D coefficient)  (2): 
									(2),
where  is the variance of true values and is the absolute error variance from multiple measured values from the same individual. It is called the absolute error coefficient and serves as the basis for intraindividual comparisons since only the absolute error variance is included in the calculation. Thus, with a sufficiently high D coefficient, the instrument allows the reliable determination of an individual’s change over time (e.g., how much a teacher’s classroom management improves during a time series). Thus, both coefficients’ indices provide information about measurement dependability for relative (norm-oriented within a group of individuals; e.g., groups of teachers) and absolute (intraindividual regarding a specific criterion of an individual) comparisons.
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