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Abstract 

This project aims to compare the use of multilevel confirmatory factor analysis with more traditional 

methods of factor construction at a higher group level in the context of educational effectiveness 

research. School process characteristics were constructed (1) by means of two-level confirmatory 

factor analyses, and (2) using exploratory factor analyses at individual level. To this end data provided 

by 684 teachers from 54 schools on a school characteristics questionnaire were analyzed. The results 

indicate a less complicated factor structure at the school level as compared to the teacher level within 

the multilevel confirmatory factor models. Some differences in factor structure between the 

exploratory factor analysis and the multilevel confirmatory analyses at school level are observed, 

while no substantial differences in factor meaning were found. 

 

Introduction 

In the current study, two methods to construct measures for process variables at the school level 

are compared. In educational effectiveness research, class and school process variables are commonly 

investigated to determine their association with diverse student outcomes. For example, school 

environment and instructional characteristics are studied to establish their correlation with student 

achievement (Scheerens & Bosker, 1997; Teddlie & Reynolds, 2000). Revealing the class and school 

process variables that matter for students could inspire policy makers to make schooling and teaching 

more effective. 

 

Construction of process variables 

Several techniques may be used to capture these process variables: questionnaires, observations, 

interviews or video taping (Freiberg, 1999). Obviously, questionnaires are a relatively easy and low-

cost means to attain a large group of information suppliers, and are thus often preferred to obtain 

information about process variables at the class and school level. Often, process variables are 

described as the shared perceptions of students and/or teachers about their class and/or school 
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environment: for example, teachers giving their perceptions about their school environment (e.g., 

Fraser & Walberg, 1991; Halpin & Croft, 1962; Hoy, Tarter, & Kottkamp, 1991). Another possibility 

with questionnaires is to ask for self-perceptions: for example, teachers describing their own teaching 

behavior. 

When using perceptions of teachers about the school environment, or perceptions of students about 

their class or school environment, one should consider that valid and reliable measures of the process 

variables need to be constructed. These measures have to be derived from the individual data of the 

questionnaires. To develop the measures of process variables, researchers usually conduct an 

exploratory factor analysis (EFA) on the perceptual data to achieve reliable and valid scales/factors at 

the individual level. The developed scales/factors thus represent how students and/or teachers perceive 

their class and/or school environment. Next, the factor or scale scores at the individual level are 

aggregated into the level of interest (i.e., the classroom or school level) (Rowan, Raudenbush, & 

Kang, 1991). These aggregated scores are considered to be valid and reliable measures of certain 

process variables. 

However, some problems arise when applying this traditional method. Namely, due to common 

background and environmental influences, students from the same class are more alike than students 

from different classes (Pustjens, Van den Noortgate, Onghena, & Van Damme, 2004). This means that 

individual observations are not mutually independent. However, these are basic assumptions which 

should be met before conducting standard analysis methods (Hair, Anderson, Tatham, & Black, 1998; 

Tacq, 1997). Consequently, using EFA leads to overestimated parameter estimates and underestimated 

standard errors (e.g., Julian, 2001; Muthén & Satorra, 1995) which in turn cause interpretational 

problems. A solution to this technical-statistical problem is to perform a multilevel factor analysis 

(e.g., Muthén, 1991). A multilevel analysis explicitly models the hierarchical data structure (e.g., 

students nested in classes nested in schools) and partitions the variance between the different levels 

(Goldstein, 1995; Hox, 2002; Kreft & de Leeuw, 1998; Raudenbush & Bryk, 2002; Snijders & Bosker, 

1999). In addition to providing a solution to the technical-statistical problem, one may also wonder 

whether the factors constructed at the individual level are substantially relevant at the group level. 

Indeed, many researchers performing a multilevel factor analysis find a less complicated factor 

structure at the group level (i.e., with less factors) (e.g., Gustafsson & Stahl, 2000; Hox, 1993). 

A number of simulation studies already showed the effects of ignoring the hierarchical data 

structure in modeling the covariance (e.g., Julian, 2001; Muthén & Satorra, 1995). These studies 

support the use of multilevel factor analysis to construct process variables at the class and school level. 

Muthén (1989, 1990) showed that a multilevel confirmatory factor analysis (MLCFA) can be 

performed using conventional software analysis for covariance structure analysis, like Mplus (Muthén 

& Muthén, 1998-2006). To this end, the multigroup option can be used to analyze the within 

covariance matrix and the between covariance matrix simultaneously. This has resulted in several 
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MLCFA applications both within and outside the field of educational effectiveness, which yield 

promising results (e.g., Duncan, Strycker, Duncan, & Okut, 2002; Holfve-Sabel & Gustafsson, 2005; 

Kaplan & Elliott, 1997; Toland & De Ayala, 2005; Westling Allodi, 2002; Yang, 2003).  

Despite these auspicious findings, researchers confronted with a nested data structure still do not 

use multilevel factor analysis in a consistent way. In fact, the specific surplus value of MLCFA in the 

domain of educational effectiveness has hardly been investigated systematically. Therefore, we 

propose to use both the traditional method of EFA at the individual level and MLCFA at the individual 

and group level to construct school process variables. This resulted in the comparison of different 

models according to several criteria, namely factor structure and intrinsic factor meanings. 

 

School Characteristics Questionnaire for Teachers 

To develop measures for school process variables using EFA and MLCFA, we used data from a 

questionnaire entitled ‘School Characteristics Questionnaire for Teachers’, assembled in the 

framework of a longitudinal research project in secondary education (i.e., LOSO: Longitudinal 

Research Project in Secondary Education). This questionnaire encompasses two different parts and 

addresses issues concerning the teachers’ background, teaching practice, educational and pedagogical 

framework, and daily school life (Opdenakker & Van Damme, 2000; Van Damme, Van Landeghem, 

De Fraine, Opdenakker, & Onghena, 2004). The construction of this questionnaire is based on: 

(1) the consultation of the most important school (characteristics) studies from the 

Netherlands, Flanders and some non-Dutch countries until the first half of 1989 (see 

Opdenakker, 2003); 

(2) the special issue ‘Developments in school effectiveness research’ of the journal 

‘International Journal of Educational Research’ edited by Creemers and Scheerens (1989); 

(3) and theoretical reflections, as presented by Opdenakker (2003). 

The ‘School Characteristics Questionnaire for Teachers’ contains 306 items from existing 

questionnaires as well as some items based on theoretical reflections (see Opdenakker, 2003). 

From the questionnaire, measures of process variables at the school level have already been 

constructed using EFA and second order EFA at the teacher level, followed by aggregation into the 

school level (Van Damme et al., 2004). Moreover, the association of student achievement and some 

non-cognitive criteria with those measures has already been investigated. For example, Opdenakker 

and Van Damme (2000) used some of the second order factors to explain math and Dutch (i.e., mother 

tongue) achievement and school well-being in the first grade of secondary education.  

However, since those second order factors contain a very large number of items (from 23 to 94), 

we will not use these in the current study. Due to the complexity of MLCFA when analyzing such a 

large number of items, we decided to select a subsample of items from the second part of the 
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questionnaire: ‘the daily school life of teachers’. The first part of the questionnaire rather concerns 

self-perceptions about the teachers’ teaching practice and their personal educational and pedagogical 

framework. During the selection process the theoretical and empirical relevance of the different 

aspects addressed in the questionnaire was also taken into account. This way, four different aspects 

concerning the daily school life of teachers were included in the present study. 

First of all, we selected items concerning cooperation between teachers. These involve both 

cooperation between teachers of the same class and cooperation between subject teachers. Both 

international and Flemish literature reveals direct positive association of student achievement 

(Anderson, 1982; Mortimore, 1997; Scheerens, 1990; Scheerens & Bosker, 1997; Verhoeven et al., 

1992) and school well-being (Vandenberghe, Bohets, Claus, Vernelen, & Viaene, 1994) with this 

process variable.  

Secondly, items with regard to the participation of teachers in organizational decision making were 

chosen. Verhoeven and colleagues (1992) note that the positive relationship of student achievement 

with participation in decision making is often shown to be indirect. However, Sweetland and Hoy 

(2000) found a direct positive association when only including involvement in decision making with 

regard to class and instruction. On the contrary, most studies assess participation concerning various 

decision domains (e.g., curriculum development, personnel, student life and fiscal matters). Therefore, 

we only included items of participatory decision making which are directly related to educational 

aspects. 

A third group of items we selected, involves the relationships between teachers as well as between 

principal and teachers, entitled ‘the social system’ in the questionnaire. The relationships among 

colleagues are usually part of the school climate/culture (Reynolds & Teddlie, 2000; Scheerens & 

Bosker, 1997; Sweetland & Hoy, 2000). Sweetland and Hoy (2000) showed that these relationships, 

among two other dimensions of school climate are positively associated with the participatory decision 

making concerning class and instruction, and are as such indirectly related to student achievement. 

Since the other two dimensions of school climate (i.e., academic and environmental press) are not 

addressed in the ‘School Characteristics Questionnaire for Teachers’ we were not able to include those 

aspects in the current study. 

Finally, items concerning an orderly school climate were incorporated in our analyses. More 

specifically, these items encompass the extent that rules are established at school, thus covering the 

formal structure at school. This concerns one aspect of an orderly atmosphere, which is generally also 

part of a schools climate/culture (Reynolds & Teddlie, 2000; Scheerens, 1990; Scheerens & Bosker, 

1997). Since the rules described in the items refer to the direct learning and everyday environment of 

the students, probably a direct association with student achievement can be expected. 
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It is noteworthy mentioning though, that in the literature process variables are usually measured in 

very different ways making it extremely difficult to compare the results between studies (Scheerens & 

Bosker, 1997). 

 

Objective and research questions 

The overall objective of the current study is to assess the surplus value of MLCFA to construct 

meaningful process characteristics at the school level, as compared to the use of EFA at one level. Will 

the MLCFA construction method lead to new understandings within the field of educational 

effectiveness? 

More specifically, we are interested in answering the following research questions: 

1) Does MLCFA yield a different factor structure at the group level in comparison with EFA at 

the individual level? 

2) Do the measures of the school process variables constructed through MLCFA have different 

substantial meanings as compared to the measures developed via EFA at one level? 

3) Do we observe a different factor structure at the individual level and the group level using 

MLCFA? Or, in other words, do different factors seem to matter at the group level as opposed 

to the individual level? 

 

Method 

Data 

Data from the LOSO (Longitudinal Research in Secondary Education) research project were used 

to carry out the analyses and formulate answers to our research questions. During the LOSO project, 

6411 students from 90 secondary schools (among which approximately 65 per cycle) in Flanders (i.e., 

the Dutch-speaking part of Belgium) were followed throughout their entire secondary educational 

career. In secondary education in Flanders, six grades are classified into three cycles. During the first 

cycle, students are able to follow one of the two streams, the A-stream or the B-stream. The majority 

of the students choose the A-stream or the general track. Students with learning difficulties are offered 

the possibility to follow the B-stream, where they receive education in accordance with their abilities 

and are prepared for the vocational track (Van Damme, De Fraine, Van Landeghem, Opdenakker, & 

Onghena, 2002). 

Items from the ‘School Characteristics Questionnaire for Teachers’ were used to develop measures 

of process variables at school level. During the school year 1990-1991 teachers answered items 

concerning their background, teaching practice, educational and pedagogical framework, and daily 

school life (Opdenakker & Van Damme, 2000; Van Damme et al., 2004). This inquiry was done 

separately for the teachers from the first cycle (i.e., junior high school in Flanders) and for the teachers 

from the last two cycles (i.e., senior high school in Flanders). To this end, representative samples of 

approximately 15 first cycle teachers and 17 teachers from the last two cycles were taken from each 
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school, where possible. In schools with a small number of teachers, samples of approximately 17 

teachers were taken across all three cycles. In the near future, we want to investigate the association of 

the constructed measures for school process variables with students’ achievement and school well-

being in the first grade. Therefore, only the data provided by the teachers from the first cycle of 

secondary education were taken into account in our analyses (i.e., 684 teachers from 54 schools). It 

seems plausible to assume that different school process variables matter in the first cycle as compared 

to the last two cycles. 66 items from the second part of the questionnaire were selected according to 

theoretical considerations. 41 items were judged on a four-point scale and 25 items on a five-point 

scale. However, since four teachers did not provide their answers for the second part, our sample 

consists of 680 teachers from 54 schools. 

 

Analyses 

To obtain meaningful measures of school process characteristics, two methods of factor 

construction were used. In the first place the traditional method was used. Factors were developed at 

the teacher level using EFA. These analyses were carried out using SAS 9.1 (SAS Institute Inc., 2003). 

Secondly, the technique of MLCFA was used to create factors at both the teacher and school level, by 

means of STREAMS 3.0 (Gustafsson & Stahl, 2005) and Mplus 4.0 (Muthén & Muthén, 1998-2006). 

In advance, the necessary assumptions to conduct a factor analysis were checked, which are reported 

in the results section.  

Using SAS PROC FACTOR two methods of exploratory factor analysis were compared, that is 

alpha factor analysis with varimax rotation and principal factor analysis with varimax rotation. 

Principal factor analysis only takes into account the common variance present in the data and is 

therefore recommended when the research goal is to identify underlying latent constructs (Hair et al., 

1998). Alpha factor analysis is interesting because this method optimizes the internal consistency of 

the factors (Kaiser & Caffrey, 1965). 

Based on (1) the scree plot of the eigenvalues by Cattell and Vogelmann (1977); (2) the Kaiser 

criterium (i.e., eigenvalues greater than one) (Kaiser, 1958) which gives an indication of the maximum 

number of meaningful factors; and (3) the percentage of explained variance of every factor, several 

factor solutions with a different number of factors (i.e., 3 to 7 factors), yielded via alpha factor analysis 

or principal factor analysis, were compared. To select the most appropriate factor solution, different 

aspects were taken into account: the loading of the items, the meaningfulness and the internal 

consistency of the factors. 

The technique of MLCFA was used to create factors both at the teacher level and the school level. 

For the application of this technique, the model proposed by Muthén was used (1989, 1990, 1994). 

Muthén has shown that it is possible to estimate two different covariance matrices, the pooled within-

group covariance matrix and the between-group covariance matrix, using the multi-group option of 

conventional structural equation modeling software. The pooled within-group covariance  matrix is 
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estimated based on individual deviations around the group means (e.g., school means), while the 

between-group covariance matrix is computed based on the group means (e.g., school means) and their 

deviations around the grand mean. The between-group covariance matrix is also weighted by the 

group size. Model building of the two-level confirmatory factor analysis (CFA) was performed by 

means of STREAMS 3.0 (Gustafsson & Stahl, 2005), and computations were conducted with Mplus 

4.0 (Muthén & Muthén, 1998-2006). To handle missing data, the Robust Maximum Likelihood 

Estimator was used. 

 

Results 

Assumptions factor analysis 

One of the assumptions to conduct a factor analysis states that the manifest variables need to be 

measured at interval level. However, rating scales, like for example a Likert point rating scale, are 

considered to be of interval level when at least five, or preferably even seven, different rating points 

are included. Nevertheless, a number of studies show that, when incorrectly assuming rating scales to 

be of interval level, correlations and scale reliabilities are often underestimated (e.g., Gilley & Uhlig, 

1993; Saris, Van Wijk, & Scherpenzeel, 1998). This especially applies to three- and four-point rating 

scales, and to a lesser extent to a five-point rating scale. Therefore, all of our manifest variables, 

judged on a four- or five-point rating scale, were treated as ordinal variables. Moreover, the 25 items 

judged on the five-point rating scale were all highly skewed and/or kurtotic. Among others, Jöreskog 

and Sörbom (1986) as well as Muthén and Kaplan (1985) propose to use polychoric correlations, 

which assume underlying bivariate normality, to factor analyze ordinal data. Polychoric correlations 

were computed in SAS 9.1 using SAS PROC FREQ. To check whether missing data of the ‘School 

Characteristics Questionnaire for Teachers’ are ‘missing completely at random’, the missing value 

procedure from SPSS 14.0 was used (SPSS, 2005). The Little’s MCAR test indicates that missing data 

are indeed ‘missing completely at random’ (χ²948=983.409; p=0.207). Since inspection of the pairwise 

frequencies revealed to a large extent small amounts of missing data (<10%), pairwise deletion instead 

of multiple imputation was used to handle missing data. 

A second important assumption that needs to be checked beforehand concerns the amount of 

multicollinearity present between the manifest variables. Multicollinearity needs to be large enough to 

find the latent dimensions. This was investigated using the Measure of Sampling Adequacy (MSA). 

First of all, this was checked for every variable separately, as recommended by Hair and colleagues 

(1998). Two variables with an MSA value smaller than 0.40 were deleted. These concern two 

variables measuring the extent to which rules are established in the schools. Deleting these two 

variables yielded an MSA value above 0.50 for every separate variable and an overall middling MSA 

of 0.76. 
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Exploratory factor analysis at teacher level 

Based on the different criteria specified in the methods section, the factor solution at teacher level 

with six factors generated through an alpha factor analysis with varimax rotation was chosen (see 

Table 1). Three items with an insignificant loading (i.e., <|0.30|) were deleted, while five items were 

allowed to load on more than one factor. Obviously, attention was given to the meaningfulness of 

these decisions. 

 

Table 1 

Six factor solution at teacher level, obtained by means of alpha factor analysis with varimax rotation 

Factor 1: Relationships among school staff 

Number of items: 20 Cronbachs’ Alpha: 0.92  

Items Factor loading 

73. In general, good relations are present among the colleagues at our 

school. 

 

0.73 

72. Teachers are able to contact the principal without difficulty. 0.73 

71. A good team spirit is present among the colleagues. 0.71 

83. The principal is always open to the personal situation of the teachers. 0.69 

81. I am stimulated by the principal to perform well as a teacher. 0.69 

74. The principal often stimulates teachers to reflect together on what we 

aim for in our school.   

 

0.68 

82. Among the colleagues at our school, there is a sense of joint 

commitment to a common duty. 

 

0.66 

77.  Among the colleagues there is a considerable willingness to help each 

other concerning our job.  

 

0.60 

86. The principal stimulates teachers to take their own initiative concerning 

education at our school. 

 

0.58 

75. The principal stimulates the teachers into educational reform and 

adjustment. 

 

0.55 

80. The atmosphere among colleagues strongly fosters the quality of my 

work.  

 

0.49 

47. To what extent an average teacher is involved by the principal into 

decision making concerning the study programmes? 

 

0.37 

53. To what extent an average teacher is involved by the principal into 

decision making concerning educational reform? 

 

0.32 
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57. To what extent an average teacher is involved by the principal into 

decision making concerning extracurricular activities? 

 

0.30 

78. Meetings among colleagues where one needs to make a decision, work 

out rather inefficiently in general. 

 

-0.34 

84. During meetings among colleagues, one does not listen well to one 

another. 

 

-0.47 

70. The principal exerts a lot of pressure on me as a teacher. -0.48 

85. I have difficulties expressing my opinion towards the principal. -0.56 

79. The principal treats me in a distant and authoritarian way. -0.70 

76. I have the impression that the principal is rather unfriendly towards me. -0.71 

Factor 2: Cooperation among subject teachers 

Number of items: 10 Cronbachs’ Alpha: 0.90  

Items Factor loading 

How frequently do meetings take place among subject teachers 

concerning… 

 

16. …training and educational initiatives organized by the school? 0.73 

18. …agenda items proposed or imposed by the principal? 0.71 

12. …working with didactical methods and techniques? 0.70 

9. …the choice and planning of the study contents? 0.67 

14. …problems during teaching? 0.65 

17. …training and educational initiatives organized by an authority other 

than the school? 

 

0.64 

10. …the decision of the textbook? 0.64 

11. …the decision of the didactical material? 0.61 

13. …the creation of tests and exams? 0.55 

15. …the approach towards students with learning difficulties? 0.53 

Factor 3: Cooperation among teachers of the same class, concerning class affairs 

Number of items: 7 Cronbachs’ Alpha: 0.86  

Items Factor loading 

How frequently do meetings take place among teachers of the same class 

concerning… 

 

35. …the alteration of a school schedule for the class? 0.82 

37. …the purchase of didactical material? 0.67 
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38. …working with and gearing didactical methods and techniques to one 

another? 

 

0.65 

34. …organizing tests? 0.64 

33. …the creation of class regulations? 0.59 

39. …the integration of repeaters in the class group? 0.38* 

40. …agenda items proposed or imposed by the principal? 0.37 

Factor 4: Participatory decision making, concerning didactical aspects 

Number of items: 13 Cronbachs’ Alpha: 0.85  

Items Factor loading 

64. To what extent do teachers have autonomy concerning decisions about 

the didactical working form? 

 

0.64 

65. To what extent do teachers have autonomy concerning decisions about 

the way of differentiating (adapting the education to the differences between 

the students in the class)? 

 

 

0.63 

67. To what extent do teachers have autonomy concerning decisions about 

the content of a test? 

 

0.59 

62. To what extent do teachers have autonomy concerning decisions about 

the study content? 

 

0.57 

66. To what extent do teachers have autonomy concerning decisions about 

the frequency of homework? 

 

0.56 

63. To what extent do teachers have autonomy concerning decisions about 

educational tools? 

 

0.56 

69. To what extent do teachers have autonomy concerning decisions about 

the assignment of quotas for tests (what is failing, etc.)? 

 

0.52 

13. How frequently do meetings take place among subject teachers 

concerning the creation of tests and exams? 

 

0.51* 

68. To what extent do teachers have autonomy concerning decisions about 

the frequency of tests? 

 

0.46 

9. How frequently do meetings take place among subject teachers 

concerning the choice and planning of the study contents? 

 

0.42* 

111. To what extent rules are established concerning copying from other 

students? 

 

-0.38 

114. To what extent rules are established concerning giving homework or 

not? 

 

-0.41 

115. To what extent rules are established concerning the evaluation of tests? -0.55 



AERA 2007, Chicago   Multilevel Confirmatory Factor Analysis 11

 
Factor 5: Cooperation among teachers of the same class, concerning student affairs 

Number of items: 9 Cronbachs’ Alpha: 0.87  

Items Factor loading 

How frequently do meetings take place among teachers of the same class 

concerning… 

 

27. …study results (i.e., marks) obtained by the student? 0.73 

28. …the students’ personality characteristics (intelligence, character,…)? 0.72 

30. …a students’ annoying behavior? 0.69 

31. …the formulation of advises with regard to the study choices for all the 

students of the class? 

 

0.69 

29. …the students’ family characteristics (social environment, relationship 

between the parents and the student,…)? 

 

0.63 

32. …other initiatives with regard to the study choices and/or choices of 

career of the students? 

 

0.62 

36. …the approach towards problem students? 0.58 

39. …the integration of repeaters in the class group? 0.38 

40. …agenda items proposed or imposed by the principal? 0.32* 

Factor 6: Established rules, concerning educational and non-educational aspects  

(Orderly school environment) 

Number of items: 7 Cronbachs’ Alpha: 0.71  

Items Factor loading 

To what extent rules are established concerning…   

118. …students’ behavior outside the class? 0.97 

119. …students’ behavior outside school? 0.80 

112. …school absenteeism/play truant by students? 0.54 

110. …students’ interruptions during class? 0.48 

116. …the requirements students need to meet before choosing a subject or 

a discipline? 

 

0.38 

111. … copying from other students? 0.36* 

117. …holding a class discussion of tests or not? 0.35 

Notes.  ‘*’ means ‘This item has a higher loading on another factor’. 
 The number of the item corresponds to the order of the respective item in the ‘School Characteristics 
 Questionnaire for Teachers’. 
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The first factor contains items involving the relationships among the school staff: both among the 

teachers and between the principal and the teachers. This refers to the social system in a school. Three 

items concerning the involvement of teachers by the principal into the decision making related to 

educational aspects are also included in this factor, albeit having a lower factor loading. Ten items 

with regard to the cooperation among subject teachers belong to the second factor. Factor three unites 

items concerning the cooperation among teachers of the same class with regard to class affairs. 

Cooperation among teachers of the same class with regard to student affairs is represented in another 

factor, factor 5. Two items load on both factor 3 and factor 5: item 39 “the frequency of meetings 

among teachers concerning the integration of repeaters in the class group” and item 40 “the frequency 

of meetings with regard to agenda items proposed or imposed by the principal”. The fourth factor 

unites items involving the participatory decision making of teachers concerning didactical aspects. 

Two items have to do with the frequency of meetings with regard to some didactical aspects, because 

it seems plausible that a larger frequency indicates a higher participation in decision making. In 

addition, this factor includes three items concerning the establishment of rules related to didactical 

aspects, since a strict establishment of these rules prevents the autonomy of teachers to decide how to 

apply the rules in practice. Finally, the last factor represents the extent to which rules concerning both 

educational and non-educational aspects are established at the school, thus providing a measure for an 

orderly school environment. All of the six factors have a satisfactory internal consistency, ranging 

from 0.71 to 0.92. 

 

Multilevel confirmatory factor analysis at teacher level and school level 

In accordance with the results of the MSA, two items concerning the establishment of rules at 

school were deleted before starting the MLCFA’s. Therefore a set of 64 variables with a sufficient 

amount of multicollinearity was used to conduct the analyses. In advance, all of the variables were 

specified at the ordinal level. Mplus takes this into account by automatically computing polychoric 

correlations and an asymptotic covariance matrix (Gustafsson & Stahl, 2005). However, specifying 

our variables at interval level as compared to ordinal level, yielded a considerably better fit of our 

models. This indicates that it is acceptable to consider them as interval variables. 

As a first step, a regular CFA was fitted to the total covariance matrix without taking into account 

the dependency present in our data, as proposed by Muthén (1991, 1994). It proved to be a rather 

complicated job to find a well-fitting model based on the literature we set out in the introduction 

session. However, after a number of interpretable modifications guided by the modification indices, 

we found a model with an acceptable RMSEA (i.e., Root Mean Square Error of Approximation) of 

0.051. Jöreskog (2005-2006) advises to look at the RMSEA when a large chi-square value is present in 

combination with a large sample size. An RMSEA value smaller than 0.08 indicates a model with a 
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reasonable error of approximation, although a value smaller than 0.05 is to be preferred. In the case of 

a value larger than 0.10, the model should not be used. 

Secondly, this model was used as a starting point to identify the latent variables at the teacher 

level, at first without imposing a latent structure at the school level. However, this model has too much 

integration dimensions due to the large number of parameters in our model in comparison with the 

number of groups. Having 54 groups in our model, this indeed only reaches the absolute minimum of 

groups required to perform an MLCFA (i.e., 50), as proposed by Muthén (1991). 

Even when starting out with a selection of variables and adding stepwise other sets of variables, 

based on the literature and the results of the CFA model on the total covariance matrix, the problem of 

having too many parameters in our model remains. Therefore, we decided to conduct several 

MLCFA’s on four sets of variables. The sets of variables were chosen based on the literature discussed 

in the introduction: (1) items concerning the cooperation between teachers; (2) items concerning an 

orderly school environment (established rules); (3) items concerning participatory decision making, 

and (4) items concerning relationships among teachers and between principal and teachers. Good 

starting values and sufficient equality constraints among the different parameters in the models were 

provided to obtain convergence of our models. The model we fitted to the total covariance matrix in 

our first step was used to guide these analyses. Next equality constraints were relaxed where possible. 

Finally, modification indices were evaluated to further improve our models. These modification 

indices show how much the model fit would improve when a parameter would be added or freed, or 

when an equality restriction would be relaxed (Sörbom, 1989). 

 

The first MLCFA model we fitted, concerns items about the relationships among teachers and 

between the principal and the teacher (see Table 2). This model is based on data from 678 teachers 

nested within 54 schools. To evaluate model fit, we concentrate upon RMSEA since the chi-square 

value is very large and significant (χ²92=337.416; p=0.000) with a large sample size. An RMSEA-

value of 0.063 indicates our model has a reasonable error of approximation, although there is some 

room to further improve the model. However, it seemed impossible to add additional modifications to 

the model, since it contains almost as much free parameters as number of groups. In order for the 

model to converge, only manifest variables with an intra class correlation (ICC) larger than 0.10 were 

included in the model and some equality constraints were imposed on several factor loadings. The ICC 

reveals the amount of variance that is observed at the group level, when taking into account the 

dependency present in the data (Muthén, 1994). Thus, items with a small ICC have only restricted 

variation between groups and do not need to be entered at group level. Here, 11 items with a small 

ICC were also left out of the within level, in order for the model to converge.  

The model consists of two factors at the within level and one factor at the between level. At the 

within level, we observe a latent variable involving ‘Relationships between principal and teachers’, 
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and one latent variable concerning ‘Relationships among teachers’. Covariance between these latent 

variables at the within level was allowed (standardized estimate: 0.026). The standardized factor 

loading of every first item is set to zero since this item was used to scale the factor. Two items were 

allowed to load on both factors (i.e., items 82 and 86). In addition, a covariance was set up between 

the residual variances of the items 72 and 83 (standardized estimate: 0.037), since both variables seem 

to have a considerable amount of variance that is not accounted for by the latent variable in our model. 

Both items could be interpreted as support by the principal concerning the personal life of the teachers, 

whereas the other manifest variables more specifically relate to educational aspects. 

At the school level of our model all of the items are united into one latent variable, we called 

‘Relationships among school staff’. At first sight, the size of the factor loadings seems to indicate there 

is something wrong with our model. However, Jöreskog (1999) describes this is a common 

misunderstanding. It might suggest though, there is a high degree of multicollinearity in our data, 

which in this case is very desirable. 

 

Table 2 

First multilevel confirmatory factor model: “Relationships among teachers and between principal and 

teachers” 

TEACHER LEVEL  

Factor 1: Relationships between principal and teachers 

Number of items: 8  

Items Factor loading 

70. The principal exerts a lot of pressure on me as a teacher. 0.000 

74. The principal often stimulates teachers to reflect together on what we 

aim for in our school.   

 

0.700 

75. The principal stimulates the teachers into educational reform and 

adjustment. 

 

0.700 

86. The principal stimulates teachers to take their own initiative concerning 

education at our school. 

 

0.700 

81. I am stimulated by the principal to perform well as a teacher. 0.599 

72. Teachers are able to contact the principal without difficulty. 0.433 

83. The principal is always open to the personal situation of the teachers. 0.433 

82. Among the colleagues at our school, there is a sense of joint 

commitment to a common duty. 

 

0.121 
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Factor 2: Relationships among teachers 

Number of items: 5  

Items Factor loading 

71. A good team spirit is present among the colleagues. 0.000 

73. In general, good relations are present among the colleagues at our 

school. 

 

0.040 

77.  Among the colleagues there is a considerable willingness to help each 

other concerning our job.  

 

0.040 

82. Among the colleagues at our school, there is a sense of joint 

commitment to a common duty. 

 

0.040* 

86. The principal stimulates teachers to take their own initiative concerning 

education at our school. 

 

0.040* 

SCHOOL LEVEL  

Factor 1: Relationships among school staff 

Number of items: 11  

Items Factor loading 

70. The principal exerts a lot of pressure on me as a teacher. 0.000 

71. A good team spirit is present among the colleagues. 4.428 

74. The principal often stimulates teachers to reflect together on what we 

aim for in our school. 

 

4.383 

73. In general, good relations are present among the colleagues at our 

school. 

 

3.771 

77.  Among the colleagues there is a considerable willingness to help each 

other concerning our job. 

 

3.771 

82. Among the colleagues at our school, there is a sense of joint 

commitment to a common duty. 

 

3.771 

75. The principal stimulates the teachers into educational reform and 

adjustment. 

 

3.515 

81. I am stimulated by the principal to perform well as a teacher. 2.729 

72. Teachers are able to contact the principal without difficulty. 2.435 

86. The principal stimulates teachers to take their own initiative concerning 

education at our school. 

 

2.435 

83. The principal is always open to the personal situation of the teachers. 1.544 

Notes. The reported factor loadings are standardized estimates. 
 ‘*’ means ‘This item has a higher loading on another factor’. 
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 The first manifest variable in each factor is used to define the scale of the latent factor through a fixed 
 relation of unity. Therefore, the standardized factor loading is equal to zero.  
 The number of the item corresponds to the order of the respective item in the ‘School Characteristics 
 Questionnaire for Teachers’. 

 

A second set of items concerning participatory decision making was subject to another MLCFA 

(see Table 3). Data from 679 teachers nested within 54 schools were used. Again, chi-square is large 

in combination with a large sample size (χ²170=649.157; p=0.000). RMSEA shows an acceptable 

model fit (0.064). While considerable improvement in our model fit is possible from a statistical point 

of view, we were not able to include more free parameters in our model, given the limited number of 

groups. To promote convergence of our model, several equality constraints were imposed on the factor 

loadings and four manifest variables with an ICC smaller than 0.10 were deleted from the between 

part of the model. 

Two factors are present at the within level, while only one factor was found at the between level. 

The within factors respectively relate to ‘Participatory decision making concerning didactical aspects’ 

and to ‘Participatory decision making concerning broader educational aspects’. A standardized 

covariance of 0.025 was observed between these two latent variables. Item 56 was allowed to load on 

both factors. 

One latent variable at the between level, ‘Participatory decision making concerning both didactical 

and broader educational aspects’, accounts for the variance observed between the schools. 

 

Table 3 

Second multilevel confirmatory factor model: “Participatory decision making” 

TEACHER LEVEL  

Factor 1: Participatory decision making, concerning didactical aspects 

Number of items: 9  

Items Factor loading 

To what extent do teachers have autonomy concerning decisions about…  

62. …the study content? 0.000 

63. …educational tools? 0.103 

64. …the didactical working form? 0.103 

65. …the way of differentiating (adapting the education to the differences 

between the students in the class)? 

 

0.098 

66. …the frequency of homework? 0.098 

67. …the content of a test? 0.075 
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68. To what extent do teachers have autonomy concerning decisions about 

the frequency of tests? 

 

0.075 

69. …the assignment of quotas for tests (what is failing, etc.)? 0.075 

56. To what extent an average teacher is involved by the principal into 

decision making concerning the structure of the school report (which 

headings should be marked)? 

 

0.059 

Factor 2: Participatory decision making, concerning broader educational aspects 

Number of items: 6  

Items Factor loading 

To what extent an average teacher is involved by the principal into decision 

making concerning… 

 

47. …the study programmes? 0.000 

57. …extracurricular activities? 0.062 

55. …the composition of the classes? 0.058 

56. …the structure of the school report (which headings should be marked)? 0.058* 

53. …educational reform? 0.040 

54. …the spending of the package of class periods? 0.040 

SCHOOL LEVEL  

Factor 1: Participatory decision making, concerning didactical and broader educational aspects 

Number of items: 10  

Items Factor loading 

To what extent an average teacher is involved by the principal into decision 

making concerning… 

 

47. …the study programmes? 0.000 

53. …educational reform? 0.081 

54. …the spending of the package of class periods? 0.081 

55. …the composition of the classes? 0.081 

56. …the structure of the school report (which headings should be marked)? 0.081 

57. …extracurricular activities? 0.081 

To what extent do teachers have autonomy concerning decisions about…  

66. …the frequency of homework? 0.081 

67. …the content of a test? 0.081 
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68. To what extent do teachers have autonomy concerning decisions about 

the frequency of tests? 

 

0.081 

69. …the assignment of quotas for tests (what is failing, etc.)? 0.081 

Notes. The reported factor loadings are standardized estimates. 
 ‘*’ means ‘This item has a higher loading on another factor’. 
 The first manifest variable in each factor is used to define the scale of the latent factor through a fixed 
 relation of unity. Therefore, the standardized factor loading is equal to zero.  
 The number of the item corresponds to the order of the respective item in the ‘School Characteristics 
 Questionnaire for Teachers’. 
 

Table 4 shows us the results of the third MLCFA we performed. Items answered by 679 teachers 

from 54 schools and involving the amount of established rules at school, which concerns one aspect of 

an orderly school environment, were analyzed. Model fit was evaluated by means of chi-square and 

RMSEA (χ²75=170.381, p=0.000; RMSEA=0.043). Since chi-square and sample size are large, we 

looked at RMSEA to conclude our model has a good fit. One item with a low ICC (< 0.10) was 

excluded from our model to enhance convergence, while four manifest variables with a low ICC were 

only included at the within level. Because this model comprises a small amount of manifest variables, 

meaning less parameters have to be estimated, one equality constraint between two factor loadings at 

the between level was sufficient. In addition, the between school variance of item 118 and the between 

school residual variance of item 111 were fixed to zero. 

At the within level two latent variables are identified: ‘Established rules concerning educational 

aspects’ and ‘Established rules concerning non-educational aspects’. Covariance between the latent 

variables was allowed (standardized estimate: 0.029). One item loads on both factors (i.e., item 112). 

At the school level the occurrence of one latent variable was confirmed: ‘Established rules 

concerning educational and non-educational aspects’. This latent variable at school level may be 

considered a measure for an orderly school environment. 
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Table 4 

Third multilevel confirmatory factor model: “Orderly school environment (established rules)” 

TEACHER LEVEL  

Factor 1: Established rules, concerning educational aspects 

Number of items: 8  

Items Factor loading 

To what extent rules are established concerning…   

111. … copying from other students? 0.000 

115. …the evaluation of tests? 0.337 

116. …the requirements students need to meet before choosing a subject or 

a discipline? 

 

0.270 

117. …holding a class discussion of tests or not? 0.266 

114. To what extent rules are established concerning giving homework or 

not? 

 

0.237 

81. I am stimulated by the principal to perform well as a teacher. 0.176 

112. To what extent rules are established concerning school 

absenteeism/play truant by students? 

 

0.128 

30. How frequently do meetings take place among teachers of the same class 

concerning a students’ annoying behavior? 

 

0.106 

Factor 2: Established rules, concerning non-educational aspects  

Number of items: 3  

Items Factor loading 

To what extent rules are established concerning…   

118. …students’ behavior outside the class? 0.000 

119. …students’ behavior outside school? 0.096 

112. …school absenteeism/play truant by students? 0.038* 

SCHOOL LEVEL  

Factor 1: Established rules, concerning educational and non-educational aspects  

                (Orderly school environment) 

Number of items: 6  

Items Factor loading 

111. To what extent rules are established concerning copying from other 

students? 

 

0.000 
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114. To what extent rules are established concerning giving homework or 

not? 

 

0.117 

81. I am stimulated by the principal to perform well as a teacher. 0.079 

119. To what extent rules are established concerning students’ behavior 

outside school? 

 

0.053 

112. To what extent rules are established concerning school 

absenteeism/play truant by students? 

 

0.043 

115. To what extent rules are established concerning the evaluation of tests? 0.043 

Notes. The reported factor loadings are standardized estimates. 
 ‘*’ means ‘This item has a higher loading on another factor’. 
 The first manifest variable in each factor is used to define the scale of the latent factor through a fixed 
 relation of unity. Therefore, the standardized factor loading is equal to zero.  
 The number of the item corresponds to the order of the respective item in the ‘School Characteristics 
 Questionnaire for Teachers’. 
 

Finally, a last MLCFA was conducted on the set of items involving cooperation between teachers 

(see Table 5). To this end, data from 678 teachers nested within 54 schools were used. However, due 

to the large number of items included in this model, a rather bad model fit was observed 

(χ²430=2360.901, p=0.000; RMSEA=0.081). Even the RMSEA, although close to the value of 0.08 

Jöreskog (2005-2006) proposes as a maximum to accept the model, does not indicate an acceptable 

model fit. Several actions were undertaken though, to improve the model fit. First of all, 16 variables 

with an ICC lower than 0.08 were excluded from the between part of the model. Accordingly, the 

variances of these variables at the school level were set to zero. Secondly, two sets of residual 

variances of two manifest variables were allowed to covary at the teacher level, namely the residual 

variances of items 31 and 32 (standardized covariance: 0.024), and the residual variances of items 18 

and 40 (standardized covariance: 0.035). These covariances refer to an amount of variance these items 

have in common, but that is left unexplained in the model. Items 31 and 32 involve initiatives 

concerning the study and/or career choices of the students, while items 18 and 40 refer to aspects 

proposed by the principal. Thirdly, covariance between the latent variables at the within level was 

allowed (standardized estimate for all covariances: 0.022). To obtain convergence of the model, a 

number of restrictions had to be included as well, unfortunately at the expense of the model fit. The 

variances of the latent variables at the within level were fixed to a certain value (1.00 and 1.20), the 

within school residual variances of the items 11 and 28 were fixed to zero, and the covariance between 

the latent variables at the teacher level were constrained to equality. Moreover, within each factor 

equal factor loadings were imposed over all the items. Concerning the latent variables at the teacher 

level, it was possible to use the first item to scale the factor and to impose equal factor loadings for the 

other items. However, with regard to the factor at the school level, equality constraints had to be 

established for all the items. Therefore they are all restricted to a fixed relation of unity with the latent 
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variable, causing the standardized factor loadings to be zero. Probably, this also leads to a zero 

variance of the school level latent variable. Even when fixing other parameters to a certain value or 

setting up equality constraints between parameters to obtain a smaller number of free parameters, this 

did not resolve this problem. An alternative solution could entail to split up the items and conduct 

several analyses, but since these are all related to ‘Cooperation among teachers’, this seems rather 

problematic. 

Four latent variables are observed at the within level: (1) ‘Cooperation among subject teachers 

concerning didactical aspects’, (2) ‘Cooperation among subject teachers concerning broader 

educational aspects’, (3) ‘Cooperation among teachers of the same class concerning class affairs’, and 

(4) ‘Cooperation among teachers of the same class concerning student affairs’. As already stated, 

covariance between all of the latent variables was allowed (standardized estimate: 0.022). Items 39 

and 40 load on both factor 3 and factor 4. 

At the school level one latent variable is identified, which implies several of the aspects present at 

the within level: ‘Cooperation among teachers’. 

 

Table 5 

Fourth multilevel confirmatory factor model: “Cooperation among teachers” 

TEACHER LEVEL  

Factor 1: Cooperation among subject teachers, concerning didactical aspects 

Number of items: 5  

Items Factor loading 

How frequently do meetings take place among subject teachers 

concerning… 

 

9. …the choice and planning of the study contents? 0.000 

10. …the decision of the textbook? 0.034 

11. …the decision of the didactical material? 0.034 

12. …working with didactical methods and techniques? 0.034 

14. …problems during teaching? 0.034 

Factor 2: Cooperation among subject teachers, concerning broader educational aspects 

Number of items: 3  

Items Factor loading 

How frequently do meetings take place among subject teachers 

concerning… 

 

16. …training and educational initiatives organized by the school? 0.000 
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17. …training and educational initiatives organized by an authority other 

than the school? 

 

0.038 

18. …agenda items proposed or imposed by the principal? 0.038 

Factor 3: Cooperation among teachers of the same class, concerning class affairs 

Number of items: 7  

Items Factor loading 

How frequently do meetings take place among teachers of the same class 

concerning… 

 

33. …the creation of class regulations? 0.000 

34. …organizing tests? 0.030 

35. …the alteration of a school schedule for the class? 0.030 

37. …the purchase of didactical material? 0.030 

38. …working with and gearing didactical methods and techniques to one 

another? 

 

0.030 

39. …the integration of repeaters in the class group? 0.030 

40. …agenda items proposed or imposed by the principal? 0.030 

Factor 4: Cooperation among teachers of the same class, concerning student affairs 

Number of items: 8  

Items Factor loading 

How frequently do meetings take place among teachers of the same class 

concerning… 

 

28. …the students’ personality characteristics (intelligence, character,…)? 0.000 

29. …the students’ family characteristics (social environment, relationship 

between the parents and the student,…)? 

 

0.025 

30. …a students’ annoying behavior? 0.025 

31. …the formulation of advises with regard to the study choices for all the 

students of the class? 

 
 

0.025 
32. …other initiatives with regard to the study choices and/or choices of 

career of the students? 

 
 

0.025 
36. …the approach towards problem students? 0.025 

39. …the integration of repeaters in the class group? 0.025* 

40. …agenda items proposed or imposed by the principal? 0.025* 
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SCHOOL LEVEL  

Factor 1: Cooperation among teachers 

Number of items: 6  

Items Factor loading 

9. How frequently do meetings take place among subject teachers 

concerning the choice and planning of the study contents? 

 

0.000 

10. How frequently do meetings take place among subject teachers 

concerning the decision of the textbook? 

 
 

0.000 
11. How frequently do meetings take place among subject teachers 

concerning the decision of the didactical material? 

 
 

0.000 
28. How frequently do meetings take place among teachers of the same class 

concerning the students’ personality characteristics (intelligence, 

character,…)? 

 
 

0.000 

34. How frequently do meetings take place among teachers of the same class 

concerning organizing tests? 

 
 

0.000 
35. How frequently do meetings take place among teachers of the same class 

concerning the alteration of a school schedule for the class? 

 
 

0.000 
Notes. The reported factor loadings are standardized estimates. 
 ‘*’ means ‘This item has a higher loading on another factor’. 
 The first manifest variable in each factor is used to define the scale of the latent factor through a fixed 
 relation of unity. Therefore, the standardized factor loading is equal to zero.  

 The number of the item corresponds to the order of the respective item in the ‘School Characteristics 
 Questionnaire for Teachers’. 
 

Exploratory factor analysis versus multilevel confirmatory factor analysis 

Table 6 provides us with an overview of the factors of the EFA at teacher level as compared to the 

factors of the four MLCFA’s both at teacher level and at school level. This comparison will be further 

discussed in the discussion section. 
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Table 6 

Factors EFA versus factors 4 MLCFA’s 

Factors EFA Factors 4 MLCFA’s Factors 4 MLCFA’s 

Teacher level Teacher level School level 

1. Relationships between 

principal and teachers (8 items) 

 

1. Relationships among school 

staff (20 items) 2. Relationships among teachers 

(5 items) 

  

1. Relationships among school 

staff (11 items) 

1. Participatory decision making, 

concerning didactical aspects (9 

items) 

4. Participatory decision making, 

concerning didactical aspects (13 

items) 

2. Participatory decision making, 

concerning broader educational 

aspects (6 items) 

 

 

1. Participatory decision making, 

concerning didactical and 

broader educational aspects (10 

items) 

1. Cooperation among subject 

teachers, concerning didactical 

aspects (5 items)  

 

 

2. Cooperation among subject 

teachers (10 items) 2. Cooperation among subject 

teachers, concerning broader 

educational aspects (3 items) 

3. Cooperation among teachers 

of the same class, concerning 

class affairs (7 items) 

3. Cooperation among teachers 

of the same class, concerning 

class affairs (7 items) 

5. Cooperation among teachers 

of the same class, concerning 

student affairs (9 items) 

4. Cooperation among teachers 

of the same class, concerning 

student affairs (8 items) 

 

 

 

 

 

1. Cooperation among teachers 

(6 items) 

1. Established rules, concerning 

educational aspects (8 items) 

6. Established rules, concerning 

educational and non-educational 

aspects (Orderly school 

environment) (7 items) 

2. Established rules, concerning 

non-educational aspects (3 

items) 

1. Established rules, concerning 

educational and non-educational 

aspects (Orderly school 

environment) (6 items) 
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Discussion 

The factors we constructed by means of both EFA at the teacher level and MLCFA at the teacher 

level and the school level, seem to correspond more or less with empirical findings from the literature. 

One MLCFA was conducted on a subset of items concerning the relationships among the school staff. 

These items relate to relationships among teachers as well as to relationships between the principal 

and the teachers. In the literature these are both part of the broader component ‘school climate’ or 

‘school culture’ (Reynolds & Teddlie, 2000; Scheerens & Bosker, 1997; Sweetland & Hoy, 2000). By 

means of an EFA at teacher level, one factor with regard to these relationships was found. However, 

the MLCFA at teacher level revealed two separate factors, one concerning the relationships among 

teachers and one involving the relationships between the principal and the teachers. Analogous to the 

results of the EFA, one general factor ‘Relationships among school staff’ was identified at the school 

level. However, the factor constructed by means of the EFA includes considerably more items 

compared with the factor at the school level, developed through the MLCFA. This is due to the 

selection of items we made before performing the different MLCFA’s. In accordance with the 

literature, the items clearly involved with the relationships among colleagues were analyzed 

separately. Opdenakker (2003) also conducted an EFA at teacher level on the data of the ‘School 

Characteristics Questionnaire for Teachers’, used in the LOSO research project. However, she 

performed two separate first order EFA’s on most of the items within this questionnaire, while we 

only selected a subset of items with regard to the school life of teachers. Moreover, to conduct the 

EFA’s, Opdenakker (2003) used the total sample of 1609 teachers (i.e., from grade 7 to grade 12), 

whereas we selected a subsample of 684 teachers who teach the first two grades of secondary 

education. The items concerning the relationships among the school staff were found to be part of a 

larger factor called ‘the organizational functioning of the school’. However, the other manifest 

variables within this factor were not part of the current study. 

A second subset of items was subject to another MLCFA, concerning the participatory decision 

making of teachers within a school. These items involve (1) the extent to which the teachers have the 

autonomy to decide about didactical aspects, and (2) the extent to which the principal involves 

teachers in the decision making process about different broader educational aspects of the school life. 

Sweetland and Hoy (2000) note that participation with regard to several decision domains is usually 

united into one large factor (see also Scheerens & Bosker, 1997). However, they endorse to use 

participatory decision making specifically related to class and instruction, which they found to be 

directly related to student achievement. Therefore, we chose a subset of items concerned with 

educational aspects. The MLCFA confirmed the existence of one ‘participatory decision making’ 

factor at the school level with regard to all of these educational aspects. At teacher level however, this 

factor was split up into (1) participatory decision making concerning specific didactical aspects, and 

(2) participatory decision making involving broader educational aspects. Possibly teachers view these 
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as different, since they take participation in decisions about didactical aspects for granted, whereas 

their participation concerning broader educational concepts is not always self-evident. In the EFA at 

teacher level, these two aspects are also represented separately. However, while participatory decision 

making concerning didactical aspects is identified as a separate factor, the items with regard to the 

broader educational aspects are combined into the factor about relationships among colleagues. Thus 

probably, participation into decisions about broader educational concepts is perceived as enhancing the 

relationships among colleagues, and perhaps more specific with the principal. The MLCFA shows that 

at school level only the amount of participatory decision making in general seems to matter. 

Opdenakker (2003) only used the manifest variables with regard to decision making about didactical 

aspects which were united into one factor as well. 

A third MLCFA was conducted on a subset of items with regard to cooperation between teachers. 

This is also referred to as consensus and cohesion between teachers in the literature (Scheerens & 

Bosker, 1997). These items concern cooperation between subject teachers as well as between teachers 

of the same class, which are usually addressed together in research (e.g., Verhoeven et al, 1992) 

although Vandenberghe and colleagues (1994) specifically refer to cooperation between subject 

teachers. Within our EFA at teacher level we found three factors about cooperation between teachers: 

(1) cooperation between subject teachers, (2) cooperation between teachers of the same class, 

concerning class affairs, and (3) cooperation between teachers of the same class, concerning student 

affairs. The two factors about cooperation between teachers of the same class were also identified in 

our MLCFA at teacher level, while the factor about cooperation between subject teachers was split up 

into cooperation about specific didactical aspects and broader educational aspects. At school level only 

one general factor concerning cooperation among teachers seems to matter. Opdenakker (2003) found 

slightly different results when conducting an EFA at teacher level, namely two factors: ‘cooperation 

between subject teachers’ and ‘cooperation between teachers of the same class’ 

Finally, one last set of items involving the establishment of rules at school were analyzed by 

means of a separate MLCFA. Within the literature this is commonly considered to be an aspect of an 

orderly school atmosphere, which is part of a schools’ climate or culture (Reynolds & Teddlie, 2000; 

Scheerens & Bosker, 1997). Both by means of an EFA at teacher level and by means of an MLCFA at 

school level, one factor with regard to the establishment of rules was found. These results confirm the 

findings by Opdenakker (2003). However, the MLCFA at teacher level revealed two separate factors 

concerning rules about (1) educational aspects and (2) non-educational aspects. 

 

What do these findings suggest about our research questions? At first, the MLCFA’s indicate a 

different number of factors at the teacher level as compared to the school level, supporting the 

existence of different relevant factors at the school level than at the teacher level. Of course, due to the 

separate MLCFA’s we performed, these factors do relate to the same school process variables. While 
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the process variables are more specific at teacher level, each time a more general factor is identified at 

school level. This finding is in accordance with other studies that found a less complex factor structure 

at the group level (e.g., Gustafsson & Stahl, 2000; Hox, 1993). 

Comparing the results of the MLCFA at group level with the results of the EFA at teacher level, 

these are not unambiguously to interpret. While some factors match more or less, like for instance 

‘Established rules concerning educational and non-educational aspects’, other factors are much more 

specific when constructed with EFA in comparison with MLCFA, like for example ‘Cooperation 

among teachers’. We do observe more or less the same substantial meanings of the school process 

variables developed by means of EFA as compared to MLCFA. However, these observations could 

also be an artefact of conducting four separate MLCFA’s instead of one for all the items. Furthermore, 

we should definitely take into account the less optimal model fit of three of our four MLCFA models, 

especially with regard to cooperation among teachers. In order to draw more accurate conclusions and 

truly assess the surplus value of MLCFA to construct school process variables, we should replicate the 

analyses for the entire sample of 1609 teachers instead of the subsample of grade-1 and grade-2 

teachers. That way we would have approximately 90 groups, meaning that the full set of 64 variables 

could probably be analyzed by means of one MLCFA. Furthermore, this would entail the possibility to 

make more modifications to our model(s) in order to reach a more acceptable level of model fit. An 

alternative solution to avoid the complexity of an MLCFA, is to make use of a multilevel exploratory 

factor analysis, as proposed by van de Vijver and Poortinga (2002). 

 

Future research questions 

Within the near future, we would like to address two additional research questions: 

1) Are the measures of the process variables at the individual and/or group level constructed by 

means of an MLCFA more reliable as compared to the measures developed by means of an 

EFA at one level plus aggregation? 

2) Can we detect a surplus of the measures of the school process variables constructed by means 

of a MLCFA versus an EFA at one level with regard to their association with student 

achievement (i.e., math achievement) and school well-being? 

(1) To compute reliability of the school process variables constructed through the EFA, factor 

scores at the individual level will be aggregated into the school level by means of MLwiN (Goldstein 

et al., 1998), such that the mean teacher factor score represents a measure for a certain school process 

characteristic in a particular school. Reliability of these aggregated measures will be calculated using 

the formula proposed by Rowan, Raudenbush and Kang (1991). The reliability of the factor scores 

developed at individual level via MLCFA, may be investigated through point and interval estimates 

(Raykov & du Toit, 2005). Firstly the internal consistency of the factor is estimated by means of point 

estimation, and secondly a confidence interval may be calculated through interval estimation. At 



AERA 2007, Chicago   Multilevel Confirmatory Factor Analysis 28

present, we are not acquainted with any method to calculate the reliability of the constructed factors at 

the school level through MLCFA. 

(2) To test the association of the constructed measures for school process variables with student 

outcomes, the developed measures may be used as independent variables in multilevel regression 

analyses to explain student achievement in mathematics and Dutch, and school well-being in the first 

grade (e.g., Hox, 2002). To avoid overestimation of the school effects due to selective entrance, the 

analyses will be carried out controlling for a number of student background variables, as well as 

several class and school composition variables. Four levels will be taken into account, namely student, 

class, teacher and school level. This will be done by means of the multilevel modeling program 

MLwiN (Goldstein et al., 1998). 

 

Educational and scientific importance of the study 

While still in progress, the current study is relevant to educational effectiveness research in 

particular as well as to environmental research in general. Until now rather limited attention has been 

paid to MLCFA in scientific research. More specific within the domain of educational effectiveness, 

the surplus value of MLCFA to construct meaningful and reliable school process characteristics in 

comparison with EFA has hardly been investigated systematically. This makes it very valuable to 

compare both MLCFA and the more traditional approach to construct factors at the group level. In 

addition, this research adds to our understanding about the perceptions of teachers about their school 

environment. 
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