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ABSTRACT 

This paper investigates the “explanatory power” of school process variables based on teacher 

data constructed through multilevel factor analysis, compared to school process variables 

developed using conventional factor analysis plus aggregation. To date, multilevel factor 

analysis has only scarcely been used in educational effectiveness research. The school process 

variables were associated with student achievement and non-cognitive outcomes. Our results 

indicated that some of the school process variables created through multilevel factor analysis 

were associated to a different extent to achievement than the variables obtained using 

conventional factor analysis plus aggregation. Therefore, these results underline the 

importance of using the correct constructional technique to develop school process variables. 
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INTRODUCTION 

Educational effectiveness researchers investigate what makes schooling effective. One 

component that makes a difference for the learning of students concerns the internal 

functioning of a school. School process variables, or elements of the school learning 

environment, have repeatedly been shown to be associated with student achievement 

(Scheerens & Bosker, 1997; Teddlie & Reynolds, 2000). For instance, when teachers within a 

school cooperate more, students tend to perform better. 

Different means are available to collect this information, such as questionnaires, 

interviews, and observations (Freiberg, 1999). Being both the most efficient and the least 

expensive way to reach a large group of information suppliers, questionnaires have been used 

by the majority of the researchers investigating process variables in the school environment. 

In the course of completing such a questionnaire, students or teachers traditionally provide 

their perceptions of the school environment (Fraser & Walberg, 1991; Halpin & Croft, 1962; 

Hoy, Tarter, & Kottkamp, 1991). Additional benefits of this kind of inquiry entail the 

availability of different views on the same environment, and the fact that judgments are 

typically based on a large amount of experiences within the particular school, which hopefully 

contributes to a more differentiated as well as a more accurate picture (den Brok, Bergen, 

Stahl, & Brekelmans, 2004). Yet, there are also drawbacks related to the use of 

questionnaires. In comparison with interviews for example, it is not possible to request 

additional information. In relation to observations, some may argue that subjective instead of 

objective data are obtained. On the other hand, it might be plausible that subjective 

perceptions are more closely related to teacher behavior or student outcomes than objective 

observations (e.g., den Brok et al., 2004). Perhaps the most fundamental disadvantage of 

using questionnaires rather than observations concerns the need to develop reliable and 

meaningful measures of school process variables, based on the individual perceptions. 

Regarding the current study, teacher survey data were used to construct school process 

variables. One could argue that student data provide a more accurate source to describe the 

school environment. However, we claim that the environmental aspects considered in the 

current study are more difficult to observe by students. We judged the amount of cooperation 

between the teachers, the social relationships among the school staff, the decision making 

process at the school and the establishment of rules at the school. 
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Obviously, it is particularly important that measures of these process variables are 

developed correctly. To date, researchers have generally used conventional factor analysis 

applied to the teacher-level data. This way, the associations between the items of the survey 

are investigated, yielding one or more latent factors that account for a considerable proportion 

of common variance in the items. This can be achieved in either an exploratory or a 

confirmatory way. Using exploratory factor analysis the underlying structure of the items in a 

questionnaire are explored, thus no prior structural hypotheses are tested. On the contrary, 

confirmatory factor analysis is associated with the evaluation of certain structural hypotheses, 

yielding more powerful analyses (Hair, Anderson, Tatham, & Black, 1998). However, in 

either case the acquired factors solely represent how individual teachers perceive their school 

environment. To obtain global measures for school process variables, in which we are 

typically interested as an educational effectiveness researcher, the individual factor scores or 

scale scores are aggregated into the school level (Rowan, Raudenbush, & Kang, 1991). 

While this conventional strategy seems to be generally applied in most educational 

effectiveness studies (either exploratory or confirmatory), some major problems arise in case 

of hierarchically organized data. First, a technical-statistical difficulty comes into play. 

Regarding our teacher survey data, several teachers from the same school describe a similar 

school environment. This way, data are no longer independent but correlated, which violates 

the fundamental independence assumption underlying many commonly used statistical 

techniques like factor analysis (Dyer, Hanges, & Hall, 2005; Hair et al., 1998). Consequently, 

using conventional factor analysis at the teacher level leads to overestimated parameter 

estimates and underestimated standard errors (Julian, 2001; Muthén & Satorra, 1995), which 

in turn cause interpretational problems. A conceptual issue yields a second challenge. 

Aggregation of the teacher-level factors into the school level assumes absolute 

correspondence between the latent dimensions at the teacher level and the measures for school 

process variables. However, among the few studies applying two-level factor analysis within 

educational research, some have actually demonstrated a distinct latent factor structure at the 

individual level and at the group level (see den Brok, Brekelmans, & Wubbels, 2006; den 

Brok et al., 2004; Holfve-Sabel & Gustafsson, 2005; Westling Allodi, 2002). For example, 

Holfve-Sabel and Gustafsson have constructed latent factors both at the pupil level and at the 

class level based on pupils’ responses regarding attitudes concerning their school, teacher, 

classmates, and other schooling aspects. By means of two-level confirmatory factor analysis, 

they have created seven latent constructs at the pupil level and three latent constructs at the 
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class level by collapsing highly correlated factors of the pupil level. In two previous studies 

(see “method”-section), we also found some differences between the school level and the 

teacher level. We found to some extent more global and even distinct factors at the school 

level in comparison with the teacher level. 

Therefore, it would be plausible to assume that the factors developed by means of the 

different methods are associated to a different extent with student outcome variables. As to 

our knowledge, this issue has not been addressed in previous research. We propose to 

investigate the “explanatory power” of the school process variables that were constructed in 

both of our previous studies. Will the measures of multilevel factor analysis be associated to a 

different extent with student outcome variables than the measures of conventional factor 

analysis plus aggregation? Diverse student outcome variables are considered: language and 

mathematics achievement, school well-being, and academic self-concept. 

METHOD 

Data 

Data from the LOSO (i.e., the Dutch letter word for Longitudinal Research in Secondary 

Education) project were used to address our research objectives (Van Damme, De Fraine, Van 

Landeghem, Opdenakker, & Onghena, 2002). During this research project, which started in 

1990, the educational career of more than 6000 students entering one of 57 secondary schools 

in Flanders (i.e., the Dutch-speaking part of Belgium) was tracked. By reason of feasibility, 

almost all schools from three regions in Flanders were included, representing to a certain 

degree the Flemish secondary school in general. Characteristics such as the curriculum 

offered, the school size, the school type, and the school system (i.e., the participation of 

Catholic and public schools) corresponded to the educational situation in Flanders. To address 

our current research objectives, a sub-sample of students following the general track in the 

first grade of secondary education (i.e., first grade A) for the first time was chosen. This way, 

the data set consisted of 5589 students from 57 schools. 
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Measures 

Student outcome variables 

Four different student outcome variables were investigated: mathematics and language 

achievement, school well-being and academic self-concept. Both achievement tests were 

administered at the end of the first grade and contained curriculum-based multiple choice 

items. The mathematics achievement test covered following issues: set and relations theory, 

theory of numbers and geometry (Minnaert, 1991). The language achievement test (i.e., 

mother tongue = Dutch) measured spelling, grammar, linguistic usage, information processing 

and reading comprehension (Opdenakker, 1991). The results of the students on both tests 

were converted into IRT-scores. Considering the different topics addressed, the tests had a 

high level of content validity. Reliabilities (i.e., Cronbach’s alpha) were also satisfactory: 0.90 

for the Dutch achievement test and 0.80 for the mathematics achievement (Van Damme et al., 

1997). 

School well-being and academic self-concept were chosen as non-cognitive variables. 

These variables were constructed using principal component analysis based on data from a 

pupil self-report questionnaire, the “well-being questionnaire”, which was administered at the 

end of the first grade (Van Landeghem, Van Damme, Opdenakker, De Fraine, & Onghena, 

2002). This questionnaire is an adaptation of the “Schoolvragenlijst voortgezet onderwijs” of 

Smits and Vorst (1982), supplemented with Stoel’s (1980) “academic self-concept” scale and 

a number of new items which were formulated with the help of a questionnaire by Janssen 

(1982). Academic self-concept consisted of 9 items (Cronbach’s alpha = 0.81), whereas 32 

items represented school well-being (Cronbach’s alpha = 0.94). All these items were judged 

on a 5-point scale. While school well-being refers to the extent to which the student feels at 

home in the school environment, academic self-concept reflects the way the student describes 

and evaluates oneself regarding academic matters. 

Student-level background variables 

We controlled for a number of student background variables to avoid overestimation of the 

school effects due to selective entrance: the initial cognitive ability, the socioeconomic status 

of the family, the achievement motivation, the immunity to stress, the gender (girl = 1; boy = 

0), the language spoken at home (only Dutch = 1; otherwise = 0), and the age at the start of 
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secondary education (normal age of 12 or younger = 1; older = 0). The first four variables 

were constructed as orthogonal components by means of a principal components analysis (for 

a more detailed description, see Van Damme et al., 2002). 

Class-level compositional variables 

Compositional variables at the class level were constructed to control for the class context. 

These factors lie outside the control of teachers, for which they can not be held responsible 

(De Fraine, Van Damme, & Onghena, 2002). This was done by averaging the seven student-

level background variables, resulting in a class mean initial cognitive ability, a class mean 

socioeconomic status, a class mean achievement motivation, a class mean immunity to stress, 

the percentage of girls, the percentage of students who speak only Dutch at home, and the 

percentage of students with a normal age of 12 or younger for each class. This was done 

separately for the classes regarding mathematics, and the classes regarding Dutch. All data 

available for each class were used to generate the compositional variables (N = 5919). In case 

more than 50% of the data was missing for a particular class, data were not aggregated but 

recorded as missing. 

School-level process variables 

In two previous studies, 41 items concerning the daily school life were selected from the 

“School Characteristics Questionnaire for Teachers” (Van Damme, Van Landeghem, De 

Fraine, Opdenakker, & Onghena, 2004) to develop measures of school process variables. The 

items were judged on a 4- or 5-point scale. This way, measures of school process variables 

were constructed for 82 schools, based on data from 1550 teachers. In Flanders, secondary 

education consists of six grades that are classified into three cycles. There exist some 

differences in the organization of study programmes between cycle 1 on the one hand, and 

cycles 2 and 3 on the other hand. Thus, for schools with all three cycles, different measures of 

process variables were calculated for the first cycle and for the last two cycles separately. 

In our first study, conventional exploratory factor analysis was contrasted with 

multilevel exploratory factor analysis. Conventional exploratory factor analysis at the teacher 

level revealed four factors, which were aggregated into the school level to represent measures 

for school process variables. Multilevel exploratory factor analysis showed three factors at the 

school level, corrected for individual differences between teachers. Regarding our second 
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study, conventional confirmatory factor analysis was compared with multilevel confirmatory 

factor analysis. Due to estimation difficulties using Full Information Maximum Likelihood, 

the items were split up in two separate groups to perform separate analyses. This way, two 

distinct conventional confirmatory factor analyses indicated 11 factors at the teacher level, 

which were aggregated into the school level to characterize measures of school process 

variables. The two distinct multilevel confirmatory factor analyses yielded eight factors at the 

school level, again corrected for individual differences between teachers. Unfortunately, the 

results of the confirmatory factor analyses can not be compared straightforwardly to the 

results of the exploratory factor analyses. 

With regard to the chosen factor solutions, factor scores were computed. Concerning 

the conventional factor analyses, factor scores were aggregated into the school level to 

represent measures of school process variables. Regarding multilevel factor analysis, the 

school-level factors indicated these measures. The aggregation as well as the computation of 

the school-level factors was performed only if at least 50% of the teachers within a certain 

school provided their answers. 

More information regarding the school process variables that are described in the 

“results”-section can be found in Appendix 1. Standardized Cronbach’s alpha gives an 

indication of the internal consistency of the factor, which is a function of both the number of 

items and the inter-item correlations (Hair et al., 1998). For the factors of the conventional 

factor analyses that were afterwards aggregated into the school level, the aggregate reliability 

is also mentioned (i.e., ICC (2); see Lüdtke, Robitzsch, Trautwein, & Kunter, 2009; Snijders 

& Bosker, 1999). This aggregate reliability provides an estimate of the reliability of the 

school-mean ratings, and is a function of ICC (1) and the number of teachers within a school 

who provided their answers. ICC (1) is an intraclass correlation coefficient that indicates the 

proportion of total variance that can be attributed to between-school differences. 

Analytical approach 

A multilevel regression approach with random intercept was chosen to investigate the 

“explanatory power” of the constructed school process variables. Each of the described 

student outcome variables was tested separately using the multilevel modeling program 

MLwiN (Goldstein et al., 1998). Following analysis steps were outlined: First an empty 

multilevel regression model was estimated to judge the amount of variance at each of the 
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included levels. Initially, four levels were included: the student level, the class level, the 

teacher level, and the school level. Whenever necessary, the teacher level was deleted from 

the model. This will be discussed in the “results”-section. Next, the block of seven student 

background variables was added. Subsequently, the block of seven class compositional 

variables was included as well. After the addition of background and context variables, a 

simple model including only the significant predictors at the student and the class level was 

retained. Finally, each of the constructed school process variables was added separately to this 

simple model to judge their “explanatory power”. They were added separately since large 

inter-correlations existed among the school process variables. To judge the “explanatory 

power” of the school process variables, two sorts of effect sizes were used. First, the variance 

explained at the school level was calculated. Because we standardized the school process 

variables prior to the analysis, we could use their beta-coefficient as a second kind of effect 

size. The other non-dichotomous predictors were grand mean centered to facilitate the 

interpretation of the intercept (Hox, 2002), except regarding the aggregation of the 

dichotomous predictors into the class level. 

To evaluate missingness in our data, a missing value analysis in SPSS was performed 

on each level separately (SPSS, 2007). First, the percentage of missing data in case of listwise 

deletion was evaluated. Next, it was investigated whether data were missing completely at 

random by means of Little’s MCAR test. Only in case of the student-level outcome and 

background variables, problems arose. Data were not missing completely at random, and 

more than 17% of the students would be deleted in case of listwise deletion. Therefore, 

Estimation-Maximisation (EM) imputation was performed on the student-level data, which is 

based on maximum likelihood estimation. In this data set, sufficient correlates of the 

missingness were found to justify maximum likelihood estimation (Collins, Schafer, & Kam, 

2001). Several simulation studies have shown very promising results with maximum 

likelihood estimation (Schafer & Graham, 2002). Since the other variables were not imputed, 

the insertion of those variables into the multilevel model could yield a slight decline in the 

number of students included in the regression model. 
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RESULTS 

Mathematics achievement 

Table 1 presents the results for the multilevel regression model regarding mathematics 

achievement at the end of the first grade in secondary education. The null model or empty 

model (Model 1) shows the amount of variance in mathematics achievement observed at the 

school level, the teacher level, the class level and the student level. While most of the variance 

was situated at the student level, also the school level, the class level and the teacher level 

mattered significantly for mathematics achievement. 

To control for the school’s intake, a number of student background characteristics 

were included prior to investigating the effects of the constructed school process variables 

(Model 2). Most of the student background variables had a considerable influence on 

mathematics achievement: the student’s initial cognitive ability, the socioeconomic status of 

the student’s family, the student’s achievement motivation, the student’s immunity to stress, 

the student’s gender, as well as the language the student speaks at home. As a result, the 

variance dropped to a large extent at each of the four levels. 

In a next step, we also corrected for class compositional variables before testing the 

school process variables (Model 3). Several of them were significant: the class mean initial 

cognitive ability, the class mean socioeconomic status and the percentage of students who 

only speak Dutch at home. 

Finally, each of the constructed school process variables was tested separately. These 

were added to a simple model, including only significant student-level and class-level 

predictors (Model 4). After deleting the insignificant predictors, the percentage of students 

who only speak Dutch at home turned insignificant as well. Therefore, this class composition 

variable was not included in the simple model. However, when adding each of the school 

process variables separately to this simplified model, none appeared significant. 

- insert Table 1- 
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Language achievement 

Tables 2 and 3 illustrate the results of the multilevel regression model concerning language 

achievement at the end of the first grade in secondary education. Again, several analysis steps 

were undertaken to judge the contribution of the developed school process variables. First, an 

empty multilevel model was estimated (Model 1). Unfortunately, it appeared impossible to 

estimate a model with four levels. Therefore, we were obliged to estimate a model including 

only three levels. Specifying a model without the teacher level as well as one without the class 

level resulted in the same amount of school variance. Thus, regarding the amount of school 

variance, which was important with regard to our school process variables, it did not make 

any difference which of both levels was deleted. Therefore, we decided to delete the teacher 

level. This way, we were still able to incorporate class compositional variables at the class 

level. 

As a first step, student background variables were incorporated (Model 2). Most of the 

student variables made a difference concerning language achievement, with the exception of 

the student’s age and language spoken at home. After inclusion of these variables, the amount 

of variance was reduced noticeably at each of the three levels. 

On top of the student background variables, a few class compositional variables 

resulted in a significantly better regression model: the class mean initial cognitive ability, the 

class mean socioeconomic status and the class mean immunity to stress (Model 3). This 

resulted in a significant reduction of the variance at both the class and the school level. 

Model 4 only incorporated significant student background variables and class 

compositional variables. Since the class mean immunity to stress did not longer contribute 

significantly to students’ language achievement after deletion of the insignificant variables, 

this class compositional variable was also deleted. 

Models 5 to 10 each illustrate the contribution of several school process variables. 

Models 5 and 6 show that two school variables constructed by means of conventional 

confirmatory factor analysis plus aggregation made a difference for the students’ language 

achievement in the first grade of secondary education. First, a good establishment of rules 

concerning tests and homework in a school related to a better language achievement (Model 

5). Second, a good establishment of rules concerning students’ behavior also went hand in 
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hand with a better achievement (Model 6). These school process variables explain 2.2% and 

1.7% of the school variance respectively, on top of student background variables and class 

group composition. However, Models 7 and 8 show a different result: When the same school 

process variables were constructed by means of the more appropriate multilevel confirmatory 

factor analysis, their effect is much smaller, and moreover insignificant. 

A second example relates to school process variables created using the exploratory 

variants of factor analysis. Model 10 included a significantly positive school process variable 

constructed by means of multilevel exploratory factor analysis: the functioning of the school 

as an organization concerning didactics. This school process variable explained about 1.7% of 

the school-level variance. Model 9 incorporated a school process variable developed using 

conventional exploratory factor analysis plus aggregation – cooperation and shared decision 

making concerning didactics – which is largely related to the school process variable in 

Model 10. The only difference constituted the inclusion of items concerning rules about tests 

and homework in the process variable in Model 10. Surprisingly, the school process variable 

in Model 9 did not contribute significantly to the language achievement in the first grade of 

secondary education. This process variable had a slightly lower coefficient, resulting in an 

insignificant effect. Thus, these examples show that different conclusions can be drawn about 

the effect of school process variables on student achievement depending on the means by 

which the process variables are constructed. 

- insert Table 2 and Table 3 - 

School well-being 

The results of the analysis on school well-being are depicted in Tables 4 and 5. The null 

model – Model 1 – shows significant variance at three levels: the school level, the class level 

and the student level. An additional teacher level appeared not significant for school well-

being at the end of the first grade in secondary education, and was therefore deleted from the 

model. 

Model 2 shows the addition of the set of student background variables.  Only two of 

them were significant: the student’s achievement motivation and the student’s gender. 

Concerning the class compositional variables in Model 3, the percentage of girls in the class 
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was negatively related to the school well-being of students at the end of first grade. Model 4 

only includes the significant predictors of school well-being so far. 

Again, different conclusions were observed depending on the construction of the 

school process variables. First, Models 5 and 6 show the inclusion of a school process 

variable constructed using a conventional confirmatory factor analysis plus aggregation. Two 

types of social relationships between the principal and the teachers were of importance to the 

school well-being of students at the end of first grade in secondary education: more general 

relationships and relationships specifically associated with educational aspects.  While the 

more general relationships explained about 6.9% of the school-level variance, the 

relationships associated with educational aspects explained about 4.3%. Models 7 and 8 

included exactly the same school process variables, developed by means of the more 

appropriate multilevel confirmatory factor analysis. Contrary to the results of Models 5 and 6, 

these process variables had a smaller coefficient and were consequently not significant. 

Models 9 and 10 show a quite different picture. Model 9 incorporated a school process 

variable developed using conventional exploratory factor analysis plus aggregation. Here, 

both the items about more general relationships between the principal and the teachers, and 

the items about relationships associated with educational aspects were combined into one 

larger factor. After aggregation into the school level, this factor appeared not significant. This 

was in fact not surprising, since the school-level variance of the factor constructed at the 

teacher level was zero. Model 10 included a school process variables constructed through 

multilevel exploratory factor analysis, which also included the items concerning social 

relationships. In addition, also items about participatory decision making of teachers were 

included, resulting in a much broader factor, entitled: the functioning of the school as an 

organization concerning social aspects. This constructed school process variable made a 

positive difference for the school well-being of students at the end of the first grade. It 

explained 4.8% of the school-level variance. 

- insert Table 4 and Table 5 - 

Academic self-concept 

Finally, academic self-concept at the end of the first grade in secondary education was 

analyzed. These results are shown in Tables 6 and 7. First, an empty multilevel model was 
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estimated. Analogously to the results of school well-being, no significant variation was 

present at the teacher level. Therefore, only three levels were included in the model: the 

school level, the class level and the student level. 

Next, student background variables were added to the model (Model 2). Most of them 

were important in explaining academic self-concept, with the exception of the student’s age. 

Model 3 illustrates the addition of class compositional variables. Two of them appeared 

crucial, albeit in a negative way: the mean initial cognitive ability and the mean 

socioeconomic status of the class. The significant predictors were maintained in Model 4. 

Models 5-8 demonstrate the testing of several school process variables. First, Model 8 

shows an important variable: cooperation and shared decision making concerning didactics. 

This variable is constructed via multilevel confirmatory factor analysis, and had a positive 

influence on the academic self-concept of students at the end of first grade in secondary 

education. It explains 9.4% of the school-level variance. By means of conventional 

confirmatory factor analysis, three different school process variables were created, which are 

related to the school process variable in Model 8. In Model 5, the cooperation between 

teachers of the same subject concerning the subject content was added. In Model 6, the 

cooperation between teachers of the same subject concerning didactical aspects was included. 

Finally, in Model 7, teacher autonomy in decision making concerning tests and homework 

was tested. However, unlike the process variable in Model 8, none of these more specific 

variables mattered significantly for the academic self-concept after aggregation into the 

school level. Thus also with regard to academic self-concept, the constructional process of 

school variables resulted in a different kind of conclusion. 

- insert Table 6 and Table 7 - 

DISCUSSION 

Our main research question ran as follows: Are the school process variables 

constructed via multilevel factor analysis associated to a different extent to diverse student 

outcomes than the school process variables developed using conventional factor analysis plus 

aggregation? We will answer this question separately for each student outcome variable. We 

already stated that the variables created by exploratory factor analysis can impossibly be 

compared straightforwardly to the variables developed via confirmatory factor analysis. 
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Moreover, this is outside the scope of the current study. Therefore, this comparison will not 

be considered. 

First, regarding mathematics achievement at the end of the first grade in secondary 

education none of the constructed school process variables mattered on top of student 

background characteristics and class context variables. 

Second, language achievement was considered. Here, some of the school process 

variables made a difference for the learning of students, in addition to the background 

variables and context variables. When we judged the school process variables constructed 

using conventional confirmatory factor analysis plus aggregation, two variables showed a 

significantly positive association with language achievement: the establishment of rules 

concerning tests and homework and the establishment of rules concerning students’ behavior. 

Their effects were small, but significant. Surprisingly, when considering exactly the same 

process variables (i.e., including the same items) developed by multilevel confirmatory factor 

analysis none appeared significant anymore. The only difference between the process 

variables of the different factor analyses was related to the factor score coefficients, which 

contributed to the calculation of the factor scores. Thus, explicitly taking into account the 

hierarchical data structure of teachers nested within schools in the factor analysis yielded 

different conclusions concerning the significance of the school process variables regarding 

language achievement, even in case of variables composed of exactly the same indicators. 

With regard to language achievement, another school process variable made a small, 

but significantly positive contribution: the functioning of the school as an organization 

concerning didactics. This variable resulted from multilevel exploratory factor analysis. One 

variable obtained from conventional exploratory factor analysis plus aggregation related 

largely to this variable: cooperation and shared decision making concerning didactics. The 

only major difference was connected to the number of items included. The variable from the 

multilevel analysis included somewhat more items, specifically about the establishment of 

rules concerning tests and homework. Despite this small difference between both factors, the 

more specific variable from conventional factor analysis did not have a significant effect on 

language achievement. Thus here, only the more global factor from the multilevel analysis 

made a significant difference for the learning of students. This difference might be attributed 

to the fact that different indicators were included in both variables and/or to the fact that only 

multilevel factor analysis explicitly took into account the hierarchical structure of the data. 
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Third, a non-cognitive student outcome variable was analyzed: school well-being at 

the end of the first grade in secondary education. Again, some of the constructed school 

process variables were associated significantly with this student outcome. At first, two 

variables developed via conventional confirmatory factor analysis plus aggregation showed a 

positive connection with students’ school well-being: social relationships between the 

principal and the teachers, both more general and concerning educational aspects. Once more, 

their effects were small. Two identical variables were also constructed by means of multilevel 

confirmatory factor analysis, with exactly the same items loading on the factor. Analogous to 

the results of language achievement, these school process variables were not significantly 

related to school well-being at the end of the first grade in secondary education. Therefore, 

this result again showed that differences in the constructional technique might lead to 

different conclusions in educational effectiveness research. 

Yet another school process variable made a small significant and positive difference 

for the school well-being of students: the functioning of the school as an organization 

concerning social aspects. This process variable was obtained using multilevel exploratory 

factor analysis. Another variable constructed by means of conventional exploratory factor 

analysis plus aggregation was largely related to this variable: social relationships among 

school staff. This variable included items about social relationships between teachers and the 

principal as well as among teachers themselves. The process variable created via multilevel 

factor analysis additionally incorporated items about the participatory decision making of 

teachers, and was thus broader than the variable obtained from conventional factor analysis 

plus aggregation. Equivalent to the results of language achievement, the more specific 

variable of the conventional method was not significantly associated with students’ school 

well-being. Again, this might be attributable to the different content of both factors and/or to 

the constructional method itself to create the school process variables (i.e., conventional factor 

analysis versus alternative multilevel factor analysis). 

Finally, academic self-concept was used as a second non-cognitive student outcome 

variable to evaluate the “explanatory power” of the constructed school process variables. 

Here, only one school process variable was related significantly with academic self-concept at 

the end of the first grade in secondary education, after controlling for student background and 

class context. This school process variable resulted from multilevel confirmatory factor 

analysis and had a small positive effect on academic self-concept. It involved the cooperation 
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and shared decision making concerning didactics. Now, this broader variable of the multilevel 

confirmatory analysis related to three more specific school process variables constructed 

using conventional confirmatory factor analysis plus aggregation: cooperation between 

teachers of the same subject concerning the subject content, cooperation between teachers of 

the same subject concerning didactical aspects, as well as autonomy in decision making 

concerning tests and homework. However, these more specific variables were not related 

significantly to the students’ academic self-concept. Thus, similar to the conclusions of the 

“exploratory factor analysis”-variables, the broader school process variable made a difference, 

contrary to the more specific process variable. 

In conclusion, regarding the current study we found that some of the more global 

school process variables of the multilevel factor analysis were positively related to student 

outcome variables, contrary to some of the more specific school process variables of the 

conventional factor analysis plus aggregation which did not make a significant difference, 

both with regard to exploratory and confirmatory analyses. Possibly, this is just related to the 

fact that in line with other studies (e.g., Holfve-Sabel & Gustafsson, 2005) more global 

factors were found at the higher group level. However, in case of several other school process 

variables, exactly the same variables were constructed using conventional confirmatory factor 

analysis and multilevel confirmatory factor analysis. Here, only the variables obtained from 

conventional factor analysis showed a significant association with several student outcomes, 

in contrast to the process variables resulting from multilevel factor analysis. Thus, even when 

the same process variables are constructed using different techniques, different conclusions 

regarding the significance of school process variables are possible. Of course, we do not tend 

to conclude that these results can be generalized to other school or class process variables or 

perhaps other outcome variables. It might even be the other way around: For example, more 

specific variables created using conventional factor analysis might be related more strongly to 

a particular outcome variable, in contrast to the more global and correctly developed variables 

of the multilevel factor analysis. Nevertheless, we did show that when different techniques are 

used to construct school process variables, this can result in different conclusions regarding 

the association with both cognitive and non-cognitive student outcome variables. Therefore, 

we argue to consistently use the more appropriate multilevel factor analysis to construct your 

school and class process variables, either exploratory or confirmatory (see e.g., Muthén, 1994; 

van de Vijver & Poortinga, 2002). 
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However, we should acknowledge some limitations as well. First, it was impossible to 

compare the variables of exploratory factor analysis simply to the variables of confirmatory 

factor analysis. Although this could also be an interesting research question, this was not the 

scope of the present study. Second, school process variables instead of class process variables 

were constructed. It has been shown that class process variables are associated more strongly 

to student outcome variables than school process variables (Scheerens & Bosker, 1997). In the 

current study, we indeed only found small effects of the school process variables. Possibly, 

this facilitated the finding of different conclusions regarding the significance of school 

process variables depending on the technique of construction. Perhaps in case of larger effects 

of class process variables, we would only have found small differences in effect sizes without 

differences in statistical significance. Therefore, it is important that replications are performed 

using both class and school process variables.  
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Appendix 1. Measures of school process variables described in “results”-section 

Establishment of rules concerning tests and homework  
(CFA + aggregated) 

Number of items: 3 
Cronbach’s alpha: .57 
Aggregate reliability: .66 

Response categories 
(1) Rules are not put in writing. The teacher acts based on his own evaluation. 
(2) Rules are not put in writing. The teacher acts after consultation with the principal (or another 
authority). 
(3) Rules are put in writing. Deviation from this rule is possible after consultation with the 
principal (or another authority). 
(4) Rules are put in writing. These rules are always applied, without any distinction. 

Items Loading 
115. Concerning the way of evaluating tests. .64 
113. Concerning the announcement of tests by teachers. .60 
114. Concerning giving homework or not. .43 
  

Establishment of rules concerning students’ behavior  
(CFA + aggregated) 

Number of items: 5 
Cronbach’s alpha: .60 
Aggregate reliability: .77 

Response categories 
(1) Rules are not put in writing. The teacher acts based on his own evaluation. 
(2) Rules are not put in writing. The teacher acts after consultation with the principal (or another 
authority). 
(3) Rules are put in writing. Deviation from this rule is possible after consultation with the 
principal (or another authority). 
(4) Rules are put in writing. These rules are always applied, without any distinction. 

Items Loading 
112. Concerning students’ school absenteeism. .71 
118. Concerning students’ behavior outside the class. .45 
109. Concerning students’ late arrival. .42 
111. Concerning cheating. .40 
119. Concerning students’ behavior outside the school. .32 
  

Social relationships between teachers and the principal concerning educational aspects 
(CFA + aggregated) 

Number of items: 4 
Cronbach’s alpha: .86 
Aggregate reliability: .76 

Response categories 
(1) I totally disagree 
(2) I disagree 
(3) Neutral 
(4) I agree 
(5) I totally agree 
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Items Loading 
74. The principal often stimulates the teachers to reflect together on what we aim for 
in our school.   

 
.85 

75. The principal stimulates the teachers into educational reform and innovation. .76 
86. The principal stimulates the teachers to take their own initiatives concerning 
instruction at our school. 

 
.75 

81. I am stimulated by the principal to perform well as a teacher. .74 
  

General social relationships between teachers and the principal  
(CFA + aggregated) 

Number of items: 4 
Cronbach’s alpha: .74 
Aggregate reliability: .74 

Response categories 
(1) I totally disagree 
(2) I disagree 
(3) Neutral 
(4) I agree 
(5) I totally agree 

Items Loading 
83. The principal is always open to the personal situation of the teachers. .74 
72. Teachers are able to contact the principal easily. .73 
79. The principal treats me in a distant and authoritarian way.* .68 
70. The principal exerts a lot of pressure on me as a teacher.* .37 
  

Cooperation between teachers of the same subject concerning the subject content  
(CFA + aggregated) 

Number of items: 6 
Cronbach’s alpha: .72 
Aggregate reliability: .86 

Response categories 
(1) Never 
(2) Sometimes 
(3) Mostly 
(4) Always 

Items Loading 
How frequently do meetings take place among teachers of the same subject, 
concerning… 

 

9. …the choice and planning of the study contents? .81 
13. …the construction of tests and exams? .73 
10. …the choice of the textbook? .68 
18. …agenda items proposed or imposed by the principal? .31 
To what extent the principal involves an average teacher into decision making, 
concerning… 

 

53. …educational reform? .15 
56. …the construction of the school report (the components)? .15 
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Cooperation between teachers of the same subject concerning didactical aspects 
(CFA + aggregated) 

Number of items: 3 
Cronbach’s alpha: .70 
Aggregate reliability: .65 

Response categories 
(1) Never 
(2) Sometimes 
(3) Mostly 
(4) Always 

Items Loading 
How frequently do meetings take place among teachers of the same subject, 
concerning… 

 

12. …working with didactical methods and techniques? .85 
11. …the choice of the didactical material? .73 
18. …agenda items proposed or imposed by the principal? .19 
  

Autonomy in decision making concerning tests and homework 
(CFA + aggregated) 

Number of items: 4 
Cronbach’s alpha: .57 
Aggregate reliability: .84 

Response categories 
(1) The decision is taken primarily by people outside the (working) group of teachers instructing 
the same subject. 
(2) The decision is taken primarily by the (working) group of teachers instructing the same 
subject, but after elaborate consultation with people outside this group of teachers (e.g., 
principal, cycle coordinators, other working groups). 
(3) The decision is taken primarily by the (working) group of teachers instructing the same 
subject. 
(4) The decision is taken entirely by the individual teacher himself, but after elaborate 
consultation with the (working) group of teachers instructing the same subject. 
(5) The decision is taken entirely by the individual teacher himself. 

Items Loading 
67. Concerning decisions about the content of a test. .69 
69. Concerning decisions about the criteria for tests (what is an unsatisfactory mark, 
etc.). 

 
.50 

68. Concerning decisions about the frequency of tests. .34 
66. Concerning decisions about the frequency of homework. .29 
  

Establishment of rules concerning tests and homework  
(MCFA) 

Number of items: 3 
Cronbach’s alpha: .66 

Response categories 
(1) Rules are not put in writing. The teacher acts based on his own evaluation. 
(2) Rules are not put in writing. The teacher acts after consultation with the principal (or another 
authority). 
(3) Rules are put in writing. Deviation from this rule is possible after consultation with the 
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principal (or another authority). 
(4) Rules are put in writing. These rules are always applied, without any distinction. 

Items Loading 
114. Concerning giving homework or not. .71 
113. Concerning the announcement of tests by teachers. .61 
115. Concerning the way of evaluating tests. .51 
  

Establishment of rules concerning students’ behavior  
(MCFA) 

Number of items: 5 
Cronbach’s alpha: .77 

Response categories 
(1) Rules are not put in writing. The teacher acts based on his own evaluation. 
(2) Rules are not put in writing. The teacher acts after consultation with the principal (or another 
authority). 
(3) Rules are put in writing. Deviation from this rule is possible after consultation with the 
principal (or another authority). 
(4) Rules are put in writing. These rules are always applied, without any distinction. 

Items Loading 
112. Concerning students’ school absenteeism. .999 
118. Concerning students’ behavior outside the class. .998 
109. Concerning students’ late arrival. .85 
111. Concerning cheating. .61 
119. Concerning students’ behavior outside the school. .25 
  

Social relationships between teachers and the principal concerning educational aspects 
(MCFA) 

Number of items: 4 
Cronbach’s alpha: .94 

Response categories 
(1) I totally disagree 
(2) I disagree 
(3) Neutral 
(4) I agree 
(5) I totally agree 

Items Loading 
74. The principal often stimulates the teachers to reflect together on what we aim for 
in our school.   

 
1.00 

81. I am stimulated by the principal to perform well as a teacher. .92 
75. The principal stimulates the teachers into educational reform and innovation. .89 
86. The principal stimulates the teachers to take their own initiatives concerning 
instruction at our school. 

 
.83 

  
General social relationships between teachers and the principal  

(MCFA) 
Number of items: 4 
Cronbach’s alpha: .83 

Response categories 
(1) I totally disagree 
(2) I disagree 
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(3) Neutral 
(4) I agree 
(5) I totally agree 

Items Loading 
83. The principal is always open to the personal situation of the teachers. .98 
72. Teachers are able to contact the principal easily. .87 
79. The principal treats me in a distant and authoritarian way.* .75 
70. The principal exerts a lot of pressure on me as a teacher.* .21 
  

Cooperation and shared decision making concerning didactics 
(MCFA) 

Number of items: 11 
Cronbach’s alpha: .94 

Response categories (for the items 11, 12, 9, 13, 10, 18, 56) 
(1) Never 
(2) Sometimes 
(3) Mostly 
(4) Always 

Response categories (for the items 69, 67, 68, 66) 
(1) The decision is taken primarily by people outside the (working) group of teachers instructing 
the same subject. 
(2) The decision is taken primarily by the (working) group of teachers instructing the same 
subject, but after elaborate consultation with people outside this group of teachers (e.g., 
principal, cycle coordinators, other working groups). 
(3) The decision is taken primarily by the (working) group of teachers instructing the same 
subject. 
(4) The decision is taken entirely by the individual teacher himself, but after elaborate 
consultation with the (working) group of teachers instructing the same subject. 
(5) The decision is taken entirely by the individual teacher himself. 

Items Loading 
11. How frequently do meetings take place among teachers of the same subject, 
concerning the choice of the didactical material? 

 
.999 

12. How frequently do meetings take place among teachers of the same subject, 
concerning working with didactical methods and techniques? 

 
.998 

9. How frequently do meetings take place among teachers of the same subject, 
concerning the choice and planning of the study contents? 

 
.99 

69. Concerning decisions about the criteria for tests (what is an unsatisfactory mark, 
etc.). 

 
-.97 

13. How frequently do meetings take place among teachers of the same subject, 
concerning the construction of tests and exams? 

 
.96 

67. Concerning decisions about the content of a test. -.92 
10. How frequently do meetings take place among teachers of the same subject, 
concerning the choice of the textbook? 

 
.84 

68. Concerning decisions about the frequency of tests. -.67 
18. How frequently do meetings take place among teachers of the same subject, 
concerning agenda items proposed or imposed by the principal? 

 
.61 

56. To what extent the principal involves an average teacher into decision making, 
concerning the construction of the school report (the components)? 

 
.46 

66. Concerning decisions about the frequency of homework. -.37 
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Cooperation and shared decision making concerning didactics 
(EFA + aggregated) 

Number of items: 8 
Cronbach’s alpha: .81 
Aggregate reliability: .85 

Response categories (for the items 9, 13, 10, 12, 11, 18) 
(1) Never 
(2) Sometimes 
(3) Mostly 
(4) Always 

Response categories (for the items 67 and 69) 
(1) The decision is taken primarily by people outside the (working) group of teachers instructing 
the same subject. 
(2) The decision is taken primarily by the (working) group of teachers instructing the same 
subject, but after elaborate consultation with people outside this group of teachers (e.g., 
principal, cycle coordinators, other working groups). 
(3) The decision is taken primarily by the (working) group of teachers instructing the same 
subject. 
(4) The decision is taken entirely by the individual teacher himself, but after elaborate 
consultation with the (working) group of teachers instructing the same subject. 
(5) The decision is taken entirely by the individual teacher himself. 

Items Loading 
9. How frequently do meetings take place among teachers of the same subject, 
concerning the choice and planning of the study contents? 

 
.73 

13. How frequently do meetings take place among teachers of the same subject, 
concerning the construction of tests and exams? 

 
.71 

10. How frequently do meetings take place among teachers of the same subject, 
concerning the choice of the textbook? 

 
.63 

12. How frequently do meetings take place among teachers of the same subject, 
concerning working with didactical methods and techniques? 

 
.62 

11. How frequently do meetings take place among teachers of the same subject, 
concerning the choice of the didactical material? 

 
.58 

67. Concerning decisions about the content of a test. -.50 
18. How frequently do meetings take place among teachers of the same subject, 
concerning agenda items proposed or imposed by the principal? 

 
.41 

69. Concerning decisions about the criteria for tests (what is an unsatisfactory mark, 
etc.). 

 
-.36 

  
Social relationships among school staff 

(EFA + aggregated) 
Number of items: 13 
Cronbach’s alpha: .88 
Aggregate reliability: .00 

Response categories 
(1) I totally disagree 
(2) I disagree 
(3) Neutral 
(4) I agree 
(5) I totally agree 
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Items Loading 

73. In general, good relationships are present among the colleagues at our school. .77 
71. A good team spirit is present among the colleagues. .76 
82. Among the colleagues at our school, there is a sense of joint commitment to a 
common duty. 

 
.73 

77.  Among the colleagues, there is a considerable willingness to help each other 
concerning our work. 

 
.63 

81. I am stimulated by the principal to perform well as a teacher. .63 
74. The principal often stimulates the teachers to reflect together on what we aim for 
in our school.   

 
.59 

83. The principal is always open to the personal situation of the teachers. .59 
72. Teachers are able to contact the principal easily. .58 
80. The atmosphere among the colleagues strongly fosters the quality of my work. .52 
75. The principal stimulates the teachers into educational reform and innovation. .51 
86. The principal stimulates the teachers to take their own initiatives concerning 
instruction at our school. 

 
.50 

79. The principal treats me in a distant and authoritarian way.* .49 
70. The principal exerts a lot of pressure on me as a teacher.* .36 
  

Functioning of the school as an organization concerning didactics 
(MEFA) 

Number of items: 14 
Cronbach’s alpha: .94 

Response categories (for the items 9, 13, 10, 11, 12, 18) 
(1) Never 
(2) Sometimes 
(3) Mostly 
(4) Always 

Response categories (for the items 69, 68, 67, 66) 
(1) The decision is taken primarily by people outside the (working) group of teachers instructing 
the same subject. 
(2) The decision is taken primarily by the (working) group of teachers instructing the same 
subject, but after elaborate consultation with people outside this group of teachers (e.g., 
principal, cycle coordinators, other working groups). 
(3) The decision is taken primarily by the (working) group of teachers instructing the same 
subject. 
(4) The decision is taken entirely by the individual teacher himself, but after elaborate 
consultation with the (working) group of teachers instructing the same subject. 
(5) The decision is taken entirely by the individual teacher himself. 

Response categories (for the items 111, 115, 114, 113) 
(1) Rules are not put in writing. The teacher acts based on his own evaluation. 
(2) Rules are not put in writing. The teacher acts after consultation with the principal (or another 
authority). 
(3) Rules are put in writing. Deviation from this rule is possible after consultation with the 
principal (or another authority). 
(4) Rules are put in writing. These rules are always applied, without any distinction. 

Items Loading 
9. How frequently do meetings take place among teachers of the same subject, 
concerning the choice and planning of the study contents? 

 
.89 
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69. Concerning decisions about the criteria for tests (what is an unsatisfactory mark, 
etc.). 

 
-.89 

13. How frequently do meetings take place among teachers of the same subject, 
concerning the construction of tests and exams? 

 
.86 

68. Concerning decisions about the frequency of tests. -.84 
10. How frequently do meetings take place among teachers of the same subject, 
concerning the choice of the textbook? 

 
.80 

67. Concerning decisions about the content of a test. -.77 
11. How frequently do meetings take place among teachers of the same subject, 
concerning the choice of the didactical material? 

 
.72 

111. Concerning cheating. .71 
115. Concerning the way of evaluating tests. .70 
114. Concerning giving homework or not. .69 
12. How frequently do meetings take place among teachers of the same subject, 
concerning working with didactical methods and techniques? 

 
.63 

66. Concerning decisions about the frequency of homework. -.60 
18. How frequently do meetings take place among teachers of the same subject, 
concerning agenda items proposed or imposed by the principal? 

 
.53 

113. Concerning the announcement of tests by teachers. .36 
  

Functioning of the school as an organization concerning social aspects 
(MEFA) 

Number of items: 17 
Cronbach’s alpha: .95 

Response categories (for the items 81, 74, 86, 82, 72, 71, 73, 83, 80, 75, 77, 79) 
(1) I totally disagree 
(2) I disagree 
(3) Neutral 
(4) I agree 
(5) I totally agree 

Response categories (for the items 53, 57, 47, 54, 56) 
(1) Never 
(2) Sometimes 
(3) Mostly 
(4) Always 

Items Loading 
53. To what extent the principal involves an average teacher into decision making, 
concerning educational reform? 

 
.84 

81. I am stimulated by the principal to perform well as a teacher. .81 
74. The principal often stimulates the teachers to reflect together on what we aim for 
in our school. 

 
.81 

86. The principal stimulates the teachers to take their own initiatives concerning 
instruction at our school. 

 
.81 

82. Among the colleagues at our school, there is a sense of joint commitment to a 
common duty. 

 
.81 

72. Teachers are able to contact the principal easily. .78 
57. To what extent the principal involves an average teacher into decision making, 
concerning extracurricular activities? 

 
.75 

71. A good team spirit is present among the colleagues. .74 
47. To what extent the principal involves an average teacher into decision making,  
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concerning the study programmes of the school? .71 
73. In general, good relationships are present among the colleagues at our school. .71 
83. The principal is always open to the personal situation of the teachers. .71 
80. The atmosphere among the colleagues strongly fosters the quality of my work. .71 
75. The principal stimulates the teachers into educational reform and innovation. .70 
77.  Among the colleagues, there is a considerable willingness to help each other 
concerning our work. 

 
.68 

79. The principal treats me in a distant and authoritarian way.* .58 
54. To what extent the principal involves an average teacher into decision making, 
concerning the construction of the lesson package? 

 
.55 

56. To what extent the principal involves an average teacher into decision making, 
concerning the construction of the school report (the components)? 

 
.42 

  
Note. CFA = Confirmatory Factor Analysis; MCFA = Multilevel Confirmatory Factor Analysis; EFA = 
Exploratory Factor Analysis; MEFA = Multilevel Exploratory Factor Analysis 
 * refers to a reversal of the item scores prior to factor analysis 
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Table 1. Effects of student background variables and class compositional variables on 

mathematics achievement 

 Mathematics achievement 

 Model 1 Model 2 Model 3 
 

Model 4 

 Estimate  SE Estimate  SE Estimate  SE Estimate  SE 

Fixed parameters             

Intercept 0.178 *** 0.070 0.291 *** 0.030 0.322 * 0.148 0.312 *** 0.026 

Student variables             

initial cognitive ability    1.037 *** 0.019 0.974 *** 0.020 0.975 *** 0.020 

socioeconomic status    0.168 *** 0.008 0.150 *** 0.008 0.151 *** 0.008 

achievement motivation    0.024 *** 0.006 0.020 ** 0.006 0.022 *** 0.006 

immunity to stress    0.030 *** 0.006 0.029 *** 0.006 0.029 *** 0.006 

gender1    0.053 ** 0.020 0.048 * 0.021 0.048 * 0.020 

age²    -0.018  0.028 0.004  0.029    

language spoken at home³    0.133 *** 0.030 0.124 *** 0.031 0.139 *** 0.029 

Class compositional variables             

mean initial cognitive ability       0.369 *** 0.065 0.343 *** 0.049 

mean socioeconomic status       0.112 ** 0.036 0.116 ** 0.036 

mean achievement motivation       0.043  0.027    

mean immunity to stress       -0.000  0.033    

% girls       -0.026  0.069    
% started on time in secondary 
education       0.322  0.173    

% only Dutch at home       -0.329 * 0.134    

Random parameters             

School level variance 0.182 *** 0.050 0.023 ** 0.008 0.014 ** 0.005 0.015 ** 0.005 

Teacher level variance 0.083 *** 0.024 0.018 ** 0.006 0.008 * 0.004 0.009 * 0.004 

Class level variance 0.102 *** 0.016 0.016 *** 0.004 0.011 *** 0.003 0.013 *** 0.004 

Student level variance 0.445 *** 0.009 0.299 *** 0.006 0.298 *** 0.006 0.298 *** 0.006 

Deviance 11235.550 8824.453 8703.658 8747.402 

N students 5229 5229 5189 5209 

Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy; ² reference category = not started on time in secondary education; ³ reference 
category = only Dutch 
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Table 2. Effects of student background variables and class compositional variables on 

language achievement 

 Language achievement 

 Model 1 Model 2 Model 3 Model 4 

 Estimate  SE Estimate  SE Estimate  SE Estimate  SE 

Fixed parameters             

Intercept 0.108  0.088 0.164 *** 0.041 0.033  0.172 0.195 *** 0.033 

Student variables             

initial cognitive ability    1.168 *** 0.018 1.122 *** 0.019 1.119 *** 0.018 

socioeconomic status    0.222 *** 0.008 0.209 *** 0.008 0.208 *** 0.008 

achievement motivation    0.022 *** 0.006 0.020 *** 0.006 0.020 *** 0.006 

immunity to stress    0.031 *** 0.006 0.028 *** 0.006 0.031 *** 0.006 

gender1    0.260 *** 0.020 0.252 *** 0.020 0.259 *** 0.020 

age²    -0.035  0.027 -0.026  0.027    

language spoken at home³    0.027  0.028 0.033  0.029    

Class compositional variables             

mean initial cognitive ability       0.314 *** 0.075 0.360 *** 0.055 

mean socioeconomic status       0.090 * 0.041 0.114 * 0.040 

mean achievement motivation       0.001  0.032    

mean immunity to stress       0.095 * 0.038    

% girls       0.142  0.082    
% started on time in secondary 
education       0.058  0.192    

% only Dutch at home       0.054  0.149    

Random parameters             

School level variance 0.369 *** 0.082 0.074 *** 0.017 0.039 *** 0.010 0.043 *** 0.011 

Class level variance 0.211 *** 0.022 0.036 *** 0.005 0.028 *** 0.004 0.030 *** 0.004 

Student level variance 0.494 *** 0.010 0.285 *** 0.006 0.284 *** 0.006 0.286 *** 0.006 

Deviance 12663.882 9278.377 9146.020 9269.788 

N students 5589 5589 5548 5588 
Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy; ² reference category = not started on time in secondary education; ³ reference 
category = only Dutch at home 
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Table 3. Effects of school process variables on language achievement 

 Language achievement 
 Model 5 Model 6 Model 7 Model 8  Model 9 Model 10 
 Est.  SE Est.  SE Est.  SE Est.  SE Est.  SE Est.  SE 

Fixed parameters                   

Intercept 0.187 ***  0.032 0.188 ***  0.032 0.185 ***  0.035 0.186 ***  0.035 0.187 ***  0.033 0.185 ***  0.033 

Student variables                   

initial cognitive ability 1.117 ***  0.019 1.117 ***  0.019 1.118 ***  0.019 1.118 ***  0.019 1.117 ***  0.019 1.117 ***  0.019 

socioeconomic status 0.207 ***  0.008 0.207 ***  0.008 0.206 ***  0.008 0.206 ***  0.008 0.207 ***  0.008 0.207 ***  0.008 

achievement motivation 0.019 ***  0.006 0.019 ***  0.006 0.020 ***  0.006 0.020 ***  0.006 0.019 ***  0.006 0.019 ***  0.006 

immunity to stress 0.031 ***  0.006 0.031 ***  0.006 0.030 ***  0.006 0.030 ***  0.006 0.031 ***  0.006 0.031 ***  0.006 

gender1 0.256 ***  0.020 0.256 ***  0.020 0.252 ***  0.020 0.252 ***  0.021 0.254 ***  0.020 0.254 ***  0.020 
Class compositional 
variables                   
mean initial cognitive 
ability 0.348 ***  0.056 0.363 ***  0.055 0.353 ***  0.057 0.361 ***  0.057 0.353 ***  0.056 0.348 ***  0.056 
mean socioeconomic 
status 0.119 ** 0.041 0.119 ** 0.041 0.113 ** 0.043 0.116 ** 0.043 0.120 ** 0.042 0.117 ** 0.042 

School variables                   
establishment of rules 
concerning tests and 
homework: through CFA 
+ aggregated 0.080 ** 0.031                
establishment of rules 
concerning students’ 
behavior: through CFA + 
aggregated    0.080 * 0.032             
establishment of rules 
concerning tests and 
homework: through 
MCFA       0.066  0.035          
establishment of rules 
concerning students’ 
behavior: through MCFA          0.067  0.035       
cooperation and shared 
decision making 
concerning didactics: 
through EFA + aggregated             0.062  0.033    
functioning of the school 
as an organization 
concerning didactics: 
through MEFA                0.066 * 0.033 

Random parameters                   

School level variance 0.034 ***  0.009 0.037 ***  0.009 0.041 ***  0.011 0.042 ***  0.011 0.037 ***  0.010 0.037 ***  0.009 

Class level variance 0.030 ***  0.004 0.029 ***  0.004 0.030 ***  0.004 0.029 ***  0.004 0.030 ***  0.004 0.030 ***  0.004 

Student level variance 0.285 ***  0.006 0.285 ***  0.006 0.289 ***  0.006 0.289 ***  0.006 0.285 ***  0.006 0.285 ***  0.006 

Deviance 9044.875 9045.275 8734.557 8734.427 9047.774 9047.408 

N students 5471 5471 5242 5242 5471 5471 
Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy 
Est. = Estimate; CFA = Confirmatory Factor Analysis; MCFA = Multilevel Confirmatory Factor Analysis; EFA 
= Exploratory Factor Analysis; MEFA = Multilevel Exploratory Factor Analysis 
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Table 4. Effects of student background variables and class compositional variables on school 

well-being 

 School well-being 

 Model 1 Model 2 Model 3 Model 4 

 Estimate  SE Estimate  SE Estimate  SE Estimate  SE 

Fixed parameters             

Intercept 3.223 *** 0.010 3.205 *** 0.011 3.150 *** 0.067 3.246 *** 0.015 

Student variables             

initial cognitive ability    -0.007  0.009 -0.007  0.010    

socioeconomic status    -0.002  0.004 -0.002  0.004    

achievement motivation    0.066 *** 0.003 0.065 *** 0.003 0.067 *** 0.003 

immunity to stress    0.002  0.003 0.001  0.003    

gender1    0.035 *** 0.010 0.047 *** 0.010 0.045 *** 0.010 

age²    -0.007  0.013 -0.003  0.014    

language spoken at home³    0.020  0.014 0.020  0.014    

Class compositional variables             

mean initial cognitive ability       -0.031  0.030    

mean socioeconomic status       0.003  0.016    

mean achievement motivation       0.023  0.012    

mean immunity to stress       0.013  0.015    

% girls       -0.100 *** 0.030 -0.089 *** 0.027 
% started on time in secondary 
education       0.126  0.076    

% only Dutch at home       -0.016  0.057    

Random parameters             

School level variance 0.003 ** 0.001 0.004 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 

Class level variance 0.004 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 

Student level variance 0.080 *** 0.002 0.072 *** 0.001 0.073 *** 0.001 0.073 *** 0.001 

Deviance 2031.358 1431.461 1417.247 1434.278 

N students 5589 5569 5548 5589 
Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy; ² reference category = not started on time in secondary education; ³ reference 
category = only Dutch at home 
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Table 5. Effects of school process variables on school well-being 

 School well-being 
 Model 5 Model 6 Model 7 Model 8  Model 9 Model 10 
 Est.  SE Est.  SE Est.  SE Est.  SE Est.  SE Est.  SE 

Fixed parameters                   

Intercept 3.246 ***  0.015 3.246 ***  0.015 3.249 ***  0.016 3.248 ***  0.016 3.244 ***  0.016 3.245 ***  0.015 

Student variables                   

achievement motivation 0.067 ***  0.003 0.067 ***  0.003 0.066 ***  0.003 0.066 ***  0.003 0.067 ***  0.003 0.067 ***  0.003 

gender1 0.042 ***  0.010 0.042 ***  0.010 0.042 ***  0.010 0.042 ***  0.010 0.042 ***  0.010 0.042 ***  0.010 
Class compositional 
variables                   

% girls -0.091 ***  0.027 -0.089 ***  0.027 -0.094 ***  0.028 -0.092 ** 0.028 -0.086 ** 0.027 -0.089 ***  0.027 

School variables                   
social relationships 
between teachers and the 
principal 
concerning educational 
aspects: through CFA + 
aggregated 0.020 * 0.010                
general social 
relationships between 
teachers 
and the principal: through 
CFA + aggregated    0.021 * 0.010             
social relationships 
between teachers and the 
principal 
concerning educational 
aspects: through MCFA       0.015  0.010          
general social 
relationships between 
teachers 
and the principal: through 
MCFA          0.016  0.010       
social relationships among 
school staff: through EFA 
+ aggregated             -0.010  0.010    
functioning of the school 
as an organization 
concerning social aspects: 
through MEFA                0.020 * 0.010 

Random parameters                   

School level variance 0.003 ** 0.001 0.003 ** 0.001 0.003 ** 0.001 0.003 ** 0.001 0.003 ***  0.001 0.003 ** 0.001 

Class level variance 0.003 ***  0.001 0.003 ***  0.001 0.003 ***  0.001 0.003 ***  0.001 0.003 ***  0.001 0.003 ***  0.001 

Student level variance 0.072 ***  0.001 0.072 ***  0.001 0.071 ***  0.001 0.071 ***  0.001 0.072 ***  0.001 0.072 ***  0.001 

Deviance 1369.348 1368.834 1261.113 1260.735 1372.647 1369.185 

N students 5472 5472 5243 5243 5472 5472 
Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy 
Est. = Estimate; CFA = Confirmatory Factor Analysis; MCFA = Multilevel Confirmatory Factor Analysis; EFA 
= Exploratory Factor Analysis; MEFA = Multilevel Exploratory Factor Analysis 
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Table 6. Effects of student background variables and class compositional variables on 

academic self-concept 

 Academic self-concept 

 Model 1 Model 2 Model 3 Model 4 

 Estimate  SE Estimate  SE Estimate  SE Estimate  SE 

Fixed parameters             

Intercept 3.031 *** 0.010 3.057 *** 0.013 3.012 *** 0.064 3.048 *** 0.011 

Student variables             

initial cognitive ability    0.179 *** 0.008 0.208 *** 0.009 0.209 *** 0.009 

socioeconomic status    0.044 *** 0.004 0.052 *** 0.004 0.053 *** 0.004 

achievement motivation    0.037 *** 0.003 0.038 *** 0.003 0.039 *** 0.003 

immunity to stress    0.056 *** 0.003 0.056 *** 0.003 0.057 *** 0.003 

gender1    -0.025 ** 0.009 -0.027 ** 0.010 -0.022 * 0.009 

age²    -0.014  0.013 -0.016  0.013    

language spoken at home³    0.100 *** 0.014 0.096 *** 0.014 0.098 *** 0.013 

Class compositional variables             

mean initial cognitive ability       -0.127 *** 0.028 -0.121 *** 0.021 

mean socioeconomic status       -0.050 *** 0.015 -0.044 ** 0.015 

mean achievement motivation       -0.001  0.012    

mean immunity to stress       0.023  0.014    

% girls       0.043  0.029    
% started on time in secondary 
education       0.096  0.073    

% only Dutch at home       -0.075  0.055    

Random parameters             

School level variance 0.004 *** 0.001 0.005 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 

Class level variance 0.004 *** 0.001 0.004 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 

Student level variance 0.082 *** 0.002 0.067 *** 0.001 0.067 *** 0.001 0.067 *** 0.001 

Deviance 2150.087 1029.726 965.477 974.318 

N students 5589 5569 5548 5568 
Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy; ² reference category = not started on time in secondary education; ³ reference 
category = only Dutch at home 
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Table 7. Effects of school process variables on academic self-concept 

 Academic self-concept 
 Model 5 Model 6 Model 7 Model 8  
 Estimate  SE Estimate  SE Estimate  SE Estimate  SE 

Fixed parameters             

Intercept 3.045 *** 0.011 3.047 *** 0.011 3.045 *** 0.011 3.041 *** 0.011 

Student variables             

initial cognitive ability 0.206 *** 0.009 0.206 *** 0.009 0.206 *** 0.009 0.208 *** 0.009 

socioeconomic status 0.052 *** 0.004 0.052 *** 0.004 0.052 *** 0.004 0.051 *** 0.004 

achievement motivation 0.038 *** 0.003 0.038 *** 0.003 0.038 *** 0.003 0.038 *** 0.003 

immunity to stress 0.057 *** 0.003 0.057 *** 0.003 0.057 *** 0.003 0.058 *** 0.003 

gender1 -0.024 * 0.009 -0.024 * 0.009 -0.024 ** 0.009 -0.024 * 0.009 

language spoken at home³ 0.102 *** 0.014 0.101 *** 0.014 0.102 *** 0.014 0.103 *** 0.014 

Class compositional variables             

mean initial cognitive ability -0.123 *** 0.021 -0.119 *** 0.021 -0.124 *** 0.022 -0.135 *** 0.022 

mean socioeconomic status -0.044 ** 0.016 -0.043 ** 0.016 -0.046 ** 0.016 -0.047 ** 0.016 

School variables             
cooperation between teachers of 
the same subject concerning 
the subject content: through CFA 
+ aggregated 0.016  0.010          
cooperation between teachers of 
the same subject concerning 
didactical aspects: through CFA 
+ aggregated    0.008  0.010       
autonomy in decision making 
concerning 
tests and homework: through 
CFA + aggregated       -0.019  0.010    
cooperation and shared decision 
making concerning 
didactics: through MCFA          0.024 * 0.010 

Random parameters             

School level variance 0.003 *** 0.001 0.003 *** 0.001 0.003 ** 0.001 0.003 ** 0.001 

Class level variance 0.003 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 0.003 *** 0.001 

Student level variance 0.067 *** 0.001 0.067 *** 0.001 0.066 *** 0.001 0.066 *** 0.001 

Deviance 929.802 931.329 924.515 845.232 

N students 5451 5451 5432 5222 
Note. * p < .05; ** p < .01; *** p < .001 
1 reference category = boy; ³ reference category = only Dutch at home 
CFA = Confirmatory Factor Analysis; MCFA = Multilevel Confirmatory Factor Analysis 
 


