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This paper investigates the surplus value of a multilevel exploratory factor analysis, 

compared to the use of a standard exploratory factor analysis plus aggregation. Until now, 

this alternative multilevel technique has never been used in educational effectiveness 

research. Both methods were used to construct school process variables, based on data from 

1550 teachers within 113 cycle groups. Our results show broader and, to some extent, also 

distinct factors at the group level in comparison with the teacher level, irrespective of taking 

the dependency into account. Furthermore, while the total amount of variance explained is 

not larger at the group level, we observe higher internal consistencies of the group-level 

factors. Thus, these findings clearly support the use of a multilevel analysis. 
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Numerous studies have shown a positive association of certain process variables at the 

class or school level with children’s academic achievement, other cognitive performances, 

and psychosocial functioning (e.g., Greene, Miller, Crowson, Duke, & Akey, 2004; Johnson 

& Stevens, 2006; Muijs & Reynolds, 2003; Opdenakker & Van Damme, 2000; Webster & 

Fisher, 2003). Process variables concern elements of the learning environment that relate to 

the internal functioning of a class or a school (Scheerens & Bosker, 1997). School-level 

process variables include for instance the extent to which teachers cooperate within a school, 

or the decision making policy in a school. At the class level, process variables often involve 

aspects of the teacher’s behavior, such as the way the teacher structures the lessons, or the 

way he or she interacts with the pupils. Obviously, these findings are very informative for 

both policy makers and school heads when taking initiatives to improve teaching and 

education. Furthermore, researchers developing comprehensive educational effectiveness 

models also have a considerable interest in knowing which process variables matter for 

students (e.g., Creemers & Kyriakides, 2006; Scheerens, 1990). 

Thus, gathering information regarding class and school process variables is essential 

given their practical as well as their theoretical relevance. 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 class or school environment. In the course of completing 

such a questionnaire, participants traditionally provide their perceptions of the class or school 

environment, such as teachers describing their 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 class or 

school, which hopefully contributes to a differentiated picture (den Brok, Bergen, Stahl, & 

Brekelmans, 2004). Yet, drawbacks are also related to the use of questionnaires. In 

comparison with interviews for example, it is not possible to request additional information. 

In relation to observations, subjective instead of objective data are obtained. On the other 

hand, it might be plausible that subjective perceptions are more closely related to student 

outcomes or teaching behavior than objective observations are (e.g., den Brok et al., 2004). 

Perhaps the most fundamental disadvantage using questionnaires rather than observations 
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concerns the need to develop reliable and meaningful measures for class and school process 

variables, based on the individual perceptions. 

A general first step in developing these measures for process variables involves 

performing a standard factor analysis on the individual-level data. A factor analysis 

investigates the underlying structure of the items in a questionnaire by defining a set of 

common latent dimensions or factors. To this end, the associations between the items (i.e., a 

correlation or covariance matrix) are examined, yielding a number of latent variables that 

account for a considerable proportion of variance in the associations (Hair, Anderson, 

Tatham, & Black, 1998). These latent variables or factors represent for instance the way in 

which individual teachers perceive their school environment. In case of an a priori theory, a 

confirmatory factor analysis (CFA) is recommended, whereas an exploratory factor analysis 

(EFA) should be used when no prior structural hypotheses are available. As a next step, the 

factor scores are aggregated into the group level to specify measures for process variables 

(Rowan, Raudenbush, & Kang, 1991). To date, this traditional approach has frequently been 

applied in the educational effectiveness literature (e.g., Gottfredson, Gottfredson, Payne, & 

Gottfredson, 2005; Johnson & Stevens, 2006; LeBlanc, Swisher, Vitaro, & Tremblay, 2007). 

However, despite this recurrent practice, several shortcomings are related to the 

aggregation of individual-level factors that are constructed by means of a standard EFA/CFA. 

At first, this conventional method does not account for the dependency that is usually present 

in these perceptual data. Consider teachers who evaluate their school environment. Evidently, 

teachers from the same school are expected to give more similar answers concerning their 

school environment than do teachers from different schools. From a technical-statistical point 

of view, not taking this similarity within schools into account leads to overestimated inter-

item correlations or covariances (Julian, 2001; Muthén & Satorra, 1995), and thus to biased 

factor scores. A second important drawback relates to a more conceptual issue. When 

aggregating the individual-level factor scores, one assumes absolute correspondence between 

the individual student or teacher underlying dimensions and the relevant class or school 

process variables. But, among the few studies addressing a factor analysis at both the 

individual and the group level, several have demonstrated distinct latent factors at both levels 

when making use of perceptual data (den Brok, Brekelmans, & Wubbels, 2006; Holfve-Sabel 

& Gustafsson, 2005; Westling Allodi, 2002). 

An appropriate way to overcome the limitations of a standard factor analysis plus 

aggregation involves the use of a multilevel factor analysis (Hox, 2002; Muthén, 1991, 1994). 

This alternative procedure separates the collective part of the perceptions from the individual, 
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idiosyncratic part (den Brok et al., 2004). Among others, Muthén (1990) has developed an 

approach to perform a multilevel confirmatory factor analysis (MCFA), which has already 

been used to a limited extent in educational effectiveness research (e.g., den Brok et al., 2006; 

Holfve-Sabel & Gustafsson, 2005; Toland & De Ayala, 2005). It concerns a rather complex 

methodology that requires an a priori theoretical framework. Unfortunately, within the 

domain of educational effectiveness research this theoretical background has seldom been 

available (Scheerens & Creemers, 1989; Thrupp, 2002). Furthermore, due to the very limited 

amount of research conducted so far, it is unfeasible to define an a priori factor structure at the 

group level. van de Vijver and Poortinga (2002) acknowledged this drawback and proposed a 

similar multilevel approach based on an EFA, which has advantages in the early exploratory 

research stages. Their procedure is derived from Muthén’s proposed method (1994) and is 

adapted to specific objectives in cross-cultural research. As a first step, they recommend to 

conduct an EFA on the total data set without taking into account the hierarchical structure. 

Next, intraclass correlation coefficients (ICC’s), indicating the proportion of variance 

observed between groups (e.g., classes or schools), need to be estimated to determine the 

appropriateness of a multilevel exploratory factor analysis (MEFA). Thirdly, the between-

group- and pooled-within-group-correlation or covariance matrices are computed. While the 

pooled-within-group matrix is based on the individual deviations from the corresponding 

group mean, the between-group matrix is based on the group deviations from the grand mean 

(see Muthén, 1994). Subsequently, van de Vijver and Poortinga (2002) suggest carrying out 

an EFA on the pooled-within-group matrix as well as on each of the separate groups. As a 

result, the factorial agreement of the factor structures of each of these groups with the pooled-

within-group factor structure can be investigated. Groups having a low factorial agreement 

with the pooled-within-group structure are not further considered. Obviously, this step is not 

necessarily warranted if the groups are regarded as representative for the entire population. 

Finally, an EFA is conducted on the between-group matrix to evaluate the correspondence 

with the pooled-within-group structure. Thus far, we are unaware of any educational 

effectiveness studies applying MEFA. 

Given the very limited use of a multilevel factor analysis within educational 

effectiveness studies, we propose to investigate the surplus value of this multilevel approach: 

Does this alternative method yield different results in comparison with the more widely used 

standard factor analysis plus aggregation? More in particular, we will focus on the exploratory 

variant because of its benefit when no a priori theory is available, which is not exceptional in 

educational effectiveness research, especially with regard to the group level. Based on 
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teachers’ perceptions, measures for school process variables will be constructed. This broad 

objective will be realized by addressing following research questions: 

(1) Does the use of MEFA generate a different factor structure (i.e., in terms of the 

number of factors) at the teacher level (i.e., within schools) in comparison with the 

standard EFA? Moreover, do these factors have different substantial meanings? 

(2) Does the use of MEFA generate a different factor structure (i.e., in terms of the 

number of factors) at the school level (i.e., between schools) in comparison with the 

standard EFA? Moreover, do these factors have different substantial meanings?  

(3) Using MEFA, can we observe a different factor structure (i.e., in terms of the number 

of factors) at the teacher level compared to the school level? Are the school-level 

factors substantially different from the teacher-level factors? 

(4) Do the factors constructed by means of an MEFA (i.e., both at the individual and at 

the group level) explain more variance between the items than the factors developed 

through a standard EFA? 

(5) Do the factors constructed by means of an MEFA (i.e., both at the individual and at 

the group level) have a higher internal consistency than the factors developed through 

a standard EFA? 

 

Method 

The data used in this study were collected as part of a longitudinal research project in 

secondary education, LOSO (i.e., the Dutch letter word for Longitudinal Research in 

Secondary Education). Starting from the beginning of the 1990s, the secondary educational 

career of 6411 students, entering one of 57 schools, was tracked in Flanders (i.e., the Dutch-

speaking part of Belgium). In Flanders, secondary education consists of six grades that are 

classified into three cycles. By reason of feasibility, almost all schools from three regions in 

Flanders were included, representing to a certain extent the Flemish secondary school in 

general. The study programmes offered and the percentage of students following each of these 

programmes correspond to the educational situation in Flanders. Thus, multi-stage sampling 

was used to gather data from students, teachers, principals, and parents. Since students 

continued to be followed even when changing schools, the entire student sample is nested in 

90 schools, among which approximately 65 per cycle (Van Damme, De Fraine, Van 

Landeghem, Opdenakker, & Onghena, 2002). 
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Participants 

In the current study, data provided by a teacher sample were used. During the school 

year 1990-1991, teachers were administered a questionnaire concerning school characteristics. 

The 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 (i.e., with regard to the courses given) of approximately 

15 cycle-1 teachers and 17 cycle-2 and -3 teachers were drawn from each school where 

possible. In four schools with a small number of teachers, representative samples of 

approximately 17 teachers were taken across all three cycles (Van Damme, Van Landeghem, 

De Fraine, Opdenakker, & Onghena, 2004). 

Since we assume that differences may exist with regard to some process variables 

between cycle 1 on the one hand and cycle 2 and 3 on the other hand, we used MEFA once 

with the teacher data grouped within schools including all teachers from a school (i.e., no 

differentiation between the cycles), and once differentiating between cycle-1 teachers, and 

cycle-2 and cycle-3 teachers. Thus, in each of both analyses two separate levels were 

distinguished. In order to compare the results of both ways of grouping univocally, the four 

schools with a small number of teachers were not included in our analyses. As a consequence, 

our sample included 1550 teachers nested in 82 schools. Having 82 schools and 113 cycle 

groups (i.e., cycle 1 versus cycle 2 and 3), the minimum number of groups to perform a 

multilevel factor analysis was reached (i.e., between 50 and 100, see Muthén, 1994). 

This final sample comprised approximately 44% teachers from the first cycle and 56% 

teachers from the last two cycles. Both sexes were (unintentionally) nearly equally 

represented, and the teachers’ age (with 69 missing) ranged from 23 until 63, with a mean age 

of approximately 42 (SD = 7.80). Of the 82 schools, 22 only provided cycle-1 education, 28 

only provided cycle-2 and cycle-3 education, and 32 provided education in all three cycles. 

 

Measures 

Data from the ‘School Characteristics Questionnaire for Teachers’ were selected to 

develop measures for school process variables. The construction of the questionnaire was 

based on: 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); the special issue ‘Developments in school effectiveness research’ of the 

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

and theoretical reflections, as presented by Opdenakker (2003).  
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In particular, teachers were asked to answer more than 300 items concerning their 

background, teaching practice, educational and pedagogical framework, and daily school life 

(Van Damme et al., 2004). However, due to convergence problems when analyzing such a 

large number of items by means of an MEFA, 66 items, which had to be judged on a 4- or 5-

point scale, were selected (listed in Appendix A). Items involving the daily school life of 

teachers were chosen, since the other issues addressed in the questionnaire rather concern 

teachers’ self-perceptions. During the selection process, empirical support concerning the 

association with several student outcomes was taken into account, although we acknowledge 

that different operationalizations of certain process variables may distort the comparability 

between studies. This way, four different components of the daily school life of teachers were 

included in the present study: 

(1) ‘Cooperation between teachers’: Both international and Flemish literature has 

revealed a direct positive association between teacher cooperation and student 

achievement (e.g., Anderson, 1982; Mortimore, 1997; Scheerens, 1990; Scheerens 

& Bosker, 1997; Verhoeven et al., 1992), as well as between teacher cooperation 

and school well-being (Vandenberghe, Bohets, Claus, Vernelen, & Viaene, 1994). 

(2) ‘Decision making’, in particular regarding educational aspects: While the positive 

relationship of participatory decision making of teachers concerning various 

decision domains (e.g., curriculum development, personnel, student life and 

financial budget) with student achievement has often been found to be indirect 

(Verhoeven et al., 1992), Sweetland and Hoy (2000) have demonstrated a direct 

positive association when only including involvement in decision making with 

regard to class and instructional features. 

(3) ‘Social system’: Sweetland and Hoy (2000) have shown that relationships among 

teachers as well as between teachers and the principal are positively associated with 

the participatory decision making of teachers concerning class and instruction. As 

such, relationships among school staff are indirectly related to student achievement. 

(4) ‘Rules’: The establishment of rules concerns one aspect of an orderly school 

atmosphere (Scheerens, 1990; Scheerens & Bosker, 1997; Stockard & Mayberry, 

1992). Since the rules described in the items have to do with learning (e.g., tests and 

homework), as well as with the everyday class and school environment (e.g., 

interruption of the lesson) of the students, a direct association with student 

achievement might be expected. 
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Data analyses 

Prior to conducting the analyses, our data were screened and necessary assumptions 

were assessed. Furthermore, some of the item scores were reversed to assure that a high score 

equals a positive feature. This is particularly important with regard to the estimation of the 

pooled-within-group and between-group matrices to minimize convergence problems 

(Gustafsson & Stahl, 2005). Thus, after reversal, all of the items related to the ‘social system’ 

contributed positively to good social relationships at the school. Secondly, all of the items 

involving ‘autonomy in decision making’ indicated high teacher autonomy in decision making 

at the school. Finally, all of the items concerning ‘rules’ contributed to a strong establishment 

of rules at the school. 

The step-by-step procedure suggested by van de Vijver and Poortinga (2002) was 

slightly adjusted to our research objectives. In order to determine whether all of our selected 

items were able to differentiate between schools as well as between cycle 1 versus cycle 2 and 

3, the design effect was at first calculated for each of these items. The design effect is a 

function of both the ICC and the average group size:  

Design effect = 1 + (average group size - 1) * ICC 

A design effect with a value larger than 2 requires a multilevel analysis (Muthén & Satorra, 

1995). Since the average group size was smaller when considering a differentiation between 

cycle groups instead of between schools, this yielded a more stringent criterion. Therefore, 

this group level was chosen to evaluate the design effect of the items. As a result, with an 

average group size of 13.61, the ICC should be larger than 0.08. Items with an ICC smaller 

than 0.08 were deleted from all subsequent analyses to clearly illustrate the consequence of 

ignoring the dependency present in our data. Thus, 25 items were excluded, while retaining 41 

of the 66 original items. 

Next, the necessary correlation matrices were computed in STREAMS 3.0.4 

(Gustafsson & Stahl, 2005) by means of Mplus 4.0 (Muthén & Muthén, 1998-2006): (1) a 

standard correlation matrix of the teacher-data without accounting for the nesting within 

schools or cycle groups; (2) a pooled-within-correlation matrix at the teacher level, reflecting 

differences between teachers within schools; (3) a between-correlation matrix at the school 

level, reflecting differences between schools; (4) a pooled-within-correlation matrix at the 

teacher level, reflecting differences between teachers within cycle groups; and (5) a between-

correlation matrix at the cycle group level, reflecting differences between cycle groups. 

Correlation matrices instead of covariance matrices were computed to take account of the 



                                                                                          Multilevel exploratory factor analysis 
 

       9 

scaling differences between the items (Hair et al., 1998). Maximum likelihood estimation was 

used to deal with missing data (Muthén & Muthén, 1998-2006). The pooled-within-group- 

and between-group-correlation matrices were calculated simultaneously, once regarding 

schools and once regarding cycle groups. 

Subsequently, EFA’s were conducted on each of the five calculated matrices using SAS 

(SAS Institute Inc., 2003). A principal factor analysis was chosen to extract the factors, with 

squared multiple correlations used as prior communality estimates. This is advised when one 

desires to identify the underlying latent dimensions, since a principal factor analysis only 

takes into account the common variance present in the data (Hair et al., 1998). Several criteria 

were used to decide on the number of factors: the Kaiser criterion (i.e., eigenvalues greater 

than 1; Kaiser, 1958); the scree plot of the eigenvalues (Cattell & Vogelmann, 1977); and 

parallel analysis (O’Connor, 2000). Based on these results, different factor solutions were 

compared, regarding: the interpretation of the factors; the number of items included in each 

factor; the size of the pattern and structure coefficients; and the percentage of variance 

explained, both in general and with regard to each factor. As suggested by Fabrigar, Wegener, 

MacCallum, and Strahan (1999), an oblique rotation using promax was at first performed to 

determine the size of the correlations between the extracted factors. When correlations existed 

between the factors, the oblique solution was retained. In case the factors were uncorrelated, 

an orthogonal varimax rotation was carried out. 

Finally, the internal consistency of the factors was examined by means of Cronbach’s 

alpha. These alphas were computed based on the calculated matrices in STREAMS. It is 

possible to use these maximum likelihood estimated matrices, because they do not have to be 

inverted prior to the computation of Cronbach’s alpha (van Horn, 2003). In order to make 

correct comparisons, the internal consistency of the factors extracted from the standard 

correlation matrix was calculated based on this standard matrix as well as on the pooled-

within-correlation matrices that take account of the nesting of teachers. 

 

Results 

Screening and assumptions 

First, outliers were examined. Univariate detection showed no values below ‘1’ or 

above ‘4’ or ‘5’. Multivariate detection, however, displayed 36 cases with a high Mahalanobis 

distance (i.e., larger than the critical χ²-value of 107.26 with df = 66). This distance measure 

provides the probability that a test point in a multidimensional space belongs to a particular 

set (Hair et al., 1998). Regression analyses showed no association between the cases with a 
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high Mahalanobis distance and the variables included in our analyses. Therefore, these 

outliers were judged to be at random and were included in subsequent analyses. 

Missing data for each item ranged from 1.00% until 10.00%. Little’s MCAR test in 

SPSS (2005) indicated that these missing data were not ‘missing completely at random’ 

(χ²17665 = 18264.18; p < 0.001), meaning that missingness was related either to observed 

variables or to unobserved variables (Collins, Schafer, & Kam, 2001). To handle missing 

data, maximum likelihood estimation was used to compute the correlation matrices. However, 

maximum likelihood assumes the missingness to be solely related to observed variables. 

Collins et al. suggest including variables that are correlates of the missingness and/or of the 

variables of interest to help reduce bias. Since our data set contained 41 variables, sufficient 

correlations were found to justify the use of maximum likelihood to handle the missingness. 

Although investigations of the histogram as well as of the skewness and kurtosis values 

revealed a departure from normality for the majority of our variables, principal factors 

methods do not entail any distributional assumptions (Fabrigar et al., 1999). 

As already mentioned above, the design effect was calculated to judge the extent to 

which each of the items could differentiate between the schools and the cycle groups. The 

average cluster size for schools was 18.75, and that for cycle groups was 13.61. ICC’s ranged 

from 0.03 to 0.31 for schools, and from 0.03 to 0.33 for cycle groups (see Appendix B). Based 

on the more stringent criterion of the cycle groups, 25 items with a design effect larger than 2 

were deleted from the analyses. Since 10 teachers had missings on all of the remaining 41 

variables, they were not included in the subsequent analyses. As a result, our sample consisted 

of 1540 teachers. 

Finally, with regard to an EFA, the amount of multicollinearity between the items or 

manifest variables had to be evaluated to test the appropriateness of a factor analysis. 

Multicollinearity needs to be large enough to find the latent dimensions. This was investigated 

using Kaiser’s Measure of Sampling Adequacy (MSA) (Hair et al., 1998). Regarding the five 

correlation matrices, all 41 variables had an MSA value larger than 0.50 and the overall MSA 

amounted to very good values above 0.85. 

 

Standard exploratory factor analysis 

A principal factor analysis with promax rotation was conducted on the standard 

correlation matrix. Kaiser’s criterion, which might be regarded as an upper bound of the 

number of factors to be retained (e.g., Hayton, Allen, & Scarpello, 2004), suggested the 

extraction of six factors, the scree plot showed three or five factors, and parallel analysis 
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recommended four. Therefore, solutions with three to six factors were compared. The 

solutions with three and four factors revealed the most obvious interpretation. However, since 

the solution with four factors only included four items with a pattern coefficient smaller than 

|0.30|, instead of at least eight in the three-factor solution, the four-factor solution was 

preferred. An oblique rotation was justified, with inter-factor correlations ranging from 0.07 

to 0.45 (see Table 1). Four factors accounted for almost 80% of the observed variance 

between the original items. 

 

TABLE 1 

Standard exploratory factor analysis – Inter-factor correlations  

 Factor I Factor II Factor III Factor IV 

Factor I -    

Factor II 0.24 -   

Factor III 0.45 0.07 -  

Factor IV 0.22 0.08 0.21 - 

 

Table 2 presents the pattern coefficient matrix. When applying an oblique rotation, it is 

preferable to interpret this matrix since it includes the coefficients that only represent the 

unique contribution of each variable to the factor, thus accounting for the inter-factor 

correlations. The structure coefficient matrix, on the other hand, contains the simple 

correlations between variables and factors, so these are also influenced by the correlations 

between the factors (Hair et al., 1998). The first factor involved items with regard to the 

‘social relationships among school staff’, among the teachers as well as between the principal 

and the teachers. Items involving didactical aspects were grouped under the second factor, 

both regarding the cooperation between teachers and the autonomous decision making of 

teachers. Apparently, more autonomy entailed less cooperation, since in that case teachers 

decided by themselves. Thus, this factor was labelled: ‘cooperation and shared decision 

making concerning didactics’. The third factor comprised items about the organization of 

education at the school: the amount of teacher involvement when decisions were made, and to 

a lesser extent the cooperation between teachers concerning these issues. Teachers that were 

more involved cooperated to a larger extent. Therefore, this factor was called: ‘participatory 

decision making and cooperation concerning the organization of education’. The last factor 

represented the ‘establishment of rules’ at the school, thus providing a measure for an orderly 

school environment. 
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TABLE 2 

Standard exploratory factor analysis – Pattern coefficient matrix 

  Factor  

  I II III IV  

 Initial eigenvalue (before rotation) 6.97 2.88 1.86 1.42  

 % variance explained eliminating other factors 

(after rotation) 

 

21.49 

 

18.70 

 

14.69 

 

9.16 

 

 % variance explained ignoring other factors 

(after rotation) 

 

36.54 

 

22.45 

 

26.90 

 

12.84 

 

Item 

no. 

 

Concerning 

 

Pattern coefficients 

 

h² 

73       Social system 0.765 0.073        -0.140        -0.100 0.520 

71       Social system 0.757 0.124        -0.143        -0.077 0.537 

82       Social system 0.732 0.125     -0.063        -0.052 0.542 

77       Social system 0.634 0.185        -0.076        -0.073 0.437 

81 Social system 0.625 -0.073         0.091         0.116 0.481 

74 Social system 0.593 -0.012         0.155         0.207 0.564 

83       Social system 0.586 -0.124         0.095         0.066 0.405 

72 Social system 0.576 -0.171         0.130         0.049 0.411 

80       Social system 0.515 0.086 -0.087        -0.056 0.251 

75 Social system 0.512 -0.006         0.160         0.177 0.442 

86 Social system 0.502 -0.095         0.244        0.115 0.453 

79        Social system 0.487 -0.109         0.145        -0.012 0.303 

70        Social system 0.362 -0.098         0.019        -0.106 0.125 

9         Meetings among teachers of the same subject 0.065 0.726        0.012        -0.017 0.553 

13       Meetings among teachers of the same subject -0.004 0.714        0.035         0.028 0.517 

10       Meetings among teachers of the same subject 0.003 0.631         0.095        -0.028 0.413 

12       Meetings among teachers of the same subject 0.045 0.616         0.167        -0.065 0.436 

11       Meetings among teachers of the same subject 0.067 0.578         0.098        -0.078 0.374 

67       Autonomy in decision making 0.079 -0.501        -0.044        -0.144 0.271 

18       Meetings among teachers of the same subject 0.034 0.408         0.182        -0.005 0.223 

69             Autonomy in decision making 0.110 -0.357        -0.029        -0.182 0.158 

66  Autonomy in decision making 0.042 -0.286         0.151       -0.250 0.154 

68      Autonomy in decision making 0.075 -0.283         0.083        -0.139 0.101 

53 Participatory decision making 0.041 0.092         0.717        -0.050 0.548 

54 Participatory decision making -0.017 -0.036         0.716        -0.051 0.488 

47 Participatory decision making 0.078 -0.031         0.676        -0.035 0.497 

55 Participatory decision making -0.034 -0.022         0.672        -0.025 0.426 

56 Participatory decision making 0.021 0.191        0.516         0.014 0.333 

57 Participatory decision making 0.093 0.082         0.439        -0.036 0.246 

34 Meetings among teachers of the same class -0.102 0.142         0.350         0.121 0.152 

35 Meetings among teachers of the same class -0.050 0.060         0.334         0.076 0.119 

28 Meetings among teachers of the same class 0.069 0.122         0.184        -0.060 0.068 

27 Meetings among teachers of the same class 0.034 0.095         0.151        -0.039 0.039 

118 Rules -0.008 -0.031         0.096         0.488 0.263 

112 Rules 0.054 0.003        -0.047         0.452 0.210 

119 Rules 0.0001 -0.081         0.103         0.424 0.209 

111 Rules 0.050 0.162        -0.079         0.383 0.186 

114 Rules 0.052 0.244        -0.167         0.373 0.220 

115 Rules -0.118 0.246        0.013         0.372 0.196 

109 Rules 0.001 0.004        -0.042         0.357 0.124 

113  Rules -0.034 0.086         0.057         0.340 0.133 

Notes. Total variance explained = 79.54%. 

 h² = communality coefficient. 

Values above |0.30| are indicated in bold. 
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Multilevel exploratory factor analysis 

An MEFA was conducted based on teachers grouped within schools, as well as on 

teachers grouped within cycle groups. A comparison of the results of these MEFA’s revealed 

large similarities. With regard to both ways of grouping, the pooled-within-group structure as 

well as the between-group structure showed parallel latent dimensions that were comprised of 

the same manifest items. Moreover, the size of the structure and pattern coefficients 

corresponded to a large extent. However, when computing factor scores at the cycle group 

level, it became obvious that within a large number of schools, different opinions existed 

between the teachers of cycle 1 versus the teachers of cycle 2 and 3, especially concerning 

didactical aspects. Therefore, we only present the results of the pooled-within-correlation 

matrix and the between-correlation matrix that distinguish among cycle groups. 

With regard to the differences between teachers within cycle groups, a principal factor 

analysis with promax rotation was used. Both Kaiser’s criterion and the scree plot clearly 

suggested the extraction of five factors, while parallel analysis advised four. Thus, two factor 

solutions were compared. However, very comparable evaluations were made regarding both 

solutions: an obvious interpretation of the factors; eight items with a pattern coefficient 

smaller than |0.30|; no items with a pattern coefficient larger than |0.30| on more than one 

factor (i.e., no cross-loadings); and each factor comprised at least three items with a pattern 

coefficient larger than |0.44|. Thus, the only difference concerned the specific interpretation of 

the factors. While the solution with four factors united the items concerning relationships 

among school staff, the five-factor solution separated this into relationships among colleagues 

and relationships between teachers and the principal. Both seemed plausible alternatives when 

consulting the educational effectiveness literature. Therefore, since the scree plot very clearly 

indicated the extraction of five factors, this factor solution was chosen. 

 

TABLE 3 

Pooled-within-cycle group exploratory factor analysis – Inter-factor correlations  

 Factor I Factor II Factor III Factor IV Factor V 

Factor I -     

Factor II 0.43 -    

Factor III 0.18 0.24 -   

Factor IV 0.49 0.31 0.27 -  

Factor V 0.25 0.26 0.20 0.20 - 

 



                                                                                          Multilevel exploratory factor analysis 
 

       14 

TABLE 4 

Pooled-within-cycle group exploratory factor analysis – Pattern coefficient matrix 

  Factor  

  I II III IV V  

 Initial eigenvalue (before rotation) 6.36 2.42 1.74 1.37 1.08  

 % variance explained eliminating other 

factors (after rotation) 

 

14.71 

 

13.88 

 

16.19 

 

11.19 

 

10.06 

 

 % variance explained ignoring other factors 

(after rotation) 

 

34.16 

 

28.11 

 

22.51 

 

27.22 

 

16.08 

 

Item 

no. 

 

Concerning 

 

Pattern coefficients 

 

h² 

74 Social system 0.694       -0.0004        0.023        0.021        0.149 0.580 

81 Social system 0.667       -0.028        0.018        0.067       0.047 0.501 

86 Social system 0.665        0.055        0.021       -0.036        0.068 0.488 

75 Social system 0.640       -0.002        0.034      -0.002        0.146 0.486 

83 Social system 0.616        0.029       -0.044        0.062      -0.019 0.423 

72 Social system 0.614        0.041       -0.074        0.066       -0.068 0.414 

79 Social system 0.572        0.084       -0.018        0.023       -0.130 0.361 

70 Social system 0.325        0.073       -0.041        0.105    -0.178 0.165 

54 Participatory decision making -0.022        0.729       -0.065        0.033        0.0003 0.514 

53 Participatory decision making 0.073        0.692        0.066       -0.024       -0.036 0.529 

55 Participatory decision making -0.069        0.678       -0.016        0.016        0.047 0.443 

47 Participatory decision making 0.089        0.647       -0.012        0.011       -0.012 0.473 

56 Participatory decision making 0.004       0.607        0.031        0.002    0.032 0.393 

57 Participatory decision making 0.128       0.412        0.047       -0.028       -0.065 0.220 

28 Meetings among teachers of the same class 0.077        0.180       0.157        0.005       -0.083 0.085 

9        Meetings among teachers of the same subject 0.009 -0.057 0.696 0.042 -0.045 0.477 

12       Meetings among teachers of the same subject -0.029 0.012 0.649 0.078 0.037 0.462 

13       Meetings among teachers of the same subject -0.028 -0.011 0.642 -0.004 -0.009 0.400 

10       Meetings among teachers of the same subject 0.002 0.038 0.625 -0.049 -0.089 0.374 

11       Meetings among teachers of the same subject 0.019 -0.064 0.622 0.065 -0.010 0.398 

18      Meetings among teachers of the same subject 0.074 0.080 0.437 -0.051 0.007 0.222 

67       Autonomy in decision making 0.087 -0.050 -0.351 0.008 -0.080 0.142 

69             Autonomy in decision making 0.056 -0.081 -0.197 0.072 -0.127 0.070 

27 Meetings among teachers of the same class 0.094 0.153 0.175 -0.056 -0.116 0.074 

68      Autonomy in decision making 0.133 -0.043 -0.135 0.011 -0.043 0.032 

71 Social system 0.001       -0.001       -0.020        0.781        0.022 0.608 

73 Social system 0.070        0.012       -0.057        0.726       -0.037 0.558 

77 Social system -0.007        0.032        0.040        0.678        0.001 0.486 

82 Social system 0.148       -0.014 0.041        0.625        0.050 0.534 

80 Social system 0.083       -0.039       0.022        0.434        0.001 0.226 

118 Rules 0.055       -0.014       -0.021       -0.007        0.498 0.255 

119 Rules 0.025        0.005       -0.057       -0.001        0.482 0.232 

115 Rules -0.119        0.029        0.049        0.016        0.449 0.205 

113 Rules -0.120     0.063       -0.071        0.091        0.406 0.172 

112 Rules 0.158       -0.066       -0.044       -0.063        0.352 0.144 

114 Rules -0.093       -0.057        0.042        0.067        0.350 0.124 

111 Rules 0.092       -0.034       -0.026        0.005       0.330 0.123 

34 Meetings among teachers of the same class -0.006        0.201        0.199       -0.048        0.295 0.224 

35 Meetings among teachers of the same class 0.009        0.200        0.130        0.014        0.275 0.196 

109 Rules 0.175       -0.092        0.025       -0.120        0.235 0.081 

66 Autonomy in decision making 0.168        0.032       -0.137       -0.040       -0.200 0.073 

Notes. Total variance explained = 89.63%. 

 h² = communality coefficient. 

Values above |0.30| are indicated in bold.  
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Moreover, after rotation, the fifth factor still explained more than 10% of the variance 

between the items when eliminating the other factors. Correlations between the factors ranged 

from 0.18 to 0.49 (see Table 3), thus an oblique rotation was justified. Five factors accounted 

for nearly 90% of the observed variance between the original items. 

The pattern coefficient matrix, presented in Table 4, shows that the first factor consisted 

of items related to ‘social relationships between teachers and principal’, while items 

concerning ‘social relationships among teachers’ were brought together in the fourth factor. 

‘Participatory decision making concerning the organization of education’ was represented in 

the second factor. The third factor included items about didactical aspects which were mostly 

related to cooperation between teachers and to a lesser extent to shared decision making. This 

factor was therefore labelled: ‘cooperation and shared decision making concerning didactics’. 

Analogous to the standard exploratory factor solution, the last factor concerned the 

‘establishment of rules’ at the school. 

Finally, a principal factor analysis with promax rotation was performed on the between-

cycle-group-correlation matrix. While Kaiser’s criterion indicated eight factors and parallel 

analysis six, the scree plot clearly suggested the extraction of three factors. Thus, the factor 

solutions ranging from three to eight factors were carefully investigated. Regarding the factor 

solutions with four to eight factors, this revealed a very high number of items (i.e., 15-21) 

with a pattern coefficient larger than |0.30| for two or even three factors. This indicated less 

stable factor structures, which was also reflected in the less obvious interpretation of the latent 

dimensions. On the contrary, the factor solution with three factors ‘only’ included nine items 

with a pattern coefficient larger than |0.30| on more than one factor, and was also more 

evident to interpret. Consequently, this factor solution was chosen, which was also clearly 

supported by the scree plot. Regarding the items with a high pattern coefficient on several 

factors, Costello and Osborne (2005) advise to delete the items with a coefficient larger than 

|0.50| on more than one factor. Thus, only one item would have to be removed (i.e., item 55). 

Although the inter-factor correlations (see Table 5) were considerably smaller in comparison 

with the standard and pooled-within results, an orthogonal rotation showed slightly different 

results. This suggested that the oblique rotation reflected the most realistic solution (Fabrigar 

et al., 1999). The factor solution accounted for more than 68% of the observed variance 

between the items. 
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TABLE 5 

Between-cycle group exploratory factor analysis – Inter-factor correlations  

 Factor I Factor II Factor III 

Factor I -   

Factor II 0.21 -  

Factor III 0.12 0.03 - 

 

Table 6 provides the pattern coefficient matrix. The composition of the factors did not 

merely display a clear junction of the factors at the pooled-within-cycle group level, except 

for the first factor. This latent variable included items about social relationships among school 

staff as well as items regarding participatory decision making, thus reflecting the ‘functioning 

of the school as an organization concerning social aspects’. The second factor entailed items 

concerning didactical aspects, with regard to the establishment of rules, cooperation between 

teachers, and shared decision making, thus indicating the ‘functioning of the school as an 

organization concerning didactics’. At last, items regarding rules about student issues and 

cooperation between teachers about student and class issues were joined in the third factor. 

However, the two items concerning cooperation about class aspects had a negative pattern 

coefficient. Possibly, this indicated that a higher amount of cooperation and rules concerning 

student aspects was at the expense of the cooperation regarding class aspects (or the other way 

around). Therefore, this factor was labelled ‘functioning of the school as an organization 

concerning student aspects’. 
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TABLE 6 

Between-cycle group exploratory factor analysis – Pattern coefficient matrix 

  Factor  

  I  II III  

 Initial eigenvalue (before rotation) 12.31 7.09 3.60  

 % variance explained eliminating other factors 

(after rotation) 

 

27.54 

 

26.14 

 

10.91 

 

 % variance explained ignoring other factors 

(after rotation) 

 

31.31 

 

29.39 

 

11.65 

 

Item 

no. 

 

Concerning 

 

Pattern coefficients 

 

h² 

53 Participatory decision making 0.838        -0.166         0.017 0.675 

81 Social system 0.814         0.031         0.051 0.687 

74 Social system 0.808         0.184         0.068 0.769 

86 Social system 0.808        -0.168         0.144 0.671 

82 Social system 0.807         0.226        -0.086 0.770 

72 Social system 0.777        -0.175         0.064 0.592 

57 Participatory decision making 0.752         0.003        -0.038 0.561 

71 Social system 0.735         0.273        -0.218 0.704 

47 Participatory decision making 0.714        -0.421        0.129 0.595 

73 Social system 0.706         0.265        -0.199 0.651 

83 Social system 0.706         0.002        0.007 0.500 

80 Social system 0.705         0.247        -0.028 0.627 

75 Social system 0.698         0.165        -0.069 0.556 

77 Social system 0.679         0.433        -0.114 0.763 

55 Participatory decision making 0.599        -0.507         0.122 0.515 

79     Social system 0.581        -0.036         0.021 0.333 

54        Participatory decision making 0.549        -0.463         0.191 0.464 

56    Participatory decision making 0.415         0.338        -0.250 0.378 

70  Social system 0.090        -0.003         0.012 0.008 

9 Meetings among teachers of the same subject 0.105         0.888         0.093 0.856 

69 Autonomy in decision making 0.164        -0.886        -0.081 0.759 

13    Meetings among teachers of the same subject 0.088         0.856         0.068 0.782 

68 Autonomy in decision making 0.133        -0.835        -0.019 0.669 

10    Meetings among teachers of the same subject 0.239         0.804        -0.061 0.782 

67 Autonomy in decision making -0.025        -0.765        -0.225 0.657 

11        Meetings among teachers of the same subject 0.273         0.715         0.249 0.758 

111 Rules -0.143         0.714         0.098 0.498 

115 Rules -0.279         0.700         0.097 0.493 

114 Rules 0.056         0.686        -0.098 0.493 

12 Meetings among teachers of the same subject 0.346      0.633         0.196 0.676 

66 Autonomy in decision making 0.035        -0.602         0.252 0.411 

18 Meetings among teachers of the same subject 0.356         0.526        -0.011 0.482 

113 Rules 0.078         0.360         0.047 0.152 

118 Rules 0.104        -0.155        0.754 0.607 

27 Meetings among teachers of the same class 0.056        -0.094         0.712 0.522 

35 Meetings among teachers of the same class 0.071        -0.377        -0.674 0.595 

28 Meetings among teachers of the same class 0.080         0.080         0.624 0.421 

34 Meetings among teachers of the same class 0.178        -0.226        -0.613 0.425 

112 Rules -0.040         0.324         0.567 0.429 

109 Rules -0.150         0.211         0.540 0.333 

119 Rules 0.194        -0.289         0.518 0.380 

Notes. Total variance explained = 68.38%. 

 h² = communality coefficient. 

Values above |0.30| are indicated in bold.  
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Total variance explained 

In order to make straightforward comparisons, we summarized the total variance 

explained for the solutions with three to five factors for each of the three EFA’s in Table 7. 

Although these results indicated rather small differences between each of the EFA’s, we 

noticed a trend of somewhat smaller proportions of variance explained at the cycle group 

level, and somewhat larger proportions of variance explained at the teacher level when taking 

into account the dependency. 

 

TABLE 7 

Proportion total variance explained 

 Three factors Four factors Five factors 

Standard EFA 70.96 79.57 86.33 

Pooled-within-cycle group EFA 72.73 82.18 89.63 

Between-cycle group EFA 68.38 75.95 82.89 
Note. The selected factor solution with regard to the respective EFA is indicated in bold.  

 

Internal consistency 

Table 8 presents the internal consistency of the constructed factors, computed by means 

of Cronbach’s alpha. This was calculated based on the items with a pattern coefficient larger 

than |0.30| on the respective factor, but without a pattern coefficient larger than |0.50| on any 

of the other factors within the factor solution. 

With regard to the factors derived by the standard EFA, Cronbach’s alpha was 

computed based on the standard correlation matrix, thus not accounting for the dependency 

within the cycle groups, as well as on the pooled-within-correlation matrix, which does take 

this dependency into account. We observed that when the dependency among teachers within 

the cycle groups was taken into account, this yielded slightly lower consistencies for three of 

the four factors. Also, the five factors from the pooled-within-cycle group EFA had internal 

consistencies which were rather similar to the internal consistency of the four factors of the 

standard EFA. Yet, the three factors developed by means of the between-cycle group EFA 

had considerably higher internal consistencies. Since this could be caused by the higher 

number of items included in those factors (Hair et al., 1998), we also evaluated whether the 

factors constructed by means of the standard and pooled-within EFA would yield higher 

internal consistencies when found in the between-cycle group factor solution. This indeed 

appeared to be the case. 
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TABLE 8 

Internal consistency of the factors 

Standard exploratory factor analysis 

  

 

 

Number 

of items 

Cronbach’s alpha 

(based on 

standard 

correlation 

matrix) 

Cronbach’s alpha 

(based on 

pooled-within- 

correlation 

matrix) 

Cronbach’s alpha 

(based on 

between- 

correlation 

matrix) 

Factor I: ‘Social relationships among 

school staff’ 

 

13 

 

0.88 

 

0.87 

 

0.94 

Factor II: ‘Cooperation and shared 

decision making concerning didactics’ 

 

8 

 

0.81 

 

0.76 

 

0.96 

Factor III: ‘Participatory decision 

making and cooperation concerning the 

organization of education’ 

 

8 

 

0.79 

 

0.79 

 

0.83 

Factor IV: ‘Establishment of rules’ 8 0.62 0.59 0.79 

Pooled-within-cycle group exploratory factor analysis 

  

Number of 

items 

Cronbach’s alpha  

(based on pooled-within- 

correlation matrix) 

Cronbach’s alpha  

(based on between- 

correlation matrix) 

Factor I: ‘Social relationships between 

teachers and principal’ 

 

8 

 

0.84 

 

0.91 

Factor II: ‘Participatory decision making 

concerning the organization of 

education’ 

 

6 

 

0.81 

 

0.89 

Factor III: ‘Cooperation and shared 

decision making concerning didactics’ 

7 0.78 0.95 

Factor IV: ‘Social relationships among 

teachers’ 

5 0.82 0.98 

Factor V: ‘Establishment of rules’ 7 0.59 0.76 

Between-cycle group exploratory factor analysis 

  

Number of items 

Cronbach’s alpha  

(based on between-correlation matrix) 

Factor I: ‘Functioning of the school as an 

organization concerning social aspects’ 

 

17 

 

0.95  

Factor II: ‘Functioning of the school as 

an organization concerning didactics’ 

 

14 

 

0.94 

Factor III: ‘Functioning of the school as 

an organization concerning student 

aspects’ 

 

8 

 

0.82 

 

Discussion 

Our first research question refers to the differences between the factors constructed by 

means of the standard EFA versus the factors developed through the pooled-within-cycle 

group EFA. While both analyses concern teacher perceptions, the pooled-within EFA also 

takes account of the dependency of these teacher perceptions within cycle groups. Cycle 

groups instead of schools were chosen since important differences appeared to exist between 

the perceptions of teachers within cycle 1 versus the teachers within cycle 2 and 3. This 

especially relates to the organization of didactical aspects at the school. With regard to the 

standard EFA, four factors were chosen, whereas five factors were retained regarding the 
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pooled-within EFA. Three of these factors were very similar across both solutions, with only 

trivial differences concerning the specific items included due to a different amount of items 

with a structure coefficient smaller than |0.30|. Thus, both analyses revealed following factors: 

‘cooperation and shared decision making concerning didactics’, ‘participatory decision 

making (and cooperation) concerning the organization of education’, and ‘establishment of 

rules’. In fact, the only major difference between both analyses related to the aspect of social 

relationships at the school. While the standard EFA produced a general factor regarding 

‘social relationships among school staff’, this general factor was split up in the pooled-within 

EFA into ‘social relationships among teachers’ and ‘social relationships between teachers and 

principal’. Hence, the only significant difference between the standard EFA and the pooled-

within-cycle group EFA relates to the number of factors, and not to the substantial meaning of 

the factors. Indeed, when comparing the four-factor solution across both EFA’s as well as the 

five-factor solution across both EFA’s, we observed nearly identical results. The only 

difference was related to the amount of items with a structure coefficient smaller than |0.30|. 

This is due to smaller inter-item correlations when correcting for the dependency between 

teachers within the same cycle group (Julian, 2001; Muthén & Satorra, 1995). However, more 

importantly, in our case these seemingly minor differences did lead us to choose a different 

factor solution, depending on whether a correction was made for the similarity of the answers 

within the cycle groups. Although we acknowledge that choosing the appropriate factor 

solution is to a certain extent a rather subjective affair, we tried to base our decisions on the 

objective criteria specified in advance (see method section). Furthermore, in case of the 

pooled-within analysis, the scree plot was much more obvious to interpret by revealing one 

clear break point, instead of a more gradual slope without this obvious break point in case of 

the standard EFA. This also contributed to the selection of a different factor solution across 

both EFA’s. 

Since minor differences existed between the factor solutions of the standard EFA and 

the pooled-within EFA, similar conclusions can be drawn when comparing these solutions 

with the between-cycle group EFA (see research questions 2 and 3). The between-cycle group 

EFA reveals the relevant factors at the cycle group level, without considering differences 

between teachers. The first factor represented to a large extent a combination of several 

teacher factors (i.e., two in case of the standard EFA and three in case of the pooled-within 

EFA), by assembling items about social relationships among school staff and participatory 

decision making. On the contrary, the other two factors at the cycle group level showed an 

entirely different item composition in comparison with the teacher factors. The teacher-level 



                                                                                          Multilevel exploratory factor analysis 
 

       21 

factors regarding the ‘establishment of rules’ and ‘cooperation and shared decision making 

concerning didactics’ plus two items concerning meetings among teachers of the same class 

were rearranged into the following two factors at the cycle group level: ‘functioning of the 

school as an organization concerning didactics’ and ‘functioning of the school as an 

organization concerning student aspects’. Both of these factors concerned rules and 

cooperation between teachers, while one factor also included shared decision making. 

Consequently, while not all of these factors are clear combinations of teacher-level factors, we 

did found less, and hence broader, factors at the group level, which is in accordance with the 

limited amount of multilevel factor analysis studies conducted so far (e.g., den Brok et al., 

2006; Holfve-Sabel & Gustafsson, 2005; Westling Allodi, 2002). An evaluation of the four- 

and five-factor solution at the between-cycle group level also indicated considerably larger 

differences regarding the meaning of the factors in comparison with the respective solutions 

of the standard EFA and the pooled-within EFA. This finding suggests that other factors are 

relevant at the cycle group level than at the teacher level. Another remarkable finding 

concerns the inter-factor correlations which were substantially smaller than the correlations 

between the teacher-level factors of both the standard EFA and the pooled-within EFA. This 

definitely has advantages when investigating the association with student outcomes in a 

multilevel regression analysis (Shieh & Fouladi, 2003). Finally, an interesting statistical issue 

is related to the inter-item correlation matrix. Considerably higher correlations were found at 

the cycle group level as compared to the teacher level both with and without taking the 

dependency into account. This resulted in higher pattern and structure coefficients, and 

accordingly also higher internal consistencies (see research question 5). Whereas this 

certainly is to be preferred, it also entails a shortcoming. More items with a high pattern 

coefficient on more than one factor (i.e., cross-loadings) were found at the cycle group level. 

Our fourth research question addresses the differences in the amount of variance 

explained. When taking into account the number of factors retained for each of the three 

EFA’s performed, we observed a trend of somewhat smaller proportions of variance 

explained at the cycle group level, and somewhat larger proportions of variance explained at 

the teacher level when taking into account the dependency. One possible explanation for the 

smaller percentage of variance explained at the group level might be the higher cross-loadings 

at this cycle group level, whereas the larger amount of variance explained at the teacher level 

might be related to the correction for the dependency. 

The final research question involves the internal consistency of the constructed factors. 

Although some standard EFA-factors had slightly lower internal consistencies when 
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computed based on the pooled-within-correlation matrix, our results indicate quite similar 

internal consistencies when comparing the standard EFA-factors with the pooled-within EFA-

factors. However, considerably higher internal consistencies were observed at the cycle group 

level, even when taking into account the number of items included in each of the factors. This 

is probably associated with the larger inter-item correlations and is also consistent with 

research by van Horn (2003). He notes that this is to be expected since the factors at the cycle 

group level are developed based on the cycle group means. Consequently, the average rating 

of many teachers within a cycle group will typically have less error than the rating of merely 

one teacher, thereby yielding higher alpha levels. 

In summary, as regards this study, the standard EFA yielded similar results in 

comparison with the pooled-within EFA, although different factor solutions were selected due 

to somewhat smaller pattern coefficients as well as a more obvious scree plot with regard to 

the pooled-within EFA. On the contrary, broader factors were developed at the cycle group 

level, some of which had a clear distinct composition relative to the teacher-level factors. 

Furthermore, while our study indicates no substantial differences concerning the total 

variance explained between the different EFA’s, it does reveal higher internal consistencies at 

the cycle group level. 

Thus, the overall results of this study show that quite different outcomes may be 

obtained when constructing school process variables based on teacher perceptions by means 

of an MEFA versus a standard EFA. It is, however, beyond the scope of this paper to compare 

these results with other research using a standard EFA or CFA. Moreover, this would appear a 

rather complicated job, due to the use of various operationalizations of process variables with 

similar labels (Scheerens & Bosker, 1997). Nevertheless, it should be evident that an MEFA 

is strongly advised when confronted with a dependency present in your dataset. Obviously, 

this is not only relevant to educational effectiveness research in particular, but also to other 

environmental studies. 

A possible limitation concerns the rather subjective nature of an (M)EFA, although we 

did try to reduce this by postulating a priori objective criteria to select an appropriate factor 

solution. In addition, this study only provides an illustration of which incorrect results might 

be obtained when ignoring the dependency in your data. We merely focussed on a small 

subset of items of the ‘School Characteristics Questionnaire for Teachers’ completed by 

teachers in secondary education in Flanders. Evidently, generalizations are impossible to 

make at this stage. Much more research applying MEFA (or MCFA) within the domain of 

educational effectiveness is needed to make more general conclusions. In addition, it would 



                                                                                          Multilevel exploratory factor analysis 
 

       23 

be very interesting to further examine the association of these constructed measures with 

several student outcomes. Possibly, the broader school process characteristics have more 

explanatory power with regard to these student outcomes, which could shed new light on the 

relevance of these school process variables. 
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APPENDIX A 

English translation of the selected items of the ‘School Characteristics Questionnaire for 

Teachers’ 

 

Cooperation between teachers 
 

Meetings among teachers of the same subject 

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

Number of items: 10 

Items 

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

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

10. …the choice of the textbook? 

11. …the choice of the didactical material? 

12. …working with didactical methods and techniques? 

13. …the construction of tests and exams? 

14. …problems during teaching? 

15. …the approach towards students with learning difficulties? 

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

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

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

Meetings among teachers of the same class 

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

Number of items: 14 

Items 

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

27. …study results obtained by the student? 

28. …the student’s personality characteristics (intelligence, character…)? 

29. …the student’s family background characteristics (socio-economic status, relationship between the 

parents and the students…)? 

30. …a student’s disturbing behavior? 

31. …the formulation of advices with regard to the study choices for all the students of the class? 

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

33. …the construction of class regulations? 

34. …organizing tests? 

35. …changes of the lesson schedule for the class? 

36. …the approach towards problem students? 

37. …the purchase of pedagogical material? 

38. …working with and coordination of teaching methods and techniques? 

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

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

 

Decision making 

 

Participatory decision making 

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

Number of items: 6 

Items 

To what extent the principal involves an average teacher into decision making, concerning… 

47. …the study programmes of the school? 

53. …educational innovation? 

54. …the construction of the lesson package? 
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55. …the composition of the classes? 

56. …the construction of the school report (the components)? 

57. …extracurricular activities? 

Autonomy in decision making 

Response categories: 

(1) The decision is taken entirely by the individual teacher himself. 

(2) Idem as in (1), but after elaborate consultation with the (working) group of teachers instructing the 

same subject. 

(3) The decision is taken primarily by the (working) group of teachers instructing the same subject. 

(4) Idem as in (3), but after elaborate consultation with people outside this group of teachers (e.g., 

principal, cycle coordinators, other working groups). 

(5) The decision is taken primarily by people outside the (working) group of teachers instructing the 

same subject. 

Number of items: 8 

Items 

62. Concerning decisions about the study content.* 

63. Concerning decisions about teaching and learning material.* 

64. Concerning the teaching method.* 

65. Concerning the way of differentiating (adapting the education to the differences between the 

students in the class).* 

66. Concerning decisions about the frequency of homework.* 

67. Concerning decisions about the content of a test.* 

68. Concerning decisions about the frequency of tests.* 

69. Concerning decisions about the criteria for tests (what is failing, etc.).* 

 

Social system 
 

Response categories: (1) Totally agree; (2) Agree; (3) Neutral; (4) Disagree; (5) Totally disagree 

Number of items: 17 

Items 

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

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

72. Teachers are able to contact the principal with no trouble.* 

73. In general, good relationships are present among the colleagues at our school.* 

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

75. The principal stimulates the teachers into educational reform and innovation.* 

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

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

78. Meetings among the teachers where decision making is necessary, work out rather inefficiently in 

general. (-) 

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

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

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

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

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

84. During meetings among teachers, one does not listen well to one another. (-) 

85. I have difficulties to express my opinion towards the principal. (-) 

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

school.* 
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Rules 
 

Response categories: 

(1) Rules are put in writing. These rules are always applied, without any distinction. 

(2) Rules are put in writing. Deviation from this rule is possible after consultation with the principal (or 

another authority). 

(3) Rules are not put in writing. The teacher acts after consultation with the principal (or another 

authority). 

(4) Rules are not put in writing. The teacher acts on the basis of his own evaluation. 

Number of items: 11 

Items 

109. Concerning students’ late arrival.* 

110. Concerning students’ disturbing behavior during class.* 

111. Concerning cheating.* 

112. Concerning students’ school absenteeism.* 

113. Concerning the announcement of tests by teachers.* 

114. Concerning giving homework or not.* 

115. Concerning the way of evaluating tests.* 

116. Concerning the requirements students need to meet before choosing a subject or a discipline.* 

117. Concerning holding a class discussion of tests.* 

118. Concerning students’ behavior outside the class.* 

119. Concerning students’ behavior outside the school.* 
Notes. ‘*’ refers to a reversal of the item scores prior to the analyses. 

 ‘(-)’ refers to a negatively formulated item. 
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APPENDIX B 

Descriptive statistics and intraclass correlation coefficients (ICC) of the selected items 

 

Item 

no. 

 

 

Concerning 

 

 

Mean 

 

Standard 

Deviation 

 

ICC 

(schools) 

ICC 

(cycle 

groups) 

9 Meetings among teachers of the same subject 2.46 0.95 0.24 0.24 

10 Meetings among teachers of the same subject 2.91 1.11 0.18 0.18 

11 Meetings among teachers of the same subject 2.34 0.99 0.07 0.08 

12 Meetings among teachers of the same subject 2.01 0.78 0.07 0.08 

13 Meetings among teachers of the same subject 2.23 1.10 0.31 0.33 

14 Meetings among teachers of the same subject 2.15 0.73 0.05 0.05 

15 Meetings among teachers of the same subject 2.18 0.74 0.03 0.03 

16 Meetings among teachers of the same subject 2.01 0.96 0.06 0.05 

17 Meetings among teachers of the same subject 2.21 0.87 0.07 0.06 

18 Meetings among teachers of the same subject 2.51 0.97 0.09 0.09 

27 Meetings among teachers of the same class 3.44 0.71 0.15 0.17 

28 Meetings among teachers of the same class 3.03 0.71 0.07 0.08 

29 Meetings among teachers of the same class 2.51 0.69 0.04 0.04 

30 Meetings among teachers of the same class 3.13 0.76 0.05 0.07 

31 Meetings among teachers of the same class 2.99 0.86 0.06 0.06 

32 Meetings among teachers of the same class 2.54 0.79 0.03 0.03 

33 Meetings among teachers of the same class 1.72 0.85 0.04 0.05 

34 Meetings among teachers of the same class 1.84 0.92 0.10 0.10 

35 Meetings among teachers of the same class 1.52 0.83 0.08 0.09 

36 Meetings among teachers of the same class 2.92 0.84 0.06 0.06 

37 Meetings among teachers of the same class 1.80 0.85 0.06 0.06 

38 Meetings among teachers of the same class 1.74 0.76 0.04 0.04 

39 Meetings among teachers of the same class 2.30 0.80 0.04 0.04 

40 Meetings among teachers of the same class 2.65 0.97 0.06 0.06 

47 Participatory decision making 2.13 0.96 0.18 0.18 

53 Participatory decision making 2.24 0.95 0.09 0.10 

54 Participatory decision making 1.95 0.99 0.14 0.14 

55 Participatory decision making 1.77 0.88 0.19 0.19 

56 Participatory decision making 2.10 1.00 0.21 0.22 

57 Participatory decision making 2.75 0.89 0.09 0.09 

62 Autonomy in decision making 3.83 1.28 0.06 0.06 

63 Autonomy in decision making 4.07 1.07 0.04 0.04 

64 Autonomy in decision making 4.51 0.86 0.05 0.04 

65 Autonomy in decision making 4.55 0.89 0.04 0.03 

66 Autonomy in decision making 3.81 1.59 0.20 0.22 

67 Autonomy in decision making 4.41 0.84 0.19 0.20 

68 Autonomy in decision making 3.17 1.70 0.10 0.10 

69 Autonomy in decision making 4.12 1.26 0.12 0.10 

70 Social system 3.69 0.94 0.10 0.09 

71 Social system 3.52 0.94 0.19 0.18 

72 Social system 3.81 0.96 0.17 0.18 

73 Social system 3.80 0.82 0.18 0.17 

74 Social system 3.49 0.97 0.18 0.18 

75 Social system 3.43 0.93 0.18 0.17 

76 Social system 4.09 0.87 0.05 0.06 

77 Social system 3.43 0.90 0.12 0.12 

78 Social system 3.12 0.94 0.03 0.04 

79 Social system 3.90 0.97 0.09 0.10 

80 Social system 3.42 0.98 0.09 0.09 
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81 Social system 3.44 0.92 0.11 0.11 

82 Social system 3.30 0.89 0.16 0.16 

83 Social system 3.62 0.95 0.12 0.12 

84 Social system 3.36 0.88 0.07 0.07 

85 Social system 3.65 0.96 0.05 0.06 

86 Social system 3.49 0.90 0.14 0.14 

109 Rules 3.32 0.77 0.14 0.15 

110 Rules 1.86 1.04 0.03 0.04 

111 Rules 2.68 1.21 0.28 0.29 

112 Rules 3.32 0.83 0.13 0.13 

113 Rules 1.38 0.85 0.08 0.09 

114 Rules 1.88 1.20 0.20 0.22 

115 Rules 1.56 0.99 0.10 0.10 

116 Rules 2.40 0.91 0.08 0.08 

117 Rules 1.49 0.92 0.06 0.06 

118 Rules 2.44 1.04 0.09 0.09 

119 Rules 1.98 0.97 0.12 0.12 

 


