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			Abstract [image: ]

			[Objective] The aim of this paper is to verify the factorial structure of the School Climate Scale in University Environments (ECEAU) through structural equation models (SEM). [Methodology] A non-experimental cross-sectional study was carried out with a random sample of 381 students of the Universidad Nacional de Costa Rica (UNA), to whom the ECEAU was applied. A SEM model was proposed to confirm the factor structure of the scale and an exploratory factor analysis (EFA) was used to provide the basis for an alternative SEM model with a different structure. The reliability of scales was determined using McDonald’s omega, and the goodness of fit indexes used for the SEM models were the RMSEA, the CFI, the TLI and the GFI. The analysis was carried out using R software. [Results] The reliability of the scales in both models was adequate (w >0.70), although the metrics in the proposed model produced better results. The AFE suggested a different structure for the ECEAU, keeping some dimensions of the original structure and modifying and eliminating others. The goodness of fit indexes in both models were almost identical, with RMSEA=0.02, CFI=0.99, TLI=0.99 and GFI=0.98, which provides supporting evidence for the factorial structures proposed. [Conclusions] The original structure of the ECEAU was confirmed, while the differences in the results of the estimation and rotation methods generated another equally valid factorial structure for measuring the school climate construct in this university, and could be applied to other similar contexts.

			Keywords: Factor analysis; higher education; mathematics; reliability; school climate; validity.
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			[Objetivo] El objetivo del documento es verificar la estructura factorial de la Escala de Clima Escolar en Ambientes Universitarios (ECEAU) mediante modelos de ecuaciones estructurales (SEM). [Metodología] Se realizó un estudio transversal no experimental con una muestra aleatoria de 381 estudiantes de la Universidad Nacional de Costa Rica, a los que se le aplicó la ECEAU. Se planteó un modelo SEM para verificar la estructura factorial de la escala y un análisis factorial exploratorio (AFE) que brindó la base para proponer un modelo SEM alternativo con una estructura distinta. La confiabilidad de las escalas se determinó mediante el omega de McDonald y los criterios de bondad de ajuste para los modelos SEM fueron el RMSEA, el CFI, el TLI y el GFI. El análisis se efectuó con el software R. [Resultados] La confiabilidad de las escalas en ambos modelos resultaron adecuadas (w >0.70), aunque mejores en el modelo propuesto. El AFE sugirió una estructura diferente para la ECEAU, manteniendo algunas dimensiones de la estructura original y modificando y eliminando otras. Los indicadores de bondad de ajuste, en ambos modelos, fueron casi idénticos con RMSEA=0.02, CFI=0.99, el TLI=0.99 y GFI=0.98, lo que brinda evidencia a favor de las estructuras factoriales planteadas. [Conclusiones] Se verifica la estructura originalmente planteada en la ECEAU y las diferencias en los métodos de estimación y rotación generaron la propuesta de otra estructura factorial, igualmente válida, para medir el constructo clima escolar, en el contexto universitario estudiado y que puede ser aplicado a contextos similares.

			Palabras clave: análisis factorial; clima escolar; confiabilidad; educación superior; matemática; validez
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			[Objetivo] O objetivo do artigo é verificar a estrutura fatorial da Escala de Clima Escolar em Ambientes Universitários (ECEAU) usando modelagem de equações estruturais (SEM). [Metodologia] Foi realizado um estudo transversal não experimental com uma amostra aleatória de 381 alunos da Universidade Nacional da Costa Rica, aos quais foi aplicada a ECEAU. Uma modelagem SEM foi usada para verificar a estrutura fatorial da escala e uma análise fatorial exploratória (AFE) forneceu a base para a proposta de uma modelagem SEM alternativa com uma estrutura diferente. A confiabilidade das escalas foi determinada pelo ômega de McDonald e os critérios de adequação dos modelos SEM foram RMSEA, CFI, TLI e GFI. A análise foi realizada com o software R. [Resultados] A confiabilidade das escalas em ambos os modelos foi adequada (w >0,70), embora melhor no modelo proposto. A AFE sugeriu uma estrutura diferente para a ECEAU, mantendo algumas dimensões da estrutura original e modificando e eliminando outras. Os indicadores de adequação em ambos os modelos foram quase idênticos, com RMSEA=0,02, CFI=0,99, TLI=0,99 e GFI=0,98, o que fornece evidências a favor das estruturas de fatores propostas. [Conclusões] Confirmou-se a estrutura originalmente proposta no ECEAU e as diferenças nos métodos de estimativa e rotação geraram a proposta de outra estrutura fatorial, igualmente válida, para medir o construto clima escolar no contexto universitário estudado e que pode ser aplicada a contextos semelhantes.
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			Introduction

			Classroom climate, also known as the school or educational climate, has an influence on the teaching and learning process through different components, including the infrastructure of the classroom and institution, the teachers’ role, the methodologies and evaluations that are implemented, and student-student and student-teacher interactions. These variables are measured and analyzed based on students’ perceptions (Ríos et al., 2010; Walankar et al., 2019). In addition, students’ perceptions of school climate have been positively associated with both academic performance (Barksdale, 2021; Kutsyuruba, 2015; National School Climate Council, 2007), and processes related to institutional retention and permanence. (Buckman, et al., 2021; Lee and Burkam, 2003).

			Therefore, the benefits derived from having a positive school climate and its effect on student academic performance make it possible to reduce gaps in educational achievement caused by economic and social factors, while if the school climate is unfavorable, it may disproportionately affect the most vulnerable populations (Berkowitz, 2021; O’Malley, et al., 2015).

			Factors that affect academic performance are also related to affective and emotional aspects; promoting a positive school climate thus requires educational interventions or policies to create better learning environments (National School Climate Council, 2007). Research areas based on the behaviors and attitudes of the actors are therefore proposed to assist in understanding these environments (Djigic and Stojiljkovic, 2011; Juárez, 2014; Kohl, et al., 2013).

			In the case of teaching and learning processes, Pereira (2010) and Kohl et al. (2013) point out that teachers’ personality characteristics, the different methods they use to deliver their classes, the type of interaction that exists between students, and the structural conditions of an institution are factors that have a direct influence on the school climate in classrooms. However, school climate is a multidimensional concept, and does not have a single definition, which make its measurement difficult (Shukla et al., 2019; Wang and Degol, 2016).

			Furthermore, only a few instruments have been created to measure school climates in university environments, including the School Climate Scale in University Environments (ECEUA) created by Juárez (2014), which includes a series of factors associated with the construct, determined through a mixed study based on expert judgment and a Principal Component Analysis (PCA) with VARIMAX orthogonal rotation. However, the dimensions derived from this type of analysis are usually correlated and, from a statistical point of view, are focused on determining factors rather than reducing dimensionality.

			The objective of this study is, therefore, to verify the factor structure of the ECEUA, firstly through an exploratory factor analysis (EFA) with a more appropriate oblique rotation for correlated factors and a more robust estimation method than the one originally used in the creation of the ECEUA, since the original author of the instrument used a principal component analysis (PCA) instead of EFA, to be able to assess if there are changes in its structure. To do so, it is proposed to analyze it together with the original structure using Structural Equation Modeling (SEM) to obtain empirical evidence for the validity of the scale for measuring the educational climate construct.

			Measurement of school climate

			The concept of classroom climate has been of great interest in the area of education; however, there are relatively few instruments designed for measuring this construct, and it has also been studied using interviews, focus groups, observations and classroom reports (Lenz et al., 2020).

			Among the scales that have been used for measuring school climate, particularly at the primary and secondary educational levels, is the Delaware School Climate Survey-Student (DSCS-S) scale, which measures perceptions of relationships among members of the educational community, for example: teacher-student relationships, teacher-tutor relationships, student-student relationships, school safety, equity and clarity of the rules, and behavioral expectations. This scale has several versions, depending on whether the target population is teachers, parents or students (Bear et al., 2014).

			Another instrument used in educational settings is the Inventory of School Climate-Stundt (ISC-S), which was designed to assess dimensions of the school environment which are consistently related to students’ adjustment to institutions, such as support behavior, consistency and clarity of rules and expectations, student engagement and achievement orientation, peer-to-peer interaction, disciplinary strictness, student input in decision-making, educational innovation, relevance, support for cultural pluralism, and safety concerns (Brand et al., 2003). Similarly, the School Climate Measure (SCM), based on a robust psychometric analysis, uses eight dimensions for studying school climate, similar to those of ISC-S, namely: (1) positive student-teacher relationships, (2 ) school connection, (3) academic support, (4) order and discipline, (5) physical environment, (6) social environment, (7) perception of exclusion/privileges and (8) academic satisfaction (Zullig et al., 2010).

			Other scales have been created for other specific contexts, such as the Japan School Climate Inventory (JaSC), which is oriented towards the Japanese educational context, and was created based on the structures of instruments applied in the western world (Nishimura et al. al., 2020). In the Spanish-speaking world, one of the scales developed to measure the construct is the School Social Climate Scale (ECLIS), a Chilean instrument that evaluates the school climate through five subscales: (1) “My Teachers,” (2 ) “My classmates,” (3) “Places,” (perception of infrastructure), (4) “My school” (global evaluation of the institution), and (5) “Bullying” (harassment) (Aron et al., 2012).

			As mentioned previously, instruments to be used in higher education are scarce, since most studies have focused on the primary and secondary levels (Buckman et al., 2021; Nishimura et al., 2020; Sudla et al., 2020) or on specific academic programs, many of them in the area of health sciences (Al-Natour, 2019; Kaur et al., 2021; Krupat et al., 2017). One of the few instruments in Spanish aimed at a general university population is the ECEUA, created by Juárez (2014), which has a theoretical basis for its construction and was validated in a group of 693 university students of the Universidad Tecnológica de León, located in the city of León Guanajuato, México. The ECEUA has been used in research that considers educational climate as a construct that can help explain student academic performance at the university level (García et al., 2022; Loza et al., 2020).

			Garcia et al. (2022) recently created a school climate scale for higher education environments which was applied to 329 Mexican students, from first enrollment to the licentiate level of public and private universities, which uses other scales as a base, including Juárez (2014), called the school climate scale for university students (ECE-U). The ECE-U is made up of six subscales: (1) Teacher support, (2) University belonging, (3) Relationship with peers, (4) Aggressiveness in the school, (5) University regulations, and (6) Institutional resources. In general terms, the instruments used for measuring the school climate consider social, individual, academic and interaction aspects to establish their dimensions.

			Therefore, to create an instrument that makes it possible to measure school climate in a university, and based on the similarities of the Mexican and Costa Rican university systems, it was decided to use the ECEUA in a population of students who had enrolled in mathematics courses at the Universidad Nacional de Costa Rica (UNA), where academic performance has historically been low and whose dropout rate is high. Only about 50% of the students entering the UNA each year meet graduation requirements, resulting in decreases in graduation efficiency in higher education and in the number of professionals that the university provides for the labor market (Rodríguez and Zamora, 2021).

			The application of the ECEUA to the university context is intended to verify the factorial structure of the scale through its implementation in a similar context, focused in this case on students who receive mathematics courses, to assess its possible application in other university environments, and thereby contribute to improving the quality of the teaching and learning process.

			Theoretical framework

			This section is divided into two sections. The first consists of a brief review of the conceptualization of school climate and its importance in the field of academics. The second explains the formulation of the ECEAU, the process of its construction, and its factorial structure.

			School climate as a theoretical construct

			This work is based on the concept of school climate of Sudla et al. (2020), who view it as a multidimensional construct which describes the quality and characteristics of an educational institution. It is also an experience shared by the different persons who are part of an institution, which can affect their thoughts, feelings and behavior. Given its multifactorial nature, the concept of school climate has multiple definitions. In this paper the definition proposed by Juárez (2014) is the one used: “School climate is the set of structural, functional and interactional characteristics that frame the development of the usual activities of members of the institution, reflected in the perception of satisfaction that it generates for them.” (p. 65).

			In this regard, the school climate is considered as an aspect framed within the prevailing culture in educational institutions, which can be observed through the interactions, results and behaviors that occur every day within an educational center; that is, the culture of the institution creates the school climate, which is perceived by a group and which is directly related to the way people feel about their experiences in that institution (Cohen et al., 2009; Roby, 2011).

			Furthermore, according to Smith et al. (2014) school climate is determined by the perceived beliefs that the persons involved have regarding their educational center, influenced by the norms, goals, values, interactions with the members of the educational community, teaching methodologies and organizational structures of the institution. A positive school environment can help improve the quality of education, and its measurement allows the detection of problems of coexistence that can be affected by institutional actions to improve them, thus contributing to a pleasant and beneficial coexistence for all its members (Sudla et al., 2020).

			On the other hand, as mentioned previously, there is a lack of consensus regarding the definition of the concept of school environment and parameters for its measurement, which has led to the use of the concept to refer to varying aspects associated with school environments, emphasizing its multidimensional nature, while different authors emphasize different aspects of the construct, depending on their research interests (Kaur et al., 2021; Nishimura et al., 2020; Shukla et al., 2019). For example, Wang and Degol (2016), based on a theoretical review of 327 documents, suggest that the school climate encompasses four main dimensions: (1) safety: subcategorized into emotional/social, physical, discipline and order; (2) community: subdivided into camaraderie, quality of relationships, connectivity, and respect for diversity; (3) academic: whose sub-dimensions are leadership, professional development, teaching and learning, and (4) institutional environment, which includes environment, organizational structure and availability of resources; thus verifying the multidimensionality of the construct.

			Kutsyuruba, Klinger, and Hussain (2015) also analyzed the multidimensionality of the school climate and proposed three major areas: (1) social, (2) academic, and (3) physical. As can be seen, the concept of school climate is often adapted to the context and needs of the research team, showing that the phrase has no single meaning. But there does seem to be agreement regarding its effect on the teaching and learning process, on students’ development, and on the perception or positive opinion that those involved have about the subject. All these indicators can provide an approximation to the classroom climate (Juárez, 2014).

			Another way to categorize the classroom climate is by identifying it as positive or negative for students. According to this approach, a positive classroom climate generates an environment in which students feel safe, accompanied, and appreciated, and the teacher has the initiative to maintain assertive communication with the students to promote their positive personal development; on the other hand, certain characteristics of the students, including stress, depression, and lack of interest, indicate a negative classroom climate, which may happen when there is poor teacher-student communication (Aron and Milicic, 1995; Kutsyuruba et al., 2015; Loza et al., 2020).

			Similarly, Ríos et al. (2010) state that perception of situations within the classroom is based on a positive or negative climate. In the first case, teacher-student communication is based on respect, while the teacher’s action encourages the participation of his or her students and pleasantly answers the questions that arise; to the contrary, a negative climate will cause the opposite effects.

			In a related article, Galván (2015) points out that since the teacher-student relationship is more distant in tertiary education than it is in primary and secondary education, university students show a positive reaction when the teacher shows interest in having a close relationship, in which the teacher is willing to listen to them, and shows interest in the topics that are important to them. The same happens when the teacher provides students with study support materials, or clear explanations of instructions in examinations, which results in a positive teacher-student relationship.

			Theoretical support for use of the School Climate Scale in University Environments

			For the construction of the ECEAU, Juárez (2014) carried out a mixed study. In its first stage, he listed 351 items that were reduced to 76 items by expert judgement, which were applied to a sample of 170 students in a pilot stage, in which a principal component analysis (PCA) was performed with VARIMAX rotation and maximum likelihood estimation, reducing the scale to 41 items. At a later stage, he applied this latest version to a final sample of 693 students for final validation, which resulted in the generation of three principal dimensions: institutional, educational interactions and satisfaction, which are defined as follows:

			Institutional dimension: Considers organizational and functional aspects of the school or educational institution, including the image of the institution, and regulatory frameworks.

			Educational interactions dimension: Refers to practices, procedures, relationships, attitudes and behaviors among the persons in the institution, and their relationship with the environment.

			Satisfaction dimension: Opinions and perceptions of the persons who pertain to the educational institution are evaluated according to the level of satisfaction of the classroom climate that they have experienced.

			Based on these dimensions, Juárez (2014) established a classification of factors and indicators intended to evaluate the classroom climate, which are:

			Factor 1: Organizational structure; this aspect frames what students perceive about the organizational signs and standards designed in the educational institution which are related to the classroom climate.

			Factor 2: Functionality; which reflects what students think about the communication channels that guide them in their training process.

			Factor 3: Teacher-student interaction; this refers to how the teacher and student relate to each other, based on aspects such as dialogue, the teacher’s demonstration of interest in the students in the learning process, conflict resolution, and how much congruence exists between what the teacher says and how he or she acts.

			Factor 4: Teaching practices; in which the teaching-learning methodology is associated with the students’ opinions about methodological practices implemented by the teacher to meet the academic objectives established for the learning process. Indicator 1 considers evaluation practices from the students’ perspective, analyzing the evaluation criteria of a certain subject, and whether or not the teacher provides feedback to support his or her teaching practices.

			Factor 5: Peer-to-peer interaction; this refers to the relationships between students in certain situations within work groups, for example, in conflict resolution, the moments where students can express ideas. Indicator 2 considers external interactions, evaluating the support that the University provides to students to locate themselves within the community and in the business sector.

			Factor 6: Satisfaction; this is a criterion to obtain information on students’ opinions about the satisfaction they feel with respect to their stay at the university.

			As can be seen, Juárez (2014) developed the dimensions, factors and indicators and, to better understand the theoretical proposal, the research team (for this investigation) synthesized the organization of the dimensions with respect to the factors and indicators of the ECEAU scale using a graphic representation in which the interrelationships of these concepts can be more clearly observed. The educational climate is considered as the main construct, the dimensions as second level constructs, and the factors and indicators as third and fourth level constructs, according to the theoretical analysis and construction procedure of the scale. Figure 1 shows the arrangement of each factor or indicator according to the dimension in which it was classified, representing the factorial structure to be confirmed by means of a SEM analysis.
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			Figure 1. Classification of the dimensions, factors and indicators used in the ECEAU.

			Source: Prepared by the authors.

			The scale created using these factors and indicators can be used to evaluate the university school climate, providing an approximation of the climate in which the learning process takes place, and how it serves as support for the teacher in planning and structuring his or her future actions to carry out the training of their students. Given that the ECEAU is one of the few instruments developed for measuring school climate in university contexts, and that its construction, initial application and validation processes were carried out in a context similar to that of the Universidad Nacional, it was decided to use this scale for analyzing classroom climate in Costa Rican higher education.

			Methodology

			In this research the methodology is based on a cross-sectional correlational non-experimental quantitative design. The study population was the student body enrolled in the service courses delivered by the School of Mathematics of the Universidad Nacional de Costa Rica during the II Cycle of 2019; courses were offered by the School of Mathematics for careers in the areas of engineering, social sciences and, in general, careers that require subjects such as Calculus, General Mathematics, Linear Algebra, Advanced Calculus, Probability and Statistics, among others. In total, 66 groups of these courses were available, with a total of 2,310 enrolled students.

			The sample was selected using systematic random sampling from a list in which all service courses taught were included. The sample consisted of 20 groups, 14 of which belonged to the first levels of the careers, for a total effective sample of 381 surveyed students, 247 men and 134 women, with ages ranging from 17 to 49 years.

			The coordinator of the mathematics service courses, the teachers selected in the sample, and the students enrolled in the courses were consulted about the application of the instrument. An informed consent form was provided for those persons who agreed to collaborate in the investigation, which included provisions for safeguarding and maintaining anonymity of the information provided. For data collection, the scale developed by Juárez (2014) was used, which consists of 41 questions with a scale of 1 to 4, where 1 indicates strongly disagree, 2 disagree, 3 agree, and 4 strongly agree.

			The instrument was adapted to be applied to the context of the UNA; these instruments, the code to replicate the results and the database can be found at the following link: https://github.com/andreyzamora/Clima-Educativo.

			As a first step, an exploratory factor analysis (EFA) was applied to the ECEAU to verify if its results were in agreement with the factorial structure of the scale, given that a different estimation and rotation method was applied to the construction process of the ECEAU. Based on the results of this analysis, a proposal arose to modify the original structure of the scale. Structural equation modeling (SEM) was applied to both the original structure and the new proposed structure to compare them, using the root mean square error of approximation (RMSEA), the comparative fit index (CFI), the Tucker-Lewis index (TLI) and the goodness of fit index (GFI) as measures of goodness of fit.

			According to Juárez (2014), the items of the ECEAU scale were selected through a rigorous process that involved expert judgement, and its final structure was a combination of this judgment and a principal component analysis (PCA) as a means to carry out the exploratory analysis, using VARIMAX rotation and the maximum likelihood estimation method. However, Lloret-Segura (2014) stated that it was not appropriate to use PCA for verifying the factorial structure of an instrument whose objective is to determine its factorial structure, and he did not recommend using orthogonal rotations, such as VARIMAX when working with constructs in the field of the social sciences, since they are usually correlated.

			To the contrary, it is recommended to use factor analysis and minimum residual (MinRes) or unweighted least squares estimation instead of a maximum likelihood estimation, since it tends to produce better results for this type of instrument. Therefore, the EFA method was used to analyze the ECEAU scale, but using oblique rotation because, based on the underlying theory, the dimensions of the educational climate construct are related to each other. In addition, the MinRes method was used to determine how much the originally proposed factorial structure varied. This is a highly recommended approach which has been shown to be effective in minimizing the sum of the squares of the differences between the observed and the reproduced correlation matrices (Izquierdo et al., 2014).

			Given that the objective of this study is to identify the number and composition of the common factors associated with a latent trait and thus explain the common variance based on the items that make up the ECEAU, it is appropriate to use EFA rather than a principal component analysis (PCA), since the latter is used for identifying the number and composition of the components necessary to summarize observed scores in a large set of observed variables; that is, it is a dimensionality reduction technique. The objective of using EFA is to evaluate the factorial structure of the instrument, and contrast this structure with the ECEAU by means of SEM analyses (see Figures 1 and 2). The lavaan and psych libraries of the statistical software R version 4.0.2 were used in the analysis of results.

			Analysis and results

			One of the measures of adequacy of a sample for a factorial analysis is the Kaiser-Meyer-Olkin (KMO) statistic, together with the Barttlet sphericity test, which yielded values of 0.93 (p < 0.001) and chi-square of 1950.02, df= 820 (p< 0.001). It was therefore concluded that it was appropriate to carry out an EFA with these data.

			The polychoric correlation matrix was used because the items were ordinal in nature, which according to Lloret-Segura et al. (2014) generally requires a larger sample size than when the Pearson’s product-moment matrix is used, and high values of item commonalities; however, there was a sufficient sample size of 381 cases and the value of the commonalities was moderately high with most of the scores being between 0.33 and 0.70. The estimation method used was the minimum residuals (MinRes) equivalent to unweighted least squares which, unlike those based on maximum likelihood, are more computationally efficient and more appropriate when working with polychoric correlation matrices (Lloret-Segura et al., 2014; Pere-Joan and Anguiano-Carrasco, 2010).

			When determining the number of factors, several criteria were considered, among them parallel analysis obtained through the fa.parallel function of the R psych package, which suggested six factors, calculation of the Minimum Average Partial Test (MAP), which suggested seven factors for minimizing the correlation between the residuals, and the theory underlying the instrument given by Juárez (2014), which indicated six factors. Because of the interpretability and consistency of the previous indicators, it was decided to work with six factors.

			Table 1 shows the results of the EFA for the ECEAU. The names of the items reflect the classification of dimensions made by Juárez (2014), as shown in Figure 1. The EFA suggested the presence of six factors, but there was no perfect coincidence with those factors proposed by Juárez (2014). This is explained by the fact that a different method of rotation and estimation of factors was used.

			Table 1.

			Results of the EFA for the ECEAU applied to students enrolled in Mathematics courses, Universidad Nacional, Costa Rica II cycle 2019. N =381

			
				
					
					
					
					
					
					
					
				
				
					
							
							Item

						
							
							Teacher-student communication

						
							
							Peer-to-peer interaction

						
							
							Pedagogical mediation

						
							
							Organizational structure

						
							
							Institutional communication

						
							
							External context

						
					

					
							
							Organizational 1

						
							
							-0.01

						
							
							0.04

						
							
							0.14

						
							
							0.63

						
							
							-0.07

						
							
							-0.04

						
					

					
							
							Organizational 2

						
							
							0.05

						
							
							0.03

						
							
							0.07

						
							
							0.43

						
							
							0.04

						
							
							-0.02

						
					

					
							
							Organizational 3

						
							
							-0.19

						
							
							0.05

						
							
							0.30

						
							
							0.35

						
							
							0.16

						
							
							-0.08

						
					

					
							
							Organizational 4

						
							
							-0.18

						
							
							0.12

						
							
							0.24

						
							
							0.42

						
							
							0.16

						
							
							-0.12

						
					

					
							
							Organizational 5

						
							
							-0.10

						
							
							0.00

						
							
							0.31

						
							
							0.10

						
							
							0.50

						
							
							0.04

						
					

					
							
							Functional 6

						
							
							0.01

						
							
							-0.07

						
							
							0.02

						
							
							-0.01

						
							
							0.65

						
							
							0.11

						
					

					
							
							Functional 7

						
							
							0.01

						
							
							-0.05

						
							
							-0.02

						
							
							0.10

						
							
							0.69

						
							
							0.00

						
					

					
							
							Functional 8

						
							
							0.03

						
							
							0.04

						
							
							-0.04

						
							
							-0.14

						
							
							0.60

						
							
							0.03

						
					

					
							
							Functional 9

						
							
							0.01

						
							
							0.05

						
							
							0.02

						
							
							0.04

						
							
							0.49

						
							
							-0.01

						
					

					
							
							Functional 10

						
							
							0.02

						
							
							0.12

						
							
							-0.03

						
							
							0.06

						
							
							0.62

						
							
							-0.07

						
					

					
							
							1TSI 11

						
							
							0.13

						
							
							0.04

						
							
							0.33

						
							
							0.02

						
							
							0.06

						
							
							0.08

						
					

					
							
							TSI 12

						
							
							0.23

						
							
							0.03

						
							
							0.55

						
							
							0.07

						
							
							0.00

						
							
							0.00

						
					

					
							
							TSI 13

						
							
							0.09

						
							
							0.01

						
							
							0.77

						
							
							0.03

						
							
							0.00

						
							
							0.05

						
					

					
							
							TSI 14

						
							
							0.05

						
							
							0.04

						
							
							0.79

						
							
							0.01

						
							
							0.05

						
							
							0.01

						
					

					
							
							TSI 15

						
							
							0.14

						
							
							0.03

						
							
							0.68

						
							
							-0.04

						
							
							0.06

						
							
							0.07

						
					

					
							
							TSI 16

						
							
							0.33

						
							
							0.01

						
							
							0.38

						
							
							0.00

						
							
							0.07

						
							
							0.07

						
					

					
							
							TSI 17

						
							
							0.74

						
							
							0.00

						
							
							0.01

						
							
							0.10

						
							
							0.01

						
							
							-0.13

						
					

					
							
							TSI 18

						
							
							0.44

						
							
							-0.03

						
							
							0.39

						
							
							0.01

						
							
							-0.01

						
							
							0.09

						
					

					
							
							TSI 19

						
							
							0.62

						
							
							-0.12

						
							
							0.19

						
							
							0.08

						
							
							0.00

						
							
							0.01

						
					

					
							
							Methodology 20

						
							
							0.67

						
							
							-0.03

						
							
							0.16

						
							
							0.05

						
							
							-0.01

						
							
							0.03

						
					

					
							
							Methodology 21

						
							
							0.70

						
							
							0.15

						
							
							-0.04

						
							
							-0.07

						
							
							0.12

						
							
							-0.01

						
					

					
							
							Methodology 22

						
							
							0.65

						
							
							0.09

						
							
							-0.01

						
							
							0.05

						
							
							-0.04

						
							
							0.02

						
					

					
							
							Methodology 23

						
							
							0.69

						
							
							0.07

						
							
							-0.02

						
							
							0.07

						
							
							-0.01

						
							
							-0.02

						
					

					
							
							Methodology 24

						
							
							0.69

						
							
							0.05

						
							
							0.07

						
							
							0.00

						
							
							0.01

						
							
							0.03

						
					

					
							
							Evaluation 25

						
							
							0.52

						
							
							0.04

						
							
							0.22

						
							
							-0.03

						
							
							0.03

						
							
							0.01

						
					

					
							
							Evaluation 26

						
							
							0.44

						
							
							0.03

						
							
							0.32

						
							
							-0.06

						
							
							-0.02

						
							
							0.07

						
					

					
							
							Evaluation 27

						
							
							0.30

						
							
							0.15

						
							
							0.33

						
							
							-0.07

						
							
							0.00

						
							
							0.11

						
					

					
							
							2PPI 28

						
							
							-0.1

						
							
							0.78

						
							
							0.09

						
							
							0.05

						
							
							-0.04

						
							
							-0.03

						
					

					
							
							PPI 29

						
							
							0.02

						
							
							0.78

						
							
							0.05

						
							
							0.02

						
							
							0.04

						
							
							-0.07

						
					

					
							
							PPI 30

						
							
							0.02

						
							
							0.74

						
							
							0.05

						
							
							0.05

						
							
							-0.06

						
							
							0.04

						
					

					
							
							PPI 31

						
							
							0.12

						
							
							0.52

						
							
							-0.04

						
							
							-0.09

						
							
							0.05

						
							
							0.20

						
					

					
							
							PPI 32

						
							
							0.1

						
							
							0.74

						
							
							-0.16

						
							
							-0.01

						
							
							0.04

						
							
							0.02

						
					

					
							
							PPI 33

						
							
							0.04

						
							
							0.64

						
							
							0.01

						
							
							-0.03

						
							
							0.04

						
							
							0.11

						
					

					
							
							3EC 34

						
							
							-0.02

						
							
							0.09

						
							
							0.08

						
							
							0.06

						
							
							0.17

						
							
							0.55

						
					

					
							
							EC 35

						
							
							-0.09

						
							
							0.05

						
							
							0.06

						
							
							0.08

						
							
							0.00

						
							
							0.72

						
					

					
							
							EC 36

						
							
							0.00

						
							
							0.01

						
							
							0.02

						
							
							0.07

						
							
							0.02

						
							
							0.79

						
					

					
							
							Satisfaction 37

						
							
							0.06

						
							
							0.01

						
							
							-0.08

						
							
							0.63

						
							
							0.01

						
							
							0.25

						
					

					
							
							Satisfaction 38

						
							
							0.10

						
							
							0.01

						
							
							-0.11

						
							
							0.59

						
							
							0.16

						
							
							0.18

						
					

					
							
							Satisfaction 39

						
							
							0.09

						
							
							-0.01

						
							
							-0.08

						
							
							0.66

						
							
							0.05

						
							
							0.21

						
					

					
							
							Satisfaction 40

						
							
							0.01

						
							
							0.16

						
							
							0.07

						
							
							0.48

						
							
							0.09

						
							
							-0.02

						
					

					
							
							Satisfaction 41

						
							
							0.11

						
							
							0.09

						
							
							0.03

						
							
							0.58

						
							
							0.08

						
							
							-0.06

						
					

				
			

			1TSI: Teacher-student interaction

			2PPI Peer-to-peer interaction

			3EC External context

			Note: Source prepared by the authors.

			Regarding the criteria for assigning items to the factors, it was decided to maintain those whose saturations were greater than 0.30. In addition, goodness of fit indicators show a strong fit of the model to the data: the root mean square of the residuals RMSR = 0.03 is close to zero; the root mean square index of the approximation error RMSEA =0.025; and the Tucker-Lewis reliability index TLI = 0.993. Table 2 shows the proportion of variance explained for each of the six factors considered in the analysis, resulting in a similar contribution of each of them to the common variance.

			Table 2.

			Indicators related to the variance of the ECEAU factors

			
				
					
					
					
					
					
					
					
				
				
					
							
							Indicator

						
							
							Teacher-student communication

						
							
							Peer-to-peer interaction

						
							
							Pedagogical mediation

						
							
							Organizational structure

						
							
							Institutional communication

						
							
							External context

						
					

					
							
							Self-values

						
							
							5.26

						
							
							3.53

						
							
							4.01

						
							
							3.31

						
							
							2.72

						
							
							2.13

						
					

					
							
							Proportion of variance 

						
							
							0.13

						
							
							0.09

						
							
							0.10

						
							
							0.08

						
							
							0.07

						
							
							0.05

						
					

					
							
							Proportion of accumulated variance 

						
							
							0.13

						
							
							0.21

						
							
							0.31

						
							
							0.39

						
							
							0.46

						
							
							0.51

						
					

					
							
							Proportion of variance explained for each factor

						
							
							0.25

						
							
							0.17

						
							
							0.19

						
							
							0.16

						
							
							0.13

						
							
							0.10

						
					

					
							
							Proportion of accumulated variance explained for each factor

						
							
							0.25

						
							
							0.42

						
							
							0.61

						
							
							0.77

						
							
							0.90

						
							
							1.00

						
					

				
			

			Note: Source prepared by the authors.

			In addition, Figure 2 shows the correlation of each of the six factors and the items that make up each factor; that is, it is the representation of the SEM model proposed based on the EFA. These correlations range between 0.46 and 0.94, which shows that the factors are associated as established by the underlying theory and that it is therefore appropriate to apply an oblique rotation. Likewise, the goodness of fit statistics for the proposed model, using a non-orthogonal rotation, through the MinRes estimation, were satisfactory (see Table 3).

			Table 3.

			Goodness of fit indicators for the proposed and original SEM models of the ECEAU

			
				
					
					
					
					
					
				
				
					
							
							Model

						
							
							RMSEA

						
							
							CFI

						
							
							TLI

						
							
							GFI

						
					

					
							
							Original

						
							
							0.024

						
							
							0.994

						
							
							0.994

						
							
							0.979

						
					

					
							
							Proposed

						
							
							0.025

						
							
							0.993

						
							
							0.993

						
							
							0.979

						
					

				
			

			Note: Source prepared by the authors.
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			Figure 2. Confirmatory factor analysis for the proposed constructs of the ECEAU. 

			Source: Prepared by the authors.

			A SEM model was also applied in a similar fashion to the structure originally proposed by Juárez (2014) for the ECEAU, with non-orthogonal rotation and the same estimation method used for the proposed model, which produced acceptable goodness of fit indicators of adjustment (see Figure 3), thus providing evidence for the initially established factorial structure.

			[image: ]

			Figure 3. Confirmatory factor analysis for the constructs originally proposed for the ECEAU 

			Source: Prepared by the authors.

			The goodness of fit statistics of both models are almost the same, although their factorial structure is slightly different, as shown in the items that make up the respective scales that operationalize the constructs. However, the factorial structure for the ECEAU of the proposed SEM model takes into account the theoretical basis with which the scale was built, but reassigns some items between the scales and maintains others.

			The McDonald’s Omega test was used as a reliability measure for the scales, as recommended for ordinal data used in the modeling of Cronbach structural equations (Green and Yang, 2009). Cronbach’s alpha measurement is also specified for comparative purposes, as shown in Table 4.

			Table 4.

			Internal consistency analysis of the items in the EFA applied to the ECEAU for 
students enrolled in mathematics courses at the Universidad Nacional, 
Costa Rica II cycle 2019. N =381

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Proposed model

						
							
							Original model

						
					

					
							
							Construct

						
							
							Number of items

						
							
							Omega

						
							
							Alpha

						
							
							Construct

						
							
							Number of items

						
							
							Omega

						
							
							Alpha

						
					

					
							
							Teacher communication

						
							
							10

						
							
							0.934

						
							
							0.918

						
							
							Teacher-student interaction

						
							
							9

						
							
							0.928

						
							
							0.906

						
					

					
							
							Peer-to-peer interaction

						
							
							6

						
							
							0.904

						
							
							0.866

						
							
							Peer-to-peer interaction

						
							
							6

						
							
							0.904

						
							
							0.866

						
					

					
							
							Pedagogical mediation

						
							
							7

						
							
							0.944

						
							
							0.876

						
							
							Teaching-learning methodology

						
							
							5

						
							
							0.899

						
							
							0.865

						
					

					
							
							Organizational structure

						
							
							9

						
							
							0.887

						
							
							0.854

						
							
							Organizational structure

						
							
							5

						
							
							0.764

						
							
							0.713

						
					

					
							
							Institutional communication

						
							
							6

						
							
							0,848

						
							
							0,788

						
							
							Functionality

						
							
							5

						
							
							0.792

						
							
							0.756

						
					

					
							
							External context

						
							
							3

						
							
							0,836

						
							
							0,822

						
							
							External context

						
							
							3

						
							
							0.836

						
							
							0.822

						
					

					
							
							-

						
							
							-

						
							
							
							
							Evaluation

						
							
							3

						
							
							0.794

						
							
							0.785

						
					

					
							
							-

						
							
							-

						
							
							
							
							Satisfaction

						
							
							5

						
							
							0.899

						
							
							0.858

						
					

				
			

			Note: Source prepared by the authors.

			As can be seen in Table 4, the reliability of the scales of both models is acceptable (greater than 0.70); however, the proposed model shows better indicators in all scales, compared to those obtained using the original model, whose indicators are slightly higher than those presented in the study by Juárez (2014). This does not imply that one model is better than the other, only that both show an adequate internal consistency of their respective scales. In addition, both analyses maintain the dimension of educational interaction, as well as the factors of organizational structure, interaction with the external context, peer-to-peer interaction, and teacher-student interaction, although not with the same items in all cases.

			In contrast, the present analysis eliminates the dimension of satisfaction proposed by Juárez (2014), whose items are absorbed by the category of organizational structure. This is due to the fact that the EFA used in this study, based on an oblique rotation (which is more appropriate for working with data from social contexts than orthogonal rotations) did not encounter a difference between the items of the satisfaction factors and organizational structure, as shown by the factor loadings in Table 1.

			Furthermore, the functionality factor is replaced by a new construct called institutional communication that incorporates Item 5 of the educational climate instrument “we (the students) know to whom we can communicate our concerns regarding teachers’ performance.” This change is explained by the fact that the items correspond more closely to aspects of communication between the student body and the university. Accordingly, for the purposes of this investigation, the institutional communication factor is understood as communication between the different levels of the university with the student community in pursuit of the students’ well-being, and to evaluate their opinions.

			On the other hand, the factors of teacher-student interaction, evaluation practices and teaching and learning methodologies are replaced by those of teacher-student communication and pedagogical mediation. The EFA reorganizes the 17 items of Juárez’s approach (2014) into these two new factors related to educational practice in the classroom.

			Teacher-student communication will be understood as the communication (either verbal or non-verbal) that the teacher has with his or her students, considering the interest shown by the teacher in achieving the students’ well-being and learning development. Likewise, pedagogical mediation will be understood as the actions of a teacher to promote and favor education of his or her students in a particular educational area, based on the students’ opinions.

			These concepts were defined based on the experience of the research team and the consideration of the factor loadings of the scale items, which is essential for understanding the factors resulting from the EFA, and contributes to conceptualizing the results of items being incorporated into groups other than those of the ECEAU. Table 5 presents a comparison between the dimensions and factors of both models, facilitating consideration of the similarities and differences between them.

			Finally, Figure 4 summarizes the proposal of this investigation for the dimensions and factors of the educational climate construct based on the SEM model based on the EFA developed in this research, as opposed to the model originally proposed by Juárez (2014) presented in Figure 1.

			Table 5.

			Comparison of factor analyses of the original Juárez (2014) proposal for the ECEAU and that applied to students enrolled in mathematics courses at the Universidad Nacional, Costa Rica II cycle 2019. N =381

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Juárez proposal (2014)

						
							
							Proposal developed in this investigation

						
					

					
							
							Dimension

						
							
							Factors and indicators

						
							
							Amount of items

						
							
							Numbers of items

						
							
							Dimension

						
							
							Factors

						
							
							Amount of items

						
							
							Numbers of items

						
					

					
							
							Institutional

						
							
							Organizational structure

						
							
							5

						
							
							1,2,3,4,5

						
							
							Institutional

						
							
							Organizational structure

						
							
							9

						
							
							1,2,3,4,37,

							38,39,40,41

						
					

					
							
							Functionality

						
							
							5

						
							
							6,7,8,9,10

						
							
							Institutional communication

						
							
							6

						
							
							5,6,7,8,

							9,10

						
					

					
							
							Satisfaction

						
							
							Satisfaction

						
							
							5

						
							
							37,38,39,40,

							41

						
					

					
							
							Educational interactions

						
							
							Interaction with external context

						
							
							3

						
							
							34,35,36

						
							
							Educational interaction

						
							
							Interaction with external context

						
							
							3

						
							
							34,35,36

						
					

					
							
							Peer-to-peer interaction

						
							
							6

						
							
							28,29,30,31,

							32,33

						
							
							Peer-to-peer interaction

						
							
							6

						
							
							28,29,30,31,

							32,33

						
					

					
							
							Teaching practices

						
							
							Teacher-student interaction

						
							
							9

						
							
							11,12,13,14,

							15,16,17,18,

							19

						
							
							Teaching practices

						
							
							Teacher-student communication

						
							
							10

						
							
							17,18,19,20,

							21,22,23,24,

							25,26

						
					

					
							
							Evaluation practices

						
							
							3

						
							
							25,26,27

						
							
							Pedagogical mediation

						
							
							7

						
							
							11,12,13,14,

							15,16,27

						
					

					
							
							Teaching-learning methodology

						
							
							5

						
							
							20,21,22,23,

							24

						
					

				
			

			Note: Source prepared by the authors.
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			Figure 4. Exploratory factor analysis of the Proposal for classification of dimensions and factors derived from the EFA with students enrolled in mathematics courses, Universidad Nacional, Costa Rica II cycle 2019. N =381. 

			Source: Prepared by the authors.

			Conclusions

			The construct of educational climate is relevant for understanding the interactions between different actors in the educational process. The ECEAU is an instrument created for measuring and obtaining empirical evidence about this construct in university environments. Although the ECEAU was created through a rigorous process involving qualitative and quantitative analyses, an explicitly theoretical model bringing together the results of the process of constructing the scale has not been developed. Such a theoretical model is presented here, based on research by Juárez (2014), whose factorial structure is validated using a SEM model, based on the analysis of a sample of university students of the Universidad Nacional de Costa Rica who have enrolled in courses in the area of mathematics, and whose goodness of fit indicators validate the structure proposed for measuring school climate in a university context.

			Notwithstanding the valuable contributions of the ECEAU, it was also interesting to verify if applying the scale in the context of students whose careers require mathematics courses, using an EFA approach instead of PCA, with recommended methods and rotations for constructs measured based on categorical variables, would change the factorial structure of the scale.

			In fact, when the instrument was replicated in this educational context using oblique rotation and estimation of unweighted least squares, the structure changed. It was therefore decided to propose an alternative factorial structure using EFA instead of PCA, which produced results for the composition of the dimensions and factors which were different from those of the original scale.

			This discrepancy is possibly due to the fact that Juárez (2014) based his approach on the use of a PCA based on a Pearson product-momentum matrix, with a VARIMAX orthogonal rotation instead of an EFA with oblique rotation. It is important to mention that current recommendations, when applying an EFA to theoretical constructs in the social field, such as psychology or education, discourage the application of the technique used by Juárez (2014) (Ferrando and Lorenzo-Seva, 2014; Ledesma et al., 2019; Lloret-Segura et al., 2014). In addition, the application to students who enrolled in courses in the area of mathematics may also have affected the structure.

			When considering the differences found when comparing analytical techniques, the following aspects were considered: first, the ECEAU items are expressed on an ordinal scale, in which case current recommendations suggest using a polychoric correlation matrix, because the product-moment matrix is used when the items have a numerical scale or their ordinal scale has five or more options, but the ECEAU items only have four options (Izquierdo et al., 2014).

			Second, given that the factors underlying the instrument are theoretically correlated, an orthogonal rotation that assumes no correlation, such as VARIMAX, is not appropriate and, therefore, oblique rotations such as PROMAX or OBLIMIN are preferred (Ledesma et al., 2019; Pere-Joan and Anguiano-Carrasco, 2010).

			Third, there are currently more efficient factor estimation methods than PCA, which strongly depends on the quality of initial estimations of commonalities, such as the MinRes method, which is equivalent to the unweighted least squares method, one of the most recommended methods when working with categorical variables (Izquierdo et al., 2014; Lloret-Segura et al., 2014).

			Fourth, the EFA used in this investigation to determine the number of factors to consider takes into account both objective criteria such as the minimum average partial (MAP) test or parallel analysis, as well as the theoretical foundation and the ability to interpret results. Finally, the results of this study show the importance of taking into account current recommendations for applying EFA and how interpretations of the nature of a construct, such as educational climate, may vary when considering different criteria for choosing the estimation method, the type of correlation matrix and the model’s rotation.

			Despite these differences when applying SEM models, both on the original structure and the structure proposed in this research, goodness of fit statistics were practically the same, demonstrating the structural validity of both models. However, the restructuring suggested in the proposed model yielded better reliability indicators than those of the original model, and offers an alternative structure for the ECEAU items.

			It is expected that future research can replicate one or both of these models and confirm or reject the structures proposed in this study, or propose others. This would help to evaluate both theoretical approaches, and collect empirical evidence in favor of one or the other proposal. Other investigations may focus on specific areas of knowledge typical of the dynamics of higher education institutions such as basic sciences, social sciences or the arts, and contrast the results with the proposals presented here. However, the data indicate that both approaches are worthy of merit, without suggesting that either proposal is better or worse than its counterpart, but more studies using the ECEAU in other university contexts are required to support or refute the results obtained here.

			Finally, interested persons are also urged to use the ECEAU as a measurement instrument for educational climate, thus enabling the implementation of actions aimed at improving classroom climate, which will have impacts not only on academic performance, but also on the affective component, which is so important in the teaching and learning processes.
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