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School Climate is an essential aspect in every school community. It relates to perceptions
of the school environment experienced by various members of the educational system.
Research has shown that an appropriate school climate impacts not only on the quality of
life of all members in the educational system, but also on learning outcomes and education
improvements. This study aims to explore a measure of School Climate on Chilean
students. A sample of 176,126 10th grade students was used to investigate the factor
structure of the items composing the School Climate construct, and to evaluate the
potential presence of Differential Item Functioning between male and female groups. Both
explanatory and confirmatory factor analysis as well as Rasch models were used to
analyze the scale. Differential item functioning between male and female groups was
investigated using the Langer-improved Wald test. The results indicated a
multidimensional structure of the School Climate construct and that measurement bias
for male and female groups exist in some of the items measuring the construct.
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1 INTRODUCTION

Achievement tests developed by measurement programs have become relevant worldwide, as many
decisions in educational policy are based on the information gathered using these instruments. In
addition to measuring cognitive abilities (e.g., mathematics or language), these programs have
incorporated measures of non-cognitive indicators such as perceptions and attitudes on academic
motivation, school climate, participation and civic education, and healthy lifestyles, among others.
This information is usually obtained from the answers to questionnaires administered to different
participants of the educational system (i.e., teachers, students, parents). These measurements are
useful not only to monitor non-academic aspects that are fundamental to students’ general
education, but also because they have an impact on learning outcomes and education
improvement (McEvoy and Welker, 2000; Tubbs and Garner, 2008; Maxwell et al., 2017)
(Høigaard et al., 2015; Cerda et al., 2019; Wang et al., 2020).

In Chile, the Agency of Quality of Education1 (the Agency in what follows) is the governmental
organization responsible for measuring cognitive and non-cognitive aspects in the educational
system. Currently, together with the “Education Quality Measurement System” test (Sistema de
Medición de la Calidad de Educación, SIMCE, by their initials in spanish) (Agencia de Calidad de la
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Educación, 2015), Chilean students, teachers and parents, express
their perceptions and attitudes towards different non-academic
aspects, through the Quality and Education Context (QEC)
questionnaires (Agencia de Calidad de la Educación, 2017a).
These questionnaires collect information on personal and
social development indicators (Indicadores de Desarrollo
Personal y Social, IDPS, for their initials in spanish) and are
administered annually on a census application. The QEC
questionnaires include dichotomous and polytomous (Likert-
type) items related with four indicators: Academic Motivation,
School Climate, Participation and Civic education, and Healthy
lifestyles. The measured indicators have been defined by the
Curriculum and Assessment Unit (Ministerio de Educación de
Chile, 2014) and theoretically founded by a literature review in
each of the assessed areas (Unidad de Currículum Evaluación -
Ministerio de Educación, 2013). The Agency has made an effort
to build a conceptual model for the constructs by incorporating
multiple factors in each of the measured dimensions and
establishing an evaluation frame that allows having operational
definitions that contribute to the measurement process of the
constructs (Agencia de Calidad de la Educación, 2017a). These
multiple factors have been validated not only using appropriate
literature reviews but also in internal workshops that considered
the conceptual foundation of the constructs, together with the
opinion of external experts in the topics. In this paper we focus
our attention on the School Climate indicator.

School climate is an important aspect in every school
community. Schools aim to identify features of the school
environment that can be intervened to improve student
outcomes. Schools initiatives seek for improving school climate
as a previous step that lead to student academic and social well-
being (Durlak et al., 2011). Although there is no clear consensus
on a general definition of the construct, school climate is largely
recognized as multidimensional, including the academic,
community, safety, and institutional environment
categorizations (Wang and Degol, 2016).

School climate and school coexistence have been researched
from many different angles. For instance, Costa et al. (2020)
describe the educational management of school coexistance at the
intermediate level. The profile and role of professionals in charge
of school coexistence in schools is investigated by Cortez Muñoz
et al. (2018). Fierro-Evans and Carbajal-Padilla (2019)
operationalize the concept of school climate in three areas of
school life: pedagogical-curricular, organizational-administrative
and socio-community, and elaborate on the relevance of having
an instrument to evaluate school coexistence and its relationship
with other variables or aspects. Wang and Degol (2016) analyzed
the quality of interpersonal relationships within a school, both
between teachers and authorities, and between teachers and
students and presented a theoretical framework for the study
of school climate that emphazise various features of the construct.

In 2011, the Chilean Law about School Violence (Ley, 2011),
established the creation of school boards or committees of
peaceful coexistence at educational centers as well as declares
the obligation of having a person responsible for peaceful school-
wide climate at every educational center. Since then, school
climate has gained a protagonist role in educational practices

and culture in spite of the wider variety of socioeconomic
contexts and school practices and systems (Mineduc, 2011;
Mineduc, 2015; Mineduc, 2019).

Research has shown that an appropriate school climate
impacts not only on the quality of life of all members in the
educational community, but also on learning outcomes and
education improvements (see, e.g., Thapa et al., 2013; Zullig
et al., 2010; Wang and Degol, 2016; Fan and Williams, 2018,
among others). Moreover, evaluation of measurement invariance
as a precondition for comparisons across groups becomes
relevant, because male and female students’ perceptions of
school characteristics may differ (Bauer, 2017). In the context
of school climate, any differences in item responses should reflect
only respondents’ perceptions of school climate factors, and not
group membership (McGrath et al., 2020). Previous research
show that school climate perception exhibits significant
differences by gender and grade (Yates, 2001; Yates, 2003).

Some studies have analyzed the factor structure and
measurement bias in non-cognitive tests (Prati et al., 2017;
Lombardi et al., 2019; Tapia-Fonllem et al., 2020). A review of
published studies until 2015 using school climate instruments
that have been tested psychometrically is found in Ramelow et al.
(2015). Previous research in Chile has analyzed scales adapted
from other instruments and used in other countries, using only
small samples of students from schools in Santiago, Chile (e.g.,
Cornejo and Redondo, 2001; López et al., 2014). Other related
research including analyses on school-climate scales can be found
inMuñoz et al. (2018) and Gálvez-Nieto et al. (2017). However, to
date no studies exist that specifically look at the scale used in the
Chilean national QEC questionnaires. This research aims to fill in
this gap by studying the factor structure and item measurement
bias in a School Climate scale of the national non-cognitive
assessment carried out through the QEC questionnaires.

Internal consistency reliability was assessed using Cronbach’s
α. The structure of the School Climate item set was analyzed using
both exploratory factor analysis (EFA) and confirmatory factor
analysis (CFA). Rasch analysis was applied to further analyse the
quality of the instrument. The combined used of CFA and Rasch
analyses have been successfully implemented in validation studies
(Immekus et al., 2019; Yan, 2020). Item measurement bias
(i.e., diferential item functioning, DIF) (Camilli, 2006) was
evaluated using the Langer-improved Wald test for DIF
(Langer, 2008; Wood et al., 2013).

2 MATERIALS AND METHODS

2.1 Instrument
The School Climate section of the QEC questionnaire is
composed of 46 items and involves multiple factors following
the conceptual scheme established by the Agency (see Agencia de
Calidad de la Educación, 2017a, Table 3, p. 53). These factors are
described as follows: perceptions and attitudes about respectful
interactions among members of the educational community, the
valuation of diversity, and the absence of discrimination inside
the school. Students’ perceptions regarding taking care of the
school and respect for the environment. Opinions about the
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existence of clear and well-known rules, demanded and respected
by all, and the predominance of effective conflict resolution
mechanisms. Attitudes that students have regarding the norms
of coexistence and their transgression. The degree of security and

physical and psychological violence at school, as well as the
existence of prevention mechanisms and action against it.
Attitudes against bullying and the factors that affect their
physical or psychological integrity. Table 1 shows the 46 items

TABLE 1 | Student school climate questionnaire Chile 2017.

Item Question Response scale format

How much do you agree or disagree with each of the following statements
p04_01 Students in my class keep the classroom clean Agreement (4)
p04_02 My classmates help to keep the school clean Agreement (4)
p04_03 Teachers encourage us to take care of things in the school Agreement (4)
p05_01 The students in my class respect each other Agreement (4)
p05_02 Teachers treat us all with respect Agreement (4)
p05_03 The students in my class respect the teachers Agreement (4)
p05_04 In my school everyone is treated with respect Agreement (4)

Have you felt discriminated against for any of the following reasons in your school
p06_01 Because of your gender Yes-No
p06_02 Because of some physical characteristic Yes-No
p06_03 Because of your personality Yes-No
p06_04 Because of your sexual orientation Yes-No
p06_05 Because of the way you dress or your hairstyle Yes-No
p06_06 Because of your religion or beliefs Yes-No
p06_07 Because of your political ideas Yes-No
p06_08 Because of your learning pace or style Yes-No
p06_09 Because of a physical impairment Yes-No
p06_10 Because of your family’s financial situation Yes-No
p06_11 Because of identifying as belonging to an indigenous community Yes-No
p06_12 Because you are an immigrant or the child of immigrants Yes-No
p06_13 Because of having children or being pregnant Yes-No
p07 Do you know the school’s code of conduct? Yes-No

How much do you agree or disagree with each of the following statements
p08_01 The rules of coexistence are known to all students Agreement (4)
p08_02 Students respect the rules of coexistence Agreement (4)
p08_03 Sanctions stated in the coexistence manual are enforced Agreement (4)
p08_04 Penalties are always applied fairly Agreement (4)
p08_05 Teachers teach us the consequences of not meeting the standards Agreement (4)

What do you think of the following actions?
p09_01 Cutting classes Seriously (4)
p09_02 Skipping school Seriously (4)
p09_03 Copying on tests Seriously (4)
p09_04 Copying homework or tasks (for example, from a classmate, from the Internet, etc.). Seriously (4)

How often have the following situations occurred in your school?
p10_01 Fights between students (for example, screaming, pushing, teasing, combos, etc.). Frequency (4)
p10_02 Abuse between students (for example, insults, doodles, teasing, etc.). Frequency (4)
p10_03 Threats or harassment between students Frequency (4)

Are you afraid that someone will harm you in the following places in your school?
p11_01 School entrance and exit Yes-No
p11_02 Classroom Yes-No
p11_03 Hallways Yes-No
p11_04 Schoolyard Yes-No
p11_05 Bathrooms Yes-No

How often have you been bullied in any of the following ways by students from your school?
p12_01 Physically: Hitting you or breaking your things Frequency (5)
p12_02 Verbally: Insulting, mocking or threatening you Frequency (5)
p12_03 Socially: Isolating you, speaking ill of you or humiliating you in front of others Frequency (5)
p12_04 Electronically: Threatening, humiliating or mocking you with messages on the Internet. Frequency (5)

How much do you agree or disagree with each of the following statements
p13_01 The teachers explain to us what to do in situations of abuse or intimidation among students Agreement (4)
p13_02 We talked in class about the effects of bullying or intimidation among students Agreement (4)

What do you think of the following actions?
p14_01 Damaging things in the establishment Seriously (4)
p14_02 Insulting a classmate Seriously (4)

Agreement (4): Strongly Disagree-Disagree-Agree-Strongly Agree. Frequency (4):Never or almost never - A few times -many times - always or almost always. Frequency (5):Never -A
couple of times a year -A couple of times a month -Many times a week-Everyday. Seriously (4):Not serious at all -Somewhat serious -very serious-extremely serious.
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TABLE 2 | Distribution of answers in each item category (in percentages).

Item Strongly disagree Disagree Agree Strongly agree Missing Corr item-test

p04_01 15.35 41.20 38.08 5.37 0.58 0.49
p04_02 19.37 45.01 30.90 4.72 0.67 0.52
p04_03 2.96 7.60 48.14 41.30 0.82 0.53
p05_01 7.47 26.10 52.76 13.67 0.58 0.58
p05_02 1.78 8.43 48.07 41.72 0.68 0.58
p05_03 4.26 23.27 55.73 16.74 0.81 0.59
p05_04 9.23 32.85 42.51 15.40 0.70 0.62

Item Yes No Missing Corr item-test

p06_01 3.47 96.53 0.51 0.51
p06_02 17.68 82.32 0.54 0.45
p06_03 21.56 78.44 0.57 0.43
p06_04 2.75 97.25 0.62 0.47
p06_05 10.51 89.49 0.64 0.47
p06_06 4.08 95.92 0.65 0.43
p06_07 4.69 95.31 0.66 0.47
p06_08 10.58 89.42 0.69 0.44
p06_09 1.55 98.45 0.81 0.55
p06_10 2.51 97.49 0.72 0.54
p06_11 1.42 98.58 0.92 0.53
p06_12 1.34 98.66 1.08 0.50
p06_13 0.79 99.21 1.43 0.65
p07 46.94 53.06 1.56 0.38

Item Strongly disagree Disagree Agree Strongly Agree Missing Corr item-test

p08_01 10.81 44.76 36.14 8.29 0.60 0.52
p08_02 6.98 42.49 46.07 4.47 0.78 0.61
p08_03 3.37 13.44 57.37 25.82 0.98 0.57
p08_04 10.00 27.10 45.16 17.73 1.11 0.6
p08_05 4.83 15.50 55.32 24.34 0.93 0.54

Item No serious at all Somewhat
serious

Very serious Extremely
serious

Missing Corr item-test

p09_01 4.38 38.01 40.21 17.40 0.59 0.43
p09_02 2.39 9.47 31.86 56.28 0.66 0.44
p09_03 11.24 41.11 33.10 14.55 1.52 0.41
p09_04 21.28 46.59 22.50 9.63 1.82 0.40

Item Always or almost always a lot of times Few times Never or
almost never

Missing Corr item-test

p10_01 2.93 10.56 46.23 40.29 0.59 0.49
p10_02 15.07 30.11 39.86 14.96 0.70 0.54
p10_03 3.60 10.17 34.09 52.14 0.79 0.54

Item Yes No Missing Corr item-test

p11_01 9.37 90.63 0.73 0.40
p11_02 4.04 95.96 0.84 0.57
p11_03 5.10 94.90 0.87 0.54
p11_04 5.04 94.96 0.80 0.54
p11_05 6.85 93.15 0.78 0.48

Item Everyday Many times a week A couple of times
a month

A couple of times
a year

Never Missing Corr item-test

p12_01 0.31 0.54 1.42 8.10 89.62 0.60 0.56
p12_02 1.06 2.57 4.89 20.83 70.65 0.71 0.56
p12_03 0.95 2.15 4.43 16.80 75.68 2.14 0.52
p12_04 0.47 0.73 1.65 6.90 90.24 0.69 0.56
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that compose the scale and the corresponding response scale
format used to answer them.

2.2 Data
Weuse data collected by the ChileanAgency of Quality of Education
through the administration of the QEC questionnaires to students in
2017 (Agencia de Calidad de la Educación, 2017b). For the analyses
that follow, we use the responses of students on the School Climate
indicator.

A total of 200, 525 10th grade students in 2017 answered the
questionnaire (proportion of male is 49.75%, and female is 50.25%).
Item p12 03 (measuring how often the student was socially bullied)
presented the highest percentage of missingness (2.14%). The rest of
items had less than 2% of missing responses. The final working data
set had 176, 126 records and considered only the complete cases.
Table 2 shows the proportions of answers in each item category.

2.3 Statistical Analysis
The adequacy of items measuring the school climate construct
was first evaluated using item-test correlations. Internal

consistency reliability was assessed using Cronbach’s α
(Cronbach, 1951).

EFA was performed using the correlation matrix of the 46 school
climate items. Preliminary analyses to assess the suitability of the data
for factor analysis included the Kaiser–Meyer–Olkinmeasure (Kaiser,
1974a) and Bartlett’s test of sphericity (Bartlett, 1951).

The decision on the number of factors to retain was make
using a scree-plot (Cattell, 1966), in which the eigenvalues are
plotted against their rank, and the number of factors to retain is
indicated by the elbow of the curve (Joreskog, 2007).

CFAwithmaximum likelihood (ML) estimationwas performed to
test the structural validity under two scenarios: 1) amodel was fitted to
assess the structure found in the EFA analysis; and 2) a second
model was fitted to test whether the multiple factors defined by
the Agency followed a three-factor model with three main
dimensions: Respectful environment, Organized environment,
and Safe environment.

The evaluation of model-data fit was analysed using the
comparative fit index (CFI; Bentler, 1990), Tucker-Lewis index
(TLI; Bentler and Bonett, 1980; Tucker and Lewis, 1973), and the
root mean square error of approximation (RMSEA; Steiger, 1990;
Steiger and Lind, 1980). RMSEA is an absolute fit index in that it
assesses how far a hypothesized model is from a perfect model.
On the contrary, CFI and TLI are incremental fit indices that
compare the fit of a hypothesized model with that of a baseline
model (i.e., a model with the worst fit) (Yan and Yanyun, 2018).

Rasch analyses (Wright and Masters, 1982) were conducted to
further analyze the quality of the scale. Different models were
evaluated in terms of global measures of fit (e.g., AIC, BIC, log-
likelihood); item fits statistics (Infit and Outfit MNSQ); and
reliability (i.e., EAP reliabilities).

In order to examine DIF between male and female groups, we
used the Langer-improved Wald test (Langer, 2008; Cai et al., 2011;
Cai, 2012). The Langer-improvedWald test statistic is implemented
in IRTPro (Cai et al., 2011) and flexMIRT (Cai, L., 2017) software.

Reliability, item correlation, exploratory factor analyses and
Rasch analyses were performed using R (R Core Team, 2020),
CFA was implemented using Mplus version 8.4 (Muthén and

FIGURE 1 | Scree plot for the students QEC questionnaire.

TABLE 3 | Results for EFA with nine factors.

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9

SS loadings 4.607 4.316 2.681 2.627 2.596 2.213 1.866 1.690 1.413
Proportion Var 0.100 0.094 0.058 0.057 0.056 0.048 0.041 0.037 0.031
Cumulative Var 0.100 0.194 0.252 0.309 0.366 0.414 0.454 0.491 0.522

Item Strongly disagree Disagree Agree Strongly Agree Missing Corr item-test

p13_01 9.40 21.86 48.87 19.87 0.86 0.53
p13_02 11.57 25.44 44.94 18.06 0.99 0.51

Item No serious at all Somewhat serious Very serious Extremely serious Missing Corr item-test

p14_01 2.53 17.44 48.90 31.13 0.83 0.40
p14_02 5.23 25.51 43.56 25.71 0.97 0.39
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Muthén, 2007), and DIF analyses were carried out using the
flexMIRT software (Cai, L., 2017).

3 RESULTS

3.1 Item-Test Correlation and Reliability
Olsson et al. (1982) considered values of polyserial correlation as
low (ρ � 0.25), moderate (ρ � 0.50) and high (ρ � 0.75). Table 2
shows the item-test correlation for each item. The item-test
correlations for the polytomously scored items ranged from 0.39
to 0.62 (median 0.53) so no items were deleted from the data set.
The biserial correlation was computed for items scored in two
categories with values ranging from 0.38 to 0.65 (median 0.48), so
all the items were retained for further analyses (Kline, 2005).

Following Nunnally and Bernstein (1994), Cronbach’s alpha
coefficients < .50 are considered insufficient, .50 − .69 moderate,
.70 − .79 satisfactory and ≥ .80 good. A good measure of
reliability was obtained for the school climate indicator (46
items α � 0.88) (Cortina, 1993).

3.2 Exploratory Factor Analysis
The Bartlett’s test of sphericity was significant (X2

(1035)�31024.28,
p< 0.001). Kaiser (1974b) suggested that KMO > 0.9 were

marvelous, in the 0.80s, meritorious, in the 0.70s, middling, in
the 0.60s, mediocre, in the 0.50s, miserable, and less than 0.5,
unacceptable. The Kaiser–Meyer–Olkin value in our analysis was
0.93, indicating that the items were appropriate for factor analysis.

The correlationmatrix was computed using themixedCor function
(Revelle, 2020) in R. This function allows the combination of
continuous, polytomous and dichotmous variables providing the
appropriate correlation in each case (i.e., polychorics for the
polytomous items, tetrachorics for the dichotomous items, and the
polyserial or biserial correlations for the various mixed variables).

EFA with oblique rotation (CF-quartimax) was applied to
reduce the large dimensionality in this data set. Figure 1 shows
the scree plot which suggests a nine-factor structure. The nine-
factor solution explained 52.2% of the common variance. The
percentage of explained variance by each factor is shown in
Table 3.

FIGURE 2 | Model 1 CFA structure.

FIGURE 3 | Model 2 CFA structure.

TABLE 4 | Fit indices for CFA analyses.

Model RMSEA CFI TLI

Model 1 (9-dimensional) 0.040 0.928 0.922
Model 2 (3-dimensional) 0.087 0.647 0.629
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While some might argue that less than sixty percent of
explained variance is not acceptable (Hair et al., 2013, p. 107),
and that nine factors add complexity to the practical
interpretation, we have combined both empirical and
theoretical foundations to report the results of EFA as a model
to be tested for validity, not only focusing on the percentage of
explained variance and number of factors, but rather attempting
to offer a practical explanation and interpretation taking into
account the conceptual multi-factor scheme adopted by the
Agency for the definition of the school climate construct. As a
matter of fact, the nine factors can be named and interpreted as
follows (see also Table 3):

F1 Tolerance of diversity produced an eigenvalue of 12.766 and
explained 10.0% of the common variance. F2 Perception to be
afraid inside school produced an eigenvalue of 5.640 and
explained 9.4% of the common variance. F3 Attitude towards
cheating produced an eigenvalue of 3.269 and explained 5.8% of
the common variance. F4 Respect for others and for school
facilities produced an eigenvalue of 2.235 and explained 5.7%
of the common variance. F5 Experience with bullying produced an
eigenvalue of 2.032 and explained 5.6% of the common variance.
F6 Respect for the student code of conduct produced an eigenvalue
of 1.504 and explained 4.8% of the common variance.
F7 Experience with violence produced an eigenvalue of 1.397
and explained 4.1% of the common variance. F8 Teacher support
in dealing with bullying produced an eigenvalue of 1.146 and
explained 3.7% of the common variance. And finally,
F9 Experience with discrimination produced an eigenvalue of
1.098 and explained 3.1% of the common variance.

Summarizing, the results lead to conclude that the School
Climate scale appears to be multidimensional. In fact, these
results are somewhat expected in that for constructs measured
based on a theory that incorporates multiple factors in each of the
measured dimensions, a multidimensional structure can be
anticipated. The structural validity of the 9-factor model is
tested using CFA in the next section.

3.3 Confirmatory Factor Analysis
Two differentmodels were evaluated.Model 1 (seeFigure 2) is guided
by the results of the EFA and considered the nine factor solution

TABLE 5 | Correlation between the nine latent traits.

F1 F2 F3 F4 F5 F6 F7 F8

(F1) Tolerance of diversity
(F2) Perception to be afraid inside school 0.222
(F3) Attitude towards cheating 0.056 −0.022
(F4) Respect for others and for school facilities 0.164 0.169 0.215
(F5) Experience with bullying 0.309 0.317 0.052 0.259
(F6) Respect for the student code of conduct 0.151 0.102 0.356 0.518 0.157
(F7) Experience with violence 0.167 0.226 0.116 0.443 0.347 0.276
(F8) Teacher support in dealing with bullying 0.098 0.066 0.235 0.311 0.108 0.464 0.154
(F9) Experience with discrimination 0.429 0.278 0.050 0.252 0.475 0.173 0.235 0.121

TABLE 6 | Goodness of fit indices for three different Rasch models.

Model Log-likelihood AIC BIC

Unidimensional −30432.45 61164.90 61900.77
3-dimensional −29902.69 60111.38 60861.97
9-dimensional −29440.69 59181.37 59917.23

TABLE 7 | Infit and outfit statistics for the 9-dimensional Rasch model.

Item Outfit Infit

1 p04_01 0.834 0.837
2 p04_02 0.842 0.846
3 p04_03 0.842 0.882
4 p05_01 0.764 0.791
5 p05_02 0.843 0.887
6 p05_03 0.670 0.705
7 p05_04 0.840 0.802
8 p06_01 0.195 1.255
9 p06_02 0.335 0.976
10 p06_03 0.351 1.017
11 p06_04 0.206 1.319
12 p06_05 0.217 0.702
13 p06_06 0.188 1.252
14 p06_07 0.212 1.377
15 p06_08 0.339 0.963
16 p06_09 0.072 0.550
17 p06_10 0.071 0.604
18 p06_11 0.043 0.468
19 p06_12 0.045 0.449
20 p06_13 0.028 0.335
21 p07 0.984 1.003
22 p08_01 0.894 0.919
23 p08_02 0.834 0.836
24 p08_03 0.655 0.744
25 p08_04 0.683 0.721
26 p08_05 0.820 0.806
27 p09_01 0.652 0.707
28 p09_02 0.618 0.709
29 p09_03 0.760 0.781
30 p09_04 0.824 0.847
31 p10_01 0.504 0.635
32 p10_02 0.614 0.729
33 p10_03 0.401 0.521
34 p11_01 0.164 1.200
35 p11_02 0.132 0.817
36 p11_03 0.049 0.507
37 p11_04 0.430 0.661
38 p11_05 0.109 0.865
39 p12_01 0.257 0.579
40 p12_02 0.212 0.491
41 p12_03 0.309 0.718
42 p12_04 0.230 0.702
43 p13_01 0.294 0.431
44 p13_02 0.394 0.536
45 p14_01 0.832 0.857
46 p14_02 0.894 0.907
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described in the previous section. The second model, Model 2 (see
Figure 3), represents the hypothesized structure of three main
dimensions of the School Climate construct: respectful
environment, organized environment and, safe environment.
RMSEA values less than 0.05 are considered good, between 0.05
and 0.08 are considered adequate, and between 0.08 and 0.10 are
considered mediocre (Schermelleh-Engel et al., 2003). Values of CFI
larger than 0.95 and TLI more than 0.95 indicate a good fit. An
acceptable fit is indicated by a CFI value larger than 0.90 and a TLI
large than 0.90 (McDonald and Ho, 2002). Table 4 shows the
RMSEA, CFI and TLI index. It can be seen that Model 1 not only
fitted better than Model 2, but also its model-data fit is satisfactory
according to the fit indexes (Hu and Bentler, 1999).Table 5 shows the
correlations among person latent trait estimates on the nine factors. As

expected, (F1)Tolerance of diversity, (F5)Experiencewith bullying and,
(F9) Experience with discrimination were significantly associated. All
the items composing these factors are related to questions about
tolerance and discrimination. Factors composed of items regarding
respect were also highly correlated, i.e., (F4) Respect for others and for
school facilities, (F6) respect for the student code of conduct, and (F7)
Experience with violence. On the other hand, (F2) Perception to be
afraid inside school and (F3) Attitude towards cheating had a negative
but very low association, which means that both factors are
dissociated.

3.4 Rasch Analysis
In line with the strategy adopted for the CFA analyses, two
multidimensional Rasch models were fitted and compared. An

TABLE 8 | Factor loadings for EFA on the students QEC questionnaire.

Dimension Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9

Respectful environment p04_01 0.787
p04_02 0.756
p04_03 0.324
p05_01 0.630
p05_02 0.337
p05_03 0.624
p05_04 0.462
p06_01 0.502
p06_02 0.381
p06_03 0.544
p06_04 0.528
p06_05 0.435
p06_06 0.553
p06_07 0.543
p06_08 0.407
p06_09 0.714
p06_10 0.608
p06_11 0.837
p06_12 0.828
p06_13 0.893

Organized environment p07 0.225
p08_01 0.407
p08_02 0.451
p08_03 0.766
p08_04 0.752
p08_05 0.626
p09_01 0.848
p09_02 0.773
p09_03 0.678
p09_04 0.628

Safe environment p10_01 0.837
p10_02 0.680
p10_03 0.773
p11_01 0.857
p11_02 0.823
p11_03 0.981
p11_04 0.972
p11_05 0.932
p12_01 0.801
p12_02 0.866
p12_03 0.708
p12_04 0.690
p13_01 0.906
p13_02 0.842
p14_01 0.497
p14_02 0.446

• Male group. • Female group.
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unidimensional model was also fitted as a reference for
comparisons. Table 6 shows log-likelihood (larger values are
preferable), AIC and BIC (smaller values are preferable) fit
statistics indicating that the 9-dimensional model has the best
fit, followed by the 3-dimensional and the unidimensional model.

According to Linacre (2002) items showing infit and outfit
values > 2.0 distorts or degrades the measurement system; 1.5 −
2.0 are unproductive for construction of measurement, but not
degrading; 0.5 − 1.5 are productive for measurement; < 0.5 are
less productive for measurement, but not degrading. The
inspection of item fit statistics (infit and outfit) indicated that
not all items fitted well to the model. As it can be seen from
Table 7, only 45.7% of the items (21 out of 46) have an outfit value
between 0.5 and 1.5 considered acceptable. On the other hand
89.1% (41 out of 46) items presented an acceptable infit value. In
all cases when the item fit statistics were outside of the acceptable
range 0.5–1.5, the values were lower than 0.5 and thus the items
can be considered to be less productive for measurement but not
capable to degrade the measurement system (Linacre, 2002).
However, these results should be interpreted with caution in
that items could not be measuring each dimension in a
proper way.

The EAP reliabilities for each of the 9 factors (F1-F9) were
0.25, 0.43, 0.79, 0.80, 0.60, 0.80, 0.71, 0.79, and 0.42, respectively.
The low values for F1, F2 and F9 are in line with the fact that items
composing this factors shown poor fit statistics.

3.5 Differential Item Functioning
As a way to combine both EFA and DIF analyses, given that we
are interested in assessing possible differences betweenmale’s and
female’s perception on school climate, we studied the factor
structure for both groups separately. Table 8 shows the
highest factor loading for each item. In this table, the blue
dots represent the highest factor loading for each item for the
male group whereas the red dots represent the highest factor
loading for each item for the female group. In general, it can be
seen that the factor structure is the same for both groups, except
for items regarding discrimination and tolerance of diversity (F9
and F1). Given that these items have a different factor structure
for males and females it is of interest to explore if both groups

have the same understanding about these questions. This goal is
achieved by evaluating DIF.

A DIF analysis on the items p06 01 − p06 13 was conducted
using the Langer-improved Wald method. This method is based
on the comparison of the parameter estimates obtained from the
fit of an item response theory (IRT) model so what is tested is the
difference of IRT item parameter estimates between groups.
Table 9 shows the Langer-improved Wald X2 to test the
equality of item parameters. For this subset of items, it can be
seen that there are significant differences (p≤ 0.001) in almost all
items indicating the presence of DIF. An exception is item p06 07
(about feeling discriminated because of political ideas) for which
the test turns to be non-significant. For illustrative purposes, a
graphical representation of the tested differences is shown in
Figure 4 for items p06 01, p06 07 and p06 11. This figure shows
the Item Characteristics Curves (ICC) which represent the
probability to choose the No option given the level of School
Climate perception for male and female groups separately. While
no apparent differences are seen for Item p06 07, the ICC for
items p06 01 and p06 11 show differences in responding for male
and females. Interestingly, the ICC for item p06 01 (about feel
discriminated because of your gender) shows a larger propensity
of a “No” answer for the female group with a low level of school
climate perception. When the level of school climate perception
increases, such larger propensity is seen for the male group,
phenomenon known as non-uniform DIF. All the other items,
including p06 11, shown uniform DIF (i.e., no differences in
propensity to answer at different levels of the measured
construct).

4 DISCUSSION

We have analysed the factor structure and itemmeasurement bias
(DIF) in a Chilean School Climate scale which is part of a large
study including other non-cognitive indicators. We adopted an
strategy that combined both empirical and theoretical evidence to
select the number of factors composing the scale.

Although the found scale can appear to be highly
multidimensional, our findings are not only aligned with the

TABLE 9 | The Langer-improved Wald test X2.

Item Total X2 df p X2 (a) df p X2 (b|a) df p

p06_01 897.9 2 0.0001 130.5 1 0.0001 767.4 1 0.0001
p06_02 305.5 2 0.0001 42 1 0.0001 263.5 1 0.0001
p06_03 838.8 2 0.0001 5.7 1 0.0168 833.1 1 0.0001
p06_04 228.9 2 0.0001 73.9 1 0.0001 155 1 0.0001
p06_05 47 2 0.0001 33.5 1 0.0001 13.5 1 0.0002
p06_06 138.6 2 0.0001 69.8 1 0.0001 68.8 1 0.0001
p06_07 2.8 2 0.2493 2.4 1 0.1257 0.4 1 0.5127
p06_08 437.4 2 0.0001 14 1 0.0002 423.4 1 0.0001
p06_09 57.3 2 0.0001 34.8 1 0.0001 22.5 1 0.0001
p06_10 81.7 2 0.0001 38.5 1 0.0001 43.2 1 0.0001
p06_11 104.9 2 0.0001 35.8 1 0.0001 69.1 1 0.0001
p06_12 100.8 2 0.0001 40 1 0.0001 60.8 1 0.0001
p06_13 111.6 2 0.0001 66.7 1 0.0001 44.9 1 0.0001
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literature in that School Climate is widely recognized as a
multidimensional factor (Wang and Degol, 2016; Grazia and
Molinari, 2020), but also the derived results were shown to be
useful to provide clear interpretations of each dimension which is
in line with the multi-factor conceptual scheme adopted by the
Agency to define the IDPS and to plan its use. Each of the found
dimensions have an impact on the school climate in terms of what,
how, what for and with whom the students learn to coexist and
interact. Although the school climate construct can be conceptualized

as composed of three main dimensions, its impact transcends other
dimensions as the ones found in this study. Moreover, our findings
show that the three dimensions, Respectful environment, Organized
environment, and Safe environment, can not be treated separately but
rather they are interrelated through the items composing the
corresponding factors (i.e., items in a particular dimension are
more related to items from another dimension than their own
dimension; see Tables 5 and 8). This fact can be seen as a signal
to re-organize these three dimensions, recognizing that more than

FIGURE 4 | ICCs by gender for three items of the students QEC questionnaire.
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three are needed to measure the school climate construct. In adition,
the final CFA model fitted very well, confirming the multi-factor
theoretical structure defined by the conceptual model.

It should be noted that other studies assessing the factorial
structure of school climate scales have found highly
multidimensional structures. For instance, based on students’
perception, Muñoz et al. (2018) confirmed that coexistence in
school is a multidimensional phenomenon that is best explained
by a group of eight interrelated dimensions. Zullig et al. (2010)
reported factor analysis results confirming an eight-factor solution for
a student-reported school climate instrument. Brand et al. (2003)
produced a 50-item instrument that assessed 10 distinct dimensions
of school climate, consisting of DisciplinaryHarshness, Negative Peer
Interactions, Positive Peer Interactions, Structure and Clarity of Rules
and Expectations, Student Commit-ment to Achievement, Teacher
Support, Instructional Innovation, Student Participation in Decision
Making, Support for Cultural Pluralism, and Safety Problems.
Moreover, these authors reported that the results of CFA across
two different years of samples and students suggested that the 10-
dimensional structure was robust.

The Rasch analyses complemented the CFA results and
supported the multidimensional nature of the scale. However,
the results of the item fit analyses showed that not all the items
would be measuring each sub-dimension satisfactorily.
Interestingly, the items showing misfit are those related to
questions about discrimination. These items presented a highly
disproportionate number of answers in one category (see Table 2)
leading to low variability, which could be the reason of poor item
fit. Because subscales may be affected by the way questions about
discrimination are formulated, our findings are useful to
recommend alternatives. For instance, a revised version of the
QEC questionnaires could consider different response scales for
these items. Collapsing the number of items in order to gain
variability and obtain the needed information is another possibility.

Regarding item measurement bias, the analyses indicated
the presence of DIF among male and female students in items

related to the Discrimination and Tolerance of diversity
dimensions. These results are in concordance with those
derived from the EFA analyses performed separately for
male and females. They are also aligned with previous
research that have shown significant differences by gender
and grade on school climate perception (Yates, 2001; Yates,
2003).

In this study we have only used the information gathered from
students. This choice was mainly motivated by the fact that all the
other indicators measured by the QEC questionnaire are also
measured on students and, future studies are planned to include
these indicators. Moreover, because the School Climate indicator is
measured on the three actors (students, teachers and parents), we also
plan to extend our analysis to analyze whether the factorial structure
found for the School Climate indicator is invariant across actors.
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