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Abstract

The purpose of this study was to examine the quality of the Program for International Student Assessment (PISA)
2009 school climate survey instrument and evaluate perceptions of secondary school principals' located in the United
States about school climate using an Item Response Theory (IRT) methodological approach. In particular, this study
sought to determine if the instrument’s items are of sufficient psychometric quality to effectively measure schools'
climate status in the United States. Collectively, results indicate the School Climate Assessment (SCA) scale is of
sufficient psychometric quality to effectively measure schools' climate status in the United States. However, there are
areas for which the instrument can be improved. Recommendations for improvement are provided.
Keywords: school climate; PISA; secondary education; international assessment; educational quality;
psychometrics
1. Introduction
1.1 Background
School climate is a key concern in discussions about school effectiveness because of its profound impact on students’
behavior and learning outcomes (Adelman & Taylor, 2011; Hattie, 2003). School climate has been systematically
studied in organizational research to examine school effectiveness (Cohen, Mccabe, Michelli, & Pickeral, 2009;
Creemers & Reezigt, 1999; Kreft, 1993). Although there is no commonly accepted definition for school climate,
most scholars and researchers agree that school climate relates to the subjective experiences of members (e.g.,
students, parents and school personnel) within the school and reflects the values, goals, interpersonal relationships,
teaching and learning practices, safety, as well as external environment (Cohen, 2006; Freiberg, 1999; Loukas,
2007).
A series of studies have found a positive school climate is associated with academic achievement and positive youth
development (Berkowitz & Bier, 2006; Cohen, Mccabe, Michelli, & Pickeral, 2009; Greenberg et al., 2003; Griffith,
1999). For example, Griffith (2002) found that both student and school level perceptions of school climate are
positively correlated with students’ GPA. Similarly, Gareau et al. (2009) found a positive relationship between school
climate factors and student achievement outcomes across all organizational levels. Cohen (2001) concluded that a
safe, caring, and responsive school climate can foster effective risk prevention and health promotion efforts.
Research also found that positive school climate can create a positive climate for learning through promoting
cooperative learning, building group cohesiveness, and gaining respect and mutual trust among students (Finnan,
Schnepel, & Anderson, 2003; Ghaith, 2003). Therefore, it is essential to accurately measure school climate in order
to improve the quality of education in school.
1.2 Purpose
The purpose of this study was to examine the quality of the Program for International Student Assessment (PISA)
2009 school climate survey instrument and evaluate perceptions of secondary school principals' located in the United
States about school climate using an Item Response Theory (IRT) methodological approach. In particular, this study
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sought to determine if the items are of sufficient psychometric quality to effectively measure schools' climate status
in the United States.
2. Method
2.1 Data Sources
The primary database used in this research was derived from the Program for International Student Assessment
(PISA) conducted in 2009. PISA is an internationally standardized assessment that measures students’ capabilities in
mathematics, reading, and science literacy. According to Organization for Economic Co-operation and Development
(OECD), PISA focuses on young people’s ability to use their knowledge and skills to meet real-life challenges, rather
than merely determining if students have mastered a specific school curriculum (Sun, Bradley & Toland, 2013).
Beginning in 2000, PISA was administrated every three years to groups of 15-year-old students in principal
industrialized countries. One subject (or literacy area) was the focus at each administration. In the 2009 PISA, three
questionnaires were designed for students, parents and schools respectively. Each form contained a number of scales
to assess student, parent, and school effects on reading achievement. The focus of this study is on the measures of
school climate from the perspective of school principals.
2.2 Instrumentation
The School Climate Assessment (SCA) scale represents a set of school-related variables that can influence student
performance and explain differences in teacher effectiveness. The index of factors affecting school climate was
derived from school principals’ reports on the extent to which the learning of students was hindered by 13 items
(Table 1). A four-point rating scale was used with the following categories: 1 = Not at all; 2 = Very little; 3 = To some
extent; and 4 = A lot. As all items were inverted for scaling, higher values indicate positive teacher and student
behaviors.
Table 1. Items Appearing on the SCA.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Teachers’ low expectations of students
Student absenteeism
Poor student-teacher relations
Disruption of classes by students
Teachers not meeting individual students’ needs
Teacher absenteeism
Students skipping classes
Students lacking respect for teachers
Staff resisting change
Student use of alcohol or illegal drugs
Teachers being too strict with students
Students intimidating or bullying other students
Students not being encouraged to achieve their full potential

2.3 Sample
The present study utilized 2009 PISA data from participants located in the United States. A total of 165 schools were
represented, but 3 (1.8%) schools contained missing data and subsequently were removed from the analysis. The
final sample consisted of 162 schools.
2.4 Procedures
Parallel Factor Analysis (PFA) was conducted to examine the underlying assumptions prior to the IRT analysis. The
PFA was conducted using SPSS statistical software. Excellent model fit when constraining nearly all items to load on
one factor supported further data analysis using IRT. The Rasch Rating Scale Model (RRSM) (Andrich, 1978) was
utilized to evaluate the psychometric properties of the SCA. The RRSM is an appropriate measurement model for
measuring ordinal survey response data and has been used extensively in the research literature (Royal, 2010; Royal
and Gonzalez, 2016; Wolfe et al, 2004). Winstep measurement software (Linacre, 2016) was used to perform the
RRSM analysis using joint maximum likelihood estimation (JMLE) procedures.
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3. Results
A fundamental requirement for the RRSM is that data are sufficiently unidimensional. Thus, a Parallel Factor
Analysis (PFA) to assess the dimensionality of the data was performed. For this instrument, 87.8% of the variability
in the final scale score was due to school climate variability, and the remaining 12.2% was due to random
measurement error. Three factors with eigenvalues greater than 1 were detected and detained according to
Kaiser-Guttman’s rule. However, according to Gorsuch (1983), only the ratio of the first (5.41) to second eigenvalue
(1.48) was greater than 3, suggesting data were sufficiently unidimensional. In addition, the sequence plot of PFA
suggests only one factor exists above the crossing point between the raw data and 95th percentile, provide additional
evidence of unidimensional data.

Figure 1. Wright Map
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Next, the quality of the rating scale was evaluated. In short, all participants should interpret a well-functioning rating
scale the same way, and make use of all categories. According to Linacre (2002), each rating scale category should
have a minimum of 10 observations and structure calibration measures should advance in a step-wise manner from
negative to positive. Here, the minimum number of observations was 55 for response option 4 (‘A lot’), and
categories advanced in a step-wise manner as expected. Although respondents made full uses of the scale, the
response pattern largely was unimodal in nature. Specifically, responses were positively-skewed with most
respondents selecting response option 1 (‘Very little’). Collectively, there is sufficient psychometric evidence to
conclude the rating scale functioned well.
An investigation of overall data-to-model fit revealed 2 of the 162 (1.2%) schools provided extreme scores and were
subsequently removed from the analysis. The infit mean square values of .99 (SD = .57) and outfit mean square
values of .99 (SD = .59) closely approximated 1.00, indicating excellent data-to-model fit. In addition, standardized
means (ZSTD) were -.1 (SD = 1.4) for both infit and outfit measures. Values were between the acceptable range of -2
and 2 (Smith, 1996, 2000), thus further evidencing good data-to-model fit.
The overall model-data fit results at the item level also provided evidence of excellent fit with infit mean square
values of .99 (SD = .23) and outfit mean square values of .99 (SD = .25). Additionally, infit and outfit ZSTD
measures were -.2 (SD = 2.0) providing further evidence of good data-to-model fit. Further, inspection of fit statistics
indicating all items were within the acceptable range of .6 to 1.4 (Wright & Linacre, 1994), and point-measure
correlations ranged from .45 to .72 indicating excellent discriminatory abilities (Linacre, 2017).
With respect to score reliability, the standardized coefficient alpha reliability statistic was .879, indicating
moderate-high levels of reliability (Royal & Hecker, 2015). Separation measures indicate the number of statistically
distinguishable levels within the data. Here, person separation measures were 2.37 (real) and 2.64 (model), and item
separation measures were 5.36 (real) and 5.62 (model). These values indicate the instrument is capable of spreading
results into several statistically distinguishable levels.
Next, the item hierarchy was examined relative to the person measures by way of the Wright map. This visual
inspection helps discern the extent to which items were appropriately targeted to the sample, and if any items
presented egregiously predictable or unpredictable responses. The Wright map is presented in Figure 1.
4. Discussion
4.1 Psychometric Properties of the SCA
Using Messick’s (1989) unified framework for interpreting construct validity evidence, results indicate there is
adequate psychometric evidence with respect to the substantive, content, generalizability and structural aspects of
validity. Specifically, data were sufficiently unidimensional, which speaks to the substantive aspect of validity. Items
fit the Rasch Rating Scale Model’s expectations and were evidenced to discriminate well which speaks to the content
aspect of validity. The rating scale was evidenced to function well which speaks to the structural aspect of validity.
Finally, scores were highly reliable and separation measures indicated the instrument was capable to stratifying
measures into a number of statistically distinguishable levels. The authors present no evidence to speak to the
external or consequential aspects of validity (Royal & Puffer, 2014). Collectively, this is ample evidence to conclude
the SCA is a psychometric sound instrument capable of measuring school climate from the perspective of school
principals.
4.2 Implications
This study used an IRT to investigate the psychometric properties of the school climate assessment appearing on the
2009 PISA. This study was necessary because the international scope of the PISA and the comparative nature of the
assessment often results in many consumers of the data questioning its validity. Because results evidence the SCA is
an appropriate measure of school climate, consumers of PISA results (particularly in the United States) may have
additional assurance that the results collected as far back as 2009 to present day are evidenced to be valid and
trustworthy for this particular scale. Additionally, this study will help researchers and school administrators
understand how schools differ in their school climate and if school climate can be used as a predictor of student
performance on international assessments.
4.3 Limitations and Future Research
As with any study, this work also possesses some limitations. First, this study like most self-reported survey
instruments may contain some element of self-report bias. Self-report bias occurs when a person has a tendency to
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give affirmative answers regardless of the content of the question, is unable to understand/judge the question
accordingly, or presents his or herself in a favorable view, rather than expressing true behavior (Dodd-McCue, &
Tartaglia, 2010). As a result, self-report bias may inflate correlations of constructs across time and reduce
unexplained variance available for latent variables (Marsh, 1993). Because one cannot confirm that reported
behavior is comparable to actual behavior, the association between perceived school climate and actual school
climate is truly unknown.
PISA employed a multi-stage probability sampling design, which considers multiple levels of sampling units in order
to gain a representative sample proportional to the size of the desired study population. Since the primary focus of
this study was to examine the psychometric properties of the school climate survey instrument and compare climate
scores for each school, survey weights and complexity were not considered in the analysis. Future studies on school
climate are advised to apply psychometric techniques in a manner consistent with the complex survey design
scenario in order to estimate latent scores for each school.
Future studies should investigate whether PISA school climate items function similarly across different types of
schools (e.g., public vs. private) within the United States and across countries. If following the IRT-based analytic
approach described in this paper, other researchers may wish to assess differential item functioning (DIF) which can
speak to the systematic aspect of validity.
5. Conclusion
The current study applied an IRT model to assess the quality of School Climate Assessment survey using the 2009
PISA U.S. school sample. Beyond the limitations of traditional statistical approaches to examine an instrument’s
quality (e.g., Cronbach’s alpha, factor analysis, etc.), this study provide a more detailed and comprehensive
assessment of the survey instrument and how it interacts with sample participants. Collectively, the findings from
this study conclude the SCA instrument is of sufficient psychometric quality to effectively measure schools' climate
status in the United States. However, an area for instrument improvement includes adding a few discerning items to
help discriminate school climate for schools that are above average.
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