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Abstract:

Disciplinary climate has emerged as one of the single most important factors related to student achieve-
ment. Using data from the OECD Programme for International Student Assessment (PISA) 2003 for Canada,
Denmark, Finland, Iceland, Latvia and Norway we find a significant and nontrivial association between the
perceived disciplinary climate in the classroom and students’ mathematics performance in Canada, Den-
mark and Norway. Furthermore we exploit country specific class-size rules in order to single out a subsam-
ple with classroom-level data (PISA is sampled by age and not by classes) and find that the estimates
based on school-level data might underestimate the relationship between disciplinary climate and student
achievement. Finally we find evidence for gender differences in the association between disciplinary cli-
mate and student achievement that can partly be explained by gender-specific perceptions of the class-
room environment.
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Introduction

The disciplinary climate in schools or classrooms can be considered as one of the single
most important factors related to student achievement (Hattie, 2009; Scheerens, 2005;
Wang, Heartel, & Walberg, 1993). A multitude of studies report statistically significant
as well as substantively important effects of classroom disciplinary climate on student
achievement (Arum & Velez, 2012; Figlio, 2007; Frempong, Ma, & Mensah, 2012;
Marks, 2010; Ning, Van Damme, Van Den Noortgate, Yang, & Gielen, 2015;
Teodorovi¢, 2011). Given the relevance of disciplinary climate for learning, some of the
major international large scale assessment studies have incorporated measures for
classroom climate in the student questionnaires. Recent reports published by the
OECD (2010, 2013b) as well as Ning et al. (2015), all based on PISA 2009 data from
2009, report a strong association between disciplinary climate and student perfor-
mance. In the latter paper, the authors find that 11% of the between-school differences
in reading achievement over countries can be explained by the classroom disciplinary
climate for the 52 countries in their sample.

While scholars agree on the importance of disciplinary climate for learning out-
comes, no consensus has emerged regarding the analytic level at which to measure the
disciplinary climate construct. Driven by theoretical considerations in some studies
and from what seems to be the availability of data in other cases, both the school, the
age of students, the class and the individual student level have been used to measure
disciplinary climate. Overall, few studies, have tried to gauge the relative benefits or
disadvantages associated with the use of the different levels of measurement (but see
Liidtke, Trautwein, Kunter, & Baumert, 2007). By exploiting class-size rules in a num-
ber of selected OECD countries we perform analyses with the grade as well as the class
level as unit of measurement for disciplinary climate. These analyses might also shed
light on the question whether and to what degree data from the PISA study can be
used as a classroom-level dataset. Consequently, this paper aims to contribute to the
debate concerning the choice of analytic level for measuring disciplinary climate.

Another issue overlooked in the literature on classroom disciplinary climate is
the question regarding potential gender differences. While differences between boys
and girls in educational attainment and other learning outcomes such as grades or test
scores have caught the attention of researchers and policy makers (Diprete &

Buchmann, 2013; Weaver-hightower, 2003), few studies, have explored to what extent
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the classroom climate potentially contributes to this phenomenon. Most analyses about
the relationship between disciplinary climate and student achievement typically in-
clude gender as a control variable only. As a result, a second goal of this paper is to
examine whether there is a gender difference in the strength of the relationship be-
tween disciplinary climate and student achievement. Furthermore we explore whether
possible gender differences can be attributed to gender specific perceptions of the
classroom environment given that girls might view the classroom climate more posi-
tive than boys do (Goh & Fraser, 1998) or whether there is evidence for a gender specif-
ic effects of the same classroom climate.

Against this background we will provide multilevel estimates of the relationship
between the disciplinary climate and student achievement in mathematics among 9th
or 10th graders in six western countries using data from PISA 2003 and examine the
role of level of analyses and gender differences. The remainder of the paper is orga-
nized as follows. Section two reviews the literature on the relationship between disci-
plinary climate and learning outcomes, focusing on measurement issues and gender
disparities. Section three describes the data, methods and measures used in the anal-
yses. Section four presents the results of our analyses. Finally, in section results are

summarized and discussed.
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Literature Review

Measuring disciplinary climate

Student self-reports are commonly used in the evaluation of various aspects of the
classroom. They are both inexpensive and easy to collect and the student’s view of the
classroom environment presents a unique perspective (den Brok, Brekelmans, &
Wubbels, 2004; Gentry, Gable, & Rizza, 2002; Peterson & Stevens, 1988). While much
research has been done in testing the reliability and validity of postsecondary student
reports (Greenwald, 1997; Marsh, 1987), the literature for the compulsory school level
is sparse. Ebmeier, Jenkins & Crawford (1991) test the validity of student reports by
comparing how students and teaching experts evaluate the same teachers. The study
concludes that the students and the experts agree in 93 % of the cases (or in all but one
case).

In a longitudinal study Peterson & Stevens (1988) test the reliability of compulso-
ry school students self-reports and finds that the students are being both consistent and
stable over a two year span of time. Furthermore the study concludes that the students
were able to discriminate among different teachers. Also using data from the United
States, Polikoff (2015) test the reliability of student (grade 4-8) response on instruction-
al quality and find that student evaluations are stable but the stability is lower than in
comparable studies among tertiary students.

Another way to look at the question of validity of student reports is to draw on
the theoretical concept of perspective-specific validities (Kunter & Baumert, 2007). In an
analysis of data from a German extension to the 2003 PISA study, in which 288 math-
ematics teachers and their students participated, they examined to what extend teach-
ers and students agreed on various aspects of instruction. Whereas most research is
based on the assumption that there is one underlying true construct that cannot be
measured accurately by neither the student nor the teacher (e.g. Ebmeier et al., 1991;
Olsen, 2003) the concept of perspective-specific validities helps to explain how students
and teachers within the same class seemingly experiences the same reality in different
ways. We presume that perspective specific validities are also relevant to explain inter-
individual variation between students. Students” perception of the disciplinary climate
within the same classrooms might very well differ due to a variety of personal charac-
teristics such as for example academic aptitude or gender. Nevertheless, previous stud-
ies showed that students within the same classroom will agree to some extent about



8 DISCIPLINARY CLIMATE AND STUDENT ACHIEVEMENT:
EVIDENCE FROM SCHOOLS AND CLASSROOMS

the way they perceive the classroom climate (Ebmeier et al., 1991; Kunter & Baumert,
2007; Peterson & Stevens, 1988).

Disciplinary climate, student achievement and level of analyses

In contrast to questions regarding interrater reliability and the validity of student vs.
teacher ratings, the question at which organizational level measurement of disciplinary
climate and related concepts should ideally take place has received very little attention
in the literature.

Using the school level as the unit of analysis, Lassen et al. (2006) and Luiselli et al.
(2005) find that elementary and middle school students in the United States improve
their reading and mathematics skills as school disciplinary climate improves following
an intervention program. The size of the effect reported in these studies might be
somewhat overestimated as the intervention also includes guidelines for improving
instructions in math and language classes which in itself might lead to learning gains.

Building on data from PISA several studies use student age to construct a measure
for disciplinary climate. Even though the tested students are asked how they experi-
ence the disciplinary climate in the classroom, the sampling design of the PISA survey
precludes classroom level analyses as there is no information collected on which class
students attend. The result is a range of analyses based on all 15-year old students from
the sampled schools. In these analyses the implicit assumption is made that all stu-
dents from one grade experience and contribute to the same class-level disciplinary
climate (Frempong et al.,, 2012; OECD, 2005b; Olsen, 2003; Rangvid, 2003; Valijarvi,
Kupari, & Linnakyld, 2007). Only Olsen (2003) addresses this issue by including the
headmaster’s view on the disciplinary climate in the school in his analysis and arguing
for the presence of a school-specific disciplinary climate culture. All these studies find
that a better disciplinary climate is positively related to student achievement.

We only identified two studies that measure disciplinary climate at the classroom
level. Goh and Fraser (1998) analyze data from 10-11 years old students in Singapore
and find that the classroom mean for one disciplinary climate measure (friction) has a
significant relationship with mathematics achievement while three other classroom
climate measures do not. Teodorovi¢ (2011) finds that an orderly climate in the class-
room is positively related to both mathematics and Serbian language achievement in
primary schools in Serbia.

While most studies do not theoretically reflect the choice of analytical level for
the measurement of classroom climate, the few studies that discuss this issue all favor
the use of the classroom level (Ammermueller & Pischke, 2009; Marsh et al., 2012;
Teodorovi¢, 2009; Willms, 2006). Given that learning still mostly takes place in class-
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room settings, we also expect that using the class as level of measure will yield the
most precise estimate for measures of the classroom environment.

Finally, Marks (2010) uses the individual student as level of measure to predict the
performance of the students when trying to enter tertiary education in Australia. Dra-
wing on longitudinal data from PISA 2003 he finds a significant relationship between
the disciplinary climate as perceived by the students in 9% grade and how well they do
in a cognitive test when trying to enter tertiary education. In this paper we attempt to
use both the grade as well as the class level as unit of measurement for disciplinary
climate in order to gauge the relative benefits of one over the other analytical level
when drawing on PISA data.

Gender differences

Few studies have examined whether the relationship between disciplinary climate and
learning is heterogeneous across different groups of students - e.g. boys and girls. The
studies we surveyed looked at how differences in gender (Goh & Fraser, 1998;
Kuperminc, Leadbeater, Emmons, & Blatt, 1997) and in race and gender (Koth,
Bradshaw, & Leaf, 2008) produce different perceptions of the school climate. Most of
these studies find that girls perceive the classroom climate more positively than boys
do. However, none of these studies have examined if these differences in perception
lead to a differentiated relationship of the disciplinary climate on academic perfor-
mance which seems reasonable to expect from a social cognitive point of view (Koth et
al., 2008). We cast some light on this issue by exploring whether boys and girls experi-
ence the disciplinary climate differently as well as by exploring whether the discipli-
nary climate has a differentiated effect on these two groups of students'. In one of the
few studies related to this topic Legewie & DiPrete (2012) show that boys are more
affected by favorable as opposed to unfavorable classroom SES composition than girls.
They argue that an academically oriented environment in schools “suppresses boys’
negative attitudes toward school, and facilitates academic competition as an aspect of
masculine identity” (Legewie & DiPrete, 2012, p. 468). We expect similar gender differ-
ence for disciplinary climate, e.g. we hypothesize that boys are more susceptible to
unfavorable learning environments than girls are.

I There exist some research into whether cognitive ability and gender explain the disruptive behavior of a
student but the results are ambiguous. Nordahl and colleagues (2009) find no relationship between the
cognitive ability and disruptive behavior whereas Kaplan and colleagues (2002) find that being male and
having lower achievement was associated with disruptive behavior. Further, Arum and colleagues (2012)
finds that schools with a greater concentration of boys experience more disciplinary problems.
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Data, methods and measures

Data

We draw on the PISA study from the year 2003, which offers a unique insight into the
relationship between disciplinary climate and student achievement among 15-year
olds. Other large scale international assessment studies such as TIMMS (Trends in In-
ternational Mathematics and Science Study) or PIRLS (Progress in International Read-
ing Literacy Study) also include some measures for the disciplinary climate. However,
the classroom climate measure in these studies focus more on bullying or experiences
of victimization rather than indicators for the disciplinary climate that allow for teach-
ing in an orderly atmosphere. Besides focusing on the mathematical ability of the stu-
dents, PISA 2003 includes information on a range of student and school characteristics
as well as how students perceive the disciplinary climate in the classroom in math les-
sons. This information is gathered from questionnaires completed by the students and
the headmasters of the schools. These properties make PISA 2003 tailored for our anal-
yses.?2

PISA 2003 uses a two-stage sampling design where the first stage sampling units
are schools with 15-year-old students enrolled and the second stage sampling units are
15-year-old students. Based on the PISA 2003 data we create two samples. First we
generate our analytic or full sample based on multiple as well as single class schools. In
addition to this full sample we create a comparable subsample containing single class
schools only. The procedure and the selection criteria for creating the two samples are
outlined in four steps below.

Out of the 41 countries participating in PISA 2003 we only select countries with a
sufficient degree of heterogeneity among the students at every school and in every
classroom in terms of their cognitive ability. If a country has a high level of structural
differentiation among students the relationship between disciplinary climate and stu-
dent achievement could be a result of the homogeneity of schools and classes. The re-
sult would be a spurious correlation between disciplinary climate as perceived by the
students and student achievement (Kaplan, Gheen, & Midgley, 2002). To ensure a suf-
ficient degree of student heterogeneity we only select countries that do not track stu-
dents before the age of 16, have a low degree of grade repetition, have few students out

of modal starting age and have a low proportion of schools that group student by abili-

% PISA has a three year cycle but the 2006 edition has no information on the disciplinary climate and in
2009 three of our selected countries were using an explicit stratification sampling procedure which reduc-
es the heterogeneity of the data (OECD, 2012).
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ty in all subjects (Brunello & Checchi, 2006; European Communities, 2003; OECD,
2010). In the second step we remove students not attending the modal grade level to
avoid unnecessary noise in the measurement of disciplinary climate. In Denmark, for
example, this implies the exclusion of all students not attending 9% grade. In a third
step we exclude schools with less than ten students in the sample to reduce possible
biases due to outliers and to ensure a reliable aggregated disciplinary climate construct
(Kunter & Baumert, 2007).

Finally, to select schools with only one class in the relevant grade we use infor-
mation from the school questionnaire on the total number of students enrolled at each
school combined with information on the number of grades at the school. In order to
identify single class schools, we look for schools with an average of no more than 25
students per grade. If this criterion is fulfilled, then students are most likely not split
into two classes.? This last selection criterion is crucial for the forming of our single
class school subsample and is based on a careful investigation of the school systems
and class-size rules in each of the selected countries.* For our analyses we identified
Canada, Denmark, Finland, Iceland, Latvia and Norway as the countries that fit our institu-
tional requirements regarding tracking coupled with sufficient student heterogeneity
across schools and that have a suitably large number of single class schools that war-
rant further analyses. While the selection of countries was mostly driven by statistical
concerns, the resulting sample is relatively homogenous and represents highly develo-
ped Western nations with extensive education systems which reduce problems related
to comparability of country- specific findings.®

After excluding cases with missing values and conducting the selection proce-
dure described above our analytic sample is based on 37,156 observations (68% of the
original sample) attending either 9 or 10" grade depending on the schooling system in
the country whereas our single class subsample consists of 2,850 observations (5% of

the original sample).

3 According to our procedure a school with 225 students and 9 grades (225/9) will have an estimated
average of 25 students per grade. Even though that this is no bulletproof procedure, we deem it very like-
ly that most 15 year old students selected through this rule will attend the same class.

* After conducting an extensive literature and document search as well as email correspondence, we oper-
ate with the following class size rules in the year 2003: Canada; while there is variation between provinc-
es we chose 30 as upper limit; Denmark; 28, Finland; no limit, Iceland; 32, Latvia; 34, and Norway; 30.
More documentation on the country-specific class size regulations is available on request.

5 According to the Human Development Index, Canada, Denmark, Finland, Iceland and Norway were
among the top 14 most developed societies in 2003 (UNDP, 2003). Latvia, which can also be labeled as
highly developed, was placed somewhat lower on the rankings (50).
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Methods

We start out by using the grade level measure for the disciplinary climate drawing on
the full sample. In subsequent analyses the smaller single class subsample is used. The
assumption underlying the grade level analysis is that in a grade at any given school
there is a distinct disciplinary climate culture indicating that the disciplinary climate
varies between schools but very little within schools in a given grade whereas the sec-
ond part of the analysis allows each class to have its own classroom climate culture.
Although our single class school subsample is not perfectly representative (see appen-
dix Al for a sample comparison) it can be used as a useful point of comparison with
the full (grade-based) sample.

We run multi-level models (Snijders & Bosker, 2012) separately for each country
using the individual student as level one and the school as level two. We start by run-
ning a null model to estimate the within-, and between-school variance and then add

covariates on both analytic levels:

yij = Bo + ﬁISC}- + BZSTL'}' + Uit g

where y;; is the math score of student i in school j, SC; are school level characteristics
including a measure of the disciplinary climate, ST;; are student level characteristics
including gender, u; are unobserved characteristics of school j, and ¢;; are unobserved
characteristics of student i within school j. For our classroom level analysis SC; will
then present classroom level characteristics. Finally we add on a cross-level interaction
between disciplinary climate and gender to examine a possible gender specific diffe-

rence in the relationship between these two.

Measures
Our main dependent variable is the PISA math test score of the students. The scale is
derived from five plausible values and the weighted average OECD mean of these are
500 with a standard deviation of 100 (OECD, 2005a).

The measure for the disciplinary climate is based on student responses on how
often the following things happen in their mathematics lessons: “students don’t listen

7, Vs

to what the teacher says”; “there is noise and disorder”; “the teacher has to wait a long
time for students to quieten down”; “students cannot work well”; and, “students don’t
start working for a long time after the lesson begins”. These answers are used to build
a student level disciplinary climate index which is standardized and centered with a

grand mean of zero and a variation of one. A higher number indicates a more positive
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disciplinary climate. To construct the aggregated school level averages we use infor-
mation from all students in the relevant grade who reported a value for the relevant
variable in the data set, not just the students in our final sample. By using this proce-
dure we lower the sampling error in our aggregated disciplinary climate measure that
is due to non-respondents (Liidtke, Marsh, Robitzsch, & Trautwein, 2011). This com-
bined with PISA 2003’s very high response rate® leads to a very low level of sampling
error - especially in our single class sample in which all relevant student are included
in the survey. This aggregated school level construct too has been standardized and
centered with a grand mean of zero and a variation of one.

We control for student and family characteristics at the student level as well as
classroom and school characteristics at the school level (Table 1).

The variables for gender, language spoken at home, country of birth and school
type (public vs. private) are dummy coded, the variables urban ranging from 1 (rural)
through 5 (a large city with >1,000,000 citizens) and percentage bilinguals ranging from
1 (<10% bilingual) through 4 (>40% bilingual students) are on ordinal scales whereas
the variables measuring SES at the individual and at the school level are continuous.
The SES is a composite measure based on the student response on parental educational
level (coded as years of schooling according to ISCED classification), parental occupa-
tional status (based on ISEI classification) and number of home possession including
books in the home (OECD, 2005a, p. 316). The student level SES measure has been
standardized with a grand sample mean of zero and a variation of one. The variable

meanSES is an aggregated school level average of the SES variable.

® Weighted student participation rate after replacement are: Canada 84%, Denmark 90%, Finland 93%,
Iceland 85%, Latvia 94% and Norway 88% (OECD, 2005a, p. 173)
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Results

Before turning to our multivariate analysis, we look at the prevalence of different as-
pects of disciplinary climate in mathematics lessons in the selected countries as report-
ed by the students based on the variables used to construct the disciplinary climate
index. There are considerable differences between the six selected countries and based
on Figure 1 below it seems obvious that disciplinary climate — or the lack thereof —is an

issue in all of the selected countries although not too different from the OECD average.

Figure 1. Percentage of the students who report that these incidents happen in most or

every lesson

60%

50%

40%

30%

20%

10% -

0%

DNK FIN ISL NOR SWE OECD
O A: "Students don't startworking for a long time after the lessons begins”
0 B: "Students cannot work well”
O C: "The teacher hasto waita longtime for the students to quiten down”
O D: "There is noise and disorder”

O E: "Students don't listen to what the teacher says”

Using the individual students PISA math score as dependent variable in a multi-level
(null model) we obtain the between and within school variation in math score from
which we calculate the intraclass correlation (ICC(math)) displayed in Table 2. The

intraclass correlation in math of the six countries is relatively low compared to other
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Western countries indicating that the chosen countries have indeed very heterogene-

ous schools when it comes to mathematics achievement.”

Table 2. Within- and between school variance. Full Sample. PISA-score in math as dependent variable

Canada  Denmark  Finland Iceland Latvia  Norway
7° ‘between groups 1006.81 864.50 311.42 317.09  1168.89 497.61
o”: within groups 5110.27 6025.35  5509.62  7026.50  4853.24  7010.99
Total 6117.08 6889.85  5821.04  7343.59  6022.13  7508.59
ICC(math) .16 13 .05 .04 .19 .07

Grade level analysis

Using the full sample and the grade as level of measure for the disciplinary climate we
estimate a random intercept model with fixed effects. In Table 3 we see that there is a
significant and nontrivial association between the disciplinary climate in the classroom
and the students” mathematics performance in Canada, Denmark and Norway, while
the parameter estimates in Finland, Iceland and Latvia are not statistical different from
zero. A coefficient estimate of 12.67 in Canada, for example, translates to an improve-
ment of 12.67 points in the PISA test for all students in the grade if the disciplinary
climate in the classrooms improves by one standard deviation holding all other inde-
pendent variables fixed. The estimate in Denmark and Norway is 9.13 and 9.08 respec-

tively.

" The OECD intra-class average is .359 (OECD, 2005b)
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Estimates for the other independent variables in the model point in the expected direc-
tion, e.g. SES has a statistical significant and positive relationship with student
achievement in all countries whereas not being born in the country of the test language
or not speaking the test language at home is associated with lower mathematics scores
in some of the selected countries. Boys seem to do better in mathematics than girls,
with the exception of Iceland where girls outperform boys.

Looking at the school level variables Canadian, Danish and Latvian students do better
in mathematics if they attend a school with a high mean SES. The variable urban shows
a negative trend (only not in Norway) but is only statistical significant in Finland. At-
tending a public school in Norway is negatively associated with student achievement
whereas a high percentage of bilingual students in the school have a negative relation-

ship with student achievement in Latvia.

Class-level analysis

This second part will be using the subsample with single class schools based on the
assumption that using the class as level of analysis will lead to a more precise estimate
of the relationship between disciplinary climate and student achievement. As men-
tioned before, our sample is now reduced to 2,850 students.

The quality of this subsample becomes apparent when looking at the intra-class cor-
relation (ICC) using the student level disciplinary climate variable as dependent vari-
able in a multilevel null model (Table 4). As expected, the agreement among schoolma-
tes as to their rating of the disciplinary climate in the classroom increases substantially
in all countries but Denmark compared to the estimates based on the full sample. In
our view this indicates that there are differences in disciplinary climate between classes
within grades and could be an argument for using class-level data in classroom en-

vironment analyses.
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Table 4. Within- and between school variance. Perceived disciplinary climate as dependent variable

Canada Denmark Finland Iceland Latvia Norway
Full sample
7*“between groups .0885 1132 .1076 .1404 1652 .0722
o : within groups 9371 .8173 .8689 7731 7334 1975
total 1.0256 .9306 9765 9135 .8986 .8698
ICC .09 A2 11 15 18 .08
Single-class sample
7° ' between groups 1728 .0589 .1059 2793 1925 1356
o’ : within groups 7689 8721 .6512 .6297 5510 .6357
total 9417 9310 1571 .9090 7435 7713
ICC 18 .06 .14 31 26 18

Looking at the intra-class correlation using the PISA score in mathematics as depend-
ent variable in a multi-level null model the subsample from Canada seems to suffer
from a growing homogeneity in the schools as to student achievement illustrated by a
growth in the intra-class correlation from 0.16 in the full sample to 0.35 in the subsam-
ple (see appendix, Table A2). This could signify that the single class sample from Can-
ada fail to live up to being heterogeneous at the school level meaning one should in-
terpret the estimates of the Canadian subsample with caution. The five other countries
sustain a heterogeneous distribution of students regarding their cognitive ability.

The result of re-estimating the random intercept model from part one of the
analyses using the subsample as input is reported in Table 5. The relationship between
disciplinary climate and PISA score is now statistical significant in Canada, Iceland,
Latvia and Norway despite the smaller sample. Different from the full sample analysis
is that the disciplinary climate coefficient estimate in Denmark no longer is statistical
significant whereas the opposite is true for Iceland and Latvia. Comparing the magni-
tude of the estimated coefficients with the ones from the ‘full model” (included in Table
5) the trend is a substantial strengthened relationship between disciplinary climate and
student achievement with only Finland showing a smaller coefficient estimate. These
results indicate that either (a) using the class as unit of analysis gives a more reliable
measure of the disciplinary climate in the classroom and therefore a more precise esti-
mate of the relationship between disciplinary climate and student achievement, or that
(b) the change in coefficient size is due to systematic differences between the two sam-

ples.
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As a consequence of the selection procedure, the schools in our subsample are mostly
smaller schools with a somewhat different SES composition (see sample comparison in
Table Al). This could lead to a potential bias in the estimates if the mechanisms behind
the relationship between disciplinary climate and PISA score are of different nature in
smaller schools. However, the ICC coefficients show that in all countries but Canada,
classrooms remain sufficiently heterogeneous in terms of student performance in the
PISA tests which leads us to conclude that the single school sample can be useful to

gain further analytical insight into classroom level phenomena.

Gender analysis

The final part of the paper will again draw on the full (school-level) sample. In this
model we add a cross-level interaction between gender and disciplinary climate to the
equation. As outlined before, we expect boys to be more susceptible to a negative di-
sciplinary climate. The coefficient estimates for the interaction partially confirm this
hypothesis. The sign of the interaction is negative in all six countries but with the ex-
ception of Latvia the coefficients are not estimated precisely enough to reach statistical
significance.

Given that the interaction between gender and disciplinary climate seems to be
similar across countries we run another model with a pooled sample (Table 3) which
indicates that across all countries, boys are significantly more affected by the discipli-
nary climate than girls are, e.g. for each unit on the disciplinary climate index, boys’
mathematics score falls by an additional 2.74 points (0.03 SD) compared to girls. The
differential slope for girls and boys is illustrated in figure 2.
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Figure 2.  The relationship between disciplinary climate and
math-score by gender. Pooled sample

PISA-score, math
450
!

boys ——--- girls

To explore whether this gender differentiated relationship between disciplinary cli-
mate and student achievement is due to a gender specific difference in perception, we
use the student level disciplinary climate index as the dependent variable in a multi-
level random intercept model and test whether girls experiences the disciplinary cli-

mate in the classroom different than boys do (Table 6).

Table 6. Multilevel regression on disciplinary climate as perceived by the individual student as dependent
variable

Canada Denmark Finland Iceland Latvia Norway
Female Q2%E* .08* .05 10** 16%** .04
(.02) (.03) (.03) (.04) (.04) (.03)
Number of
students 19,541 3,272 4,865 2,657 3,199 3,622
Number of
schools 804 168 190 76 133 158

Note: Models estimated by maximum likelihood. Standard error in parentheses. In all six countries we controlled
for scoreMATH, SES, spoken language, country of birth, urban, school type and percentage bilingual.

T p<0.10; * p<0.05; ** p<0.01; *** p<0.001 (two-tailed tests).
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Assuming boys and girls are equally distributed among schools®, the coefficient esti-
mated and p-values indicate that girls are experiencing a more positive disciplinary
climate than boys in Canada, Denmark, Iceland and Latvia in spite of attending the
same school and potentially the same classroom. This gender difference in perception
is in line with the findings of Goh & Fraser (1998), Koth et al. (2008) and Kuperminc et
al. (1997) and can serve as an explanation of the underlying mechanism causing boys to
be more sensitive to the disciplinary climate than the girls. Part of the gender differ-
ence between boys and girls might thus be attributable to gender differences in the
way the classroom-environment is perceived. To address this issue we compute a new,
gender-specific, disciplinary climate index. Instead of using the school mean as the
aggregate measure for disciplinary climate, we compute gender-specific indices, e.g.
one average score for boys and one score for girls which is only based on the boys” and
girls” responses, respectively.’

The results with the gender-specific disciplinary climate score are quite telling
(Table 7). First the coefficient estimate for disciplinary climate and mathematic
achievement is now significant in all countries but Latvia. Further the size of the esti-
mates has ‘evened out’ across countries. County differences in the association between
disciplinary climate and mathematics seem at least partly attributable to gender differ-
ences in the way the classroom environment is perceived. Finally the interaction be-
tween gender and disciplinary climate in the pooled model is also significant when
using the gender-specific indices. We tentatively conclude from the results that the
interaction between gender and disciplinary climate can be decomposed into two
parts. Part of the association is due to gender differences in perception: girls view the
same classroom climate more positive than boys do — and part seems to be a real “ef-
fect” in the sense that girls seem to be less affected by a negative classroom climate

than boys. °

¥ There are only very few exceptions from this assumption in our data.

9 It should be noted that strictly speaking the new gender specific index is not a level-2 but a level 1 vari-
able since the climate score is not the same for all level 1 units (students) belonging to the respective level
2 units (schools).

1 Using the gender-specific index for the disciplinary climate in this class-level model as we did in the
grade level model above have two effects: The association between disciplinary climate and mathematics
achievement in

Latvia is no longer significant. Also similar to the analyses based on the full sample, the size of the asso-
ciation becomes more similar across countries (results available on request).
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Discussion and Conclusion

Using data from PISA 2003 we find a statistical significant and non-trivial relationship
between disciplinary climate and mathematics test achievement in Canada, Denmark
and Norway among 15-year students attending the same grade indicating that in these
countries a better disciplinary climate is associated with a better performance in the
PISA math assessment. Furthermore, using a gender-specific index for the measure-
ment of disciplinary climate, we find coefficient estimates reach statistical significance
in all studied countries but Latvia.

By re-estimating the analysis using a subsample of single class schools we find a
strengthened relationship between disciplinary climate and student achievement. This
might indicate that the parameter from the full sample is possibly downwardly biased
due to the use of the grade as level of measurement instead of the class. Although we
cannot completely rule out that this finding is related to differences between small vs.
all type of schools, we find it unlikely that this is the underlying cause for the diverse
results. Consequently, we conclude that classroom level sampling, which is the case in
some other large scale international assessment studies such as PIRLS and TIMSS, has
clear advantages when exploring the consequences of classroom climate.

We also examined whether there is a gender difference in the magnitude of the
relationship between disciplinary climate and student achievement. We find that in
Latvia boys are more negatively affected by the disciplinary climate than girls are. The
trend in the other countries is the same but the gender difference in these countries
does not reach statistical significance. A pooled sample reveals a statistical significant
gender difference across all six countries. Serving as a partial explanation of this
phenomenon, we find that girls perceive the disciplinary climate more positively than
boys in Canada, Denmark, Iceland and Latvia.

Such as is the case for most analyses based on large scale assessment data such as
the PISA study, there are some concerns related to the validity of our presented find-
ings. Due to the cross-sectional nature of the analyzed data, reciprocity between disci-
plinary climate and learning is quite possibie (Frenzel, Pekrun, & Goetz, 2007;
Zimmermann, Schiitte, Taskinen, & Koller, 2013). Furthermore, omitted variables
might mediate the relationship between classroom climate and learning. Disciplinary
climate could also be the result of other underlying explanatory factors such as disor-

ganized teaching or the absence of classroom management. But even if that were to be
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the case, we consider the classroom climate to be an important mediator variable for
students learning outcomes.

While these methodological concerns are not new, the presented analyses raise
important questions in relation to school environment research. In light of the gender
differences we discovered, it seems to be advisable to account for relevant group dif-
ferences in perception and effects of the classroom environment in future research. In
addition to gender, class, race and other stratification variables might lead students to
experience the classroom in different ways and thus mediate the effects of classroom
environment. Furthermore, the issue regarding level of measurement is important and
should be paid more attention to in future research. The sheer availability of data at the
grade level, such is the case in PISA, should not drive researchers” decisions about level
of measurement. While the OECD is aware of these limitations (OECD, 2013a) — the
PISA consortium should be encouraged to move into the direction of class-level sam-
pling. This would also enable to verify to what extend the magnitude of cross country
differences in the association between disciplinary climate and learning (e.g. Ning et al.
2015) remains stable once the analyses are based on classroom- rather than school-level

measurements.
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