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Math classroom climate has been linked with math achievement and is often a potential target of school reform initia-
tives. This study examined the extent to which student and teacher perceptions differed as a function of individual,
classroom, and school characteristics. Data came from 2,950 seventh graders in 134 math classes within 25 middle
schools. Multilevel analyses indicated that classroom-level characteristics exerted greater influence upon the classroom
perceptions of both students and teachers than school-level characteristics. Furthermore, only small correlations were
found between student and teacher reports on promotion of collaboration and provision of autonomy support. Finally,
the effect of within-class ability grouping on classroom climate varied by class size and heterogeneity among class-
mates’ math ability.

Improving student mathematics performance has
been, and continues to be, an important educa-
tional goal. Without math proficiency, students will
struggle to develop the critical thinking and prob-
lem-solving skills that are necessary for full partici-
pation in society and success in life. Since the No
Child Left Behind Act (NCLB) was adopted in
2002, promotion of greater understanding among
schools and educators of the characteristics that
lead to effective math classrooms has become a key
goal in school reform initiatives (Foundation for
Success, 2008). To study those characteristics of
math classrooms that create optimal learning and
motivational contexts, one needs both strong theory
and measures. Over the last 40 years, great head-
way has been made in generating strong theory.
However, what individual and contextual charac-
teristics lead to supportive math classroom climate
and how best to measure classroom climate are still
open questions.

Research implementing stage-environment fit and
self-determination theoretical frameworks has focused
on what structural characteristics (e.g., class size),
and which processes within the classroom environ-
ment (e.g., teacher–student relationship), shape a
positive classroom climate. These theoretical frame-
works have emphasized the motivational role of
perceptions, beliefs, and interpretations held by the
individual (Deci & Ryan, 2000; Wigfield, Eccles,
Davis-Kean, Roeser, & Scheifele, 2006). According

to these theoretical frameworks, classroom climate
is optimized when individuals perceive that the
learning context fulfills their needs for competence,
autonomy, and relatedness (Deci & Ryan, 2000)
and supports the students’ confidence in their abil-
ity to master the material being taught and the
value the students attach to learning the material
(Eccles et al., 1993). Both students’ need for compe-
tence and confidence in their ability to master the
material is fostered when they experience their
classroom settings as optimal in structure, perceive
that their teachers have confidence in their abilities,
and know what they need to do to be successful
(Skinner & Belmont, 1993). Both the students’ need
for autonomy and the value they attach to the
material being taught is promoted when they expe-
rience freedom in determining their behavior and
when they believe what they are being taught is
meaningful to them (Wigfield et al., 2006). The
need for relatedness is supported when teachers
create a socially and emotionally supportive envi-
ronment (Connell & Wellborn, 1991). These theoret-
ical and empirical works enable us to conceptualize
math classroom climate as a function of the
dynamic interactions between individuals and their
classroom environments at different ecological
levels (Bronfenbrenner, 1979).

Despite increased interest in research and practice
aimed at improving classroom climate in math spe-
cifically, there remain two major shortcomings in
the existing literature on classroom climate. First,
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although the classroom climate literature has identi-
fied several critical characteristics of an effective
math classroom and linked these to math achieve-
ment, we know little about the extent to which indi-
vidual demographic characteristics (e.g., gender and
ethnicity) and school or classroom structure (e.g.,
teacher turnover and class size) independently or
jointly influence student and teacher perceptions of
classroom climate, even though ample evidence sug-
gests that individual characteristics influence per-
ceptions of social phenomena (Mitchell, Bradshaw,
& Leaf, 2010). If we are to understand the predictive
role of classroom characteristics on student learning,
motivation, and achievement, we need to under-
stand the role that personal and structural character-
istics play in the perceptions of these contexts.
Second, most of the data collected on classroom cli-
mate rely primarily on student-report surveys.
Classroom processes are relational and dynamic,
and they involve ongoing interaction and communi-
cation between teachers and students (Pianta &
Hamre, 2009). Teacher perceptions of classroom cli-
mate may differ from those of their students. Col-
lecting information from teachers can provide an
alternative and important perspective on classroom
climate (Feldlaufer, Midgley, & Eccles, 1988; Mitch-
ell et al., 2010). The use of multi-informants (i.e., tea-
cher and student) to study different aspects of
classroom climate will help us to examine to what
extent student perceptions and teacher perceptions
of math classroom climate converge or diverge.

Drawing on stage-environment fit and self-determi-
nation theoretical frameworks, we use a multilevel
perspective to identify individual, classroom or tea-
cher, and school characteristics that influence
student and teacher perceptions of math classroom
climate and how these characteristics may interact
with each other. In addition, we compare the pre-
dictive relation of two types of classroom climate
measures: teacher and student reports. Specifically,
we investigate the correspondence between student
and teacher perceptions of the math classroom
characteristics proposed as critical in stage-environ-
ment fit and self-determination theories of achieve-
ment motivation, as well as the extent to which
student and teacher perceptions differ as a function
of individual, classroom or teacher, and school
characteristics.

Assessing Math Classroom Climate

It is well documented that classroom climate influ-
ences students’ social-emotional and academic out-
comes (Pianta & Hamre, 2009; Wang, 2009).

Positive classroom climate is associated with
greater mastery motivation, school satisfaction, aca-
demic performance, and less disruptive behavior
(Baker, 1999; Barth, Dunlap, Dane, Lochman, &
Wells, 2004; Ryan & Grolnick, 1986). Recent
research on academic motivation and engagement
has identified four aspects of classroom climate
that are central to students’ math achievement: (1)
authentic instruction, (2) collaboration promotion,
(3) autonomy support, and (4) teacher social sup-
port (Cleary & Chen, 2009; Patrick, Kaplan, &
Ryan, 2011; Wigfield et al., 2006). These classroom
characteristics are particularly important for ado-
lescents during the middle school years as they
support early adolescent developmental needs for
competency, autonomy, and relatedness in the
math classroom (Eccles, Lord, & Midgley, 1991).

Authentic instruction includes tasks that empha-
size real-life importance and promote connections
to the world beyond the classroom (Newman &
Wehlage, 1993). Meaningful and authentic instruc-
tion provides opportunities for students to connect
personal goals and interests to classroom experi-
ences, increasing their feelings of competence and
autonomy and supporting the subjective task value
they attach to the course material (Gentry & Owen,
2004; Wang, 2012). Instruction that facilitates inter-
action and cooperation can increase students’ inter-
est and foster competence and commitment to the
class (Newman & Wehlage, 1993). Autonomy sup-
port can promote academic achievement through
the sense of personal satisfaction and responsibility
that students experience when they exert influence
on their learning environment (Reeve, Jang, Carrell,
Jeon, & Barch, 2004; Wang, 2009; Wang &
Holcombe, 2010). Furthermore, teachers who like
and respect their students and who show an inter-
est in what their students have to say provide the
kind of socio-emotional support that students need
to approach, engage in, and persist on academic
learning tasks (Roeser & Eccles, 1998; Wang, 2012;
Wigfield et al., 2006). However, it is not yet clear
what individual or structural characteristics pro-
mote or undermine positive perceptions of class-
room climate.

According to stage-environment fit theory
(Eccles et al., 1993), student and teacher percep-
tions of classroom climate result from the interac-
tion of the individual with the context and are
responsive to variations in school and classroom
characteristics. Recent school climate studies have
employed three-level modeling (individuals, class-
rooms, and schools) and have found that structural
characteristics at each of these levels account for a
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substantial proportion of the variability in per-
ceived school climate (Koth, Bradshaw, & Leaf,
2008; Mitchell et al., 2010). These findings imply
that student and teacher perceptions of classroom
climate may also differ depending on which stu-
dent, classroom, teacher, and school characteristics
are investigated. Thus, a multilevel approach is
appropriate for identifying both the individual and
contextual characteristics that influence student
and teacher perceptions of classroom climate.
Below, we review potential factors at each level
that may influence the four aspects of classroom
climate: authentic instruction, collaboration promo-
tion, autonomy support, and teacher social sup-
port.

Individual-level Factors

Gender, ethnicity, socioeconomic status (SES), and
student achievement levels each differentially
predict students’ perceptions of math classroom cli-
mate. Ethnic minority, low SES, and low-perform-
ing students tend to perceive the classroom
environment less favorably (Battistich, Solomon,
Kim, Watson, & Schaps, 1995; Griffith, 2000; Jussim
& Harber, 2005; Kuperminc, Leadbeater, & Blatt,
2001). Ethnic minority students and students from
lower social class family backgrounds report less
social support and less promotion of class collabo-
ration and autonomy support by teachers (Wang &
Eccles, 2012). Furthermore, students at risk for aca-
demic failure or discipline problems are less likely
to feel supported by teachers and therefore may
perceive the classroom environment more nega-
tively (Flores & Kaylor, 2007).

Boys and girls may perceive the math classroom
differently due to the differential treatment experi-
enced in class (Wang & Degol, 2013), as well as dif-
ferent perceptual biases. Indeed, the American
Association of University Women Annual Report
(1992) concluded that boys receive more attention
and esteem-building encouragement from teachers;
that classroom activities were generally more male-
oriented; and that teacher–student interactions in
math class were particularly favorable toward
boys. Recent research also indicates that girls
report lower teacher expectation and less classroom
teaching time spent on learning and activity that
are perceived as relevant to the world outside of
the classroom (Gentry & Owen, 2004; Green, 2002;
Jussim & Harber, 2005). Even high-achieving girls
are seen by teachers as being less logical, less inde-
pendent in math, and liking math less than their
equally achieving boy counterparts (Tiedemann,

2002). In addition, girls tend to respond more posi-
tively to math instruction if it is taught in a cooper-
ative or individualized manner rather than a
competitive manner (Wang, 2012). If particular
teaching practices and instructional foci are more
prevalent in math class, then one would expect to
see gender differences in the perceptions of class-
room climate.

Classroom- or Teacher-level Factors

Class composition and teacher characteristics may
influence student and teacher experiences and per-
ceptions of class climate (Eccles & Roeser, 2011;
Koth et al., 2008). Small class size enhances the
likelihood of positive interaction between students
and teachers and increases the opportunity for
individualized instruction (Deutsch, 2003; Haug-
hey, Snart, & Costa, 2001). Thus, it is possible that
class size influences student and teacher experi-
ences and perceptions of social and academic sup-
port (Darling-Hammond, Ancess, & Ort, 2002;
Leithwood & Jantzi, 2009). Likewise, grouping stu-
dents based on their performance ability within
classrooms may have a proximal influence on the
classroom environment and, in turn, influence stu-
dent and teacher perceptions of the classroom cli-
mate (Epstein, Atkins, Cullinan, Kutash, & Weaver,
2008). Although many researchers believe within-
class ability grouping is a workable approach to
instructing students with different math skill levels
(Lou et al., 1996; Mulkey, Catsambia, Steelman, &
Crain, 2005), other evidence reveals inconsistent
effects of ability grouping on math achievement,
particularly for students with lower math ability
(Fuligni, Eccles, & Barber, 1995; Gamoran & Mare,
1989). Such results suggest that ability grouping
within class may raise competence beliefs in high
math achievement students while depressing self-
esteem in students with lower math achievement.
Some studies indicate that the effect of within-class
ability grouping depends on the class size, with
ability grouping in larger classes having more of a
positive effect on student math achievement than
in smaller classes (e.g., Lou et al., 1996). Thus, it is
plausible that within-class ability grouping may
influence student and teacher perceptions of class-
room climate differentially depending on class size
as well.

Heterogeneity in classroom ability may also
influence both student and teacher perceptions of
the classroom through the way teachers organize
and teach the class (Eccles et al., 1993; Wang &
Degol, 2013). For example, if the teacher adopts a
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“one size fits all” approach to class organization,
academic curriculum, and instruction, the fit
between instruction and students’ varying subject-
matter ability will differ. Material is bound to be
too difficult for some of the students and too easy
for others, leading to differential experiences and
perceptions of the intellectual demands and of
one’s own sense of competence in math class.
Additionally, whole group instruction that has
everyone working on the same material and taking
the same tests encourages social comparison, fur-
ther contributing, indirectly, to the potential for dif-
ferential experiences and perceptions of the math
classroom among students. In contrast, ability
grouping or individualized instruction could pre-
vent social comparison among students by decreas-
ing the amount of variation in math ability and
performance that each student experiences in the
classroom. Taken together, the effect of within-class
ability grouping on classroom climate perceptions
may vary by heterogeneity of classroom ability.

On the teacher level, male teachers and ethnic
minority teachers tend to perceive classroom envi-
ronments less favorably (Bevans, Bradshaw, Miech,
& Leaf, 2007). Teacher qualification—such as certi-
fication, majoring in the subject matter one teaches,
and years of teaching experience—predicts both
student and teacher perceptions of teaching effec-
tiveness and, consequently, student achievement
(Akiba, LeTendre, & Scribner, 2007; Koedel, 2009).
It is likely that less qualified and less experienced
teachers perceive the school environment as being
less supportive and feel less effective at their job
than their more experienced colleagues (Hoy &
Woolfolk, 1993; Koth et al., 2008; Powers, 2003).
Junior teachers have been shown to struggle with
the implementation of effective teaching strategies
(e.g., promoting collaboration among students) and
effectively influencing the motivation of students in
class (Rockoff, 2004). Similarly, students may per-
ceive such teachers as less effective than their more
experienced and credentialed counterparts.

School-level Factors

The influence of school structural characteristics on
perceptions of classroom climate has received little
attention. School-level factors, including school size
(Archibald, 2006; McNeely, Nonnemaker, & Blum,
2002; Welsh, 2000), faculty turnover rate (Birnbaum
et al., 2003), student–teacher ratio (Griffith, 1995),
and student mobility (Griffith, 2000), have been
linked to perceptions of school climate, but it is
plausible that such school characteristics also influ-

ence experiences at the classroom level. Students at
larger schools and in schools with higher teacher
turnover are more likely to experience fewer inter-
actions with teachers and fewer opportunities for
independence and autonomy (Baker et al., 2001;
Lee, Smith, & Croninger, 1997). Moreover, the rela-
tionship between aggregated indicators of student
characteristics (e.g., SES and ethnicity) and percep-
tions of school climate is well established (Rosen-
holtz, 1989). Students in high-poverty schools
(measured by the percentage of students qualifying
for the federal school lunch program) and schools
with high percentages of minority students gener-
ally have more academic difficulties and less pleas-
ant school experiences (Battistich et al., 1995;
Rutter & Maughan, 2002). In this study, we investi-
gate whether factors at the school level that affect
perceptions of school climate have a similar impact
on perceptions of the classroom climate.

The Current Study

In the present study, we aim to examine (1) what
factors operating at different ecological levels (i.e.,
individual, classroom or teacher, and school) pre-
dict student and teacher perceptions of four distinct
aspects of math classroom climate (i.e., authentic
instruction, collaboration promotion, autonomy
support, and teacher social support) and (2) to what
extent student-report and teacher-report data of
math classroom climate show concordance. In par-
ticular, we use a multilevel approach to compare
parallel student and teacher models and investigate
the convergence and divergence between teacher
and student reports of classroom climate, while
controlling for the students’ and teachers’ prior per-
ceptions of classroom climate and math achieve-
ment. Based on previous studies, we hypothesize
that classroom-level factors will be more predictive
of students’ and teachers’ perceptions of the class-
room climate than school-level factors because
classroom or teacher-level factors are likely to be a
more salient feature of math classrooms than
school-level factors. In addition, we expect to find
positive effects of within-class ability grouping on
student and teacher perceptions of classroom cli-
mate when the class size is large and the heteroge-
neity of ability levels is large. Overall, we extend
the classroom climate literature (1) using a large-
scale and longitudinal sample of middle school
students and their math teachers, (2) including
multi-level predictors in explaining math classroom
climate, and (3) incorporating perspectives from
students and teachers and examining the predictive
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relations between student and teacher reports of
classroom climate.

METHOD

Sample

The sample consisted of U.S. middle school stu-
dents and their math teachers from the Michigan
Study of Adolescent Life Transitions—an ongoing
study into the links between school and family
experience and the ontogeny of adolescents’ aca-
demic motivation and behavior. Data for this study
were collected from 2,950 seventh-grade students
in 134 seventh-grade math classes within 25 subur-
ban public schools located in working- and mid-
dle-class communities in Michigan. In seventh
grade, students’ mean age was 12.4 years
(SD = 0.29), 90% were White, 52% were female,
and the majority of the families (96%) had two par-
ents living in the home. Forty percent of mothers
and 42% of fathers had earned a degree from a
4-year college. Families’ annual household income
ranged between under $10,000 to over $100,000
(median = $55,000–$65,000, SD = $9,545). Of the
132 seventh-grade math teachers included in the
study, 59% were female, 85% were White, 30% had
been teaching at the school for five or fewer years,
and 35% had a master’s degree or higher. Thirty-
four percent of the math teachers used within-class
ability grouping. The seventh-grade math class size
ranged from 12 to 42 students (M = 27.64). The
number of seventh-grade math classrooms per
school ranged from 10 to 20 classrooms
(M = 14.50). Total school enrollment ranged from
720 to 1,432 students (M = 974). The percentage of
turnover of math faculty ranged from 0% to 35%,
and student mobility (the phenomenon of students
changing schools for reasons other than grade pro-
motion) ranged from 7% to 11%. The percentage of
students receiving free or reduced-price meals
ranged from 5% to 67%.

Procedure

Students and teachers were recruited through
schools. Letters describing the study and permis-
sion slips were given to families by teachers.
Ninety-nine percent of the math teachers and 90%
of the families across the schools agreed to partici-
pate. Student and teacher data were collected at
school during the school year. In the seventh
grade, field staff administered surveys to the stu-
dent participants during the period in which they

normally received mathematics instruction. The
student surveys were anonymous but were linked
to the student’s math teacher. Research staff mem-
bers were available to answer students’ questions.
During the same testing periods, math teachers
completed a classroom climate survey. Data were
also collected from the parents, but the only parent
information used in this study was family socio-
economic status (parent education and family
income).

Measures

Classroom climate. The classroom climate sur-
vey was administered in the fall and spring of
seventh grade. It was used to assess math class-
room climate and contains multiple items that
can be combined to form various subscales. Items
for each subscale were adapted from existing
well-established scales (Feldlaufer et al., 1988;
Mac Iver, 1988; Marks, 2000; Meyer & Turner,
2002; Midgley, Feldlaufer, & Eccles, 1989; Midg-
ely et al., 1998) and were specifically worded to
be relevant to math class. A student measure of
classroom climate was created to be as conceptu-
ally similar to a corresponding teacher-reported
measure as possible. Both student and teacher
versions had seventeen item questions. Previous
research has indicated that the measure of stu-
dent and teacher perceptions of classroom climate
has strong psychometric properties, including
internal consistency and construct validity (Eccles,
Lord, Roeser, Barber, & Jozefowicz, 1997; Feldlau-
fer et al., 1988; Mac Iver, 1988; Midgley et al.,
1989).

The classroom climate survey was used to tap
into students’ and teachers’ perceptions of the
four aspects of math classroom environment: (1)
authentic instruction, (2) collaboration promotion,
(3) autonomy support, and (4) teacher social sup-
port. Below, we provide example items from
student- and teacher-reported measures. The
Authentic Instruction subscale included three
items and assessed the extent to which the curric-
ulum and design of instruction were meaningful,
relevant, and related to students’ personal goals
and interests (e.g., “We discuss math problems
and issues that are meaningful to us” and “I pro-
vide opportunities to discuss math problems and
issues that are meaningful to students”). The Col-
laboration Promotion subscale consisted of five
items and assessed the extent to which the tea-
cher promoted collaboration and interaction (e.g.,
“We get to work with each other in small groups
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when we do math” and “Students are encouraged
to work with each other in small groups when
they do math”). The Autonomy Support subscale
consisted of five items and assessed student
opportunities to make decisions related to aca-
demic tasks during class (e.g., “The teacher asks
us what we want to learn about in math” and “I
ask students what they want to learn about in
math”). The Teacher Social Support subscale con-
sisted of four items and assessed the level of care
and support from teachers (e.g., “The teacher
cares how we feel” and “I care how my students
feel”). All items were rated on a 5-point scale,
ranging from 1 (not very often) to 5 (very often).
The subscale scores were calculated by averaging
the items. Means, standard deviation, and internal
consistency for each subscale are presented in
Table 1.

Student-level variables. We included a vector
of variables related to student demographic charac-
teristics and math achievement including gender,
ethnicity, socioeconomic status (SES), and stan-
dardized math scores from the Michigan Educa-
tional Assessment Test (MEAP) in the fall of
seventh grade. We standardized and added the
parent education and annual family income to cre-
ate a composite measure of SES. In addition, stu-
dent reports of problem or disruptive behaviors
were obtained in seventh grade using the Problem
Behavior Scale (Elliott, Huizinga, & Menard, 1989).
This scale is the average of six items that measure
the extent to which the students engage in miscon-
duct (e.g., during the past 6 months, how often

have you skipped class?). Each question on this
measure was rated along a 5-point scale, ranging
from 1 (almost never) to 5 (almost always).

Classroom or teacher-level variables. Teachers
completed a brief questionnaire including ques-
tions regarding their gender, ethnicity, education
(bachelor = 0 and master level and above = 1),
number of years teaching at this school, class size,
and use of within-class ability grouping. We also
used the mean and the standard deviation of stu-
dents’ math scores on the MEAP. The mean pro-
vides an estimate of students’ average math ability,
and the standard deviation provides an indicator
of class heterogeneity in math achievement.

School-level variables. School enrollment, fac-
ulty turnover (percentage of math teachers new to
the school that year), student mobility (number of
students moving in plus the number moving out,
divided by total enrollment), student–teacher ratio
(calculated by dividing the number of students by
the number of math teachers at the school), and
school SES (percentage of students receiving free or
reduced-price meals) were obtained from the
school records.

Analytic strategies

To address our research questions, we fit a series
of multilevel models in the HLM 6.02 software
(Raudenbush, Bryk, & Congdon, 2005). A multi-
level modeling technique was selected because of
the nested nature of our data and research ques-

TABLE 1
The Unconditional Multilevel Models for Student- and Teacher-Reported Classroom Climate in Math

Student Report of Classroom Climate Teacher Report of Classroom Climate

Authentic
Instruction

Promoting
Collaboration

Autonomy
Support

Teacher
Support

Authentic
Instruction

Promoting
Collaboration

Autonomy
Support

Teacher
Support

Mean 3.01 3.25 3.17 2.98 3.18 3.65 3.50 3.36
SD 1.72 0.86 1.03 1.48 1.26 1.20 1.35 1.47
a .83 .87 .80 .85 .81 .85 .83 .86

Level
Explained

Variance (%)
Explained

Variance (%)
Explained

Variance (%)
Explained

Variance (%)
Explained

Variance (%)
Explained

Variance (%)
Explained

Variance (%)

Explained
Variance

(%)

Level 1: Student 69 67 69 70 — — — —
Level 2: Classroom/
Teacher

27 29 26 24 83 81 79 85

Level 3: School 4 4 5 6 17 19 21 15
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tions (Singer & Willett, 2003). First, we calculated
the amount of variance for each level by fitting
unconditional hierarchical linear models without
any covariates separately for student report and
teacher report of each classroom climate outcome,
thereby measuring the amount of variance in
classroom climate that occurs across the two or
three levels. Second, we fit a series of models to
examine the influences of factors at different lev-
els on classroom climate. For teachers, we fit a
two-level model to predict teacher perceptions of
classroom climate for each outcome. Specifically,
we included classroom-level factors at Level 1
and the school-level factors at Level 2. We also
averaged the student-level factors (e.g., student
gender, achievement, problem behavior) and
included them as classroom-level predictors. For
students, we fit a three-level model to predict
student perceptions of classroom climate for each
outcome. Specifically, we included student-level
variables at Level 1, classroom-level variables at
Level 2, and school-level variables at Level 3. In
addition, we included teacher reports of class-
room climate as classroom-level variables to
examine the extent to which teacher perception
of classroom climate predicted student percep-
tions of classroom climate. Continuous covariates
were centered using grand mean centering, while
dichotomous covariates were retained as uncen-
tered. Third, based on the theoretical and empiri-
cal evidence, we explored possible within-level
interactions separately for each level and
between-level interactions by testing a series of
OLS regressions. For the student perception
model, we found two within-level interaction
effects (Class size 9 Ability grouping and Class
heterogeneity in math score 9 Ability grouping).
For the teacher perception model, we found one
interaction effect (Class size 9 Ability grouping).
No significant between-level interactions were
found. Thus, we entered these interactions in the
multilevel models to examine the association of
the interaction within the multilevel framework.
Finally, at each step of the model building, we
checked each parameter individually to examine
the significance of the residual variance. Any co-
variates with nonsignificant variances were fixed
(Raudenbush & Bryk, 2002). We used maximum
likelihood estimation with robust standard errors
to estimate the parameters and examined the
model fit on the basis of the Akaike information
criterion (Akaike, 1974), the Bayesian information
criterion, and the likelihood ratio test (Rauden-
bush & Bryk, 2002).

RESULTS

Unconditional Models

The partitioning of variance for both student report
(SR) and teacher report (TR) of classroom climate
outcomes is displayed in Table 1. For SR, the
majority of the variance was explained by between-
student variation (67%–70%). The clustering of stu-
dents within classrooms accounted for 24%–29% of
the variance in the four aspects of classroom cli-
mate, and clustering of students within schools
accounted for an additional 4%–6% of the total
variance. For TR, between-classroom variation
accounted for the majority of the variance in tea-
cher perceptions of classroom climate (79%–85%)
and clustering of teachers within schools accounted
for additional 15%–21% of the variance.

Multilevel Models

In Tables 2–5, we present the model-fitting results
for student and teacher perceptions of classroom
climate, respectively. Model 1 describes the main
effects of the individual-, classroom-, and school-
level covariates. Model 2 depicts the within-level
interaction effects. Model 3 describes whether tea-
cher perception of classroom climate predicted
student perceptions of classroom climate.

Student Models

As shown in Tables 2 and 3, at the individual
level girls perceived lower levels of authentic
instruction but higher levels of collaboration pro-
motion, autonomy support, and teacher social sup-
port than boys. Students with higher SES reported
higher levels of authentic instruction, autonomy
support, and teacher social support than those
with lower SES. Moreover, students who had
more problem behaviors reported lower levels of
authentic instruction, collaboration promotion,
autonomy support, and teacher social support
than students who had fewer problem behaviors.
Finally, students with higher math achievement
perceived all four aspects of classroom climate
more favorably than students with lower math
achievement.

At the classroom level, students with more expe-
rienced teachers perceived more authentic instruc-
tion and more collaboration and autonomy than
students with less experienced teachers. Students
perceived more authentic instruction in classes
with smaller class size and higher average math
scores. There were no significant effects for teacher
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gender, ethnicity, or teacher education. Moreover,
we found two within-level interactions (Class
size 9 Within-classroom ability grouping and Class
heterogeneity in math achievement 9 Within-class-
room ability grouping). The interaction of Class
size 9 Within-classroom ability grouping shows
the differences in classroom climate in classrooms
using and not using within-classroom ability
grouping as class size increases. The positive effect
of within-classroom ability grouping on classroom
climate increases as the class size rises. In smaller

classes (n < 27), differences in the perceived levels
of collaboration promotion (b = .05, ns) and auton-
omy support (b = .03, ns) were not statistically sig-
nificant between classrooms with and without
within-classroom ability grouping. In contrast, in
larger classes (n > 27), students in the classrooms
with within-classroom ability grouping perceived
greater levels of collaboration promotion (b = .22,
p < .001) and autonomy support (b = .18, p < .001)
than students in classrooms with no ability
grouping.

TABLE 2
Multilevel Results for School, Classroom, and Individual-Level Effects on Student-Reported Authentic Instruction and

Collaboration Promotion

Variables

Model 1a:
SR Authentic
Instruction

Model 2a:
SR Authentic
Instruction

Model 3a:
SR Authentic
Instruction

Model 1b:
SR Promoting
Collaboration

Model 2b:
SR Promoting
Collaboration

Model 3b:
SR Promoting
Collaboration

b (SE) b (SE) b (SE) b (SE) b (SE) b (SE)

Student level
Student gender .20*** (.04) .22*** (.05) .22*** (.05) �.08* (.03) �.06* (.03) �.07* (.03)
Student race/ethnicity �.08 (.05) �.06 (.04) �.06 (.04) .09 (.09) .07 (.08) .05 (.06)
SES .12** (.03) .13** (.04) .13** (.04) .04 (.05) .02 (.06) .01 (.05)
Problem behavior �.30*** (.06) �.28*** (.07) �.28*** (.07) �.20*** (.05) �.17*** (.05) �.19*** (.06)
Math score .45*** (.05) .42*** (.06) .42*** (.06) �.18*** (.04) �.15*** (.03) �.16*** (.03)
Prior SR authentic
instruction

— .36*** (.09) .35*** (.08) — — —

Prior SR collaboration
promotion

— — — — .40*** (.10) .40*** (.09)

Classroom/teacher level
Teacher gender .08 (.05) .06 (.05) .06 (.05) .05 (.03) .02 (.02) .02 (.02)
Teacher race/ethnicity .10 (.07) .08 (.07) .08 (.07) �.04 (.06) �.02 (.04) �.03 (.04)
Teaching years .14** (.04) .14** (.04) .13** (.04) .09* (.04) .07* (.03) .08* (.04)
Teacher education .08 (.06) .05 (.06) .05 (.06) .04 (.06) .05 (.08) .06 (.06)
Class size �.15** (.05) �.08* (.04) �.08* (.04) �.12** (.03) �.08* (.03) �.09* (.04)
Average math score .21*** (.05) .19*** (.05) .19*** (.05) .20*** (.05) .18*** (.04) .20*** (.05)
Heterogeneity in math score .13 (.07) .08 (.07) .09 (.06) .14* (.05) .10* (.04) .11* (.04)
Ability grouping ~.12 (.06) .06 (.08) .06 (.08) .12* (.05) .06 (.06) .05 (.06)
Class size 9 Ability
grouping

— .07 (.08) .07 (.08) — .15***(.05) .17** (.05)

Heterogeneity in math
score 9 Ability grouping

— .07 (.05) .09 (.06) — .18** (.06) .20*** (.05)

TR authentic instruction — — .09 (.07) — — —
TR collaboration
promotion

— — — — — .26*** (.06)

School level
School size .04 (.09) .05 (.10) .05 (.10) �.04 (.09) �.02 (.07) �.01 (.07)
Faculty turnover �.08 (.06) �.06 (.07) �.06 (.07) �.07 (.06) �.04 (.04) �.02 (.02)
Student mobility .06 (.05) .05 (.07) .05 (.07) .04 (.05) .05 (.06) .03 (.05)
Student–teacher ratio �.12** (.03) �.10** (.03) �.10** (.03) �.07* (.03) �.06* (.03) �.07* (.03)
FARMS �.04 (.09) �.02 (.08) �.02 (.08) .06 (.08) .04 (.09) .02 (.08)

AIC 1553.8 1547.3 1509.3 1643.4 1637.6 1600.6
BIC 1604.6 1595.4 1578.2 1689.2 1681.7 1652.5

Note. Student gender, 0 = female, 1 = male; student race/ethnicity, 0 = White, 1 = non-White; SES = socioeconomic status; SR = stu-
dent report; teacher gender, 0 = female, 1 = male; teacher ethnicity, 0 = White, 1 = non-White; teaching years = number of years tea-
cher has taught at this school; teacher education, 0 = bachelor’s degree, 1 = master’s level or higher; class size = number of students
in the class; average math score = mean math score in the classroom; TR = teacher report; FARMS = free or reduced-priced meals;
AIC = Akaike information criterion; BIC = Bayesian information criterion.
*p < .05; **p < .01; ***p < .001.
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The interaction of Class heterogeneity in math
achievement 9 Within-classroom ability grouping
revealed a positive association of within-classroom
ability grouping with perceptions of collaboration
promotion and autonomy support as heterogeneity
in math achievement increases. In other words, stu-
dents in classes with diverse math ability perceived
significantly more collaboration promotion and
autonomy support (bs = .25, p < .001, and .24,
p < .001 for collaboration and autonomy, respec-
tively) than students in classrooms with less
diverse math scores (bs = .05, ns and .03, ns for
collaboration and autonomy, respectively).

At the school level, a higher student–teacher
ratio was negatively related to student perceptions

of authentic instruction, collaboration promotion,
autonomy support, and teacher social support. Spe-
cifically, students in a school with a higher
teacher–student ratio perceived lower expectations
from teachers, fewer opportunities for collaboration
and autonomy, and less teacher social support.
Beyond that, none of the other school-level factors
reached statistical significance for student percep-
tions.

Finally, we examined whether teacher report of
classroom climate predicted student report of class-
room climate. In Model 3 from Tables 2 and 3,
scores on teacher perceptions of collaboration pro-
motion and autonomy support were positively
associated with student perceptions of collabora-

TABLE 3
Multilevel Results for School, Classroom, and Individual-Level Effects on Student-Reported Autonomy Support and Teacher Support

Variables

Model 1c:
SR Autonomy

Support

Model 2c:
SR Autonomy

Support

Model 3c:
SR Autonomy

Support

Model 1d:
SR Teacher
Support

Model 2d:
SR Teacher

Social Support

Model 3d:
SR Teacher

Social Support
b (SE) b (SE) b (SE) b (SE) b (SE) b (SE)

Student level
Student gender �.16* (.07) �.12* (.05) �.13* (.05) �.10* (.04) �.07* (.03) �.08* (.04)
Student race/ethnicity �.04 (.09) �.01 (.08) �.02 (.09) .01 (.09) .00 (.08) .00 (.08)
SES .14** (.04) .11** (.03) .12** (.04) .16** (.06) .14** (.05) .14** (.05)
Problem behavior �.25*** (.07) �.26*** (.08) �.25*** (.07) �.31*** (.05) �.33*** (.06) �.35*** (.07)
Math score .14*** (.03) .11*** (.03) .12*** (.03) .19*** (.06) .16*** (.05) .17*** (.05)
Prior SR autonomy support — .41*** (.08) .40*** (.07) — — —
Prior SR teacher social support — — — — .30*** (.07) .29*** (.07)

Classroom/teacher level
Teacher gender .01 (.03) .02 (.04) .01 (.03) .03 (.01) .01 (.02) .00 (.02)
Teacher race/ethnicity .04 (.04) .02 (.03) .01 (.03) �.04 (.02) �.02 (.03) �.02 (.03)
Teaching years �.05 (.06) �.03 (.07) �.02 (.06) .10** (.04) .08** (.04) .09** (.05)
Teacher education .03 (.07) .04 (.04) .02 (.05) .02 (.08) .03 (.07) .04 (.06)
Class size �.10** (.03) �.07** (.02) �.06* (.03) �.12** (.04) �.07* (.03) �.07* (.03)
Average math score .21*** (.05) .18*** (.04) .19*** (.04) .23*** (.04) .20*** (.05) .22*** (.05)
Heterogeneity in math score �.05 (.08) �.04 (.06) �.06 (.07) �.09 (.06) �.07 (.05) �.07 (.06)
Ability grouping .08 (.07) .05 (.09) .03 (.08) .10 (.10) �.08 (.09) �.07 (.08)
Class size 9 Ability grouping — .16*** (.04) .15*** (.04) — .08 (.04) .07 (.04)
Heterogeneity in math
score 9 Ability grouping

— .20*** (.04) .21*** (.04) — .05 (.09) .03 (.07)

TR autonomy support — — .19* (.09) — — —
TR teacher social support — — — — — �.06 (.08)

School level
School size �.03 (.08) �.04 (.07) �.02 (.08) �.09 (.07) �.06 (.09) �.04 (.09)
Faculty turnover �.04 (.05) �.02 (.03) �.03 (.03) �.10 (.08) �.08 (.06) �.06 (.04)
Student mobility .02 (.07) .01 (.06) .02 (.07) .01 (.08) .02 (.05) .01 (.05)
Student–teacher ratio �.11** (.03) �.09** (.03) �.08** (.03) �.13*** (.03) �.11*** (.02) �.12*** (.02)
FARMS �.03 (.07) �.02 (.05) �.01 (.06) �.06 (.08) �.04 (.09) �.02 (.09)

AIC 2003.5 1998.2 1953.4 1804.3 1798.8 1762.3
BIC 2045.8 2039.6 2028.4 1764.0 1760.3 1745.8

Note. Student gender, 0 = female, 1 = male; student race/ethnicity, 0 = White, 1 = non-White; SES = socioeconomic status; SR = stu-
dent report; teacher gender, 0 = female, 1 = male; teacher ethnicity, 0 = White, 1 = non-White; teaching years = number of years tea-
cher has taught at this school; teacher education, 0 = bachelor’s degree, 1 = master’s level or higher; class size = number of students
in the class; average math score = mean math score in the classroom; TR = teacher report; FARMS = free or reduced-priced meals;
AIC = Akaike information criterion; BIC = Bayesian information criterion.
*p < .05; **p < .01; ***p < .001.
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tion promotion (b = .26, p < .001) and autonomy
support (b = .19, p < .05). The association between
teacher reports and student reports in authentic
instruction and teacher social support was not sta-
tistically significant, controlling for other level vari-
ables (see Tables 2 and 3).

Teacher Models

The teacher models (see Tables 4 and 5) indicated
that teachers with more teaching experience
reported greater levels of authentic instruction,

collaboration promotion, autonomy support, and
social support for students than teachers with less
teaching experience. Teachers with a master’s degree
or higher rated the four aspects of classroom climate
more favorably than teachers with a bachelor’s
degree. There were no significant effects for teacher
gender or ethnicity. Teachers in classes with high
average math scores reported greater levels of
authentic instruction, collaboration promotion,
autonomy support, and teacher social support than
did teachers in classes with low average math scores.
Moreover, teachers reported more authentic instruc-

TABLE 4
Multilevel Results for School, Classroom, and Individual-Level Effects on Teacher-Reported Authentic Instruction and

Collaboration Promotion

Variables

Model 1a:
TR Authentic
Instruction

Model 2a:
TR Authentic
Instruction

Model 1b:
TR Promoting
Collaboration

Model 2b:
TR Promoting
Collaboration

b (SE) b (SE) b (SE) b (SE)

Classroom/teacher level
Average student gender .03 (.03) .03 (.03) .02 (.03) .02 (.03)
Average student ethnicity .00 (.02) .00 (.02) .01 (.03) .01 (.03)
Average student SES .02 (.03) .02 (.03) .01 (.02) .01 (.02)
Average student
problem behavior

.03 (.05) .03 (.05) �.05 (.05) �.05 (.05)

Teacher gender .12 (.13) .13 (.11) .12 (.10) .14 (.13)
Teacher ethnicity .07 (.08) .05 (.06) .04 (.06) .03 (.05)
Teaching years .22*** (.05) .18*** (.04) .16*** (.03) .14*** (.02)
Teacher education .11** (.03) .09** (.03) .07* (.03) .05* (.02)
Class size �.18*** (.04) �.16*** (.04) �.19*** (.03) �.16*** (.04)
Average math score .16** (.05) .15** (.05) .20*** (.03) .19*** (.03)
Heterogeneity in math score �.13* (.05) �.11* (.04) .02 (.08) .03 (.07)
Ability grouping .05 (.03) .06 (.03) .07 (.05) .05 (.06)
Class size 9 Ability grouping — .03 (.05) — .24*** (.05)
Heterogeneity in math
score 9 Ability grouping

— .01 (.04) — .02 (.05)

Prior TR authentic instruction .36*** (.06) .34*** (.06) — —
Prior TR collaboration promotion — — .30*** (.07) .29*** (.06)
Average SR authentic instruction .03 (.05) .02 (.05) — —
Average SR collaboration promotion — — .15*** (.04) .15*** (.04)
Variance in SR authentic instruction .05 (.07) .05 (.07) — —
Variance in SR collaboration promotion — — .02 (.05) .02 (.05)

School level
School size .07 (.12) .05 (.10) �.02 (.06) �.04 (.08)
Faculty turnover �.05 (.06) �.04 (.07) .04 (.08) .02 (.06)
Student mobility .06 (.07) .04 (.05) �.07* (.03) �.06* (.03)
Student–teacher ratio �.11* (.05) �.10* (.04) �.13** (.04) �.10** (.04)
FARMS .03 (.08) .05 (.07) .05 (.11) .03 (.09)

AIC 1257.9 1249.3 1222.4 1214.3
BIC 1296.6 1288.3 1258.6 1240.3

Note. Student gender, 0 = female, 1 = male; student race/ethnicity, 0 = White, 1 = non-White; SES = socioeconomic status; teacher
gender, 0 = female, 1 = male; teacher ethnicity, 0 = White, 1 = non-White; teaching years = number of years teacher has taught at this
school; teacher education, 0 = bachelor’s degree, 1 = master’s level or higher; class size = number of students in the class; TR = teacher
report; SR = student report; average math score = mean math score in the classroom; FARMS = free or reduced-priced meals;
AIC = Akaike information criterion; BIC = Bayesian information criterion.
*p < .05; **p < .01; ***p < .001.
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tion in classes of smaller size, while less authentic
instruction was reported in classes where there was
a greater heterogeneity in student math abilities.

The within-classroom-level interaction (Class
size 9 Within-classroom ability group grouping)
represents the differences in perceived classroom
climate as class size increases in classrooms using
within-classroom ability grouping compared with
classrooms with no within-classroom ability group-
ing. The positive association of within-classroom
ability grouping with classroom climate increases
with the class size: for each of the two aspects of
classroom climate, the positive associations of
within-classroom ability grouping with promoting

collaboration and autonomy support were insignifi-
cant in small classes (bs = .05 and .06 for collabora-
tion and autonomy, respectively) but significant in
larger classes (bs = .29 and .27 for collaboration
and autonomy support, respectively).

At the school level for teachers, greater student
mobility was associated with lower levels of
perceived collaboration promotion and autonomy
support. High student–teacher ratio was negatively
associated with teacher reports of authentic instruc-
tion, collaboration promotion, autonomy support,
and teacher social support. School size, faculty
turnover, and percentage of students receiving free
or reduced-priced meals were not associated with

TABLE 5
Multilevel Results for School, Classroom/Teacher, and Individual-Level Effects on Teacher-Reported Autonomy Support and Teacher

Social Support

Variables

Model 1c:
TR Autonomy

Support

Model 2c:
TR Autonomy

Support

Model 1d:
TR Teacher

Social Support

Model 2d:
TR Teacher

Social Support
b (SE) b (SE) b (SE) b (SE)

Classroom/teacher level
Average student gender �.01 (.04) �.01 (.04) .00 (.02) .00 (.02)
Average student ethnicity �.00 (.05) �.00 (.05) .00 (.04) .00 (.04)
Average student SES .01 (.04) .01 (.04) .01 (.03) .01 (.03)
Average student problem behavior �.06 (.05) �.06 (.05) �.04 (.05) �.04 (.03)
Teacher gender .15 (.14) .13 (.12) .14 (.08) .12 (.09)
Teacher ethnicity .04 (.06) .02 (.04) .04 (.08) .02 (.06)
Teaching years .14*** (.03) .12*** (.03) .15*** (.03) .12*** (.03)
Teacher education .13*** (.03) .13*** (.03) .07* (.03) .05* (.02)
Class size �.18*** (.04) �.15*** (.04) �.16*** (.03) �.14** (.04)
Average math score .23*** (.04) .21*** (.05) .20*** (.05) .17*** (.04)
Heterogeneity in math score .08 (.11) .06 (.10) .06 (.05) .05 (.07)
Ability grouping .07 (.04) .06 (.04) �.05 (.03) �.04 (.08)
Class size 9 Ability grouping — .19*** (.04) — .12 (.06)
Heterogeneity in math
score 9 Ability grouping

— .01 (.06) — .02 (.03)

Prior TR autonomy support .28*** (.05) .27*** (.05) — —
Prior TR teacher social support — — .38*** (.08) .37*** (.07)
Average SR autonomy support .14* (.05) .13* (.05) — —
Average SR teacher social support — — .04 (.06) .04 (.06)
Variance in SR autonomy support .03 (.06) .03 (.06) — —
Variance in SR teacher social support — — .01 (.07) .01 (.07)

School level
School size �.03 (.12) �.01 (.09) �.06 (.10) �.03 (.12)
Faculty turnover .05 (.06) .03 (.04) .02 (.08) .01 (.07)
Student mobility �.08* (.03) �.07* (.03) .05 (.07) .02 (.05)
Student–teacher ratio �.12** (.04) �.09** (.04) �.17*** (.03) �.14*** (.03)
FARMS .04 (.09) .02 (.10) �.04 (.11) �.02 (.10)

AIC 1309.4 1298.3 1211.0 1202.0
BIC 1333.5 1323.1 1253.3 1240.3

Note. Student gender, 0 = female, 1 = male; student race/ethnicity, 0 = White, 1 = non-White; SES = socioeconomic status; teacher
gender, 0 = female, 1 = male; teacher ethnicity, 0 = White, 1 = non-White; teaching years = number of years teacher has taught at this
school; teacher education, 0 = bachelor’s degree, 1 = master’s level or higher; class size = number of students in the class; TR = teacher
report; SR = student report; average math score = mean math score in the classroom; FARMS = free or reduced-priced meals;
AIC = Akaike information criterion; BIC = Bayesian information criterion.
*p < .05; **p < .01; ***p < .001.
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any aspects of classroom climate examined in the
study.

DISCUSSION

In this study, we employed a multilevel approach
to identify what individual-, classroom-, and
school-level factors predict student and teacher
perceptions of math classroom climate. We focused
on four aspects of classroom climate: authentic
instruction, collaboration promotion, autonomy
support, and teacher social support. Our findings
suggest that factors at all three levels (individual,
classroom, and school level) influence both stu-
dents’ and teachers’ perceptions of their math
classrooms differently. As hypothesized, class-
room-level characteristics exerted greater influence
upon the classroom perceptions of both students
and teachers than school-level characteristics. Stu-
dents’ perceptions of math classroom climate were
more influenced by student characteristics than by
classroom or teacher or school characteristics and
varied more within rather than between class-
rooms. Furthermore, we only found small correla-
tions between student and teacher reports on
promotion of collaboration and provision of auton-
omy support, but no relationship for authentic
instruction and teacher social support. Finally, the
effect of within-class ability grouping on perceived
classroom climate varied by class size and hetero-
geneity among classmates’ math ability.

Individual-Level Predictors

Consistent with prior studies (Battistich et al., 1995;
Griffith, 2000; Kuperminc et al., 2001; Lou et al.,
1996), we found that individual-level factors such
as student gender, SES, academic abilities, and
problem behavior were associated with students’
perceptions of their math classroom context: stu-
dents who were females, had parents with higher
education and annual income and had higher prior
mathematics test scores, and fewer problem behav-
iors perceived more collaboration, autonomy sup-
port, and teacher social support than their peers.
Two hypotheses can be put forward to interpret
these within-class variations in students’ percep-
tions of classroom characteristics: (1) students are
treated differently due to differences in individual
characteristics by their teachers and peers within
their classroom or (2) students’ individual and fam-
ily characteristics lead them to perceive similar
treatment differently. We believe both of these pro-
cesses are operative. The findings suggest that

more advantaged students (e.g., students with high
SES and academic ability) are likely to be exposed
to more “opportunities to learn” or increased levels
of classroom instruction (Alexander, Entwisle, &
Olson, 2001; Guarino, Hamilton, Lockwood, Rath-
bun, & Germino-Hausken, 2006). They are also
consistent with studies of differential within-class-
room treatment for girls and boys, suggesting that
boys are in fact treated more favorably by their
teachers even when their prior achievement levels
and engagement in problematic behaviors are con-
trolled for (Cooper & Good, 1983; Darling-Ham-
mond, 1995). However, it is also likely that
students’ perceptions are affected by personal char-
acteristics due to individual differences in attribu-
tional processes, such as non-conscious cognitive
and emotional frames of references (Wigfield et al.,
2006). Moreover, students’ family characteristics
and experiences with parents may also contribute
to how they perceive the classroom climate. For
example, students from higher SES backgrounds
may receive more autonomy support from their
parents and thus be more prone to perceive the
same autonomy support from their teachers. Simi-
larly, students whose parents are more involved in
school education are more likely to internalize the
educational values of parents and thus interpret
experiences in school with a positive bias (Hill &
Tyson, 2009).

Our findings suggest that school interventions
aimed at enhancing students’ perceptions of class-
room climate may be more effective if they target
students who perceive classroom climate less
favorably (e.g., male, lower SES, and low-perform-
ing students). Given that our findings resonate so
well with previous research on differential within-
classroom teacher treatment, it is quite likely that
at least some of the within-classroom variation in
students’ perceptions—disproportionately negative
among male, minority, and low SES students
(Battistich et al., 1995; Griffith, 2000; Jussim & Harber,
2005; Kuperminc et al., 2001)—reflects differential
teacher treatment (e.g., Guarino et al., 2006). There-
fore, interventions need to focus on teacher–student
interactions with an eye to differential teacher treat-
ment and getting teachers to treat all of their
students more equitably while also fostering change
in students’ perceptual and attributional processes.
Indeed, suggestions for interventions of this nature
are now quite prevalent within the social psychology
of motivation (e.g., Hulleman & Harackiewicz,
2010).

It is noteworthy that females perceived their
math teachers as providing less authentic instruc-
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tion than their male classmates, even after control-
ling for prior math scores and engagement in prob-
lematic behaviors despite the fact girls rated the
other characteristics of their math classroom cli-
mate more positively than did boys. These girls
were less likely than their male peers to think that
the math curriculum is meaningful or relevant to
their personal goals and interests. Many scholars
interested in the gender differences in participation
in math-intensive STEM careers have speculated
that this might be one reason girls are less likely to
continue taking advanced math courses (Ceci &
Williams, 2010; Wang, Eccles, & Kenny, 2013)
because authentic instruction has been shown to be
a strong predictor of career interests and choices in
math-intensive fields. Gender differences in levels
of perceived authentic instruction may reflect a ten-
dency on behalf of the teacher to associate math
with characteristically male-dominated activities,
careers, and domains, such as engineering and the
physical sciences. If this were the case, it would
explain why boys were more likely than girls to
perceive their math teacher as teaching for mean-
ing and relevance. This assumption also goes some
way in explaining career aspiration differences: if
boys connect what is going on in math class to the
outside world, their math utility value will
increase, in turn positively influencing math-related
career aspirations. Indeed, girls in middle and high
school years in general report lower estimates of
math utility values than their male peers, despite
equivalent math performance and this difference
mediates gender differences in advanced math
course enrollments in the twelfth grade (Else-
Quest, Hyde, & Linn, 2010). It is plausible that gen-
der differences in math utility values in part origi-
nate from gender differences in perception of level
of authentic instruction taking place in the class-
room (Wang, 2012; Wigfield et al., 2006).

Classroom or Teacher-Level Predictors

The patterns of results for within-classroom group-
ing were different. The use of within-class ability
grouping has often been cited as a possible
approach for increasing math performance in clas-
ses with different skill levels. When we found
effects of within-classroom ability grouping, the
results suggested positive consequences for both
students’ and teachers’ perceptions of classroom
climate. However, this was only true when the
class size was large and the heterogeneity of ability
levels was large. Under these conditions, the stu-
dents in ability-grouped math classes rated their

classrooms as providing more support for their
autonomy, more opportunities for collaborative
learning, and more teacher support, all of which
should increase the students’ motivation to learn
math. Similarly, when class size was large, the
teachers in ability-grouped classrooms reported
greater use of collaborative learning opportunities
and more support for autonomy. Thus, as class size
and heterogeneity of ability levels increase, the use
of within-classroom ability grouping may be an
effective technique for improving student and tea-
cher perceptions of classroom climate that the
teachers provide high-quality learning opportuni-
ties for all students in the class regardless of their
ability-grouping status.

School-Level Predictors

In general, school-level factors affected teachers’
classroom perceptions more than students’ class-
room perceptions. High student–teacher ratio was
negatively related to both students’ and teachers’
perceptions of authentic instruction, collaboration
promotion, autonomy support, and teacher social
support. This finding is consistent with the theory
of stage-environment fit (Eccles et al., 1993). The
need for close relationships between teachers and
students may be particularly important at this age.
However, the decrease in the opportunity for such
relationships is one of the major changes associated
with the transition to middle school due to the
increasing size of the overall student body and an
increase in the number of students being taught by
each teacher. A larger student-to-teacher ratio
likely increases teachers’ work load and makes
class more difficult to manage. Similarly, having a
large number of students with fewer interactions
with each teacher is inconsistent with the student’s
need for deep relationships with adult outside their
family, and such students are more likely to per-
ceive the classroom environment less favorably
(Eccles & Roeser, 2011).

Recent school reform initiatives have focused on
creating small schools and learning communities
(e.g., the Federal Smaller Learning Communities
Initiative; the Coalition Campus Schools Project).
Our results suggest that reducing class size could
function as an effective strategy for increasing posi-
tive perceptions of classroom climate. We found no
evidence of a positive association between school
size and our indicators of math classroom climate.
Rather, we found that smaller class size and lower
student–teacher ratios have positive associations
with both students’ and teachers’ perceptions of
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math classroom climate. This finding is not surpris-
ing given that it is the daily interactions between
students and teachers in the classroom that create
classroom climate. Smaller class size and lower stu-
dent–teacher ratios foster greater interaction
between students and their teachers, allowing posi-
tive and meaningful relationships to develop, and
providing teachers with greater opportunity to pro-
mote collaboration and support autonomy in stu-
dents. These findings indicate that it is not the
overall size of the organization that matters, but
rather the size of the units in which the teachers
and students actually interact on a daily basis
(Meier, 2002). Further support for this conclusion is
provided by the fact that greater student mobility
at the school level predicted reduced frequency of
teacher promotion of collaborative learning and
autonomy support. Both teaching strategies rely on
trust between students and teachers. If the turnover
rate for students is high, teachers will have less
opportunity to develop trusting relationships with
their students, which, in turn, will reduce the likeli-
hood of use of collaborative learning tasks and pro-
vision of support for autonomous learning.

The Convergence and Divergence Between
Student and Teacher Perceptions

By and large, we did not find a strong association
between students’ and teachers’ perceptions of
classroom climate. Only small correlations were
found between student and teacher reports on pro-
motion of collaboration and provision of autonomy
support, but no relationship for authentic instruc-
tion and teacher social support. We did not have
qualitative interview data to understand why
responses may converge or differ (Desimone &
LeFloch, 2004), but results from previous research
suggest that it might be due to the degree of sub-
jectivity captured by the classroom climate measure
(Desimone, Smith, & Frisvold, 2010; Mitchell et al.,
2010). For example, reporting levels of provision of
autonomy and collaboration may be less subjective
than reporting perceptions of authentic instruction
and teacher social support. If this is the case, it is
reasonable to expect convergence on perceived
autonomy support and collaboration but diver-
gence on perceived teacher social support.

Many psychological models of school influence
on student socio-emotional development take stu-
dent perception of teacher behavior and classroom
climate to be the most important predictors of
these constructs (e.g., Esposito, 1999; Kasen, John-
son, & Cohen, 1990). However, the relatively weak

relationship between student and teacher reports of
classroom climate in our study suggests that differ-
ent stakeholders may have different views about
their math class climate. Students’ perceptions of
classroom characteristics typically vary more
within classrooms than between classrooms and so
it was with this study. Although some of this
variation undoubtedly reflects differential teacher–
student interactions within the classroom, some of
the variation also likely reflects differences in
baseline student and family characteristics: charac-
teristics the students had when they first entered
the class. Thus, we must be cautious in using stu-
dent perceptions of classroom climate as the only
indicators of shared aspects of the classroom char-
acteristics. Use of such measures is likely to under-
estimate the impact of classroom reform efforts
aimed at changing classroom climate or shared
classroom characteristics for two reasons: (1) these
measures reflect multiple sources of bias, and (2) to
the extent that the influence of classroom character-
istics on student outcomes depends on students’
perceptions of their classrooms, the same interven-
tions and the same teacher practices are likely to
have differential impact on different students
within the same classroom.

Similarly, teachers’ perceptions are likely to
have reporter biases and thus are prone to pro-
duce underestimations of the impact of reform
efforts targeted at changing classroom climate.
Teachers may be more sensitive to and accommo-
dating toward the expectations of the researchers
than students. For example, teachers may be more
prone to believe that it is not socially appropriate
to attribute variations in classroom climate to stu-
dent characteristics such as gender or social class.
That is, despite their actual beliefs and even their
actions, teacher participants may be prone to
report to researchers the culturally valued dictum.
Therefore, both teacher and student biases are
likely to affect perceptions of classroom climate
and the likelihood that the teacher will implement
the reform efforts differentially among students.
Averaging student and teacher classroom percep-
tions without taking into account the individual
characteristics influencing their perceptions can
underestimate the impact of the intervention on
some individuals. Though logistic and resource
constraints often do not allow us to administer
surveys to multiple respondents, we need to be
aware of the implications of our choice of respon-
dent as well as the specific aspects of classroom
climate being assessed when interpreting the
results of our analysis.
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Our findings suggest that interventions to pro-
mote effective classrooms may target not only tea-
cher behavior (e.g., instructional strategies and
classroom management), but also students’ class-
room perceptions. The more subjective aspects of
classroom climate such as perceived teacher sup-
port or perceived authentic instruction would be
particularly relevant to interventions. Recent
studies in social psychology have shown the power
of changing students’ perceptions of their own
motivation and ability (Dweck, 2006), as well as
their perceptions of the learning contexts in which
they find themselves (Lizzio, Wilson, & Simmons,
2002). Similarly, work in mindfulness and compas-
sion training has shown that changing perception
of others’ motivation can facilitate increased posi-
tive interaction between individuals (Trigwell &
Prosser, 1991). Much of this research has involved
college students, but perhaps future consideration
should be given to such interventions in Grades
K-12.

Limitations, Future Research, and Conclusions

Several limitations and some caveats to this study
must be noted. First, this study’s sample was com-
prised primarily of European American adolescents
in one region of the country and was not represen-
tative of the wider general U.S. population. There-
fore, any generalizations must be approached with
caution. Replication of these findings using more
ethnically diverse samples is needed. Similarly, we
focused only on math classrooms, and the results
can be generalized to math only. Future studies in
other school subjects will test the generalizability of
our findings across subject domains. Third, we
examined only four aspects of classroom climate.
Future studies would benefit from taking peer
dynamics and interaction into account. Encompass-
ing these variables would allow us to investigate
the full complexity of peer social experience on stu-
dents’ beliefs and perceptions of classroom climate.
In addition, future studies should investigate
whether the influences of individual and contextual
characteristics on our classroom climate measures
reflect perceptual biases or actual differences in
experience. The use of observational assessments
will be an important step as a validation study for
student and teacher report measures.

Despite its limitations, this study extends previ-
ous research in a number of ways. We have high-
lighted the need to take both an ecological-level
perspective and a developmental perspective on
perceptions of classroom climate. The study not

only advances our understanding of how the mul-
tiple levels of school organization interact to shape
perceptions of the day-to-day experiences of stu-
dents and teachers, but also what individual and
contextual characteristics lead to supportive math
classroom climate. The findings also provide
important insights into measurement and analysis
of setting level constructs by examining multi level
predictors of classroom climate from multiple per-
spectives. With increasing focus on the design,
implementation, and evaluation of intervention
programmes aimed at creating an effective school,
classrooms are often a setting in which these pro-
grammes are implemented (Greenberg, Domitro-
vich, & Bumbarger, 2001). Our study provides an
illustration of how it is the complex configurations
of multiple factors in school systems, not single fac-
tors acting in isolation, that account for the percep-
tion of “positive classroom climate.” These findings
underscore the importance of assessing both stu-
dent and teacher perceptions to better understand
classroom climate, especially when monitoring the
outcomes of classroom improvement initiatives.
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