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Abstract

This article examines the “effectiveness” of school-level mathematics and explores how teachers’ instruction,
within classrooms, contributes to an effective learning. By using multiple data sources, including classroom
observations and teacher interviews, we found that students from “effective schools” receive more intellectual
support than students in “typical schools” and benefit from better learning environments overall. We also
found that the overall intellectual quality differs as per students’ ability level, favoring students of “lower
ability” when they are enrolled in effective schools. Teacher interviews suggest that teachers from effective
schools tend to hold higher expectations for low-ability students than in typical schools and know how to
adapt to them by adopting individualized instruction to meet their learning needs.
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1. Introduction

School effectiveness research (SER) has grown rapidly over the past four decades, partly because it seeks to
answer fundamental questions about education—answers that lie at the core of why students in some
schools perform better than in others—and promote the development of so-called “effective schools.”
Effective schools are commonly understood as ones in which students perform better than in other schools
on most academic subjects, generally as measured via standardized tests (Clewell et al., 2007); typical
schools are those where students score average or below-average on standardized tests. From its inception,
SER focused on identifying non-instructional factors that could influence the “effectiveness” of a school,
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factors that relate, among other things, to the environment, organization, resources, and culture of a school.
This continues to be a feature of SER more broadly. Purkey and Smith’s (1983) early review helped define
the concept of effective school by providing a list of characteristics that add extra value to students’
learning experiences: school organization and structure (see also Bedard & Do, 2005), external support,
leadership and staff stability, safety, and cultural elements. Features like school management (Cheng, 2022)
and parent involvement (Pelemo, 2022) have also been investigated for their association with students’
learning outcomes and are some of the non-instructional factors that have been shown to contribute to
school-level effectiveness.

More recently, research on classroom teaching has explored the importance of classroom-level, instructional
factors on effectiveness and there is a growing acceptance that the best way to improve ineffective schools is
by providing them with better teachers and high-quality classroom instruction (Waxman et al., 2007). Research
on teaching practices has also advanced our understanding of the factors that are more effective for students’
learning of mathematics. Numerous studies have documented that teaching practices are positively associated
with student mathematical achievement and play a critical role in academic success (Osborne, 2021; Tan &
Dimmock, 2022; Yu & Singh, 2018). Using a generic observational framework, Zhu and Kaiser (2022) found
that teachers’ social support and teaching quality positively impacted students’ mathematical performance,
whereas classroom management did not have a significant direct impact. Likewise, using an observational
framework focused on teaching practices that are specific to teaching mathematics, Merritt et al. (2017) found

that teachers’ use of multiple representations, vocabulary-building techniques, and attention to individuals
understanding were prevalent practices in high-gain classrooms.

These findings suggest the need for considering both cross-classroom and within-classroom features when
examining school effectiveness. Yet, as previously mentioned, most studies on teaching quality have not been
situated within the broader context of school effectiveness. Reynolds (2010) believed that the separation
of SER and teaching quality research might be ignoring school-level conditions and arrangements that can
contribute to an effective instruction within classrooms. In the case of mathematics specifically, researchers
have found that classroom-level factors, such as students’ perception of “in-classroom” learning environments
(Waxman et al., 2021) and structural teaching, time on mathematical tasks, and curriculum quality (Scheerens,
2016), significantly contribute to school effectiveness. Within-classroom features such as students’ gender
and ability levels have also been found to influence teachers’ instructional practices. For instance, Nurmi’s
(2012) meta-analysis found that teachers tend to give more attention to students they expect to perform
well compared to those they expect to perform poorly. Desimone and Long (2010) reported that teachers in
schools located in disadvantaged socioeconomic areas spent less teaching time on low-achieving students.
These two studies suggest it might be necessary to consider within-classroom factors when examining the
relationship between classroom instruction and school effectiveness.

Most research on mathematics instructional quality (Merritt et al., 2017; Osborne, 2021; Zhu & Kaiser, 2022)
has not been within the context of school effectiveness. Limited attention has been paid simultaneously to
school-level, classroom-level, and student characteristics. Most SER research has focused on one or, at the
most, two out of three instructional-level factors that are known to impact student mathematics achievement:
students, classrooms, and schools. Extant classroom-level studies have focused on general teacher behaviors
or classroom instruction (Charalambous & Praetorius, 2018; Zhu & Kaiser, 2022). In this article, we examine
all three factors simultaneously and use systematic, mathematics-specific observation scales.
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We aligned students’ learning behaviors with teachers’ instructional practices in what we refer to as “classroom
learning environment.” A strict focus on teacher practices misses the impact that students’ behavior has on
their own learning. Teaching practices can only be effective if students engage with them. Thus, classroom
learning environment refers to a coordination of within-classroom instruction that includes teacher behavior
(Fisher et al., 2005) as well as teacher-student and/or student-student interactions (Zedan, 2010).

This article also looks at the “intellectual quality” of environments specific to the learning of mathematics.
By “intellectual quality” we mean the depth to which mathematics is treated in a given classroom, the
understanding thereof that is evident in the classroom, and the range of students’ engagement with
mathematics (see Newmann et al., 1996; Secada & Lee, 2000). The following four research questions guide
this study:

1. Are there any significant differences in the learning environment and student engagement with
mathematics between “highly effective” and “typical” urban schools?

2. Are students’ experiences of mathematical learning environments and engagement different based on
students’ ability levels, and whether students’ ability levels interact with school-level effectiveness?

3. Are students’ experiences of mathematical learning environments and engagement different based on
students’ sex, and do students’ sex interact with school-level effectiveness and student ability?

4. (exploratory) What underlying teacher perceptions about mathematics, their students, and/or teaching
might shed light on these findings?

1.1. Quality of Mathematics Instruction Within Effective Schools

Some studies have provided evidence that teachers in effective schools consistently display “effective
teaching” behaviors. Using high-inference classroom observations of 65 reading teachers from effective
schools versus 51 teachers from ineffective schools, Teddlie et al. (1989) found that reading teachers in
effective schools exhibit more “student time on task,’ frequent presentation of new materials, high
expectations for students, positive reinforcement, and a friendly learning environment. Teddlie and
Reynolds (2000) distinguished effective schools from less effective schools in the following ways: Math
teachers in the more effective schools were more likely to adopt student-centered activities and small-group
instruction, their students were encouraged to use mathematical manipulations and problem-solving
techniques, and the teachers were more likely to extend the curriculum by adding relevant information from
varied sources beyond textbooks. Teacher-directed and whole-class instruction were primarily used in less
effective schools.

Based on the survey and interviews of 523 teachers from two school districts (10 effective schools and six
typical schools), Clewell et al. (2007) found that highly effective school teachers reported holding higher
expectations of their students, spending more time working on the mathematical content, and developing
their own materials for mathematical instruction. Aside from differences in teacher practices, highly
effective schools had a higher proportion of qualified and experienced teachers, and provided more
professional development opportunities for their teachers than their counterpart schools. The same study
relied on direct observation of teachers’ classrooms, embedded students within those classrooms, and, in an
exploratory manner, related instructional practices to teacher beliefs and perceptions.
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Studies have investigated the differences in students’ learning behaviors and their perceptions of classroom
learning environments between effective and ineffective schools. Waxman et al’s (2021) observations of 947
fourth- and fifth-grade students’ behaviors during reading and mathematics found that students in effective
schools were much more engaged in tasks, perceived learning environments as more positive, and had more
time to interact with their teachers. Students enrolled in average and ineffective schools were less engaged
in tasks, more distracted, and had much lower perceptions of their learning environments.

1.2. Effective Urban Schools

Research on the effective school goes back to Edmonds (1979), who sought to provide direction for
improving the education of students enrolled in urban schools in the United States by focusing on
school-level characteristics of effective schools. Subsequent work in urban settings consistently reported
similar findings. Muijs et al’s (2004) review lists the following factors as those that most impact schools in
socioeconomically disadvantaged areas: leadership capacity, a positive school culture, continuous
professional development of teachers and administrators, teaching and learning, and external support. A set
of Canadian case studies that examined 12 secondary schools in low-income settings drew the conclusion
that high expectations for all students, a clear focus on academic achievement, and supportive structure and
services contributed to the success of their students (Raham, 2004). In a case study of three English schools
with high proportions of students from minority ethnic groups qualifying for free school meals, Engel et al.
(2010) identified the ethos of inclusion as central to the success of schools catering to students from
challenging environments. They argued that inclusion went beyond classroom strategies and practices;
rather, it permeated the entire school and affected schools in every aspect of how they functioned.

1.3. Student Factors Within an Effective School Setting

Students’ socio-demographic characteristics can be linked to their cultural backgrounds in relation to
classroom instruction, either positively as resources for instruction or negatively by providing fewer learning
opportunities during instruction. The importance of differentiating classroom instruction arises from the fact
that students differ from one another in terms of prior knowledge, interests, motivation, learning needs, and
learning styles (Dowson & Mclnerney, 2003). By adapting instruction to individual students’ needs, teachers
increase students’ chances of success and help to reduce the learning gaps among students. Creemers and
Kyriakides (2007) studied the extent to which teachers give more instructional opportunities and instruction
to students who need them. J. B. Smith et al. (2001) found that low-achieving, economically disadvantaged
students benefited from the interactive instruction that emphasized teachers’ guidance and encouraged
students’ explanation and discussion of mathematical concepts. Ketterlin-Geller et al. (2008) found that
additional exposure to the core mathematical concepts and practices increased the achievement gains of
state-standardized tests for low-achieving students. Unfortunately, numerous studies have found that
low-achieving students from disadvantaged socioeconomic areas tend to get teachers who spend less time
on instruction and provide less conceptual and more procedural instruction compared with their
counterparts in high SES settings (Desimone & Long, 2010; J. B. Smith et al., 2001; T. M. Smith et al., 2005).

Early gender-based teaching research found that teachers favored male over female students in the quantity
and quality of their interactions (Garrahy, 2001; Wimer et al., 2001), a trend that more recent research
continues to confirm regarding teachers’ perception and expectations of students’ abilities and performance.
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Riegle-Crumb and Humphries (2012), for instance, found that high school math teachers perceived boys
(especially white boys) as more capable than girls, just as Tiedemann (2002), a decade earlier, found that
middle-school teachers considered boys to possess higher mathematical abilities and profit more from
additional efforts than girls. Teachers may also respond differently to boys and girls based on students’
abilities: Dukmak (2009) found that teachers initiated more interactions with high-achieving boys than
with high-achieving girls; yet, they initiated more interactions with low-achieving girls than with
low-achieving boys.

2. Conceptual Framework for Classroom Environments
2.1. Simultaneous Focus on Teachers and Students

Teaching and learning are social practices that are dependent on context; student learning does not happen in
isolation (Lemke, 2001). Both teachers and students co-create and support classroom learning environments.
A teacher may engage in practices that focus on in-depth treatment of a mathematical topic. But without
broad student uptake based on those practices, students are unlikely to learn the content in much depth.
Similarly, teacher practices may focus on developing students’ understanding of mathematical topics and/or on
mathematical analysis (higher-order thinking). Without students’ co-participation in those practices, students’
understanding and application of analysis are unlikely. Our focus on learning environments as co-constructed
by teachers and students highlights that teachers and their students simultaneously shape and contribute to
the intellectual quality of the classroom’s learning environment.

Socio-constructivist learning theory provides a foundation for this view of learning since it portrays learning
as an active process, where learners actively construct their mathematical ways of knowing as they
participate in the classroom community (Cobb & Yackel, 1996). Students are not passively receiving
knowledge from teachers’ transmissions (e.g., pretending to listen to lectures), but they are actively involved
in the learning processes. By building on one another’s contributions, teachers and students create a rich
learning environment. Based on this theoretical perspective, we assessed the quality of learning
environments not by focusing on a single aspect of the classroom, such as teacher quality (Jong et al., 2004),
instructional tasks, and task implementation (Stigler & Hiebert, 2004), or classroom artifacts (Clare &
Aschbacher, 2001). We adopted an interactional lens that focused on the relationship among individual
students, teachers, and the context within which that student learning took place.

2.2. Things Matter for Mathematical Learning

We focused on three aspects in mathematical learning: (a) depth in the treatment of mathematical content,
(b) level of focus in developing conceptual understanding, and (c) support for engaging students in
mathematical analysis (high-order thinking). These three aspects are consistent with the Principles to Actions:
Ensuring Mathematical Success for All, a document by the National Council of Teachers of Mathematics
(NCTM) that provides research-based descriptions of instructional/teaching practices in support of students’
learning of mathematics (NCTM, 2014). In addition to developing a conceptual understanding of key
mathematical ideas, the NCTM also recommends a flexible use of procedures and strategies to engage
students in mathematical practices, including reasoning, problem-solving, and communicating. Our standards
were derived from what Newmann (1996) called “authentic learning,” which argued that teaching and
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learning should lead students to a deep understanding of concepts and relationships in contexts that involve
real-world problems. Newmann and Weglage (1993) provided five authentic instructional practices that
align with these learning goals, of which we adopted the following three: higher-order thinking, depth of
knowledge, and social support for student achievement.

Mathematical tasks provide the basis for classroom teaching and learning. Students should spend a
substantial portion of instructional time focused on challenging tasks and that will keep them deeply
engaged in mathematics content, so that they can achieve rigorous mathematical learning goals (Cobb &
Wilhelm, 2022; Sullivan et al., 2015). Sullivan et al. (2015) and Sullivan and Mornane (2014) have worked
with groups of primary and secondary teachers to support their efforts to convert challenging mathematical
tasks into classroom lessons. Challenging tasks allow students opportunities to engage with important
mathematical ideas, to choose their strategies, goals, and levels of accessing the task, and to extend their
knowledge and thinking in new ways. Sullivan and Mornane (2014) stressed that challenging tasks are those
that help students build networks and connections between ideas with which students are familiar. Stein
et al. (2008) stated that challenging tasks are cognitively demanding and promote conceptual understanding
and the development of thinking, reasoning, and problem-solving skills.

Students learning mathematics with understanding is a critical feature of the principles and standards for
school mathematics (NCTM, 2014). Learning mathematics with understanding involves students in
understanding mathematical ideas and procedures and making connections among ideas (Stylianides &
Stylianides, 2007). These connections facilitate the transfer of prior knowledge to novel situations.
Memorizing facts or procedures without understanding results in fragile and non-transferable learning.
In this case, students’ knowledge may be shallow, thin, or superficial and cannot be transferred to other
contexts since the mere mastery of facts and procedures does not necessarily imply mathematical
proficiency (NCTM, 2014). The NCTM clarifies that effective teaching of mathematics builds fluency with
procedures on the foundation of conceptual understanding; thus, conceptual understanding and procedural
fluency are essential and integrated components of mathematical proficiency.

Higher-order thinking skills refer to the ability to analyze, evaluate, and create, based on Bloom’s (1956)
taxonomy. Unfortunately, people have used the term when discussing mathematics in the classroom with no
attachment to actual math content. To highlight that mathematics is the content of higher-order thinking, we
used the term “mathematical analysis.” Mathematical analysis involves searching for mathematical patterns,
making mathematical conjectures, and justifying them (Secada & Lee, 2000). Mathematical analysis also
includes organizing, synthesizing, evaluating, arguing, hypothesizing, describing patterns, and making models
or simulations. In all these cases, the “content of the thinking” is mathematics.

3. Method

In our research, we followed an overall SER logic, i.e., we identified schools that were considered highly effective
in mathematics based on multi-year results from their state mathematics assessments and compared them
to schools whose performance was typical for their respective districts. We observed multiple sessions of
classroom instruction spread over the Fall and Spring of a given academic year: Fall observations focused on
whole-classroom instruction, while Spring observations followed individual students of the same classroom.
Observers did not know which schools had been identified as highly effective, nor which observed students
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had been identified in terms of their mathematical ability. We assumed that classroom instruction is relatively
stable across a given school year, as Newmann et al. (1996) found in their unpublished data analysis.

3.1. Criteria for the Selection of Schools

Data for this study were extracted from a larger study that aimed at identifying the different characteristics,
practices, and policies between effective schools and typical schools around disadvantaged communities (see
Clewell et al., 2007; Secada & Lee, 2000). Two districts, President City Area and Arbor City, were selected
for serving a large population of low-income and minority students. The majority of students (85%) in the
President City Area were Hispanic, 11% were white, and 3% were African American. In the Arbor City district,
most district students (65%) were African American, 16% were white, and 13% were Hispanic/Latino (Secada
& Lee, 2000).

The criteria for identifying highly effective schools in each district were based on state-wide standardized
mathematics tests at the fourth-grade level across a minimum of three years prior to the study. Highly
effective schools were those where a higher percentage of fourth graders demonstrated at least a basic level
of expertise in mathematics, with a significant number of students exhibiting high levels of proficiency.
Ninety percent or more of fourth graders passing their mathematics tests, and 50% or more of fourth
graders scoring proficient or higher were used as the criteria in the President City area. As national science
tests were also available in Arbor City, both mathematics and science tests were used as the criteria for
selecting effective schools; that is, schools with 66% or more of fourth graders scoring basic or above-basic
levels, and 30% or more of fourth graders scoring proficient or above-proficient levels were considered as
the potential highly effective schools. Based on the criteria, five elementary schools were selected as the
highly effective schools in each district. Three elementary schools were selected as the counterpart typical
schools; they scored less well on the same tests but were closely matched in terms of student demographics
in the same district (Clewell & Campbell, 2007).

3.2. Instruments and Data Collection

A high-inference classroom observational instrument was developed and used in the present study, derived
from the observation scales developed by the Center for Organization and Restructuring of Schools
(https://www.centerforcsri.org) to measure instructional quality (Newmann et al., 1996). These scales
provide a systematic observation schedule to measure overall classroom instruction beyond dyadic
interactions. This instrument is grounded in the idea that authentic assessment should emphasize certain
practices (or instructions) to help students achieve an in-depth understanding of academic subjects
(Newmann, 1996). The individual observation scales (from 1 to 5) and their brief descriptions are
provided below:

1. Measuring intellectual support: To what extent is the classroom learning environment characterized by
an atmosphere of high academic expectations for all students, coupled with mutual respect and support
among students?

2. Measuring depth of knowledge and student understanding: To what extent is mathematical knowledge
treated deeply in the class? To what extent is knowledge treated in a shallow and superficial manner?

3. Measuring mathematical analysis: To what extent do students use mathematical analysis?
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4. Student engagement was measured by students’ on-task behaviors that signal a serious psychological
investment in class work.

Each trained on-site team consisted of two mathematics education specialists. During the Fall observation,
they observed the teachers’ mathematics classroom teaching twice. Observers did not know which schools
were highly effective versus typical.

The original whole-class observational instrument was modified to follow individual students during the Spring
observation. This shift in emphasis recognizes the relationship between individual students and the context
in which students’ learning is taking place. This change allowed the unit of analysis to be individual students.
During each of the two classroom visits, the same three students were observed: One had been listed by the
teachers as being of high ability, another was considered of medium ability, and a final one of low ability. Each
student was observed twice for between five to 10 minutes per lesson. Student sex was counter-balanced
at the school level. Two observations per student, per visit, and two visits resulted in four observations per
student in total. Spring observers did not know which schools were “effective,” nor did they know any student’s
ability level. Table A in the Supplementary File presents the number of observations in both Fall and Spring.

3.3. Teacher Interviews

Semi-structured interviews were conducted to understand teachers’ conceptions, knowledge, and teaching
beliefs involving student diversity. The following topics were considered: (a) general reactions to their
lessons, (b) conceptions of the nature of mathematics, (c) conceptions of student diversity, and
(d) conceptions of teaching mathematics to students of different ability levels. Fall and Spring interviews
followed similar protocols. Spring interviews added some questions related to teachers’ expectations,
evaluations, and teaching to the three observed students. Each interview lasted about 45 minutes to one
hour. In the Spring, 15 mathematics teachers from the highly effective schools and 11 mathematics teachers
from the typical schools were interviewed. For this study, we analyzed those interviews wherein teachers
talked about the three individually observed students.

3.4. Data Analysis

The mixed-methods sequential explanatory approach began with quantitative, followed by qualitative
analyses (Creswell et al., 2003). The quantitative phase used advanced multi-level modeling (Reynolds, 2010)
to examine the differences in classroom learning environments between typical and highly effective schools.
The qualitative phase focused on the interview data to help explain and elaborate on the quantitative results
obtained in the first phase. The quantitative results guide the case selection for the qualitative analyses.

This reanalysis of an extant database taken from Secada and Lee (2000) used more advanced methodology and
statistical tools than were available at that time, which allowed us to pursue the research questions listed at the
start of this manuscript. The quantitative analysis used a three-level model to analyze the classroom learning
environment: Students were embedded within their fourth-grade classrooms; classrooms were embedded
within their schools; and schools were categorized as either effective or typical. Student-level factors are
students’ demographic information, including sex (female vs. male) and ability (high ability, medium ability, and
low ability). In our study, low-ability students were defined as those perceived by their teachers as performing
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below average in mathematical learning. Gender is a social construction that, at present, is highly contested.
Hence, we are relying on the biological term of sex and use that terminology.

To establish that a three-level model is suitable and relevant for this analysis—it is significantly better than
the two- or single-level model (traditional regression analysis)—we used a likelihood ratio test (LRT).
The three-level model is better than the two-level model without the school level for the dimensions of
intellectual support and intellectual quality, and better than the one-level model for all the dimensions,
except for student engagement. The three-level model fits the data better than models with fewer levels.

The Fall classroom observations provide the classroom-level factors to examine whether the classroom
learning environment from the same teachers was consistent across terms. The Spring observations of
intellectual support, student understanding, mathematical analysis, the intellectual quality of the learning
environment (averaged from the three prior subscales), and student engagement were used as the
dependent variables.

All the models were estimated using restricted maximum likelihood (REML), which is commonly considered a
viable option for obtaining accurate parameter estimates with small sample sizes (Kenward & RogeR, 1997)
in the R environment using the Ime4 package (Bates & Sarkar, 2007). Data analysis proceeded in the two
steps: First, unconditional models without any predictors were run to check the variance explained at the
classroom and schools; then, full models including student-level (ability and sex), classroom-level (Fall
observations), and school-level (school types) variables, interaction between school types with students’ sex,
ability, and Fall observation, were run. We ran full models instead of adding factors level by level because
our research questions involve all three levels simultaneously.

In the qualitative phase, we selected representative teachers based on their quantitative instructional quality
scores to examine how their perceptions and self-reported practices aligned with observed classroom
practices. We employed open-ended coding for teachers’ expectations, teachers’ evaluation of students’
abilities to learn mathematics, specific teaching strategies for low-ability students, and the challenges of
teaching those students. Particular attention was given to aspects that corresponded with the observed
classroom outcomes.

4, Results

4.1. Descriptive Statistical Analysis

Table 1 reports the number of students and teachers, student-level means, and standard deviation (SD) for
Spring classroom observations based on the school types. Students from effective schools demonstrated
slightly higher mean scores for depth of knowledge, mathematical analysis, and student engagement than
students from typical schools. The mean differences in intellectual support and instructional quality between
typical and effective schools were relatively larger, suggesting that school types may contribute to the
differences in those two dimensions. Table 2 presents the three-level analyses results on Spring classroom
learning environments. The discussion of results by research questions is based on Table 2.
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Table 1. Student-level means (SD) for Spring classroom observations by school types.

Type of No. of No. of Intellectual Depth of Mathematical Instructional Student
school students teachers support knowledge analysis quality engagement
Typical 33 11 2.49(0.64) 1.28(0.37) 1.14(0.23) 4.93(0.79) 3.37(0.67)

Effective 49 26 2.84(0.44) 1.51(0.52) 1.32(0.37) 5.68(1.09) 3.40(0.85)

Note: Instructional quality is the sum of the three sub-scales.

Table 2. Beta values (and standard error) from multi-level model analyses on classroom learning environments.

Variables Intellectual Depth and Math Intellectual Student
supports understanding analysis quality engagement
B SE B SE B SE B SE B SE

School-level

Effective 3.85** 1.16 1.50 1.01 -0.04 0.99 416 129 -032 112

Teacher-level

Fall Intellectual 0.96** 0.34

Fall Understanding 0.25 0.63

Fall Analysis -0.71 0.06

Fall Instruction 1.17* 0.51

Fall Engagement 023 0.17

Student-level

High ability 0.34 034 -011 035 0.89 045 0.38 0.30 0.18 0.49

Male -0.83* 034 -0.80* 036 -022 042 -0.84* 035 -024 045

Interaction

Effective x High ability -0.72 036 -0.63 037 -042 049 -0.79* 038 -0.04 0.2

Effective X Male 0.17 0.31 042 0.33 0.24 042 0.30 033 -0.09 044

High ability x Male 0.71 0.39 0.84* 041 -042 049 0.67 040 -001 0.55

Notes: ** p < 0.01, * p < 0.05; typical schools are the reference group for school type, low-ability students for ability, and
female for student sex.

4.2. Differences Across School Types

Table 2 shows that the differences in overall intellectual quality were significant (3 = 4.16, SE = 1.29,
p < 0.01) across school types, favoring effective schools. However, no significant differences in student
engagement were found. Although students in both effective and typical schools are engaged to a similar
extent in mathematical learning, students in effective schools experience and contribute towards a higher
intellectual quality of mathematical learning environments than their peers in typical schools.

The differences in intellectual support were significant across school types, favoring the effective schools
(B =3.85,SE = 1.16, p < 0.01), suggesting that an important reason that students in effective schools could
have experienced and contributed towards a higher intellectual quality was that students experienced and
contributed to a learning environment that was characterized by an atmosphere of high academic standards
for all students coupled with mutual respect and support among teachers and students.
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4.3. Differences Across Ability Levels and School Types

We found no significant differences in student engagement across students’ ability levels or across school
types (Table 2). Across both effective and typical schools, low-ability students engage comparably to
high-ability students, and students from effective schools engage comparably to their peers at the same
ability level as those in typical schools. Hence, students’ engagement in their mathematics classrooms seems
unaffected by their ability level or by the effectiveness of their school.

Figure 1, based on the interaction for intellectual quality (Table 2), shows that high-ability students in both
typical and effective schools get similar mathematical learning experiences in classrooms. So, what makes
some schools effective? The differences in the overall intellectual quality were significant in effective schools
(B=-0.79, SE = 0.38, p < 0.05) between students’ ability levels, favoring low-ability students. This indicates
that low-ability students in highly effective schools experienced instruction of higher intellectual quality than
did their high-ability peers, suggesting that teachers in effective schools allocate their instructional resources
(which shape the learning environment) based on students’ needs.

N

_Quality

Student ability level
-~ Low
-o- High

Math_Overall_Intellectual

Typical Effective
School type

Figure 1. The interaction between students’ ability and school types for the overall intellectual quality.

4.4. Differences Across Students’ Sex, Ability Levels, and School Types

Previous research has found that mathematics instruction favors and benefits male students over female
students (Garrahy, 2001; Wimer et al., 2001). However, our results indicate the contrary. Differences in the
intellectual quality of the classroom learning environment between male and female students were
significant (B = —0.84, SE = 0.35, p < 0.05), favoring female students with no interaction (Table 2, 8 = 0.30,

Social Inclusion ¢ 2026 « Volume 14 o Article 10784 11


https://www.cogitatiopress.com

S cogitatio

SE = 0.33, p < 0.05). Female students in both effective and typical schools experience and contribute
towards a higher intellectual quality learning environment than their male peers.

Furthermore, significant differences in intellectual support and depth and understanding (8 = —0.83, SE = 0.34,
p < 0.05; B =-0.80, SE = 0.36, p < 0.05) were found between female and male students across both types of
schools, favoring female students. These findings suggest that some specific ways in which female students
experience a higher quality mathematics learning environment in their classrooms are because teachers and
their female students work together towards (a) conveying and accepting high academic standards and mutual
respect and support and (b) focusing on deeper engagement in mathematical knowledge, to a greater extent
than do male students.

Figure 2 shows the contrast between students’ ability level and sex for students’ depth of knowledge and
understanding, to further understand the nuances of our results in the context of students’ ability levels.
Previous literature states that high-ability male students are the most benefited group, as far as instructional
quality is concerned, in mathematics classrooms because teachers perceive them to have greater
mathematical abilities than their female peers (Riegle-Crumb & Humphries, 2012). However, we found that
low-ability and high-ability female students experienced deeper engagement in mathematical knowledge to
a similar extent as high-ability male students. This is an important finding because it shows that teacher bias
towards high-ability males during mathematical instruction may have been attenuated by the female
students responding more deeply to their teachers’ efforts.

N

Student sex
- f
--m

o

Depth_Knowledge_Understanding

P——

Low High
Student ability level

Figure 2. The interaction between student ability levels and sex for students’ depth of knowledge and
understanding.
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Additionally, we found that male students with lower ability levels experienced the least depth of knowledge
and understanding compared to all other peer groups. This finding is consistent with previous literature that
low-ability male students were perceived to have discipline issues and lower mathematical abilities by their
teachers and, as a result, received instruction aligned with lower academic expectations (Straehler-Pohl
et al., 2014).

No significant differences in student engagement were found between male and female students in both
typical and effective schools. This suggests that student engagement in schools is not affected by students’
sex, suggesting that the engagement of all students in mathematics classrooms is comparable.

4.5. Teachers’ Underlying Perceptions and Beliefs

On average, teachers in effective schools provided a higher intellectual quality in their learning
environments to low-ability students compared to high-ability students. Whereas, in typical schools,
teachers provided greater intellectual quality to high-ability students as compared to low-ability students. In
our qualitative analyses, we selected teachers whose classrooms provided a similar pattern of intellectual
quality to low-and high-ability students based on the type of schools in which they taught. In the effective
schools, three teachers satisfied the two criteria. After examining whether teachers discussed low-ability
students, two teachers, Mrs. B (2 points to the low-ability student and 1.58 points to the high-ability
student) and Mrs. R (1.7 points to the low-ability student and 1.67 points to the high-ability student), were
selected as the representative teachers. In typical schools, two teachers, Mrs. A (1.58 points to the
low-ability student and 1.75 points to the high-ability student) and Mrs. T (1.42 points to the low-ability
student and 1.58 points to the high-ability student), met the two criteria and were selected as representative
teachers. Below, we report those teachers’ underlying perceptions and self-reported practices and examine
how their perceptions and beliefs were aligned with the observed classroom results.

45.1.Mrs. B

Mrs. B’s low-ability students experienced higher intellectual quality than did her high-ability students.
Her expectations and perceptions of the low-ability students and her self-reported teaching practices follow
this pattern. Lily, a low-ability student, may not be promoted to the fifth grade; Mrs. B did not lower the
standards and continued to hold high and positive expectations for her student:

| don't like to lower my standards, but | like the children to have some type of success also. So if
| grade her on the level that | grade some of the other children, then she would never have any success.
It is just that when she gives me an assignment, | make a judgment based on what | know she can
do grades-wise.

Mrs. B also identified and recognized Lily's progress across semesters. At the beginning of the year, Lily
“would give up immediately and say she can’t do it...So | think she is starting to catch on a little faster.”
Mrs. B's accommodations, based on her understanding of this student, allowed Lily to have some success in
mathematics. According to Mrs. B, Lily did not know the basic mathematical facts and abstract concepts very
well, while “concrete things work better for her.” Lily’s strength was that she knew how to ask for help and

was persistent. Thus, Mrs. B knew that Lily should not be assigned independent work and the best strategies
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for teaching her were to “pull her to the back of the room and work with her one on one” and to use explicit
instruction (i.e., “show her an example of what we are doing and take her through them step by step”).

Importantly, Mrs. B did not attribute Lily’s non-successful grade promotion to the student despite her having
some special needs. Instead, Mrs. B attributed Lily's academic struggles to the apparent lack of parental
support. Lily lives in a single-parent family, with her mother and grandmother, neither of whom has checked
her school performance: “She [Lily] doesn’t have the parental support. | haven't met the parents yet. It is
May, no one has picked up any of her report cards.”

4.5.2.Mrs.R

Mrs. R is a teacher from an effective school whose low-ability student experienced greater intellectual quality
than did a high-ability student. Amelia is a very shy, anxious, and less confident student. Mrs. R did not have
low expectations of her; instead, she stated that “she has done well—she really has” and “she also tends to
do on tests pretty much the way | expect her to."But Amelia is shy and “doesn’t have that confidence yet in
math.” Her teacher gave her the chance to present a calendar, during which “she is coming out a little bit, and
| think that is going to give her the confidence she needs when she is doing her exams and when she is doing
her paper.” Mrs. R also attempted to build Amelia’s confidence through verbally encouraging and creating a
safe learning environment: “| tell her to calm down and breathe. You'll do well, and if you don't do well, then
we know which ones we have to target next week.” Mrs. R also tried to use handy resources to better support
Amelia’s learning of multiplication facts, which are a weakness. Mrs. R made multiplication rap songs, little
math puzzles, flashcards, multiplication computer games, and Saturday tutoring to help her. Amelia gradually
grasped the basic mathematical facts that she had completely lost previously.

4.5.3. Mrs. A

Mrs. A taught in a typical school where her low-ability student experienced lower intellectual quality than did
her high-ability student. When asked about the reason for Mia, a low-ability female student’s failure to meet
her expectations in math, Mrs. A responded:

Some children are just not good at math, and it runs in the family. | talked to her mother about it
[and] she said: “You know [Mrs. A], | was never good at math.” So they project that down through the
generations, you know.

Mrs. A’s perceptions reflected that she treated students’ low performance as passed between generations
and rooted in parents’ poor mathematics performance. When asked about Mia’s strengths in math, Mrs. A
responded: “Those kinds of questions, | can’t answer right off the bat. You know, she’s [an] average student
and she just does the best that she can.” Different from her effective schools colleagues, who identified their
students’ strengths and weaknesses in math, Mrs. A does not seem to have a good understanding of her
students. Her perceptions suggest that she thinks there is nothing that she can do. Asked whether there
were any ways of teaching that she adopted for her low-ability student, Mrs. A responded: “No. Not other
than what | give to the whole class.” She provided the same responses and asked if there were any ways of
teaching that she just would not use with Mia (“No. I'm a generalizing person”). Mrs. A's perceptions of Mia’s
poor performance in math would seem to make it less likely that she would adopt individualized instruction
and/or any other adaptation based on Mia’s weaknesses and strengths in mathematics.
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Surprisingly, Mrs. A also mentioned that her students did not have supportive home learning environments,
noting that Mia came from a single-parent family with four to five children and that her mother also had drug
abuse problems at some points.

454 Mrs. T

When Mrs. T talked about Kevin, her low-ability student, she seemed to face pressure to help this student
pass the fourth-grade tests. Mrs. T knew, from Kevin's mother, that she had drug abuse problems when he
was born, so Kevin may have learning disabilities and problems staying focused. However, his mother was first
in denial and refused to test Kevin, which did not help him get the support that he needed:

Um...but, she does realize that he has some learning difficulties. And he's so immature. You know, he
was okay for these two days. But, | mean, he can really just...uh! Like...he's on the level of a kindergartner
or a first-grader. You know, just everything is funny, and he’s laughing and giggling.

In the two days of classroom observations, Kevin behaved well, but Mrs. T was not surprised, reporting: “I think
he’s a little scared of me.” Giving Kevin the opportunities to work with his peer sometimes works, but not
always: “Sometimes they do kind of tease each other, and | kind of squelch that as soon as they start. But,
um...l don't know...he’s uh! It’s frustrating. It's really frustrating. But then again, | understand why he is the way
he is.” Based on Mrs. T's responses, she seemed very frustrated and overwhelmed by this low-ability student.

When asked about the kinds of assistance and resources that are available to help him, Mrs. T believed that
a small setting might help, but she had a big class: “A much smaller setting. Not in a regular classroom, no.
Not with 27, and see, we can go up to 33. Never with 33 people in a classroom. He would be lost.” Also, Kevin
was signed up for one-to-one tutoring and reinforcement with a retired teacher to keep him focused, but this
mainly focused on literacy, not math.

Teachers in both the effective and the typical schools attributed students’ low performance to family-related
issues such as parent drug issues and family size. Unsupportive home learning environments were a
common constraint and challenge for these teachers when teaching low-ability students who might need
additional attention and instruction. However, there are some nuanced differences in teachers’ perceptions,
beliefs, and self-reported teaching practices. Teachers from effective schools held high and positive
expectations of low-ability students and adopted individualized instructions that particularly met their
learning needs; on the contrary, the teachers from typical schools held static perceptions about students’
failure in math, such as that it passed from generation to generation.

5. Discussion

The present study found that students in effective schools experienced more intellectual support and
greater overall intellectual quality of mathematics instruction than their peers in typical schools. Our
observational evidence documents classroom environments with a strong academic focus and teachers with
high expectations for their low-ability students (Clewell et al., 2007; Jesse et al., 2004; Price & Waxman,
2005; Teddlie & Reynolds, 2000). Classroom environments from effective schools provided greater
intellectual support to students. Low-ability students in effective schools experienced better intellectual
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quality of their learning environment, characterized by high academic expectations, mutual respect and
support for all students, and deeper engagement in mathematical knowledge than their high-ability peers.
The analysis of four mathematics teachers’ interviews confirmed and expanded on these results; that is, the
two teachers from effective schools hold high and positive expectations for the low-ability students, and
they could identify low-ability students’ strengths and weaknesses in mathematics, use the knowledge to
make accommodations to teach them, and make use of resources to better support their mathematical
learning. The typical school’s teachers seemed very pessimistic about teaching low-ability students. Mrs. A
holds that a student’s poor performance passes between generations and is more likely to adopt general,
non-individualized instruction to teach the low-ability students. Mrs. T is more negative and overwhelmed
when facing low-ability students who have learning difficulties, blaming uncooperative parents.

This study also found some commonalities in the self-reported challenges and constraints of teaching
low-ability students between effective and typical schools. Teachers from both schools mentioned that
students, especially low-ability students, had unsupportive family environments, parental drug issues, and
large families. As a result, those students presented behavior problems, could not concentrate on classroom
learning and schoolwork, and showed no interest in mathematical learning. Generally, these challenges are
not fundamentally different from other studies conducted in Urban areas (Du Plessis & Mestry, 2019; Muijs,
2003). What is similar across effective and typical schools relates to aspects of specific contextual
circumstances, such as home learning environments, while what is different is how teachers perceive,
expect, and teach students in mathematical classrooms. This finding opens a potential direction for future
research; that is, rather than merely focusing on what makes effective schools different from ineffective
ones, we might also need to study how effective schools overcome the challenges and pressures caused by
distressing outside environments to provide a better school learning environment for students.

This study makes substantial contributions to current research. In examining how classroom learning
environments contributed to school effectiveness, we went beyond focusing solely on the teacher side,
such as teacher behaviors (Muijs & Reynolds, 2000) or instructional quality (Jong et al., 2004). We focused
on teachers and students and their mutual contribution to the construction of high-quality learning
environments.

Second, we examined classroom learning environments within contexts of school effectiveness and student
ability. Results show that low-ability students from effective schools experienced better overall intellectual
quality from their teachers than their peers (low- and high-ability) from typical schools. Sinclair et al. (2010)
found that students from urban neighborhoods are less likely to progress toward positive outcomes after
leaving school. It is not yet clear whether effective schools are able to add significant value to students’
mathematical achievement since this study does not examine students’ academic achievement. Surprisingly,
teachers in our effective schools seem to compensate for low-ability students’ disadvantaged academic
status by providing better classroom learning environments and engagement opportunities.

The current study has limitations. We relied on a relatively small amount of observation data for
multiple-level analysis, limiting the generalizability of the findings. Although schools in urban areas
(Du Plessis & Mestry, 2019) faced similar challenges, such as paying less attention to low-achieving students
and a lack of parental participation in children’s education, an updated understanding of effective schools in
urban contexts using larger-scale data collection approaches is needed. Second, our qualitative results are
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limited to four representative teachers, illustrating how they perceived and taught students of varying ability
levels. Future research should conduct more in-depth analyses to reveal diverse patterns in teachers’
perceptions, expectations, and self-reported teaching practices across typical and effective schools.

The result of this study also has implications for educators, school leaders, and policymakers. This study
revealed that teachers in highly effective schools supported low-ability students’ mathematical learning by
maintaining high expectations and adopting more individualized instructional strategies, even in the face of
external challenges. The experiences of effective schools in addressing the needs of low-ability students
from urban areas may provide valuable guidance for teachers in typical schools, as they face similar and
often challenging circumstances. Therefore, fostering communication and collaboration among teachers
across different schools is essential. Furthermore, Maden (2001) argued that in order to achieve and sustain
improvement, schools in urban areas must go beyond what might be termed as “normal efforts.” Teachers
from both school types faced extremely serious challenges that extend beyond the capacity of individual
teachers. Consequently, improving schools in the urban areas requires collaboration between schools,
parents, and the broader community.
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