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Abstract: Professional learning communities (PLCs) support the growth of educators to improve
learning outcomes for all students. Guided by social constructivist and social cognitive theories, this
longitudinal participatory action research study explored the implementation of an interdepartmental
PLC across Hord’s five dimensions of a successful PLC—supportive and shared leadership, shared
beliefs values and vision, collective learning and its application, shared personal practice, and sup-
portive conditions. Additionally, this study explored how engaging with an interdepartmental PLC
influenced participants’ collective efficacy. During the PLC, the collective expertise of mathematics
teachers, administrators, and additional educational specialists (such as occupational therapists and
speech and language pathologists) (n = 13) were leveraged to develop strategies for the improvement
of mathematical problem solving among elementary and middle school students with disabilities.
Our findings indicate statistically significant increases in the five dimensions of the PLC over time,
with qualitative evidence supporting the PLC’s effectiveness. However, our findings revealed no
significant increase in participants’ overall collective efficacy, a group’s shared belief that together
they can achieve a desired result. Implications for practice and research are discussed.

Keywords: professional learning community; interdepartmental; mathematics; special education;
students with learning disabilities; professional development

1. Introduction

Despite years of mathematics teaching reform, the levels of mathematics achievement
among students with disabilities have remained below those of their neurotypical peers,
with limited progress being made [1]. According to the most recent NAEP [2–4] results,
high percentages of students with disabilities in Grades 4, 8, and 12 are continuing to score
at or below the basic level in mathematics, with 93% of students with a disability being
below proficient by the 12th grade [5]. NAEP [1] testing data also show that the achieve-
ment gap between students with disabilities and their neurotypical peers is considered
significant at all three tested grade levels. However, when considering achievement gaps,
it is also important to look at the instruction or opportunity gaps that students may be
facing. Research indicates that achievement gaps can be a manifestation of the opportu-
nity gap in high-quality instruction provided for neurotypical students and students with
identified disabilities [6]. Moreover, students from historically minoritized groups, such
as individuals of diverse racial backgrounds and those with documented disabilities, fre-
quently encounter fewer chances to engage in effective mathematics teaching and learning
experiences [6–9]. We believe that the opportunity gap is where our attention should lie;
i.e., how can we ensure that all students are provided with equitable and high-quality
instruction in mathematics?
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The literature focusing on enhancing the ability of educators to cultivate effective
mathematics instruction for students with disabilities is limited [10]. Insufficient teacher
preparation or limited effective professional development can result in inequities in stu-
dent learning opportunities [9,11,12]. Moreover, the backgrounds of educators teaching
mathematics to students with disabilities often vary from general education to special
education [13,14]. These diverse backgrounds and levels of expertise can contribute to
divergent and fragmented instructional approaches in mathematics classrooms [13,14], con-
tributing to the achievement and opportunity gaps faced by students with disabilities [6,10].
Removing the silos between educational areas of expertise to employ best practices in
mathematics and special education together can enhance and provide more appropriate
student support [15–17]. An effective way to improve mathematics teaching practices
is to support the needs of both general and special education teachers in a collaborative
professional development model [18]. However, due to their differing backgrounds and
levels of expertise, educators may sometimes find themselves unsure about the most ef-
fective approaches for teaching mathematics to students with disabilities [13,14]. Uniting
educational experts from diverse backgrounds and areas of expertise not only forges a
community driven by a common objective but also leads to the enhancement of teaching
practices. The implementation of cross-departmental professional development has led
to improvements in teaching practices for students with disabilities [18,19]. Expanding
beyond general and special educators, collaboration with speech and language patholo-
gists, occupational therapists, administration professionals, mathematics specialists, and
reading specialists regarding teaching approaches for students with disabilities can bring
in additional expertise and insights across different educational fields. As such, the present
study explored the implementation of an eight-month professional learning community
(PLC) that extended beyond special and general educators to include administration profes-
sionals and additional specialists, such as speech and language pathologists, occupational
therapists, mathematics specialists, and reading specialists to focus on improving out-
comes for elementary and middle school students with disabilities related to mathematical
problem-solving strategies for word problems.

1.1. Professional Learning Communities

Teacher professional development is intended to help teachers develop new and
improved skills and improve student outcomes [20]. From an analysis of 36 studies,
Darling-Hammond et al. [20] determined seven principles of effective teacher professional
development: (1) being content-focused, (2) including active teacher learning, (3) being col-
laborative and often job-embedded, (4) modeling effective teaching practices, (5) including
coaching and expert support, (6) providing teachers with feedback and reflection time, and
(7) occurring over a sustained period. One successful model of professional development
that makes use of the effective professional development principles is the PLC [20–22].

A PLC “is an ongoing process in which educators work collaboratively in recurring
cycles of collective inquiry and action research to achieve better results for the students they
serve” [21] (p. 10). The use of PLCs eliminates the isolation of teachers from their silos in
schools and classrooms through the development of collaborative groups, with a primary
focus on student learning [22–24]. Following Du Four and colleagues’ [21] model, PLC
collaborative groups focus on student work and outcomes related to four central questions:
(1) “What is it we want our students to know and be able to do?; (2) How will we know if
each student has learned it?; (3) How will we respond when some students do not learn it?;
and (4) How will we extend the learning for students who have demonstrated proficiency?”
(p. 59). When PLCs are implemented as active, collaborative, and reflective communities of
educators with the goal of improving student learning, they result in improved teaching
practices and student outcomes [20–34].

For nearly five decades, PLCs have led to an improvement in student learning within
schools [24]. Research has indicated a relationship between PLCs, teacher professional
growth, and student learning [29,30]. Historically, studies have primarily focused on PLCs
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solely aimed at either mathematics education or special education. For example, ndunda
and colleagues [30] conducted a study that showed forming university–school partner-
ships and including a university mathematics or science professor in a content-area PLC
improved teacher practices and student achievement in general mathematics and science
education classrooms. Studies conducted by Huggins and colleagues [29] and Park and
Bvun [31] concluded that the presence of strong, supportive school leadership in mathemat-
ics PLCs resulted in a positive and collective school learning culture and improved teaching
practices, with gains in student achievement. Cavanaugh and Garvey [25] found that
the participation of pre-service mathematics teachers in a PLC improved problem-solving
pedagogy and resulted in greater links between theory and practice for pre-service teachers.

Research focused on improving special education practices through PLCs has revealed
mixed results of their effectiveness, where the support of school or university leadership
and the collaboration among PLC participants have been cited as primary reasons for the
level of success of the PLC [26,28,32,33]. For example, Hardman [28] developed web-based
PLCs for special education teachers and found that most teachers passively participated by
reading the posts of a few members which was attributed to a lack of school leadership
encouraging participation. In this case, the teachers did not experience the collaborative
nature of a PLC, and there was very little, if any, impact on student and teacher learning [28].
On the contrary, Courtade and colleagues [26] conducted a web-based PLC study that
determined an interactive online PLC decreased feelings of isolation in special education
teachers and improved learning in classrooms. These studies demonstrate the importance of
an intentional design that promotes meaningful collaboration resulting in productive PLCs.
Additionally, the effectiveness of PLCs in a school for students on the autism spectrum
revealed similar mixed results to a web-based PLC, which was largely influenced by the
strength and support of school leadership [32]. Supportive administrative leadership who
share the goal of the PLC is crucial for its success.

1.2. Cross-Departmental Professional Learning Communities

As we move to think about how to best support all students, the inclusion of both
mathematics and special education teachers in common professional development oppor-
tunities seems pertinent, with research pointing to the promise of collaborative professional
development. Harbour and colleagues [18] implemented a two-year professional de-
velopment project that focused on co-teaching between special and general educators
related to high-quality mathematics for inclusive elementary classrooms, including stu-
dents with disabilities. The results of the study showed not only statistically significant
changes in the mathematical and pedagogical content knowledge of participants but
also significant improvements in observed teacher facilitation, student engagement, and
co-teaching practices.

Interdepartmental PLCs have also served as models of collaborative professional
development by bringing together educators from different departments within a school to
share expertise [9,19,34]. While the available research is limited, recent studies have focused
on using interdepartmental PLCs as a means of improving the practices of teachers and the
outcomes for students with disabilities [9,19,34]. Asher and Nichols [19] and Feldman and
Schechter [34] conducted studies exploring interdepartmental PLCs of educators serving
students on the autism spectrum. Asher and Nichols [19] found a collaborative team that
included a special educator, a general educator, an occupational therapist, and a speech
and language pathologist had positive effects on teaching practices, student learning, and
classroom functioning for an elementary student on the autism spectrum [19]. Feldman and
Schecter [34] explored an existing PLC made up of content-area teachers, special educators,
and specialists, such as speech and language pathologists and occupational therapists,
to gain insight on the factors influencing a PLC in a school for secondary students on
the autism spectrum. Feldman and Schecter [34] found that judgmental relationships
between educators in the PLC impeded group collaboration. However, during this study,
the members of the PLC and school administrators also recognized the importance of
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working as a collaborative team to support student learning, and identified factors needed
for PLC success, such as supportive leadership, a shared common goal, dedicated time,
and supportive relationships between group members [34].

In an interdepartmental PLC drawing upon the expertise of mathematics education
and special education, Tan and Thorius [9] worked with six teachers (two general educators
and four special educators) to identify ways to improve access to high-quality mathematics
education for students with disabilities. Through the use of a PLC, Tan and Thorius [9]
found that professional identity and power tensions among the teachers in the PLC greatly
impacted how the teachers implemented equitable mathematics teaching practices for their
students with disabilities. During the PLC, special education teachers felt marginalized
because of a perceived lack of content knowledge of mathematics, a lack of accessibility
to teaching resources, exclusion from mathematics curricular decisions, and teacher math-
ematics anxiety. Throughout the study, the PLC became the mechanism through which
power and identity tensions were addressed. The desire of teachers for shared practice
and the need for systemic change were recognized, and avenues for future development in
the teaching and learning of mathematics for students with disabilities were provided [9].
The findings of this study emphasize the need to build a community with a shared goal in
which all members contribute and play a role.

2. Theoretical and Conceptual Frameworks

The framework for this study is grounded in social constructivism, specifically the
social network of a PLC. This study explored how a social system for change can promote
collective and collaborative inquiry and efficacy. By grounding the PLC in active participa-
tion and engagement in the learning process and by leveraging the five characteristics of
effective PLCs, this study examined how interdepartmental PLCs can influence collective
efficacy and classroom practices to promote access and equity in the teaching and learning
of mathematical problem solving for students with disabilities.

2.1. Social Constructivist Theory and PLCs

Social constructivism, as developed by Vygotsky [35], served as the primary guiding
theoretical framework for this study. Within the framework of social constructivism, the
learning process is often facilitated through a community of learners who collaborate to
generate new knowledge [36,37]. Vygotsky [35] emphasized that knowledge is constructed
externally through social interactions and contexts and is vital to the learning process.
Through a social constructivist lens, learning occurs through shared experiences among
learners, aided by scaffolding and knowledge development through peer interactions and
collaboration [35].

Social constructivism also addresses the concept of a learner’s Zone of Proximal
Development (ZPD), which represents the gap between what an individual knows or can
learn independently and what they can achieve with the support of others, particularly
through collaborative problem solving [35]. Groups of learners with diverse levels of
comprehension and expertise allow for scaffolding and the opportunity to learn from
more knowledgeable peers within the group [36]. The inclusion of diverse perspectives
and expertise within these groups enables learners to develop in the learning process,
achieve shared objectives, and attain a deeper understanding that may be challenging
to reach individually [38]. Learning both with and from peers who bring additional
insights and experience can enable the learner to challenge preconceived notions and
construct new knowledge. This process aligns with the fundamental principles of both
social constructivism and PLCs [39].

2.2. Social Cognitive Theory and PLCs

In a PLC, a social network is formed from common behaviors and understandings
of content, pedagogy, student needs, goals, and methods of student support [21]. The
learning that occurs in a PLC through interactions and collaboration can be viewed through
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the lens of social cognitive theory [40–42]. Social cognitivism supports the use of PLCs
by emphasizing the importance of active participation and engagement in the learning
process [35]. Social cognitive theory encourages learners to critically analyze and interpret
new knowledge and engage in meaningful dialogues [43]. Through discussions and
collaborative activities, learners are exposed to diverse viewpoints. Diverse opinions help
facilitate learners to question prior approaches, challenge prior knowledge, and construct
new understandings. Social cognitive theory has been used to examine the relationship
between the communal nature of PLCs and the teacher learning that occurs in PLCs [40–42].
Additionally, according to social cognitive theory, teaching is concerned with learning
that occurs in a social context that is influenced by the people in that domain and the
environment itself [44–46]. Rooted in social cognitive theory is collective efficacy, “a
group’s shared belief in its conjoint capability to organize and execute the courses of action
required to produce given levels of attainment” [46] (p. 477). In a learning organization,
collective teacher efficacy refers to “the perceptions of teachers in a school that the efforts
of the faculty as a whole will have a positive effect on students” [47] (p. 480), namely,
significantly higher levels of academic achievement [48].

Due to the collaborative nature of PLCs, studies have been conducted to determine
whether there is a relationship between collective teacher efficacy and PLCs [40–42,49].
High-functioning PLCs, especially with the presence of strong, supportive leadership,
have been found to lead to improved teacher efficacy [40,41,50,51]. The reverse was also
identified in a study by Gray and Summers [49], where, in international private schools
in Central and South America, collective efficacy was found to be among four factors
contributing to successful PLCs. The other factors were enabling school structures, trusting
in leadership, and trusting in colleagues [49].

2.3. Conceptual Framework

Hord’s [22,52] extensive research on PLCs provides the structure used to examine
the PLC in this study. Hord [22] describes PLCs as “communities of continuous inquiry
and improvement” (p. 9) that provide a mechanism through which educators individually
and collectively change educational approaches to improve student learning. Hord [22]
identified five interrelated characteristics of successful PLCs and, in a later publication,
refined them to be as follows: (a) shared beliefs, values, and vision; (b) supportive and
shared leadership; (c) collective learning and its application; (d) supportive conditions—
physical and structural factors and relational factors and human capacities; and (e) shared
personal practice (see Table 1) [23]. Hord’s [22] characteristics of PLCs have been used
to evaluate the effectiveness of PLCs [53,54], to develop new conceptual frameworks for
PLCs [55,56], and to design instruments that measure the effectiveness of a PLC [57].

Table 1. Characteristics of successful PLCs according to Hord and Somers [23].

Characteristic Description

Supportive and Shared Leadership The principal supports faculty and staff in carrying out the school’s mission and
shares decision-making power with faculty and staff.

Shared Beliefs Values and Vision
The school’s mission is central to the members of an institution, and carrying out
the mission occurs through continual professional development of the faculty and
staff to improve student learning.

Collective Learning and Its Application Collaborative learning happens through conversations on teaching practices,
student data, and student learning, and it is applied in classrooms.

Shared Personal Practice Members of the PLC discuss teaching practices with each other, visit each other’s
classrooms, and learn from and with each other.

Supportive Conditions

Physical and structural factors: Time, space, resources, and schedules that
encourage communication and collaboration exist.
Relational factors and human conditions: Trust and respect exist between
members of the PLC, including the principal.
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3. Purpose and Research Question

This study is part of a larger project that explores the relationships among an in-
terdepartmental PLC, mathematics teacher practices, and the mathematics growth and
achievement of Grade 5 and Grade 6 students with disabilities. The purpose of this study
is to explore the functioning and development of an interdepartmental PLC as a social con-
structivist approach to learning to answer the following research questions: (1) How does
an interdepartmental PLC on mathematical problem-solving strategies for students with
disabilities develop across the dimensions of a PLC? (2) What is the relationship between
participation in an interdepartmental PLC on mathematical problem-solving strategies for
students with disabilities and the collective efficacy of PLC participants?

4. Methodology
4.1. Participants and Settings

The PLC participants consisted of five mathematics teachers and a mathematic special-
ist who teach Grade 5 and Grade 6, an administrator/reading specialist, two occupational
therapists (OTs), two speech language pathologists (SLPs), and two reading specialists,
resulting in a total of thirteen participants (see Table 2). All participants worked at a south-
eastern K-12, research-based independent school for students with learning differences,
The Academy at Oak Grove (pseudonym), and self-selected to join the PLC and study
following a recruitment meeting. All Grade 5 and Grade 6 mathematics teachers and
middle school OTs and SLPs were included in the recruitment meeting. Administrators
and reading specialists were invited to attend the recruitment meeting based on interest.
The Academy at Oak Grove served 361 students, with approximately 95% of the students
having a diagnosed disability; 70% of students having a diagnosed language-based learning
disability; and many students having coexisting disabilities and needs.

Table 2. Characteristics of PLC participants at The Academy at Oak Grove during 2022–2023.

Characteristic N (%) or Mean (SD)

Gender
Male 1 (8%)
Female 12 (92%)

Education
Doctorate 1 (8%)
Masters 10 (77%)
Bachelors 2 (15%)

Teaching and/or Specialist Certification 13 (100%)
Years of Teaching Experience 18 (11)
Years of Teaching at Academy at Oak Grove 8 (7)

Note. Demographic information was self-reported by participants.

4.2. Research Design

A participatory action research approach was used to explore the implementation of an
interdisciplinary PLC focused on the mathematical problem-solving strategies of Grade 5
and Grade 6 students across the five dimensions of effective PLCs. The participatory action
research approach was selected for this study because it has a social justice orientation
that includes researchers and school practitioners to address problems in a school with the
goal of school improvement [58–60]. Action research makes use of a systematic inquiry
process to gather, analyze, and report information to inform local practice or solve a local
problem [61]. The researcher is the practitioner [59], and the study takes place in the
researchers’ own context, where they are “change agents who use inquiry to guide their
work” [62] (p. 198).

The present study, focused on forming PLCs to improve mathematics teaching prac-
tices around problem-solving strategies for word problems at an independent school for
students with learning disabilities, lends itself to participatory action research. In the



Educ. Sci. 2024, 14, 50 7 of 20

primary researcher’s position as the faculty chair of mathematics at The Academy at Oak
Grove, supporting teachers to use and implement effective mathematical teaching practices
for students with disabilities is a priority. As such, providing professional development
opportunities on teaching mathematics to students with disabilities and collecting data to
evaluate the effectiveness of such practices in classrooms are essential duties of the primary
researcher at the school. Because problem solving was identified as an area needing im-
provement based on standardized test scores, designing professional development centered
around mathematical problem-solving strategies for word problems was a way to impact
local change. Through an interdepartmental PLC, this study sought ways to improve the
mathematical thinking and reasoning skills of students with disabilities.

4.3. PLC Intervention

The interdepartmental PLC met twice per month for 40 min from October to May (see
Table 3). The PLC focused on mathematical problem-solving strategies for students with
disabilities using the four central questions of a PLC:

1. What is it we want our students to know and be able to do?
2. How will we know if each student has learned it?
3. How will we respond when some students do not learn it?
4. How will we extend the learning for students who have demonstrated proficiency? [21]

(p. 59)

Table 3. Overview of study timeline, 2022–2023.

Time Activity

October Informational meeting, teacher reflection
November PLC—professional development on cognitive strategies, part I
November PLC—professional development on cognitive strategies, part II
January PLC—professional development on supporting language in mathematics

January
PLC—professional development on evidence-based practices for
mathematical problem solving discussing and analyzing student
problem-solving work

January–May 13 PLC sessions—discussions on student problem-solving work

To answer the questions that drive a PLC [21], teachers and specialists evaluated
student problem-solving work samples, discussed the student work according to the
four questions of a PLC, and determined possible next steps for instructional practices.
Student problem-solving work samples came from student-worked examples from the
school-provided curricular materials of Sadlier Math [63], Progress Mathematics [64], IM
K-5 Math [65], and IM 6–8 Math [66], which correlated with the concepts covered in class
throughout the school year. The mathematics specialist, administrator/reading specialist,
reading specialists, OTs, and SLPs provided guidance and support to teachers in the
evaluation of student work and offered suggestions for the possible next steps to take to
support students in further developing the mathematical thinking and reasoning skills
needed to solve word problems.

The initial four PLC meetings (see Table 3) were professional development sessions
that aligned with existing research on approaches to support students with disabilities
in mathematical problem-solving strategies for word problems [17,67–84]. The areas of
focus for the PD sessions were cognitive strategies, supporting language in mathematics,
and evidence-based approaches for mathematical problem solving. The first PD session
provided an overview of the organizational structure of a PLC [21] and included cognitive
strategies for solving word problems [74,75,78,80,81]. The second PD session continued
with cognitive strategy instruction using the Solve It! program methods [74]. The third
PD session focused on supporting language in mathematics using Principles for the Design
of Mathematics Curricula: Promoting Language and Content Development [82] and Assisting
Students Struggling with Mathematics: Intervention in the Elementary Grades [17]. The fourth



Educ. Sci. 2024, 14, 50 8 of 20

PD session focused on evidence-based teaching practices using Improving Mathematical
Problem Solving in Grades 4 Through 8 from the Institute of Educational Sciences [83] and
Assisting Students Struggling with Mathematics: Intervention in the Elementary Grades [17].
The principal researcher, who was also the faculty chair of mathematics, led the four
professional development sessions with support from an administrator/reading specialist,
SLP, and OT. The research-based and evidence-based methods of the PD sessions were used
to inform subsequent PLC discussions around student work and instructional practices to
support students with disabilities in using problem-solving strategies for word problems.

After the four PD sessions, the PLC sessions throughout the course of the school year
focused on student work and the methods of instruction (successful and unsuccessful)
used in Grade 5 and Grade 6 mathematics classrooms. The teachers of students in Grade
5 and Grade 6 brought to the PLC sessions student problem-solving work samples that
aligned with the mathematics standards taught in class. As a collaborative group, the
teachers, mathematics specialist, administrator/reading specialist, SLPs, OTs, and reading
specialists reviewed the student work samples for evidence of understanding mathematics,
language, structure, and strategies using the four central questions of a PLC. The student
work was analyzed by the members of the PLC team to explore the students’ abilities to
(a) make sense of the mathematics word problems, (b) work through the thinking and
reasoning needed to solve a word problem, and (c) organize the work to solve a word
problem. The PLC team of teachers, administrators, and specialists offered suggestions to
support students in making sense of the mathematics word problems, working through
the thinking and reasoning needed to solve a word problem, and organizing the work to
solve a word problem, and to create extension activities for students who demonstrated
mastery of problem-solving strategies for word problems. The mathematics specialist,
administrator/reading specialist, OTs, SLPs, and reading specialists provided guidance
and support to teachers in the evaluation of student work and the possible next steps to
take to support students in further developing the mathematical thinking and reasoning
skills needed to solve word problems. By looking at student work and pooling expertise
and resources, the PLC of teachers, specialists, and school leadership established cohesive
and comprehensive methods to support students with disabilities in mathematics classes.

4.4. Measures
4.4.1. Professional Learning Community Assessment—Revised

The Professional Learning Community Assessment—Revised (PLCA-R) [57] assesses
classroom and school practices as they apply to the five dimensions of a PLC—shared and
supportive leadership; shared values and vision; collective learning and application; shared
personal practice; and supportive conditions, which is broken into two sub-dimensions,
supportive conditions–relationships and supportive conditions–structures. The PLCA-R
has 52 items that are measured using a 4-point Likert scale rated from 1 to 4, with the
average of scores reported in each of the five dimensions, with 1 meaning strongly disagree,
2 meaning disagree, 3 meaning agree, and 4 meaning strongly agree. The PLCA-R is an
instrument with high reliability, with Cronbach’s alpha reliability ranging from 0.82 to 0.94
across the five dimensions [57].

All participants of the PLC completed the PLCA-R [57] before (Dec) and after (May)
the collaborative portion of the PLC. From the PLCA-R, the outcomes of interest were six
different scales across the dimensions of shared and supportive leadership, shared values
and vision, collective learning and application, shared personal practice, and supportive
conditions–relationships and supportive conditions–structures. These six total scores
were created by summing the relevant individual items from each 4-point Likert scale
at two time points—the beginning and end of the year—to explore potential differences
between the two time points. To access sample items and scoring information, please
visit https://www.plcassociates.org/assessments/formal/plca-r/ (website: accessed on
12 December 2023).

https://www.plcassociates.org/assessments/formal/plca-r/
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4.4.2. Teacher Collaboration Assessment Rubric

The Teacher Collaboration Assessment Rubric (TCAR) [84] assesses the functioning of
a PLC in four domains, namely, dialogue, decision making, action, and evaluation, and it
is used as a developmental, formative, or outcome assessment of a PLC. The TCAR has
27 items organized by domain that are rated on a 3-point scale from 0 to 2, with 0 reflecting
a practice that was not present, 1 reflecting a practice that was somewhat present, and 2
meaning a practice that was present. The TCAR is high in face validity, as it has undergone
extensive field testing across multiple stakeholders [84].

The TCAR [84] was completed during observations by an external evaluator at three
time points (beginning, middle, and end of the collaborative PLC intervention). The
outcomes of interest were the four total scores created by summing the relevant individual
items from each 3-point Likert scale at three time points—the beginning, middle, and end
of the year. Additionally, a total score for PLC functioning was created by summing the
27 items across the four domains from each 3-point Likert scale. An example item for
dialogue is “Team members participate equally in group dialogue; there are no hibernators
or dominators” [84], (p. 7). An example item for decision making is “All team decisions
are informed by full group dialogue” [84] (p. 7). An example item for action is “The
group has clear, continuous, and accessible documentation of the instructional practices
that they have stopped, started and/or changed over time” [84] (p. 8). An example item
for evaluation is “The team regularly analyzes the quality of their students’ actual work
(i.e., work completed by their students in response to their instruction) [84] (p. 8).

4.4.3. PLC Observation Notes

Anecdotal notes were taken by an outside observer during the collaborative PLC
sessions that occurred from January to May. The notes provided information on activities,
discussions, and experiences in the PLC. The notes were coded sentence by sentence using
a priori coding to examine the development and functioning of the PLC. The a priori codes
used correlated with the five dimensions of a PLC on the PLCA-R [57] to align with the
conceptual framework used for this study [85]. The notes were coded a second time to
identify patterns throughout the progression of the PLC, which were then mapped and
written as analytic memos to provide descriptive summaries of the data [85]. The analytic
memos were laterally aligned with the quantitative analysis of the PLCA-R to develop,
when possible, a deeper understanding of the progress and performance of each of the five
dimensions of a PLC for the interdepartmental PLC.

4.4.4. Collective Efficacy Scale

The Collective Efficacy Scale (CE scale; [47]) measures collective teacher efficacy in
a group within a school. The CE scale has 21 items that are measured using a 6-point
Likert scale, with 1 meaning strongly disagree, 2 meaning disagree, 3 meaning somewhat
disagree, 4 meaning somewhat agree, 5 meaning agree, and 6 meaning strongly agree. The
measure has a high internal reliability Cronbach’s alpha of 0.96. Due to the collective and
collaborative nature of a PLC and the highly positive effects of collective teacher efficacy on
student learning [47,86], it was important to include collective efficacy with respect to the
PLC. The CE scale 21-item long form [47], completed by teachers before starting the PLC
and at the conclusion of the study, was used to evaluate changes in the collective teacher
efficacy of the PLC. From the CE scale, the outcome of interest was the difference between
the pre- and post-intervention total scores, which were created by summing the 21 items
from each 6-point Likert scale. An average of the individual teacher scores was calculated
to determine a collective efficacy score for the PLC.

5. Results
5.1. Research Question 1

To answer our initial research question (how does an interdepartmental PLC on mathe-
matical problem-solving strategies for students with disabilities develop across the dimensions of a
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PLC?), we considered evidence from the PLCA-R measure [57], the TCAR measure [85],
and the PLC observation notes.

PLCA-R data, which assessed practices across the five dimensions of a PLC (i.e., shared
and supportive leadership, shared values and vision, collective learning and application,
shared personal practice, supportive conditions–relationships, and supportive conditions–
structures), were analyzed using a Wilcoxon signed-rank test on the six scaled scores to
identify the progress and growth of the PLC. The Wilcoxon signed-rank test [87] is a non-
parametric statistical test, and it was used to determine whether there were significant
differences between the paired participant ratings of items before and after the collaborative
PLC. This was carried out by testing for a non-zero median of the pre–post differences using
rankings, after excluding pairs with differences of zero. Many of the pre–post differences
were not normally distributed, and the sample size was small (n = 13), precluding use of
the paired t-test. Data were analyzed using SPSS Statistics v29.

The median and interquartile ranges (IQRs) of the PLCA-R dimension are presented
in Table 4 before the PLC collaboration component and after the PLC concluded, with
the p-values calculated from the Wilcoxon signed-rank test. Because the dimensions have
different numbers of items, the magnitude of each could not be compared across dimensions.
Shared and supportive leadership, which consists of 11 items, increased from a median of
29 to a median of 32 (p = 0.002), while supportive conditions–structures, with only 4 items,
increased from a median of 12 to 13 (p = 0.034). Shared personal practice showed the largest
absolute gains in median scores from 17 to 21 (p = 0.012). The only dimension that did not
show a statistically significant increase at the 0.05 level (p = 0.072) in median scores was
supportive conditions–relationships; however, the growth was consistent in directionality
(from 14 to 15) with the positive improvement across the other PLCA-R dimensions.

Table 4. Medians, interquartile ranges, and Wilcoxon signed-rank p-values by dimension for PLCA-R.

Baseline Percentile Follow-Up Percentile Wilcoxon
Signed-Rank

PLCA-R
Dimension 25th 50th 75th 25th 50th 75th p-Value

Shared and
Supportive
Leadership

25 29 30.5 29 32 35 0.002

Shared Values and
Vision 22 25 27.5 25 27 29.5 0.049

Collective
Learning and
Application

23 28 32 27.5 31 35.5 0.031

Shared Personal
Practice 13 17 20 19.5 21 23.5 0.012

Supportive
Conditions–
Relationships

12.5 14 15.5 14 15 17 0.072

Supportive
Conditions–
Structures

8.5 12 12.5 10.5 13 14 0.034

Statements 23 28 32 27.5 31 35.5 0.009

To better understand which items contributed the most significance to each dimension,
the median and IQRs of every item are presented in the online supplement. For shared
and supportive leadership, at the end of the PLC, the participants felt that (a) they had
more accessibility to key information (p = 0.003); (b) their advice was incorporated into
the principal’s decisions (p = 0.014); (c) the principal proactively addressed areas where
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support was needed (p = 0.038); and (d) they were consistently involved in discussion and
making decisions about most school issues (p = 0.039).

The TCAR measure, which assessed the functioning of the PLC in four domains
(i.e., dialogue, decision making, action, and evaluation), provided additional evidence
to answer Research Question 1. Descriptive statistics (see Table 5) and a visual analysis
(Figure 1) were used to compare scores on each domain and the overall score. Specifically,
the descriptive TCAR results are presented in Figure 1 according to the domains of dialogue,
decision making, action, and evaluation, with total growth represented in blue.

Table 5. TCAR descriptive statistics.

Domain T1 Mean (SD) T2 Mean (SD) T3 Mean (SD)

Dialogue 1.71 (0.49) 1.14 (0.37) 1.43 (0.53)
Decision making 0.71 (0.49) 1.43 (0.53) 1.71 (0.49)
Action 0.83 (0.41) 1.5 (0.55) 1.83 (0.41)
Evaluation 1.00 (1.10) 1.33 (0.82) 1.83 (0.41)
Total 1.08 (0.74) 1.35 (0.56) 1.69 (0.47)

Note: T = Timepoint 1, T2 = Timepoint 2, T3 = Timepoint 3.
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No statistical testing was performed using the TCAR data because only one PLC
was measured at three timepoints; therefore, means and standard deviations are reported
for general, non-statistical comparisons (see Table 5). Through a visual analysis and
descriptive statistics, we observed approximate linear increases over the three timepoints
across the overall mean TCAR measure, as well as the domains of decision making, action,
and evaluation (from approximately 0.8 to 1.8). The dialogue domain, indicated in red
(Figure 1), presented a unique pattern across time, with a high starting value (M = 1.71,
SD = 0.49), a decrease at the midpoint (M = 1.14, SD = 0.38), and an increase by the end
point (M = 1.43, SD = 0.53), although the highest value was at the start of the intervention.

To provide additional evidence to answer Research Question 1, qualitative statements
and summary statements from the PLC observation notes (see Table 6) were explored,
and they showed that the dimensions of the PLC, as measured using the PLCA-R, in-
creased meaningfully throughout the collaborative portion of the PLC. For example, in
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the Shared and Supportive Leadership dimension, the specialists and administrators ini-
tially responded independently of each other when analyzing student work in the PLC.
An example statement is [Mathematics Specialist] “What would a student need to have
written to demonstrate he/she understood the standard?”. By the midpoint of the PLC,
the specialists and administrators started to collaborate in their responses when analyz-
ing student work and in their responses to mathematics teacher questions. For instance:
[Speech and Language Pathologist and Mathematics Specialist] “Read it as is and then
you can paraphrase”. By the end of the PLC, all members of the PLC were collaborating
to analyze student work, respond to mathematics teacher questions, problem solve, and
develop plans for students. An example statement is [Reading Specialist, Occupational
Therapist, Mathematics Specialist, Speech and Language Pathologist] “All in agreement.
Students have to answer the full question”.

Table 6. PLC observation notes—codes aligned with PLCA-R dimensions [57].

Code Example of PLC Observation Notes Participant(s)

Shared and Supportive Leadership

[In response to student not making progress in problem
solving] Move student to a class where there is extensive
language and OT support in place and an OT is a
co-teacher.

SLP, Reading Specialist, OT,
Administrator

Shared Values and Vision

Teachers worked in small groups to discuss how the
student worked through the problem according to the
written work, whether student answered the question,
whether the student’s writing can be understood.

All

Collective Learning and Application Group discussed the template [16] (p. 93) and logic
behind the order [of the template boxes]. All

Shared Personal Practice Added sentence starters to help students with
explanations. She will share template. Mathematics Teacher

Supportive Conditions–Relationships Even when I have a hard day, I still enjoy coming here. Mathematics Teacher

Supportive Conditions–Structures Thank you for making these templates for teaching the
students. They are really helping me to teach them. Mathematics Teacher

5.2. Research Question 2

To answer our second research question (what is the relationship between participation in
an interdepartmental PLC on mathematical problem-solving strategies for students with disabilities
and PLC participants’ collective efficacy?), we performed the Wilcoxon signed-rank test on
the differences between the pre- and post-collaborative PLC CE scale measure [47]. Table 7
provides the medians and interquartile ranges at baseline and follow-up for the 21 items
of the CE scale. The baseline median total CE score was 96 (IQR 83–107.5), out of a total
possible score of 126, and the follow-up median score was 101 (IQR 84.5–106.5), showing
no statistical change over the course of the PLC (p = 0.373). This high level of baseline CE is
represented by the fact that the median rating was ≥4 for 90% of the items (i.e., 19 out of 21
items). The median rating was at the highest level of agreement for twenty-four percent
(i.e., 5 out of 21 items) of the items, while the medians for forty-three percent (i.e., 9 out of
21 items) of the items were at the second highest level of agreement. For two individual
items, there was statistically significant growth from baseline to follow-up. Item 6 states
that, “If a child doesn’t want to learn teachers here give up”, showing a shift in medians
from agree to strongly agree (p = 0.046). Similarly, item 1, “Teachers in this school have
what it takes to get children to learn”, also shows a similar increase in medians (p = 0.008).
For all but two of the items, the median score was in the average range.
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Table 7. Baseline and follow-up percentiles of the CE scale [47] by item number with Wilcoxon
signed-rank p-values.

Item #

Baseline Follow-Up Wilcoxon
Signed-Rank

p-Values
Percentiles Percentiles

25 50 75 25 50 75

CTE1 4.5 5 5 5 6 6 0.008
CTE2 3.5 4 55 4 5 5.5 0.058
CTE3 4.5 5 6 4.5 5 6 0.589
CTE4 4 4 5 4 5 5 0.084
CTE5 4.5 5 6 4 5 6 0.414

CTE6 * 4.5 5 6 4.5 6 6 0.046
CTE7 * 2 2 3.5 2 3 4.5 0.305
CTE8 * 4.5 5 5.5 4 5 5 0.655
CTE9 * 4.5 6 6 4 5 6 0.257

CTE10 * 3 5 5 3 5 5 0.726
CTE11 3 4 5 3 4 4 0.655
CTE12 2 2 2 1.5 2 4 0.726

CTE13 * 5 6 6 5.5 6 6 0.257
CTE14 * 3 5 5 3.5 5 5 1
CTE15 5 6 6 5 6 6 0.317
CTE16 3 4 5 4 4 5 1
CTE17 3.5 5 5 4 4 5 0.655
CTE18 4.5 5 6 4 4 6 0.763

CTE19 * 5.5 6 6 5 6 6 0.102
CTE20 * 5 6 6 5.5 6 6 0.705
CTE21 * 3.5 4 5 2.5 4 5 0.477

Total 83 96 107.5 84.5 101 106.5 0.373

* Items were reverse-coded for consistency across the questionnaire. Item descriptions can be found in
Goddard [47] (p. 492) and Appendix A.

6. Discussion

The National Council of Teachers of Mathematics [88] calls for all students to have
access to high-quality mathematics instruction. However, research shows that students
with disabilities typically receive less opportunities to engage in high-quality mathematics
learning, with instruction primarily based on procedures while de-emphasizing mathe-
matical thinking and reasoning [8,9,89]. Contributing factors to the inequities in learning
opportunities often arise due to insufficient teacher preparation or limited effective profes-
sional development [9,11,12]. Additionally, when considering those who serve students
with disabilities, teachers often have varying levels of expertise in mathematics education
and special education [13,14]. As such, it is critical to focus on the ways in which teachers
are supported in meeting the needs of all students and closing the persistent opportunity
gap experienced by many students with disabilities in mathematics classrooms.

Effective professional development models, such as PLCs, are one way to support
mathematics educators in improving the methods of instruction [20–23]. Using social
constructivist theory, social cognitive theory, and Hord’s conceptual framework for a
PLC [22,23], the present study explored the growth of a PLC as a model of professional
development for mathematics teachers of students with disabilities in terms of mathematical
problem-solving strategies for word problems. A unique aspect of the present study is
the interdepartmental nature of the PLC participants, where all experts serving students
with disabilities collaborated and learned collectively. The goals of this study were (a) to
explore the development of an interdepartmental PLC focused on improving outcomes for
Grade 5 and Grade 6 students with disabilities related to mathematical problem-solving
strategies for word problems and (b) to explore the influence of PLCs on collective efficacy.
The findings have important implications for research and practice.

The results for Research Question 1, regarding the development of a PLC across the
various dimensions [23], showed significant improvements over time, as measured using
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the PLCA-R, in shared and supportive leadership, shared values and vision, collective
learning and its application, shared personal practice, and supportive conditions–structures.
While the dimension of supportive conditions–relationships did not show significant
improvements over time, it trended in the same direction as the other dimensions of a PLC.
Qualitative data in the form of observation notes taken during the PLC and the quantitative
data from the TCAR support the observed growth across the dimensions.

The development of the PLC was a gradual process over the course of eight months.
During the beginning of the PLC, the participants primarily worked and responded inde-
pendently of each other in siloed practices. Conversations were guided by a mathematics
specialist with minimal sharing of teaching practices. While there was a lot of discus-
sion, statements about student work were primarily deficits-based. Decisions regarding
the teaching practices to use, the actions to take in the classroom, and the evaluation
of practices, student work, and data primarily happened independently. Formal profes-
sional development in the form of presentations on cognitive strategies, language support,
and evidence-based practices took place during the nascent period of the PLC and was
conducted by the specialists.

Midway through the PLC, growth was seen in all dimensions, as reflected in the
qualitative observation notes and the TCAR measures [84]. The specialists began collab-
orating with each other and offered joint responses. An OT gave a presentation on fine
motor, visual perceptual, and visual motor skills, as they relate to mathematics, and a
problem-solving template [16] (p. 93) was given to teachers to use with their students. The
mathematics teachers began to have conversations with the specialists and with each other
about the structures that were provided, primarily the problem-solving template used for
student work. The mathematics specialist provided student work samples to the group for
analysis, and discussions moved from being deficits-based to being solution-based. Using
the four questions of a PLC [21], the members of the PLC began to evaluate students’ work
and teaching practices. While the TCAR showed a mid-study increase in decision making,
action, and evaluation, a decline occurred in the domain of discussion in the TCAR mea-
sure areas of an agenda for dialogue, protocols used to guide team dialogue, professional
disagreements going unaddressed, and the presence of hibernators and dominators in
discussion. The observational notes from the PLC indicate that a possible reason for the
decline was the introduction of new structures and protocols, as teachers were becoming
accustomed to them.

By the end of the PLC, structures were in place, and collaborative conversations about
how to improve student learning occurred between the mathematics teachers, specialists,
and the administrator in the PLC. The mathematics teachers asked questions, voluntarily
brought student work to the meetings, and shared practices that did and did not work with
their students, indicating a sense of trust between the members of the PLC. Practices that
had been learned throughout the PLC from the specialists and from other mathematics
teachers were used in classrooms. The teachers visited each other’s classrooms to observe
one another. The PLC team began to look at longitudinal case studies of students who
had not made progress over the course of 6–7 months to collaborate, pool expertise, and
develop plans of action to support the students. The TCAR showed increases in all four
domains. While dialogue increased, it did not increase to the pre-study level due to the
presence of hibernators/dominators in conversations and an agenda for dialogue. An
explanation for this may be due to the time of year, since observation 3 of the PLC took
place in May during the final month of the school year.

Evaluating the interdepartmental PLC with the framework of the five dimensions
of a PLC [23] showed that the five dimensions of the PLC are complex and intertwined,
developing together in stages over time. The first stage of development was learning,
when participants took part in formal professional development presentation sessions and
acted independently. The second stage of development was structural, when systems for
PLC dialogue, student problem solving, and OT support were given. The final stage of
development was collaborative, when members of the PLC worked together using their
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expertise to problem solve around student work samples and data in order to improve
learning outcomes for students with disabilities.

The findings indicate that, by leveraging the expertise of all PLC participants, com-
munity learning was successful across the five dimensions of a PLC [22,23]. The PLC
improved the collaboration of educators through shared and supportive leadership, shared
values and vision, collective learning and its application, supportive conditions–structures,
and shared personal practice with a common goal of improving outcomes for elementary
and middle school students with disabilities related to mathematical problem-solving
strategies for word problems. Our findings for Research Question 1 suggest that communal
supportive structures can help teachers build a sense of trust that allows them to openly
learn from and with others to best serve the needs of the students in their school. These
positive results parallel the findings in previous research [18,30,31,33], where collaborative
forms of professional development among members of a school community contributed to
positive outcomes for educators and students. Similar to the findings of this study, Park and
Byun [31] and ndunda and colleagues [30] found that supportive leadership contributed to
a successful PLC. Likewise, Trahan and colleagues [33] found that it is important to foster
supportive conditions in communities of practice. Our findings also align with those of
Harbour and colleagues [18], in which the collaboration between general educators and
special educators improved outcomes for mathematics educators.

The results for Research Question 2, exploring the relationship between participating
in an interdepartmental PLC community and participants’ collective efficacy, showed no
significant changes in overall collective efficacy over time, as measured using the CE Scale.
However, collective efficacy was high at the beginning of the PLC and was also high at
the end of the PLC. A possible explanation for the high collective efficacy at pre–post
timepoints is that all of the participants who self-selected into the study were licensed
educators or specialists, most had earned a graduate-level degree, and many had years
of experience in education and in teaching at The Academy at Oak Grove. Therefore, the
group of participants reported a high level of collective efficacy, with limited room for
additional gains at the upper end of the CE Scale, representing a ceiling effect [90]. The
ceiling effect may explain why no significant changes in the overall collective efficacy of
the group of participants of the PLC were observed over time [90,91]. Even so, 2 individual
items out of 21 items on the CE scale showed significant improvements. The first item
was about teachers not giving up on students, and the second item was about belief in the
ability of teachers at the school to get students to learn. A positive relationship between
participation in a high-functioning PLC and collective efficacy has been found in prior
research [40,41,49–51]. The findings of the present study are similar to those of Gray and
Summers [49], where a high collective efficacy contributed to a successful PLC. With respect
to the two individual items about teacher ability, the findings compare favorably to findings
in prior research [40,41,50,51], where participation in a PLC contributed to an increase in
collective efficacy over time.

Limitations and Future Research

As with all educational studies, the present study has limitations, which should be
considered when interpreting the findings. Specifically, the limitations of the present
study include the study taking place in a unique setting, influencing generalizability;
the self-selection of participants and engagement in the PLC; the study sample size; and
the participant demographics’ impact on collective efficacy. This study took place in an
independent school for students with learning differences, and this school has a variety
of professionals in place to support students. As such, the PLC was able to leverage a
variety of expertise within the PLC, which may limit the generalizability of the findings in
settings where students do not have access to these professionals or schools that are not
specialized to support students with learning differences. Additionally, the small sample
size of 13 participants limited the statistical tests that could be used [92] due to the statistical
assumptions underlying the test, like normality. A small sample size may affect the validity
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and the reliability of the results in two ways. First, the sample may not reflect the whole
population of educators at schools with learning differences. Second, extreme observations
may unduly influence the values of the statistical test, although this is minimized with
non-parametric testing. Finally, the participants in the PLC self-selected into the study,
likely leading to high collective efficacy and collaboration. Likewise, the existence of
a high collective efficacy at the onset of the PLC intervention could have impacted the
positive development of the PLC over time. As an action research study meant to address
a local problem of practice, individual contexts and settings should be considered when
transferring the results of the present study to other contexts [61,62].

Directions for future research include expanding the interdepartmental PLC model
to different settings to determine whether similar findings occur, conducting the study
in school districts that require participation in the PLC as a part of their professional de-
velopment, and having a larger sample size to allow for parametric statistical analyses.
Additionally, conducting the study with a group of educators whose collective efficacy has
room for growth pre-intervention would provide information about the relationship be-
tween collective efficacy and an interdepartmental PLC on mathematical problem-solving
strategies for word problems. Moreover, to test the generalizability of the findings of the
present study, future research considerations should include public and private schools
that have a more typical setting and population of students and educators. Conducting the
present study in different settings with a larger and more diverse population of educators
would provide a better understanding of the growth of interdepartmental PLCs over time.
This may allow for the creation of a professional development model that improves out-
comes for elementary and middle school students with disabilities related to mathematical
problem-solving strategies for word problems and that can be used in multiple contexts and
on a greater scale. Recommendations for practice are for schools to develop interdepartmen-
tal PLCs of general educators, mathematics educators, special educators, administrators,
and specialists (such as speech and language pathologists and occupational therapists) to
support the mathematical learning needs of their school population. The interdepartmental
PLCs should have a structure around which educators can build trusting, collaborative
relationships with a unified goal of improving learning outcomes in mathematical problem
solving for students with disabilities.
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Appendix A. Collective Efficacy Scale Descriptions [47] (p. 492)

Item Description
CTE1 Teachers in this school have what it takes to get the children to learn.
CTE2 Teachers in this school are able to get through to difficult students.
CTE3 If a child doesn’t learn something the first time teachers will try another way.
CTE4 Teachers here are confident they will be able to motivate their students.
CTE5 Teachers in this school really believe every child can learn.
CTE6 If a child doesn’t want to learn, teachers here give up.
CTE7 Teachers here need more training to know how to deal with these students.
CTE8 Teachers in this school think there are some students that no one can reach.
CTE9 Teachers here don’t have the skills needed to produce meaningful student learning.
CTE10 Teachers here fail to reach some students because of poor teaching methods.
CTE11 These students come to school ready to learn.
CTE12 Homelife provides so many advantages the students here are bound to learn.
CTE13 The lack of instructional materials and supplies makes teaching very difficult.
CTE14 Students here just aren’t motivated to learn.
CTE15 The quality of school facilities here really facilitates the teaching and learning process.
CTE16 The opportunities in this community help ensure that these students will learn.
CTE17 Teachers here are well-prepared to teach the subjects they are assigned to teach.
CTE18 Teachers in this school are skilled in various methods of teaching.
CTE19 Learning is more difficult at this school because students are worried about their safety.
CTE20 Drug and alcohol abuse in the community make learning difficult for students here.
CTE21 Teachers in this school do not have the skills to deal with student disciplinary problems.
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