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Abstract: This study aimed to investigate teachers’ thoughts about the role of mathematical communication in
special education. Data were collected through semi-structured interviews with ten special education teachers
responsible for teaching students with severe disabilities from various school levels. Data analysis used open
coding to identify thematically common patterns. Results showed that special education teachers’ thoughts on
mathematical communication fell into six themes: (i) communicating mathematical ideas through embodiment, (ii)
communicating mathematical ideas while considering cognitive competency, (iii) listening, speaking, reading, or
writing mathematical language, (iv) developing positive attitudes towards using mathematical language, (v)
communicating mathematical ideas through repetitions, and (vi) using mathematical language in other disciplines.
Teachers have recognized that students with special educational needs require more time and effort to reach their
full potential because their modes of mathematical communication can be particularly varied. Therefore, they
discussed the concept of mathematical communication in special education from different perspectives and
presented a number of approaches to it. Implications for future research and pedagogical practice were also
discussed.
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1. INTRODUCTION

Mathematical communication is an essential skill that makes students’ mathematical thinking
explicit while doing mathematics. It refers to the ability to organize mathematical ideas,
express them coherently and clearly, understand the mathematical thinking and strategies of
others, and use the language of mathematics accurately and effectively (National Council of
Teachers of Mathematics [NCTM], 2000). A clear emphasis is placed on communication by
the National Research Council in adaptive reasoning for mathematical proficiency, with the
capacity to think logically, reflect, explain, and justify (National Research Council &
Mathematics Learning Study Committee, 2001). Mathematical communication involves the
process by which students can make sense of problem situations and present their
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explanations and rationales for the solution process (Organisation for Economic Co-operation
and Development [OECD], 2013).

Mathematics can be challenging for all students, but understanding mathematical language
and concepts can be even more challenging for students with special educational needs (SEN)
(Shellard, 2004). Although some students come to school with adequate communication
skills, some others may need help in this area (Smith, 2012). In classrooms where support,
encouragement, and opportunities for verbal communication are provided, students learn to
communicate mathematically (Whitin & Whitin, 2003). However, students with special needs
may have more difficulty learning the language of mathematics or communicating
confidently about mathematics (Rubenstein & Thompson, 2002). Thus, particular attention is
given to supporting the use of mathematical language in the classrooms and to assessing
students’ communication (Owens, 2006). Teachers must help students communicate ideas by
getting them to reflect on what they already know (Schmidt, 2004) and build a smooth
connection between mathematics and language (Stigler & Hiebert, 2004). Ensuring the
effective use of mathematical language in the learning environment is critical not only for the
development of mathematical communication skills but also for making sense of
mathematical concepts (Pourdavood & Wachira, 2015).

Considering the importance of developing students’ mathematical communication skills, the
responsibilities of teachers in this regard cannot be ignored. For example, Morgan (2016)
emphasizes that teachers have a central position in the development of students’
mathematical communication skills. The Ontario Ministry of Education (2020) identifies
communication as one of the seven mathematical processes and indicates that students should
learn to use it effectively. It is recommended that teachers be aware of the importance of
communication skills and provide students with various opportunities to express and
understand mathematical thinking and to participate in mathematical discussions using
everyday language. Cobb et al. (1994) state that students cannot use the language of
mathematics without support and that teachers should guide their students in using this
language. Teachers have a key role to play in creating a classroom environment in which
mathematical communication is strongly involved as an integral part of mathematics
instruction (Kaya & Aydm, 2016). Hence, teachers’ thoughts on mathematical
communication and their responsibilities in developing it gain importance. Teachers’ lack of
awareness of this issue can negatively affect students’ active participation in the instructional
process and their success in mathematics (Staples & Truxaw, 2010). Developing
mathematical language and sharing ideas with peers and teachers can increase mathematical
achievement for all students, but especially for those with special needs (Ernst-Slavit &
Slavit, 2007; Maccini et al., 2007). Therefore, it is of significance to examine what special
education teachers think about mathematical communication in order to successfully promote
equitable practices in mathematics instruction.

Moreover, the way teachers think, believe, and act in the classroom has a significant impact

on young people's learning. Teachers do not just set the curriculum. They also develop it,
define it, and reinterpret it. What teachers think, what they believe, and what they do in the
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classroom, therefore, ultimately shapes the kind of learning that students acquire (Hargreaves,
1994). There is a close relationship between the beliefs teachers hold about the teaching
process and how they design their learning to achieve the intended goals (Pajares, 1992).
Teachers’ beliefs are the driving force or motive for their teaching because they influence
their knowledge of the subject and curriculum as well as their knowledge of how students
learn and how to teach mathematics (Thompson, 1992). On the other hand, teachers’ thoughts
may well be antecedents and creators of teachers’ beliefs (Pajares, 1992). Moreover, Ernest
(1988) found that among the many underlying factors that affect mathematics teaching
practice, teachers’ thoughts and their level of reflection are the most salient. Therefore, it is
worthwhile to examine what teachers think about mathematical communication, as their
thoughts have an important role in shaping their classroom dynamics and behaviors.
Accordingly, the purpose of this study is to investigate special education teachers’ thoughts
about the role of mathematical communication in special education.

2. LITERATURE REVIEW AND CONCEPTUAL BACKGROUND
2.1. Mathematical Communication

Mathematical communication is a means of exchanging ideas and clarifying understanding
(NCTM, 2000). Speaking, listening, reading, and writing are all essential forms of
communication in mathematics classrooms (Ramirez & Celedon-Pattichis, 2012).
Mathematical learning takes place in a linguistically sensitive social setting that considers
linguistic requirements and discourse components (Chval & Khisty, 2009). This setting
features teacher-supported, dynamic, comprehensive interactions that include all types of
teacher-student and student-student communication (NCTM, 2020). Mathematical discourse
involves the conscious exchange of ideas in dialogues and other forms of verbal, visual, and
written communication (NCTM, 2014). According to Turner et al. (2015), communication
skills include both receptive and productive components. The receptive component involves
understanding what is being given, what information is important, and what type of response
is expected in terms of the mathematical goals of the task. The constructive component
focuses on the presentation of the answer including the solution steps, an explanation of the
thought process used, and a rationale for the answer offered.

The importance of mathematical communication or the necessity of developing it is
frequently stressed by many mathematics educators. Hoyles (1985) states that encouraging
students to communicate mathematically not only helps them express their thinking, but also
moves the class from a teacher-centered to a student-centered learning paradigm. This also
improves students’ conceptual understanding of mathematics. According to McLennan
(2014), mathematical communication allows students to clarify and represent their
understanding as well as discuss new problem-solving strategies. Kostos and Shin (2010)
support that communicating mathematically contributes to the development of students’
mathematical thinking and problem-solving skills. Jung and Reifel (2011) agree that
communication is one of the most effective ways to improve students’ conceptual
understanding, problem-solving skills, mathematical reasoning and sense-making. Barwell
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(2008) notes that learning and teaching mathematics is a more language-based process and
believes that it is important for teachers and students to acquire mathematical communication
skills in this process. Chard (2003) argues that understanding the language of mathematics
provides students with the ability to think about and discuss mathematical concepts. Matteson
(2006) contends that students’ fluency with the language of mathematics helps them develop
creative mathematical ideas. Martinez (2001) holds that communication is an important tool
for students to effectively present their mathematical ideas and assess their learning. Kinman
(2010) asserts that mathematical communication allows students to recognize their
misconceptions and correct them. Communication in mathematics classrooms enables
students to reflect on their thinking and learn from others through sharing ideas (Chapin et
al., 2003) or to successfully transfer students’ mathematical thinking to their peers and
teachers (Cooke & Buchholz, 2005). Hence, mathematics education emphasizes the
importance of classroom discourse in assisting students’ conceptual development (Cobb et
al., 1997). Getting students to focus on the linguistic aspects of mathematics can help them
discover and better comprehend the meanings of mathematical concepts (O’Halloran, 2000).
Since mathematical communication is a central component in teaching mathematical
concepts and fostering mathematical thinking, establishing mathematical communication
skills, including students’ oral and written communication with their teachers or classmates,
is an important goal of mathematics education (Pape et al., 2003). Moreover, as Patchan et al.
(2022) argue, the ability to communicate ideas is not a simple goal in itself, but an essential
component of developing an understanding of mathematical concepts, mastery of procedures
and problem-solving, and a positive attitude toward learning mathematics.

2.2. Students with SEN and Mathematical Communication

Allowing students to verbalize their thoughts is also a practice that positively impacts the
mathematics learning of students with SEN (Fuchs et al., 2017). Although students with
learning disabilities achieve a higher level of understanding and gain important insights into
mathematical principles through the process of verbalization and reflection, it seems unlikely
to see teachers promoting verbalization in special education (Gersten et al., 2009). This is
because teacher-directed algorithmic instruction where the teacher provides a step-by-step
process for solving a particular type of problem before students use it to solve other problems
of the same type is the predominant instructional paradigm for teaching students with
disabilities (Jackson & Neel, 2006). However, due to a variety of unique features in their
cognitive and communication skills that require appropriate attention, students with autism
spectrum disorders have limited opportunities to benefit from formal schooling (Santos et al.,
2015). Therefore, learners who have been identified as having special needs require particular
support to improve their mathematical communication skills (Ontario Ministry of Education,
2006). Teachers need to encourage them to communicate so they can understand what they
are thinking and then draw on this information to shape their instruction, promote
understanding and reinforce learning (Ontario Ministry of Education, 2005). Teachers who
stimulate social and dialogic interactions among students with SEN help them foster their
language acquisition (Purcell-Gates et al., 2011) and mathematical understanding (Lambert et
al., 2020; Lei et al., 2020; Stein et al., 2015). This would also enable them to communicate
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successfully with classmates and teachers, which is essential for academic learning and
cognitive development (Ugalde et al., 2021).

Therefore, mathematical communication is considered extremely important for the
development and promotion of mathematical skills of students with special education needs.
On the other hand, teachers’ thoughts on mathematical communication, which enable them to
establish this communication in the classroom, are of great importance in their approach to
this issue. Teachers’ thoughts facilitate the determination of their beliefs and attitudes
because their thoughts can be a precursor to their beliefs (Pajares, 1992). Hollingsworth
(1989) found that how teachers implement new methods or programs in their classrooms is
related to whether teachers’ beliefs are consistent with the proposed new methods or
programs. In addition, Ernest (1988) stated that teachers’ thoughts are among the important
factors that influence mathematics teaching practices. Thus, it is important to investigate what
teachers think about mathematical communication because their thoughts play an essential
role in shaping their practice. Accordingly, this study aims to explore special education
teachers’ thoughts about the role of mathematical communication in special education. The
following research question guides the study: What do special education teachers think about
the role of mathematical communication in the classroom?

3. METHODOLOGY
3.1. Research Design

The qualitative research approach is used to gain an in-depth understanding of the meanings
attributed to people’s beliefs, attitudes, and actions in a realistic and holistic manner
(Merriam & Tisdell, 2016). Moreover, a phenomenological approach is a preferred
qualitative strategy when the focus is to uncover, interpret, and explain how individuals
experience a phenomenon and how they perceive it (Moustakas, 1994). Therefore, the current
research was designed as a phenomenological study to examine special education teachers’
thoughts on mathematical communication.

3.2. Participants

This study employed the convenience sampling technique of qualitative sampling, also
known as (or purposeful) sampling, which allows for deeper inquiry by identifying
information-rich scenarios that serve the purpose of the research (Patton, 2015). Ten special
education teachers (7 females and 3 males) from various school levels [i.e., elementary
school (n=2), middle school (n=5), and high school (n=3)] participated in the study on a
voluntary basis. Before we obtained written informed consent from the participants, they
were informed about all aspects of the study. In Turkey, 12 years of compulsory education
consists of primary and secondary education. Compulsory primary education applies to
children between the ages of 6 and 14. Primary education consists of four years of elementary
school (grades 1, 2, 3, and 4) and four years of middle school (grades 5, 6, 7, and 8), with a
choice of different programs. Secondary education, on the other hand, includes all general,
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vocational, and technical high schools (grades 9, 10, 11, and 12), which provide at least four
years of compulsory formal or non-formal education to primary school graduates. In addition,
the institutions and methods that provide education to students with SEN in Turkey vary
depending on the needs and requirements of the student. There are various options such as
special education and rehabilitation centers, private schools, and integrated schools. All
teachers who participated in this study work in integrated public schools. These schools
provide inclusive education to students with SEN alongside other students. In these schools,
students are supported by special education teachers, and special education programs are
implemented according to their needs. Each participant was also assigned a pseudonym for
the purpose of ensuring confidentiality. Participants had been teaching from two years to
sixteen years (M = 5.50, SD = 4.67). Moreover, all participants had bachelor’s degrees in
special education and received their teaching certificates from the Faculty of Education as
part of their undergraduate studies. None of the participants earned their teaching credentials
by completing additional pedagogy courses after graduation. An overview of the participants
is presented in Table 1.

Table 1. Demographic Information of Teachers Interviewed

Pseudonym Gender Highest level of School level taught Specialty Overall teaching
educational attainment area assigned experience

Andrea Female Bachelor’s degree High school Severe 7
Carla Female Bachelor’s degree Middle school Severe 16
David Male Master’s degree Middle school Severe 10
Eric Male Bachelor’s degree High school Severe 5
Felix Male Bachelor’s degree Elementary school Severe 7
Georgia Female Bachelor’s degree Middle school Severe 2
Kyla Female Bachelor’s degree Middle school Severe 2
Louisa Female Bachelor’s degree Elementary school Severe 2
Roberta Female Bachelor’s degree Middle school Severe 2
Simona Female Bachelor’s degree High school Severe 2

3.3. Data Collection

Data collection was conducted through semi-structured online interviews via the “Zoom”
videoconferencing platform, each lasting approximately 40 minutes. All interviews were
scheduled at a time convenient for the participants. They were asked what they understood by
mathematical communication in special education. Apart from the main study, a pilot study
was also conducted with two volunteer special education teachers who were not involved in
the actual study to determine if the interview questions were appropriate for the research
purpose and to identify potential challenges that the researchers had not initially anticipated.
The opinions of an expert in the field of special education for more than 10 years were also
obtained. Based on the feedback from the pilot study and the expert opinions, some changes
were made to the interview questions. For example, the question “What do you think a
special education curriculum that emphasizes mathematical communication should look like
in terms of general objectives, achievements, assessment and evaluation, learning areas,
activities, etc.?” was removed from the interview questions because it was not fully within

Technology, Innovation and Special Education Research - Volume 3 |Issue 1 | 2023 6


http://oapub.org/edu/index.php/ejes

Murat GENC & Riza OZDEMIR
Teachers” Thoughts on the Role of Mathematical Communication in Special Education

the scope of the research purpose. In addition, the question “How does mathematical
communication affect the classroom environment?” was changed to “What do you think a
mathematics class that focuses on mathematical communication should look like?”” because it
was not fully understood by the teachers in the pilot study. The final version of the questions
in the interview guide was as shown in Table 2.

Table 2. List of Semi-Structured Interview Questions

Questions

¢ What do you think the concept of mathematical communication is?

e How important do you think mathematical communication is in special education?

¢ What indicators might reflect mathematical communication skills in special education?

¢ What do you think a mathematics class that focuses on mathematical communication should look like?

3.4. Data Analysis

Each interview was transcribed verbatim and analyzed thematically to identify, analyze, and
report common patterns. NVivo (QSR International, 2012), a software program used for
qualitative analysis, allowed the researchers to organize the data by coding them to label
common themes. After the initial coding of all transcripts, the video recording of each
interview was reviewed several times to verify the codes extracted from the transcripts. This
process helped ensure the accuracy and internal consistency of the coding system by merging
similar codes or removing unnecessary codes assigned to passages that did not exactly reflect
the purpose of the study (Creswell & Poth, 2018). For example, various codes such as
proficiency in processing mathematical symbols, synthesizing mathematical ideas, and
expressing mathematical concepts considering relationships between them were combined to
represent the broader theme of “communicating mathematical ideas while considering
cognitive competency”. Similarly, the theme of “communicating mathematical ideas through
embodiment” was generated by combining the codes of embodying mathematics using it in
everyday life, embodying mathematics using games, and embodying mathematics using body
language. Moreover, participants were asked to review the transcribed interview data as part
of the member-checking process to identify and avoid possible bias. All participants provided
feedback and did not express any disagreement regarding the responses and comments given
to them. In addition, two researchers, one of whom is an expert in special education and the
other in mathematics education, with extensive experience in analyzing qualitative data were
asked to serve as external raters. All codes were double-checked and revised until full
agreement was reached on code definitions to ensure inter-coder reliability of the data (Miles
etal., 2019).

3.5.Ethics Committee Approval

Approval for this study was granted by the Human Research Ethics Committee of Zonguldak
Biilent Ecevit University on 21/09/2022 under registration number 215451.
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4. FINDINGS

A cross-case analysis of responses from ten teachers revealed six themes for the role of
mathematical communication in special education: (i) Communicating mathematical ideas
through embodiment, (ii) Communicating mathematical ideas while considering cognitive
competency, (iii) Listening, speaking, reading, or writing mathematical language, (iv)
Developing positive attitudes towards using mathematical language, (v) Communicating
mathematical ideas through repetitions, and (vi) Using mathematical language in other
disciplines. Figure 1 summarizes findings on a single chart using the frequencies of emergent
themes to visualize the data set. The numbers in parentheses next to each theme represent the
number of teachers who mentioned it. The following sections present all themes in detail.

Special Education Teachers’ Thoughts about Mathematical Communication

Bamece

Georgia Simona Andrea Felix

Louisa Kyla

Roberta David

Frequency of Teachers’ Thoughts

-Communicaiing mathematical ideas through embodiment (n=10) .Developing positive attitudes towards using mathematical language (n=7)
DCommunicaﬂng mathematical ideas while considering cognitive competency (n=10) Communicating mathematical ideas through repetition (n=5)

.Listening, speaking, reading, or writing mathematical language (n=10) .Using mathematical language in other disciplines (n=4)

Special Education Teachers

Figure 1. Graphical Representation of Special Education Teachers’ Thoughts about
Mathematical Communication

4.1. Communicating Mathematical Ideas through Embodiment

All participating teachers (n=10) emphasized that given the abstract nature of mathematics
and its cognitive demands, it is quite difficult to directly teach mathematical concepts to
students with SEN. They stated that it is always necessary to use teaching materials or
concrete models from everyday life so that students can visualize and construct abstract
mathematical concepts in their minds. In this regard, the teachers supported the view that
mathematical communication is the embodiment of mathematics in teaching mathematical
concepts and skills using concrete materials, real objects, or examples from students’ daily
lives. They also focused on the role of nonverbal communication such as pointing, gestures,
nodding, facial expressions, and eye contact in learning and claimed that embodying
mathematical ideas using body language facilitates mathematical communication. For
instance, one of the teachers expressed that:
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...the most common example I encounter with children is the use of their fingers. When I tell
them to show the number 4, they always use their fingers. This is the easiest way for them to
embody the abstract concept and communicate it to us (Roberta).

And she put forward:

... I think that mathematical ideas, concepts, and rules should be embodied especially for
students who need special education because they have difficulty understanding abstract
concepts. Therefore, they should be offered opportunities to work with tangible objects that
they can manipulate at will. This lays the foundation for mathematical communication
(Roberta).

In like manner, another teacher drew attention to the importance of embodying mathematics
with real-life examples while communicating mathematics and continued as follows:

...when it comes to mathematical communication, I think of integrating mathematical skills
into everyday routines. Since mathematical concepts, relationships, and operations remain
abstract and complex to my students, | try to open the door to the world of abstract thinking for
them by making it concrete and meaningful through their daily lives or real-life examples
(Eric).

In addition, some of the teachers (n=4) also remarked that the games used in the
implementation of embodied learning helped to improve the quality of mathematical
communication. They added that since games are fun, they are a way to develop the skills
needed for effective communication by ensuring individuals’ interactive participation in the
learning process. As one of the teachers commented:

...playing games is an important mechanism for helping students develop their mathematical
communication skills as they interactively explain and justify their reasoning in class. | always
try to encourage them to have an embodied learning experience so they can internalize abstract
concepts through gestures or body movements while acting naturally in the games (Louisa).

4.2. Communicating Mathematical Ideas While Considering Cognitive Competency

All of the teachers (n=10) underlined the importance of the cognitive competence of students
with special needs to be able to communicate mathematically. According to them,
mathematical communication involves various cognitive processes such as attention,
memory, perception, judgment, organization, comprehension, problem-solving, reasoning,
and thinking. They explained that a developmental cognitive delay is a major barrier to
learning and that a person with a cognitive disorder may have difficulty focusing on a
conversation, maintaining a topic, remembering information, responding correctly,
interpreting knowledge, or following directions. Therefore, the teachers agreed that
mathematical communication in special education is an exchange of mathematical ideas that
students perform depending on their cognitive abilities. For example, one of the teachers
noted:
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...mathematics is a learning area that includes many cognitive processes such as planning,
remembering facts or procedures, organizing ideas, finding solutions, and evaluating
information. Since special students may have the skills required for these processes at different
cognitive levels, mathematical communication is the ability to demonstrate mathematical
thinking according to cognitive competency (David).

Hence, as another teacher expressed:

...we conduct a needs assessment to find out exactly what our students need and what special
support they need. In this way, we can more or less understand what each student can do
cognitively in mathematics. | think that mathematical communication for these special students
is the exchange and clarification of mathematical ideas based on their cognitive abilities
(Simona).

4.3. Listening, Speaking, Reading, or Writing Mathematical Language

All those participating (n=10) pointed out that learning mathematics requires using
mathematical language as effectively as possible to communicate ideas to others. They
argued that mathematical communication is a process consisting of four basic mathematical
language skills: listening, speaking, reading, and writing. They noted that all of these skills
are linguistic prerequisites for developing mathematical language proficiency, but that
students with SEN cannot be expected to fully master all of them. They believed that the key
to success in mathematical communication for learners with special needs is to incorporate
appropriate accommodations or modifications into classroom instruction and activities. For
this reason, allowing students with writing difficulties to give their answers orally or making
changes to the learning content to suit their abilities is an important support for effective
interpersonal mathematical communication. For instance, one of the participants said:

...mathematical communication is the ability to listen, speak, read, or write the mathematical
language, depending on the learner's needs...the fact that students with special needs attempt to
express their mathematical statements and explanations to others orally or, if they are able, in
writing is an indication that they are engaging in mathematical communication (Georgia).

Similarly, another participant maintained that:

Speaking, reading, writing, or understanding mathematical language are each important means
of communicating mathematical ideas to others. If my student can verbalize mathematical
ideas, | listen to him. If he can understand or read the text but has difficulty speaking, | want
him to express himself in different ways such as by writing. If he also has difficulty reading or
following written directions, | facilitate his instruction. I adjust my instruction based on how
easily my student can respond (Andrea).
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4.4. Developing Positive Attitudes towards Using Mathematical Language

A common argument presented by most of the teachers (n=7) is that fostering the belief that
everyone can do mathematics is influential in promoting mathematical communication in
special education. In that sense, they insisted that building positive attitudes such as self-
confidence, enjoyment, curiosity, interest, and motivation is essential for using mathematical
language as much as possible to initiate mathematical communication. For example, one of
the teachers stated:

...they are students who need special education, and we try to teach them math, but I would say
that sometimes they are quite hesitant or have a negative attitude toward the lessons. They have
the impression that “l cannot do it.” They find it difficult to understand the mathematical
language that we use in class. So | think it is important to foster a positive attitude toward
understanding and using mathematical language as a means of communicating ideas (Kyla).

Teachers added that reinforcement can have a positive effect on students’ attitudes and help
them show enthusiasm for using mathematical language. In this way,

...the students’ motivation to learn mathematics increases and I can better communicate with
them mathematically (Carla).

4.5. Communicating Mathematical Ideas through Repetitions

Half of the teachers (n=5) mentioned that repetition has an important place in reinforcing skill
acquisition for students with special learning needs. They recalled that the more often
students are confronted with the same learning content, the more often they repeat it, the
more likely they retain things in mind, and the more intense the transfer of mathematical
ideas. They accepted the fact that repetition of new information improves the quality of
mathematical communication because it provides mastery of new knowledge and skills
through systematic practice. As one of the teachers simply put it:

...each of my students is different, and they have difficulty transferring information into their
long-term memory. They all need frequent repetition while working at different levels and at
their own pace toward the goals they are trying to achieve. So what they all have in common is
that they have certain routines that require repetition of prior knowledge and skills in each
lesson. Therefore, repetition plays a vital role in mathematical communication, regardless of
what level each individual is at or what their learning pace is (David).

4.6. Using Mathematical Language in Other Disciplines

Some of the teachers (n=4) argued that students with SEN learn in different ways and need
various opportunities to talk about and share their mathematical thinking with others.
Teachers explained that mathematics is highly intertwined with other school subjects and that
using mathematical language in these subjects could create such opportunities. Therefore,
they stated that mathematical communication is a process through which mathematical ideas
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can be consciously or unconsciously conveyed not only in mathematics classes but also in
other school subjects where students feel more comfortable and confident in using
mathematical language. The following excerpt from one of the teachers illustrates this point:

...we can see many applications of mathematics in different scientific fields and disciplines. It
also plays an important role throughout the school curriculum. Using mathematical language in
other school subjects provides an effective way to communicate mathematically. For example,
in my last PE class, one of my students was playing with a swing and suddenly started
counting. I did not know she could count until then (Roberta).

5. RESULTS AND DISCUSSION

The results of this study demonstrate that special education teachers have a range of, but
mutually supportive and compatible, thoughts about mathematical communication. Teachers
emphasized that teaching mathematics to students with special needs is especially
challenging due to some difficulties in communicating with them. They recognized that it
takes extra time and effort for students to show their full potential because the way they
communicate mathematically can be particularly different. Therefore, teachers discussed the
concept of mathematical communication in special education from various perspectives. All
those involved in this study proposed that communication in mathematics is characterized by
several factors including the embodiment of mathematical knowledge, cognitive
competencies of students, and effective use of mathematical language. Additionally, many
teachers also noted that mathematical communication consists of some specific features such
as developing positive attitudes toward learning mathematics, repeating mathematical facts,
and using mathematics in multiple disciplines.

Believing that mathematical communication is the exchange of mathematical ideas through
embodiment, all of the teachers in this study suggested that concrete models, actual objects,
gestures, and body-based forms of participation help to make abstract concepts and their
interrelations meaningful and relevant. Some of them added that incorporating games into the
learning process encourages students to relate and communicate mathematical concepts with
their concrete references. This is consistent with the idea that game-based environments can
promote embodied learning of mathematics in an effort to convey mathematical ideas
(Abrahamson et al.,, 2020). Teachers stressed that responding to students’ nonverbal
communication patterns contributes to the development of their mathematical intuition and
the effective translation of mathematical thinking into their actions. Therefore, unpacking the
abstract world of mathematics and making it visible and tangible is seen as an essential
practice to establish mathematical communication with students with SEN. In parallel,
researchers support that in the embodied learning approach, the body and mind play an active
role in the overall learning practice, and learning can be much more effective when the
learner is placed at the center of the learning process through physical engagement with the
learning context (Alibali, & Nathan, 2012; Chandler & Tricot, 2015; Kosmas et al., 2019).
Therefore, embodied mathematics learning in special education can be said to have the
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potential to positively impact mathematical communication by providing opportunities to
interact with the learning materials through hands-on activities.

Another point on which all teachers agree is the important role that the cognitive abilities of
students with SEN play in demonstrating their mathematical communication skills. Teachers
noted that while learning, remembering, and applying mathematical knowledge, students
should go through certain cognitive processes such as analytical thinking, abstract reasoning,
decision-making, and problem-solving that directly promote mathematical communication.
Thus, doing mathematics requires engaging in communicative activities as students are
encouraged to elaborate, clarify, and reorganize their mathematical ideas. Researchers refer to
communication as an integral part of doing mathematics, which proceeds in the form of
classroom discussions in which arguments are presented and defended (Hiebert, 1992;
Schoenfeld, 1987). This is a highly social process as it involves arguing assumptions, making
claims about established mathematical relationships, and developing ideas about whether the
claims make sense (Lampert, 1991). In this way, students can construct knowledge and
understanding through collaboration that they could not develop on their own (Schoenfeld,
1989). Hence, the cognitive competencies of students with SEN were considered important
by teachers in order for individuals to gain knowledge and skills and to be able to
communicate them for problem-solving.

All teachers in this study also expressed that a student’s ability to communicate
mathematically depends on the mastery of the four language skills in mathematics: listening,
speaking, reading, and writing. They argued that using these language skills with confidence
allows a person to understand and produce mathematical language for accurate and effective
interpersonal communication in mathematics. In other words, to communicate with others in
the class, the student expresses his or her mathematical thoughts by speaking or writing and
in turn receives their thoughts by listening or reading. Speaking, listening, reading, and
writing mathematical language are all integrated forms of receptive and productive language
skills in communication that should occur regularly in mathematics classrooms (Thompson &
Chappell, 2007). Moreover, teachers added that many students with SEN require some sort of
accommodations or modifications based on their individual needs in using mathematical
language to be successful in mathematical communication. Therefore, students who have
difficulty perceiving or understanding visual, oral, or auditory presentations of instructional
content can benefit from appropriate accommodations or, if necessary, modifications to fully
access and make use of the presented content. Accommodations not only enable students to
demonstrate their knowledge or skills in different modes but also provide them with
alternative ways to access learning content (Ketterlin-Geller & Jamgochian, 2011). For
cognitively overloaded students, on the other hand, instructional modifications can increase
the accessibility of instruction by reducing the demands on their cognitive processing so that
they can focus on learning basic knowledge and skills (Elliott et al., 2009).

In addition, many teachers pointed out that students with special needs often lack the

motivation to participate in educational activities and many of them find it difficult to present
their mathematical ideas. Since they show confusion and lack confidence in using
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mathematical language, they often do not dare to speak up or ask their teachers questions. It
was underlined that building effective mathematical communication depends on promoting
positive attitudes toward the use of mathematical language. Therefore, it is important to
create opportunities in the classroom to foster enthusiasm for talking about mathematics
(Taylor, 1991). In learning environments where the vast majority of students develop positive
attitudes toward learning mathematics, such as the particular arrangement of groups, the
accommodating pace of learning, the supportive role of the teacher, and the general
conditions and atmosphere of the classroom, students frequently ask questions and provide
explanations to their classmates (Leikin & Zaslavsky, 1997).

Also worth mentioning is repeated practice, which some teachers considered an important
step in initiating mathematical communication for students with SEN. Teachers claimed that
the more students practice, the more familiar and competent they become with their newly
acquired knowledge and skills, and the more students internalize what they learn, the more
doors are opened for them to explain, interpret, and apply mathematical concepts. In this
context, Dahlin and Watkins (2000) argue that repetition has a profound effect on the mind
and improves memorization, but can also be used to deepen and enhance understanding.
Therefore, using routine practice as a teaching method can help students communicate
mathematical facts, operations, or relations precisely and fluently. In other words, because
learning through repetition promotes retention, students’ long-term memory helps them
somehow recall concepts, procedures, or ideas that will be needed in the future (Li, 2000).

Considerable emphasis was also placed on the fact that mathematics and other disciplines are
in some way interrelated, and that encouraging students with SEN to use mathematical
language by leveraging mathematics’ connections to other school subjects of interest is a
promising avenue to communicate mathematically. Therefore, one way to help students
acquire mathematical communication skills is to integrate mathematics into other areas of
knowledge whenever possible. This is because contexts that incorporate other fields can
support the transfer of mathematics by providing practice or application of newly learned
mathematical concepts or skills, illustrating the need to study mathematics (Frykholm &
Meyer, 2002), and increasing students’ interest and motivation to learn (Michelsen &
Sriraman, 2009).

6. RECOMMENDATIONS

Overall, the results suggest that mathematical communication is an essential component of
mathematics teaching and learning in special education. Given the abstract nature of
mathematics, mathematical communication is seen as a way to convey mathematical ideas
through embodiment. It can also be seen as a process of rationalizing and justifying ideas that
become embodied objects of inquiry and interpretation by using mathematical language
through listening, speaking, reading, or writing according to cognitive competencies.
Therefore, developing a positive attitude toward the use of mathematical language is believed
to help students with SEN to think about new learning experiences and to facilitate
communication of the results of their thinking with others, not only in mathematics
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classrooms but also in other school subjects in which they feel more comfortable. Also
noteworthy is the claim that the repetition of new information can enhance mathematical
communication by enabling the acquisition of new knowledge and skills through systematic
practice. The emergence of such diverse thinking may shed more light on understanding
mathematical communication from a pedagogical perspective. This research can also be
extended to investigate the consistency between what special education teachers think about
mathematical communication and their teaching practices. Another important issue that needs
to be investigated is whether what they think about mathematical communication influences
their students’ perceptions of mathematical communication. Last but not least, the present
study was limited in its potential to explore the thoughts of special education teachers
responsible for teaching students with severe disabilities. Therefore, it is worthwhile to
conduct further research with teachers from other disability areas of specialization.
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