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The article deals with the perceptions of Mathematics as a language of pre-service teach-
ers of Mathematics in a College of Education in Israel. The formal language of studying
in the College of Education is Hebrew. The goals of the study were to examine the per-
ceptions of pre-service teachers on the following issues: the language components in-
volved in learning Mathematics, the basic cognitive skills required for learning Mathe-
matics, and the perception of Mathematics as a language (PML). Findings indicated that
due to new attitudes in mathematical training, pre-service teachers of Mathematics per-
ceived Mathematics as a language regarding all language components.
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INTRODUCTION

Webster Dictionary (1997) provides a number of definitions for the term ‘language’.
The first definition is “a body of words and the systems for their use common to a people
of the same community and nation, the same geographical area, or the same cultural
tradition”. The second definition is “communication using a system of arbitrary vocal
sounds, written symbols, signs or gestures in conventional ways with conventional
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meanings.” The third definition is “any set or system of formalized symbols, signs,
sounds or gestures used or conceived as a means of communicating.”

The first definition seems to relate to language as a unique feature which is common
to people of the same nation, location or culture, and emphasizes a sense of belonging
(such as Hebrew or Arabic for people living in Israel or English for people living in the
US). The second and third definitions address the concept of language as a formalized or
arbitrary means for communication.

It seems that the definition of Mathematics as a language is related to the second and
third definitions, as it comprises specific terminology such as signs, graphic representa-
tions, numbers and icons. The examination of Mathematics as a language will be con-
ducted in conjunction with these definitions and existing literature. The prevailing
attitude among Mathematics educationalists in the last decade is that Mathematics is a
language and therefore all language components must be taken into consideration in
Mathematics teaching.

THEORETICAL BACKGROUND

A. Cognitive Skills involved in Learning Mathematics

Processing speed: the rate at which individuals perform basic cognitive processes,
such as searching, retrieving and comparing, is essential for basic cognitive development
(McBride-Chang & Kail, 2002). Decoding ability in reading tasks is influenced by the
processing speed and by rapid naming (Kail ef al., 1999).

In conclusion, the cognitive components which underpin language acquisition com-
prise auditory and visual processing skills and relate to the four components of language:
reading, writing, speaking and listening. The individual learner must be able to analyze
and synthesize phonemes while speaking and listening, and rely on visual processing in
order to recognize letters and words while reading and writing. Naming speed requires
visual recognition of stimuli and at the same time it requires the phonological decoding
ability in order to articulate words. This ability is necessary in speaking, reading and
writing. Speed of processing relates on the ability to carry out cognitive tasks and is
demonstrated in oral and in written abilities. The use of memory enables the access to the
phonological, semantic and syntactic memory in encoding, storage and retrieval processes
while reading and writing.

Visual processing is the perception and interpretation of visual forms (Gardner, 1996).
Word and character recognition involve matching a visual symbol (such as letters or
words) with a spoken stimulus (the corresponding phonemes). Therefore, learning to read
requires visual processing skills. Despite the significance of visual processing for word
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recognition at higher levels (Jorm & Share, 1983), the role of visual processing in initial
alphabetic reading has been downplayed considerably in recent years (McBride-Chang &
Kail, 2002).

The language of Mathematics comprises symbols and signs and failing to distinguish
between them on visual grounds may impede learning. For example, confusion between 2
and 5, between the signs > and <, or between + and -.

Hoover and Nolan (1993) claim that learning Mathematics requires spatial orientation
abilities, in particular directionality, because arithmetic algorithms and other geometric
shapes might require specific reading abilities, such as reading from right to left, from top
to bottom, from bottom to top, diagonally, in a circle, tracing errors. Furthermore, Oli-
vares (1996) argues that learning Mathematics in a foreign language might require
reading a text which can be written from top to bottom or from right to left.

Verbal-linguistic processing: the prevailing attitude in the past decade is that difficul-
ties in learning Mathematics do not stem merely from lack of mathematical knowledge,
but also from difficulties in language processing, and more specifically in understanding
the abstract nature of Mathematics (NCTM, 2000). Baddeley et al. (1998) argue that there
is a link between the phonological system and Mathematics. For example, verbal prob-
lems in Mathematics make a specific type of text, whose decoding and understanding rely
on the phonological system. Mathematics is used to get access to information, to gain
meaning, to organize ideas, to express generalizations orally and in writing. Difficulties in
mathematical education also derive from the ambiguity of words in different languages or

in different contexts in the same language, or because some words have a double meaning
(Olivares, 1996).

Memory systems

1. Working memory (WM): According to Baddeley & Logie (1999) and Miyake
(2001) WM may be defined as the capacity to manipulate and transform material
while maintaining information. A large body of research supports the view that
resources from the WM system and phonological storage (especially naming
speed) play a critical role in integrating information during mathematical perfor-
mance (Swanson and Kim, 2007; Swanson, 2004; Ackerman ef al., 2002). Swan-
son & Sache-Lee (2001) assume that because understanding mathematical word
problems involves a complex interaction of text comprehension and mathematical
processes, proficiency of the WM system is associated with solution accuracy.

2. Short-term memory (STM): Research indicates that children who are less profi-
cient in math perform more poorly on tasks which require short-term retention,
especially on measures of digits (McLean & Hitch, 1999). STM is often related to
situations in which small amounts of material (digits or words) are held passively
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and then reproduced. The majority of studies that focus on individual differences
in children assume that STM measures are a subset of WM performance as it in-
volves two major components discussed in the WM literature: speech-based pho-
nological store and articulatory (rehearsal) control system (Baddeley, 1986).

3. Retrieval: A number of studies demonstrate that poor retrieval abilities play a
causal role in difficulties in learning Mathematics. For example, retrieval of facts
regarding multiplication and division. Indeed, explanations provided by teachers
and books assume that students possess automatic retrieval abilities (Hasselbring
etal., 1988).

Problem-solving and logical reasoning: The Principles and Standards for School Ma-
thematics (NCTM, 2000) emphasize the abilities which are required for efficient mathe-
matical performance. These include problem solving and reasoning abilities, which
enable the learner to build confidence in unfamiliar situations and produce mathematical
proofs. According to Swanson (2004), the critical ability for mathematical problem-
solving comprises two specific abilities: an ability to understand what the problem is and
to assign the correct numerical representation; an ability to place numbers from the word
problem into an equation format. The problem-solving ability equally includes the
psychological component of meta-cognitive ability which enables the learner to plan and
monitor the products of his work (Hoover & Nolan, 1993).

Creating mental images: Research indicates that students with difficulties in Mathe-
matics bear a difficulty to develop and maintain mental images of mathematical concepts
or representations of basic concepts, such as the ability to create a mental picture of the
decimal system (Geary, 2005).

B. Language Components Involved in Learning Mathematics

Current literature supports the existence of the four language components in learning
Mathematics: reading, writing, speaking and listening.

Reading: Siegel et al. (1996) argue that reading is central to teaching and learning
Mathematics. Indeed, reading enhances understanding of mathematical ideas, but at the
same time it improves understanding the link between Mathematics and everyday life,
develops data-sharing strategies and exposes the learner to different attitudes and to a
variety of concepts and ideas. This is made possible via the use of meta-cognitive orienta-
tion, and strategies such as summarising, asking questions, predicting and making
clarifications (NCTM, 2000). ; ,

Writing: Writing with relation to learning Mathematics involves the ability to deliver
ideas and develop concepts. Writing is an essential tool in learning Mathematics (NCTM,
2000). Usiskin (1996) argues that writing in Mathematics is a primary rather than a
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secondary tool and delivers mathematical ideas more clearly. Kazemi (1998) postulates
that writing encourages the enhancement of mathematical reasoning.

Masingila & Prus-Wisniowska (1996) contend that writing is a way of transforming
implicit mathematical knowledge to explicit knowledge via reflection. In the process of
writing the learner develops critical thinking, communicates his ideas and creates a
network of knowledge.

Speaking: Despite the fact that Mathematics is not perceived as a spoken language, the
new standards for teaching Mathematics indicate the necessity for verbalization (“Ma-
thematical discourse™) (Huinker & Laughlin, 1996). They argue that while delivering a
mathematical idea the learner selects terminology in order to negotiate his ideas. He
makes sure that he has been understood by others and that he understands the idea fully
himself. Thus, the learner validates his ideas and sharpens his oral skills. Furthermore,
speaking encourages the existence of a “learning community” which fosters a dialogue in
class with minimal intervention by teachers.

Listening: Pirie (1996) contends that both teacher and learner need to undertake the
role of speaking and active listening while communicating mathematical ideas. The active
listening of Mathematics teachers in class contributes to active participation of learners,
and enhances a dialogue among the learners themselves. It also creates a change in the
perception of teachers as being the sole resource of knowledge and of the learner as being
the recipient of knowledge. According to Smith (1996), the two oral components of
language, speaking and listening, contribute to students’ mathematical performance. This
depends on the teacher's ability to create an atmosphere in which students can express
their ideas safely. By listening to others, they learn to see things from other people’s
perspectives. By expressing their ideas, they learn to present clear and complete argu-
ments. Children in their early school years, who cannot express themselves in writing,
learn to explain their strategies and think out loud as a means of re-examination of their
mathematical reasoning.

In conclusion, the idea of communication in Mathematics is expressed clearly in the
Principles and Standards for School Mathematics (NCTM, 2000, p. 60) “They communi-
cate to learn Mathematics and they learn to communicate mathematically.”

C. Perceptions of Mathematics a Language

If we re-examine the definition of language in the introduction to this article (Webster,
1997), it seems that the language of Mathematics is a formalized set of conventions that
are used for the specific purpose of problem-solving.

Existing literature supports this view. While Weinzweig (1982), called it “a sub-
language,” Usiskin (1996) argues that Mathematics has a lot in common with other
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languages because of the following reasons:

1. Mathematics does not only describe ideas, but also fosters the organization of
these ideas within the learner;

2. The number of symbols and signs in Mathematics is similar to the number of let-
ters in other languages (e.g., L==);

3. Mathematics has its own syntactic rules, expressions such as “3+4”, and verbs
(e.g., substract);

4. Mathematics has a “private property” of vocabulary like any other language as
well as its unique features;

5. Mathematics lends and borrows words like any other language. It makes use of
the Latin alphabet in Algebra, the Greek alphabet in Geometry (e.g., ellipse, para-
bola), the word ‘radius’ from Latin, etc. It also lends words. For example, the
word ‘triangle’ in Mathematics refers to a two-dimensional shape whereas in eve-
ryday English it is also used to describe a romantic loop with 3 people involved.

According to Usiskin (1996) the reasons for experiencing problems in learning Ma-
thematics are related to its language aspects. The fact that students are not exposed to the
“Language of Mathematics™ at home or in their close environment makes teaching harder.
It is important to start teaching Mathematics at an early stage, so that it can become a
mother tongue or a second language for the learners. Moreover, Mathematics is often
taught out of context. This makes learning meaningless and inapplicable to the learners’
lives. As a result, the learners learn a “dead,” useless language. In addition, teaching
Mathematics comprises the use of abstract concepts, which are not always clear and
meaningful to the learner.

We have decided to summarize the main points from the Literature in Tables that ad-
dress three aspects: Table 1 introduces the involvement of language components in
Mathematics; Table 2 introduces the features of Mathematics as a language; Table 3
introduces the basic cognitive skills required for Mathematics.

Table 1. Language components of Mathematics

Mathematics
Reading +
Writing +
Speaking +
Listening +
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Table 2. Features of Mathematics as a language

Mathematics
Vocabulary +
Set of rules +
“Borrowed words” +
Learning in context Not always
Exposure Mostly at school

Table 3. Basic cognitive skills required for Mathematics

Mathematics
Thinking Abilities +
Visual Processing +
Auditory Processing +
Integration of ... Visual & verbal
Processing Speed +
Phonological Processing Memory,  Verbal Skills

Research Goals

The goals of the study were to examine the perceptions of pre-service teachers of Ma-
thematics on the following topics: features of Mathematics as a language, the basic

cognitive skills which underpin learning Mathematics, and perceptions of Mathematics as
a language (PML).

Research Questions

1. What are the language components involved in learning Mathematics?
2. What basic cognitive skills are necessary for learning Mathematics?
3. Is Mathematics perceived as a language?

Methodology

Research Approach

The approach that has been chosen for this study is the interpretive approach. The data
analysis relied on the participants’ subjective understanding as well as on how the re-
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searchers have interpreted the participants’ perceptions. This means that the ‘reality’ of
the two languages and their acquisition has been elaborated on two levels: that of partici-
pants and that of the researchers on the basis of pre-service teachers' perceptions. This
idea gains support by LeCompte and Preissle (1993, p. 45) who introduce two terms:
‘emic’, “where the concern is to catch the subjective meanings placed on situations by
participants” and ‘etic’, “where the intention is to identify and understand the objective or
researcher’s meaning and constructions of a situation”. Similarly, Cohen et al. (2000, p.
20) maintain that “understanding of individuals’ interpretations of the world around them

has to come from the inside, not the outside.”

Research Population

The population of this study included 20 pre-service teachers of Mathematics, ages
22-25, all of whom are females: all of them specialize in teaching Mathematics for
Elementary Schools. The formal language of studying in the College of Education is
Hebrew.

The reason for choosing pre-service students of Mathematics was to examine whether
they have internalized the new attitude which perceives Mathematics as a language.

Procedures

The pre-service teachers were not selected for the study by definite criteria. They were
given the questionnaires randomly. The 20 pre-service teachers who came in early were
asked to answer the questionnaires (in Hebrew). It took them 30 minutes approximately
to complete the questionnaire.

Research Tools

The research tool that has been chosen for this study was a questionnaire for the pre-
service teachers. The questionnaire was administered in Hebrew and included 6 questions
that relate to three main topics:

1. The language components of Mathematics (questions 1- 4).
2. The basic cognitive skills that are necessary for learning Mathematics (question 5).
3. Perceptions of Mathematics as a language (PML- question 6)

Below are the questions that appeared in the questionnaire:
1: Are reading skills related to learning Mathematics?  Yes/No

Explanation/Argument

2: “Are writing skills related to learning Mathematics”? Yes/No

Explanation/Argument
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3: “Are discourse skills (speaking) related to learning Mathematics”? Yes/No

Explanation/Argument

4: “Are listening skills related to learning Mathematics”? Yes/No

Explanation/Argument

5: “What are the important cognitive skills for learning Mathematics”?

6: “Is Mathematics a language™?

Analysis of Data

The data were analyzed in a qualitative method by content categories that were ga-
thered from the answers of the participants. The categories by which the data were
analyzed were: language components (reading, writing, speaking, listening), and basic
cognitive skills. The two researchers have validated the analysis by a procedure of
Experts Evaluation, in which each of them conducted the analysis individually according
to the categories that had been decided upon. Then data were compared and the percen-
tage of consent was calculated. The percentage was found to be above 91%.

FINDINGS

Research question |: The language components that are necessary for learning Ma-
thematics.

Questions 1-4 of the questionnaire refer to the language components which are re-
quired for learning Mathematics, and are introduced in Table 4 below.

Table 4. Perceptions of Language Components involved in Mathematics

Pre-service teachers of

Perceptions/participants Mathematics N=20
Yes
Q 1 -Reading skills 18
Q 2 - Writing skills 14
Q 3 - Discourse skills 18*
Q 4 - Listening skills 20

Average percentage of partici-
pants who perceive language
components as involved in
learning Mathematics

87.5%

* The number of respondents to this question was 9
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Q1 : Are reading skills involved in learning Mathematics?

Findings indicate that most pre-service teachers of Mathematics perceive reading
skills as part of learning Mathematics (18 out of 20). Below are the statements of the pre-
service teachers of Mathematics:

1. Eight out of ten pre-service teachers of Mathematics teaching explained that “in
Mathematics to read verbal problems.”

2. “One needs to be able to read different graphic symbols”;

“One needs to read the instructions of an exercise.”

4. The only student who perceived reading skills as unrelated to learning Mathemat-
ics explained: “the question can be recorded and read out loud to the student.
Therefore, comprehension skills is what counts.”

had

Q 2: Are writing skills involved in learning Mathematics?

Findings indicate that pre-service teachers of Mathematics teaching perceive writing
skills as part of learning Mathematics (14 out of 20). Below are the statements of the pre-
service teachers of Mathematics teaching:

“In Mathematics there are conventions of writing and graphic symbols.”
“One needs to express oneself in writing.”

“One has to be accurate in writing — 25 is not 52”.

“It is crucial to discriminate between shapes and to be able to write a proof”.
“One needs to write full answers” (4 pre-service teachers).

Rl i e

Q 3: Are discourse skills (speaking) involved in learning Mathematics?

Nine pre-service teachers of Mathematics noted that discourse skills are involved in
learning Mathematics (one student did not answer this question). Below are the state-
ments used by the nine pre-service teachers:

1. Three pre-service teachers stated “the need for discussion and communication
with pupils.”

2. Two pre-service teachers referred to “the need for oral explanation in class.”

3. Two pre-service teachers stated “the need for oral responses” and the fact that
“difficulty in pronounciation leads to difficulty in comprehension, and in provid-
ing arguments and explanations properly.”

Q 4: Are listening skills involved in learning Mathematics?

Findings indicate that all ten pre-service teachers of Mathematics perceived listening
skills as necessary for learning Mathematics. Eight pre-service teachers explained that
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“listening skills are necessary because pupils are exposed to oral discussions in class as
well as to instructions and tasks”.

In sum, findings from questions 1-4 which refer to the language components involved
in learning Mathematics indicate that pre-service teachers of Mathematics perceive all
language components as crucial for learning Mathematics (87.5 %).

Research question 2. Basic cognitive skills necessary for learning Mathematics.

Question 5 in the questionnaire deals with the basic skills required for learning Ma-

thematics as perceived by the pre-service teachers. Findings are introduced in Table 5
below.

Table 5. Participants’ Perceptions of the Cognitive Skills Necessary for Mathematics

Perceptions/participant Pre-service teachers of Mathe-
erceptions/participants matics N=20

Listening and attention 12

Spatial processing 2

Basic cognitive Visual discrimination 4

skills

Memory 10
Reasoning abilities 12

Listening and reading compre- 2

hension
Language compo-

nhents Oral and written proficiency 2
Reading skills 0

Strategies Learning habits 2
Motivation 0

Others Mental maturity 4
knowledge 6

Findings show that the basic cognitive skills perceived by pre-service teachers of Ma-
thematics as the most important skills for learning Mathematics are: 1. listening ability
and attention; 2.reasoning skills; 3. memory; Regarding “language components”, the two
groups did not perceive reading and writing abilities as important for Mathematics. It
might be claimed that pre-service teachers could not distinguish between language
components and basic cognitive skills.

Research question 3

The question whether Mathematics is a Language (question 6 in pre-service teachers’
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questionnaire) is introduced in Table 6 and 7 below.

Table 6. Perceptions of Mathematics as a language

: Pre-service teachers of Mathematics
Perceptions/Participants N=20
Yes No

20 0

All pre-service teachers of Mathematics seem to perceive Mathematics as a language.
The statements in Table 7 contributed to our understanding of the participants’ percep-
tions of language components in general, and not only of Maths as a language. Indeed,
they perceive a language as comprising messages for purposes of communication,
conventions and rules, concepts and layers of knowledge. The main argument was that
Mathematics is a language because it has a set of conventions such as graphic symbols,
similarly to other languages that rely on letters and punctuation. It seems that pre-service
teachers of Mathematics are aware of the fact that Mathematics has language features
such as graphic conventions and rules, and that there are concepts which are used diffe-
rently in everyday language and in Mathematics.

DISCUSSION AND CONCLUSION

The present study examines perceptions of pre-service teachers regarding Mathemat-
ics as a compulsory subject in Elementary School and in High School. Two elements that
pertain to language acquisition were examined in this study: language components and
basic cognitive skills which underpin language acquisition.

An examination of the literature supports the existence of the four language compo-
nents in learning Mathematics (Usiskin, 1996; Uso-Juan & Martinez-Flor, 2006) as well
as of basic cognitive skills which are involved in Mathematics (e.g., Shaywitz, 1996;
Swanson, 2004). ‘

The research involved a group of pre-service teachers of Mathematics which was ex-
posed to the new attitude in mathematical pedagogy that emphasizes mathematical
discourse and communication, and views Mathematics as a universal language which
requires the use of oral and written language components.

The first and third research questions referred to pre-service teachers’ perceptions of
Mathematics as a language and of the language components involved in learning Mathe-
matics. Our assumption was that if the answer to the first question did not include any
language components, the answer to question 3 would be negative. However, findings
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indicate that pre-service teachers of Mathematics perceive Mathematics as a language.
This perception matches Gazit’s claim (2008) by which Mathematics is basically a
universal language which consists of graphics, symbols, digits, all of which are necessary
for Mathematical and geometric operations. Gazit also states that Mathematics has
grammar and rules of its own.

Indeed, pre-service teachers of Mathematics perceived all 4 language components as
crucial for learning Mathematics. The fact that they perceive discourse skills as important
can be explained by the new attitudes and beliefs in mathematical pedagogy that prevail
in recent years. Whereas in previous decades teaching Mathematics was mainly based on
reading and writing, without referring to the element of “mathematical discourse” and
communication, at present emphasis is placed on the dialogue between teachers and
learners and among learners themselves in class.

The second research question focused on pre-service teachers’ perceptions of the basic
cognitive skills which are necessary for learning Mathematics. Findings indicate that pre-
service teachers of Mathematics perceive attention and listening abilities as well as
memory as the two most necessary skills for language acquisition. They also focused on
reasoning skills, such as generalization and deductive abilities, planning and problem-
solving. This might be explained by the fact that they seem to dwell on an element which
was dominant in Mathematics, namely logic and reasoning. In their responses they
referred to aspects other than cognitive components as important for Mathematics, such

as knowledge and motivation, probably because they are aware of their role in learning
Mathematics.

CONCLUSION

This study attempted to examine the perceptions of Mathematics as a language among
pre-service teachers in a College of Education in Israel.

It is recommended that teacher training should include the enhancement of awareness
of the basic cognitive skills and language components involved in different subjects at
school, in order to enhance disciplinary and interdisciplinary understanding of difficulties
students might tackle, such as verbal problems in Mathematics, working in a Biology Lab,
or reading comprehension. In addition, it is recommended to conduct a research of a
wider scope (including quantitative data) to validate the results of the present study.
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