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The study explored students’ competence in the vocabulary used in the junior secondary curriculum. Since mathematics instruction utilizes both ordinary and specialized mathematical language, we argue that second language learners, unlike their first language counterparts, face double jeopardy in a mathematics class. Eighty (80) Form 2 students were asked to define, describe and/or give a pictorial representation of each word in the given list. The paper concludes that although mathematical and ordinary language have a high correlation of 0.70, students’ better performance in the mathematics register suggests that language problems faced by L1 students may not necessarily be of the same nature as those faced by L2 learners. 
Introduction 

Language is a communication tool through which cultural values, beliefs and knowledge are conceived, negotiated and conveyed from one generation to the other. Two people can understand each other only when they comprehend cues (verbal & non-verbal) they both make. In schools, “language is both the instrument and the vehicle of teacher-student interaction” (Smith & Ennis, 1961:112) and thus 

“the conduct of classroom instruction is inescapably involved in the use and interpretation of language—written, printed, and above all, spoken.  Few indeed are the acts of teaching that entail no verbal dimension, that proceed without some verbal interplay between teacher and students. For just as the act of teaching, however else defined, is an effort to induce learning, so is the language of teaching a taproot to learning (Smith & Ennis, 1961:113). 

From the above quotation, one can assert that for a student to achieve better, she/he must have a good command of the language of teaching and learning. In the case of mathematics, students must have good command of the language of instruction (English in the case of Botswana) and mathematical language (symbols, syntax, rules, etc). 
The literature states that mathematics achievement is generally not easy for students learning through their L1 because of the highly specialized mathematical terms with a variation of meanings from those used in every day speech (Bell, 2003).  It is more so difficult for L2 learners because while their L1 counterparts focus on learning the specialized language, they have to first struggle with the English language and thereafter with the mathematical language. Consequently they lag behind. Drawing from McKeon (1994), Anstrom asserts that

Meeting [curriculum] standards will be disproportionately difficult for language-minority students since they will have to perform at much higher cognitive and linguistic levels than their native-speaking peers” (Anstrom, 1997:5).  

The above quotation clearly speaks to the inevitable imbalances between L1 and L2 language problems with the latter being at a disadvantage. The paper depicts this situation as double jeopardy, and acknowledges that junior secondary school students in Botswana are implicated.
Background
Mathematics teaching in Botswana schools, especially at junior secondary level, is characterized by teacher-centeredness (Garegae-Garekwe, Chakalisa & Taole, 1995; Garegae, 2001). Studies on teaching at junior secondary school paint an oblique picture that a certain pattern of classroom disposition has become a norm. A teacher starts her class with 2 or 3 examples on the chalkboard. After solving these, he/she gives students one question to solve and checks if they are able to get the correct answer. If the majority have succeeded in solving the question, the class is given a series of questions to do; this process is considered to be problem-solving (Garegae-Garekwe, Chakalisa & Taole, 1995). If the majority were not successful in solving the question, the teacher calls the class’ attention and solves the same of the board.
Classroom interaction as depicted above is limited and rigid. Students are not given the opportunity to discuss and negotiate meanings with classmates. Although this style of teaching is common in schools, it is against the philosophy of the new junior secondary school curriculum. To the contrary, the new curriculum advocates for active learning by students and thus some of its objectives are to develop in all children: 

1. the ability to use mathematics as a language to analyse and communicate information and ideas;
2. critical thinking, problem-solving ability, individual initiative, interpersonal and study skills (Botswana, 1996:ii).
This traditional teaching style found in schools is often blamed on students’ lack of proficiency in the language of instruction (Arthur, 1994; Mautle, Konesapillani, & Lungu, 1993). The argument brought forward is that students are unable to express themselves well in English and therefore teachers are forced to code switch rather than letting the language hinder their students from understanding the mathematical concepts (Garegae, 2001, 2007; Authur, 1994). Teachers believe that when students use their mother tongue they will express themselves with ease, and thus would understand mathematics better when Setswana is interchanged or mixed with English, the language of teaching and learning. 
One omission that teachers usually make is to ignore that mathematics has its own register and that alone can pose a problem in mathematics learning (Garegae, 2001). They often advise their students to read novels as a strategy to improve their fluency and proficiency in the language of teaching and learning. Such advice is based on the assumption that fluency in the English language guarantees successful achievement in mathematics. This is not necessarily so. The literature (e.g. Jamisson, 2000) clearly states that the English language used in mathematics is different from the one used in ordinary speech. This means that the problems caused by these two languages (ordinary and mathematical) should be attended to differently and the interventions should also differ. Thus, the purpose of this study was to determine if Form 2 students are familiar with both mathematical English (ME) and Ordinary English (OE) vocabulary from JC mathematics curriculum. In particular the study investigated the following questions:

· How much do students know ordinary English words used in JC curriculum?

· How much do Form 2 students know specialized mathematical English words used in JC curriculum?

· Is there any relationship in knowledge about words used and their pictorial (symbols, examples, drawings, etc) representation?

literature review
Poor performance in mathematics has been blamed on the problem of language. The problem of language is not exclusive to children in developing countries; children from developed countries experience it too (Menyatso, 1996; Moyer et al. 1984). The situation has motivated researchers to study problems that learners have with vocabulary and syntax (e. g. Pimm, 1987).
Learning mathematics in a second language

Studies (Dawe, 1983; Jones, 1982; Garbe, 1985; Cuevas, 1984) suggest that students who learn mathematics in a language other than their mother tongue usually have problems of language.  Children whose first language is English come to school already having mastered everyday usage of some words used in mathematics (Jones, 1982) although it is used differently. Their non-native counterparts, however, enter school without having learned the language of instruction and this forced them to simultaneously learn the language and content. This makes them lag behind their L1 counterparts because “language needed for learning academic content may require much more time than that needed to learn language for interacting on social level with English speakers (Anstrom, 1997:4). Anstrom further summarises this sentiment as follows:
In mainstream settings, native speakers, for whom English is nearly automatic, can focus primarily on the cognitive tasks of an assignment—learning new information, procedures, etc—however, the student with limited ability in English must focus on both cognitive and linguistic tasks—learning new vocabulary, structures and academic discourse” (Anstrom, 1997:5).  

In most cases the L2 learners fail to understand meanings embedded in words used in mathematics (Durkin and Shire, 1991). 
Mathematical language

Mathematics language does not only consist of ordinary English (OE) as discussed above; it also consists of symbols and highly specialized language. These symbols (>, ≠, ≤, ±, ¼, ×, ÷, Σ, χ, θ) and specialized language (ME) (e.g. hypotenuse, triangle, simultaneous equations, etc.) pose a problem to students’ ability to interpret and conceptualize mathematical texts (Davidson & Pearce, 1988), especially word problems (Hanley, 1978; Earp & Tarner, 1980).  Thus, mathematical language becomes the second language challenge to those whose language differs from the medium of instruction, and thus Bell asserts that “mathematics vocabulary, special syntactic structures, inferring mathematical meaning, and discourse patterns typical of written text all contribute to the difficulties many [L2] students have when learning mathematics in English (Bell, 2003:4).
According to Saville-Troike (1991), “vocabulary knowledge is one of the most important determinants of academic achievement, and vocabulary test provide reliable measures of academic progress” (Saville-Troike, 1991:8). It is within this framework that this study was conceived to determine the extent to which Form 2 students know the vocabulary used in junior secondary school curriculum (JC). 
the study
Selection and sampling

A convenient sampling strategy (Maxwell, 1996), was employed to select participants, Form 2 students, from two schools around the city of Gaborone. Classes chosen were to consist of students with a wide range of abilities to give a typical junior secondary school classroom in Botswana public schools. . 

Questionnaire construction, data collection and analysis procedures
Words were taken from Year One and Year Two portions of junior secondary school mathematics syllabus. Twenty words with more than one meaning (used differently in OE and ME) were listed in Section A, and students were asked to (1) make a statement in ordinary English, (2) make a statement in mathematics English, and (3) to give a pictorial example(s) of each word, a symbol or a picture representation as shown below. The second section of the questionnaire (Section B) consisted of 20 composite words which have meaning only in mathematics. Students were asked to (1) describe each expression, and (2) to give a symbol and/or a diagram representing the expression. The questionnaire was given to 80 students (2 classes) and 91% were returned. After collection, the filled questionnaires were corrected to find the extent to which students knew the vocabulary used in the mathematics class. The results are summarized in the tables and bar chart below.

FINDINGS 
Table 1 shows the performance of students on Section A of the questionnaire. In all the three columns of Table 1, the code CORRECT means that a respondent has given the right definition or description; BLANK means a respondent did not attempt the question; and CONFUSED means that a respondent has given a wrong description or definition. For example, in an attempt to define SUM, a student may give the meaning of SUN. Under column 1, MATH LANG indicates that a respondent defined a word as it is used in mathematics instead. 
	List of Words
	Ordinary English
	Mathematics English
	Mathematics Symbols

	
	Correct
	Confused
	Math Lang.
	Blank
	Correct
	Confused
	Blank
	Correct
	Confused
	Blank

	More
	38.2
	8.2
	24.7
	28.8
	43.8
	19.2
	37.0
	80.8
	1.4
	17.8

	Difference
	50.7
	12.3
	17.8
	19.2
	72.6
	6.8
	20.5
	82.2
	4.1
	13.7

	Equal
	45.2
	5.5
	28.8
	20.5
	47.9
	15.1
	37.0
	94.5
	2.7
	2.7

	Degree
	28.8
	1.4
	36.6
	34.2
	53.4
	13.7
	32.9
	84.9
	4.1
	11.0

	Multiply
	43.8
	4.1
	13.7
	38.4
	34.2
	32.9
	32.9
	86.3
	1.4
	12.3

	Similar
	20.5
	45.2
	8.2
	26.0
	4.1
	53.4
	42.4
	2.7
	72.6
	24.7

	Addition
	30.1
	1.4
	27.4
	41.1
	56.2
	9.6
	32.9
	91.8
	2.7
	5.5

	Product
	37.0
	9.6
	16.4
	37.0
	38.4
	21.9
	39.7
	56.2
	15.1
	28.8

	Sum
	6.8
	15.1
	41.1
	37.0
	49.3
	17.8
	32.9
	64.4
	8.2
	27.4

	Multiples
	20.5
	9.6
	11.0
	58.9
	12.3
	28.8
	58.9
	28.8
	12.3
	58.9

	Denominator
	2.7
	23.3
	24.7
	49.3
	39.7
	9.6
	50.7
	47.9
	11.0
	41.1

	Substitute
	34.2
	17.8
	8.2
	39.7
	17.8
	31.5
	50.7
	11.0
	41.1
	47.9

	Factor 
	21.9
	8.2
	8.2
	61.6
	13.7
	15.1
	69.9
	15.1
	9.6
	75.3

	Reflection
	2.7
	1.4
	41.1
	54.8
	8.2
	9.6
	80.8
	15.1
	8.2
	76.7

	Perimeter
	4.1
	6.8
	43.8
	45.2
	27.4
	16.4
	56.2
	11.0
	21.9
	67.1

	Enlarge
	42.5
	6.8
	16.4
	34.2
	37.0
	16.4
	54.8
	26.0
	4.1
	68.5

	Remainder
	31.5
	12.3
	13.7
	42.5
	23.3
	21.9
	54.8
	11.0
	38.4
	50.7

	Parallel
	5.5
	6.8
	39.7
	47.9
	20.4
	19.2
	60.3
	32.9
	35.6
	31.5

	Less
	32.9
	4.1
	13.7
	49.3
	30.1
	9.6
	60.3
	47.9
	19.2
	32.9

	Variable
	1.4
	13.7
	13.7
	69.9
	6.8
	4.1
	89.0
	11.9
	11.0
	76.7


Table 1: Comparison of Performance Between and among Variables
Most students had difficulties in using the selected terms in ordinary English when compared to mathematics English usage. The first column shows that most students used the mathematical meaning instead of everyday English. The most confused term in three columns was “similar,” with 45.2%, 53.4% and 72.6% for ordinary English, mathematics English, and mathematics symbols, respectively. The least confused word was “addition” with 1.4%, 9.6% and 2.7% across the three columns. 

When variables in Table 1 were correlated, the results were as follows: mathematics English and ordinary English had a strong correlation of 0.7023. Mathematics symbols have moderate correlation with both ordinary and mathematics register, with 0.4867 and 0.4895, respectively.  From these results we cannot claim that being good in every day English guarantee that a student knows and understands mathematical language.
	List of Words
	Descriptions / Definitions
	Examples/Drawings/Symbols

	
	Correct
	Confused
	Blank
	Correct
	Confused
	Blank

	Prime number
	64.4
	6.8
	28.8
	38.4
	16.4
	45.2

	Equilateral triangle
	72.6
	8.2
	19.2
	68.5
	1.4
	30.1

	Simple interest
	1.4
	19.2
	79.5
	6.8
	5.5
	87.7

	Square number
	27.4
	39.7
	31.5
	39.7
	9.6
	50.7

	Simultaneous equation
	8.2
	20.5
	69.9
	17.8
	8.2
	74.0

	Standard form
	17.8
	28.8
	53.4
	38.4
	19.2
	42.5

	Surface area
	6.8
	17.8
	75.3
	13.7
	5.5
	80.9

	Scale factor
	13.7
	8.2
	78.1
	17.8
	9.6
	72.6

	Reflex angle
	32.9
	39.7
	27.4
	41.1
	12.3
	46.6

	Average speed
	21.9
	31.5
	46.6
	46.6
	2.7
	50.7

	Linear equations
	1.4
	19.2
	79.5
	8.2
	1.4
	90.4

	Regular pentagon
	28.8
	27.4
	43.8
	38.4
	5.5
	56.2

	Right angle
	69.9
	0.0
	30.1
	60.3
	2.7
	37.0

	Pie chart
	6.8
	38.4
	53.4
	42.5
	4.1
	48.8

	Square root
	0.0
	21.9
	78.1
	11.0
	5.5
	83.6

	Line of reflection
	6.8
	21.9
	69.9
	19.2
	4.1
	76.7

	Distributive law
	0.0
	9.6
	90.4
	0.0
	3.8
	95.9

	Bar chart
	17.8
	28.8
	53.4
	37.0
	8.2
	54.8

	Significant figure
	4.1
	28.8
	67.1
	15.1
	20.5
	64.4

	Perpendicular line
	24.7
	8.2
	67.1
	37.0
	9.6
	53.4


Table 2: Comparison of performance between variables

In Table 2, it seems students’ performance in composite words is better than that of ordinary English words. For instance, in Table 2 no students were confused in regard to the definition or description of the term “right angle”.  Only 2.7% of them could not symbolically represent the term. Most students left the last column (for diagrams) blank. This is because they did not turnover the page when answering the questionnaire. 

The results from the two tables were summarized in the bar chart below. As can be seen in the chart, about 10% of students got symbols/examples up to 75+% as shown in the bar chart below. The majority of students (~70%) scored less than 30% in ordinary English; about 62% in mathematical English and 22% in symbols. Only 3% of students got between 61-75 in ordinary English but 43.8% of them got between 61-75% in mathematics symbols. These results therefore, suggest that students’ knowledge of mathematical symbols is better than their ordinary English and specialized mathematical language.
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Figure 1: Distribution of scores across all Five Variables

DISCUSSION
This study explored the extent to which students are familiar with the OE and ME vocabulary used in the JC mathematics curriculum. The results are such that many students scored low in OE, followed by ME and symbols in that order. These results show clearly that L2 students experience challenges brought about by the medium of instruction, and thus to be successful in mathematics achievement, they have to focus on learning the language of instruction first before they could learn mathematics content. This illustrates the imbalances that occur between a L1 and L2 mathematics learners which inevitably make the L2 to lag behind in academic achievement. 
Students also did better in symbols than in ME. One would ask why this is the case when ME and symbols are both lack ‘contextual’ meaning and thus could be termed ‘abstract’? The literature indicates that L1 learners experience difficulties in mathematics because of the specialized mathematical terms and symbols. Thus, to the L2, the specialized mathematical problem becomes the second language problem which is the first and only problem for the L1 learners. To that effect, Anstrom (1997: 5) correctly pointed out that “native speakers, for whom English is nearly automatic, can focus primarily on the cognitive tasks of an assignment [while] the student with limited ability in English must focus on both cognitive and linguistic tasks”. Nonetheless, students’ weakness in the ordinary English language may be exacerbated by the style of teaching at junior secondary schools. 
conclusions and recommendations

This study explored students’ level of competency of the vocabulary used in the junior secondary school mathematics curriculum. The findings showed that being incompetent in the ordinary English does not necessarily translate into incompetence in the mathematical language. Students scored high in both symbols and examples in that order, indicating that the ordinary English language (OE) and mathematical language (ME) pose two separate (but not entirely mutually exclusive) problems in a mathematics class. While L1 students are only affected by the latter, to L2 learners it is a double jeopardy.

The study implication is that interventions targeting mathematical language problems should necessarily differ from those targeting competency in the English language. For instance, targeting fluency in the medium of instruction could include classroom discussion and discourse. It is highly probable that during discussions, students would learn by chance the specialized words used in mathematics. But teachers should make a deliberate effort to make sure that students learn these terms by discussing descriptions and definitions of these words and symbols. 
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