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Abstract 

This is a study of 41 secondary school children who are deaf (mean age 13 years 2 

months) based in an oral setting. A list of key Mathematics vocabulary words was 

generated from the GCSE Mathematics 2007 specification exam papers. 

Assessments and intervention resources were created to support the teaching of 

these key words. A 5week intervention on the topic of ‘Time vocabulary’ was 

recorded. Subjects showed a significant increase in their vocabulary knowledge. 

Subjects with a higher baseline score made more significant progress. Controlling for 

gender or first language did not have a significant impact on vocabulary knowledge. 

1. Introduction 

As a qualified Special Educational Needs Coordinator and Teacher of the Deaf with 

a subject specialism in Mathematics, I work at a specialist secondary school for 

children who are deaf. The school follows an oral communication philosophy, 

maximising the use of any residual hearing. Sign language is not used for teaching in 

the classroom. The emphasis is placed on students being immersed in a language-
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rich environment. During a school drive on vocabulary, I realised it was important to 

place more focus on vocabulary in Mathematics. The subject has a large technical 

glossary and problem-solving questions are notoriously difficult for all students to 

answer. This has been made more difficult in the 2017 GCSE specification which 

has additional content and more problem-solving questions (Professional 2016). This 

is even more true for students who have delayed or disordered language difficulties 

due to deafness. I carried out an online search for materials to use to help teach 

Mathematics vocabulary. Those I found were mostly aimed at primary school 

students and only available for individual topics. There was nothing comprehensive 

for the secondary students I was working with, and nothing telling me which words 

were important. Instead, based on my teacher judgement, I wrote some simple 

Mathematics vocabulary assessments, testing words I considered important and 

largely unknown. These were welcomed by the team I worked with and we used 

them in this form for 2 years, revising questions as we went along. They were largely 

seen as a prompt to include these words in our teaching. Due to this initial success, I 

decided to develop the assessments into a complete intervention package based on 

robust research and decision making. I set out to find which words should be 

focussed on, design materials to support the teaching of vocabulary and track more 

closely which words students had learnt/still needed to work on. This research 

documents the development of the intervention, known as Count on Words, and 

evaluates the success of the intervention when one of the topics was taught to 

students in my setting. This project first looks at word selection and creation of the 

vocabulary assessment and then measures the success of a vocabulary intervention 

on a group of students in Years 8 and 9. 
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2. Literature review 

2.1 Introduction 

The literature review contains 5 sections. The first two sections look at the impact 

deafness has on language skills and then on mathematical attainment. This is 

followed by a review of how language skills interact with mathematical attainment. 

Finally, a review of the current approaches used to develop vocabulary and design 

vocabulary assessments. The term ‘children who are deaf’ (CD) is used to refer to a 

vastly heterogenous population. There are many variables which might lead to 

differences in vocabulary knowledge, including age of identification, level of hearing 

loss, level of maternal education, additional needs and first language (Yoshinaga-

Itano & Sedey, 1998). Therefore, caution must be taken when drawing conclusions.   

2.2 Impact of Deafness on Language Skills 

Despite earlier identification with the Newborn Hearing Screening Programme and 

advances in technology such as digital hearing aids and cochlear implants (CI), for 

many CD language development is still behind that of their hearing peers. This has 

been widely confirmed for CD who have been identified early and where early 

intervention supporting language development has been in place (Sarant et al 2009, 

Vohr et al 2012, Lederberg et al 2013, Netten et al 2015 and more recently Meinzen-

Der et al 2018). In a systematic review of studies, Lederberg et al (2013) identified 

the main areas of weakness for CD as the development of grammar, theory of mind 

and literacy. The size of vocabulary knowledge in CD, both expressive and 

receptive, is lower on average than their hearing peers (Lund 2016). This is true for 

size of vocabulary knowledge and the depth of understanding (Walker et al 2019). CI 

users learn new vocabulary in a similar way to hearing children when matched for 
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vocabulary size, not age (Lund 2019). Vocabulary delay is a barrier to further 

language development through reading and writing. Language ability is a 

significant predictor in reading ability for CD (Mayberry 2011). Vocabulary is the 

biggest predictor in reading accuracy and comprehension for CD (Kyle and Harris 

2010, Kyle et al 2016). A reduced vocabulary can also result in poor non-verbal 

working memory (NVWM) for CD (Marshall et al 2015). Worsfold et al (2018) found 

that the spoken language ability of CD aged 8 has a predictive relationship on their 

reading comprehension aged 17. This supports the case for continued targeted 

intervention of language skills in secondary education. 

A language delay has a cascading effect on CD’s subsequent development and life 

opportunities. Communication skills are linked to theory of mind (Lederberg et al 

2013), social and emotional functioning, and behavioural problems (Netten et al 

2015). CD aged 5, are behind age matched peers when identifying lies and sincere 

statements (Kelly et al 2019). In the UK, poor language and reading comprehension 

in CD aged 6-10 increased their risk of having emotional and behaviour difficulties in 

school during their teenage years (Stevenson et al 2018). Communication skills are 

also fundamental for the development of mathematical reasoning in CD (Kritzer 

2009a; Edwards et al 2013). Mathematical and reading achievement of hearing 

children at the age of 7 has both substantial and positive associations with social 

economic status in adult life (Ritchie and Bates 2013). It is logical that this would also 

apply to CD and highlights the importance of this research.  

Reduced vocabulary knowledge in CD has been attributed to many factors. Despite 

advanced amplification, CD do not receive consistent access to language and their 

experience is different to their hearing peers (Moeller et al 2015). CD do not 
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overhear conversations clearly, they miss out on this opportunity to pick up new 

words vicariously and therefore need explicit teaching (Lund 2016, Duncan and 

Lederberg 2018). A rich language environment in the home is proven to have a 

positive impact on a child’s language abilities (Vohr et al 2014). Maternal education 

(Cupples et al 2018, Walker et al 2019) and the level of parental involvement has a 

direct impact on language acquisition (Moeller and Schick 2006, Sarant et al 2009, 

Boons et al 2012). Strategies such as recasting, reformulation and open-ended 

questions promote growth in expressive language, whilst parental use of dialogue 

reading produces faster vocabulary development (Cruz et al 2012).  

2.3 Impact of Deafness on Mathematical Attainment 

In order to discover why CD underperform in Mathematics, it is useful to know when 

the difference in outcomes between deaf and hearing students begins. Many studies 

have attempted to understand this (Zarfaty et al 2004; Bull et al 2018; Hitch et al 

1983; Leybaert and Van Cutsem 2002; Huber et al 2014). Number representation is 

the ability to recognise the number of objects and reproduce that number without 

having to know its name or assign an abstract symbol to it. It is an early 

mathematical skill that is usually learnt prior to starting formal education, through 

everyday life or accidentally through play. It does not require any language skill or 

taught additional mathematical knowledge to achieve it. In a small study designed to 

test number representation in CD, it was observed that they performed as well in the 

task as their hearing peers and they performed better when the task was presented 

spatially (Zarfaty et al 2004). This suggests that CD are at no initial disadvantage 

when it comes to number representation and difficulties arise later on, or in other 

areas. Bull et al (2018) studied approximate number system (ANS) acuity, a similar 
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entry level mathematical skill that was tested without needing to know number 

names or symbols. Students were shown 2 sets of dots and they had to point out the 

bigger set, they did not have time to count them and the dots varied in size to avoid 

surface area being used as a determiner. In this study CD (with a mean age of 9 

years) showed significantly less acuity than their hearing peers. 

Counting between 1 and 20, forwards and backwards, including simple addition (e.g. 

add one more), is an Early Learning Goal (DFE 2017). This is 

the National Standard expected by the time a child finishes the Early Years 

Foundation Stage, aged 5. In a small study (Hitch et al 1983) designed to test the 

method of counting in orally educated CD, students were asked to mark simple 

addition problems as true or false, with no linguistic knowledge required. It was 

discovered that they had the same level of accuracy as the hearing children when 

matched by non-verbal intelligence quotient (NVIQ) rather than age. They also took 

the same amount of time to answer a question, suggesting they may use similar 

methods as the hearing children. Leybaert and Van Cutsem (2002), also investigated 

students’ counting skills. Students aged 4-6years were asked to count as high as 

possible without any manipulatives to support them. The CD were all signers and 

used Belgian French Sign Language which has a base 5 counting system, despite 

the spoken language using a base 10 counting system. The CD produced a much 

shorter counting string, with the older signers still struggling to count beyond 15, on 

average. This placed them 2 years behind the hearing children. Errors were linked to 

when the CD had to go past each subset of 5 numbers, suggesting the difficulty was 

with their mode of communication. Interestingly, the same CD were also tested on 

one to one correspondence through object counting and creation of sets tasks (up to 

a maximum of 14). Here the CD performed in line with their hearing peers at an age 
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expected level. Rodriguez-Santos et al (2018) found no difference in basic numerical 

skills between CD and hearing peers matched for NVIQ and verbal comprehension. 

Looking at slightly broader arithmetic skills, CD with CI aged 7-11, matched the 

performance of hearing children (Huber et al 2014). The test included addition, 

subtraction, multiplication, division, number comparison and complement tasks. The 

test was deliberately non-verbal, using numbers and mathematical symbols only, 

with no story problems. Caution should be taken here as the CD’s scores were 

below the hearing students on all sub tests, but not significantly. This may vary with 

a larger sample size.  

The following examples look at a broader selection of mathematical skills over a 

broader age range. Here, it is well documented that CD typically lag behind their 

hearing peers (Kritzer 2009a; Pagliaro and Kritzer 2013; Nunes et al 2009; Moreno 

2000 and Edwards et al 2013; Ariapooran 2017; Borgna et al 2018). Kritzer (2009a), 

found over 60% of the CD studied (aged 4-6 years) had difficulties with story 

problems, skip counting, number comparisons, reading/writing 2- and 3-digit 

numbers, and addition and subtraction facts. In a similar study by Pagliaro and 

Kritzer (2013) with CD aged 3-5 years, they were found to be chronologically behind 

in number understanding, problem solving, measuring, estimating, time and 

sequences. Nunes et al (2009) investigated multiplicative reasoning, which is the 

foundation for place value and measurement. If the skill of multiplicative reasoning is 

not secure, it will have an impact on other areas of Mathematics. In its simplest form 

it is an introduction to problem solving. The study showed that CD students (with a 

mean age of 6 years 5 months) were significantly behind hearing peers in this area 

of mathematics, even when mapped for NVIQ not age. Moreno (2000) tested CD 

(aged 7-9 years) against their hearing peers across a wide range of mathematical 
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competencies including counting, additive and multiplicative reasoning, memory 

scan and time concepts, and found them to be behind in all areas. Edwards et al 

(2013) tested CD (mean age 10 years) on arithmetic and geometric reasoning and 

likewise, found them to be behind matched hearing peers in both skills. Ariapooran 

(2017) matched female CD with their hearing peers for age and attainment. The CD 

had lower mathematical performance alongside lower mathematical motivation and 

higher anxiety. A study with older CD attending college, found that their ability to 

perform basic number processing skills such as comparing the magnitude of 

numbers, memorising digit order or simple calculations, was the same as hearing 

students (Epstein et al 1994). However, the average mean response time was 

slower in every task. In another study of college students (mean age 19), CD’s 

abilities to estimate in numerical and real-world concepts were again significantly 

behind their hearing peers (Borgna et al 2018).  

Mathematical ability is linked with NVIQ in deaf students (Leybaert and Van Cutsem 

2002; Moreno 2000) as it is in hearing students (Huber et al 2014). When matched 

for NVIQ, CD, especially those with at last average NVIQ, have the same potential to 

achieve as children who are hearing (Geers et al 2003, Maller and Braden 2011). 

However, we know that deaf students are behind their hearing peers mathematically 

(Kritzer 2009a; Moreno 2000; Pagliaro and Kritzer 2013; Edwards et al 2013). We 

also know that deaf students are typically delayed in achieving their linguistic ability 

(Lederberg et al 2013; Netten et al 2015; Meinzen-Der et al 2018). It makes sense 

that this, in turn, delays their mathematical ability (Leybaert 2002; Huber et al 2014). 

In order for a student to achieve their mathematical potential they must achieve their 

linguistic potential (Huber et al 2014). 
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2.4 Impact of Language Skills on Mathematical Attainment 

Studies into educational outcomes in hearing children around the world have also 

found language skills and vocabulary knowledge to be contributing factors to 

mathematical success (Bleses et al 2016, Singer et al 2018, Aragon et al 2019, 

Purpura and Ganley 2014, Pimperton and Nation 2010). Expressive vocabulary 

scores of hearing children as young as 16 months is an early measure of language 

development, whilst showing a greater correlation with language and literacy 

achievement, it was also linked to mathematical skills (Bleses et al 2016). Singer et 

al (2018) found language skills, specifically vocabulary and phonological processing, 

were the biggest predictors in the performance of arithmetic calculation in hearing 

children, when compared against working memory and the ANS. A study with 

hearing 4year olds in Spain, found working memory had the biggest impact at the 

early years stage, followed by processing speed and receptive vocabulary (Aragon 

et al 2019). Purpura and Ganley (2014) found vocabulary to be a significant predictor 

of numerous early mathematics skills in hearing children, including number 

comparison, number order, numeral identification, and story problems. Pimperton 

and Nation (2010), investigated the mathematical ability of poor comprehenders in 

hearing children. These children, aged 7-8, had average or above average word 

reading skills and were matched by age and NVIQ with age appropriate 

comprehenders. The poor comprehenders actually scored higher on average than 

their matched controls on the numerical operations test (although not significantly) 

but performed at a significantly lower level on the mathematical reasoning test. Their 

vocabulary score was a significant predictor of mathematical reasoning. Conversely, 

Chow and Ekholm (2019) in a study on 6-7year olds in the USA, found 

understanding of syntax was the greatest predictor of Mathematics performance and 
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actually ruled out vocabulary as a predictor. However, in order to evaluate 

vocabulary, they used a receptive vocabulary test that was not Mathematics specific, 

plus the Mathematics assessment was based on calculations and problems with 

digits and symbols and so did not rely on vocabulary knowledge to complete it.  

From an early age, mathematical delay in CD can be attributed to a lack of exposure 

to mathematical concepts and language in the home (Kritzer 2009b), regardless of 

the mode of communication or its fluency. In a study involving 6 CD, activities, 

interaction and engagement over a full day was recorded for each child. The quality 

and quantity of references to Mathematics concepts in the home was greater for the 

3 CD who were more mathematically successful. The CD were purposefully involved 

in the conversations and expected to contribute. This deliberate engagement in 

mathematical conversation is important as we know CD are less likely to overhear 

conversations for example, about the speed of a car or the weight of the shopping. 

Interactions with a questioning nature promote participation and interest from the 

CD. Parents of CD have been known to limit their interactions to simple, concrete 

exchanges where a fixed answer is all that is required (Moeller and Schick 2006). 

Concrete language does not promote the development of higher-level thinking skills 

such as comparison, evaluation and prediction which are required for developing 

theory of mind and early mathematical thinking. 

A statistically significant correlation between mathematical ability and reading age 

has been found in CD aged 9-14 (Vitova et al 2013), and deaf college students (Kelly 

and Gaustad 2007). When Edwards et al (2013) controlled their results for language 

ability they found that the difference in results between the hearing and CD 

disappeared, suggesting that it was the language skills that affected poor 
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performance, not Mathematics skills. When investigating the predictors of early 

reading skill of CD aged 5, Cupples et al (2013) found that NVIQ and receptive 

vocabulary were predictor variables for mathematical reasoning. Moreno (2000), 

found the main predictors of mathematical delay in CD was linguistic ability and 

additive reasoning. Huber et al (2014) designed a study to look at possible predictors 

of arithmetic skills such as reading skills, NVIQ and hearing variables. Hearing 

variables had no impact on arithmetic skills but speech perception (of sentences) 

was significantly related to NVIQ. The biggest predictor of arithmetic achievement for 

hearing children was NVIQ, but they found that reading skills had the biggest impact 

for CD (despite the arithmetic test being non-verbal). Even when language skills 

were not being tested, they may have been required originally in order to learn the 

arithmetic skill.  

Swanwick et al (2006) compiled an interesting evaluation of Mathematics exam 

papers undertaken by 14year olds in the UK. They analysed a sample of papers 

completed by CD and compared it to the analysis on all papers compiled by the 

exam board. Several conclusions and areas for further investigation emerged. The 

first of those relevant to this study was CD’s lack of understanding of key vocabulary 

concepts including ‘more than’, ‘less than’ and ‘how many more’. The second was 

the ability to determine the key technical information in the instructions which was 

embedded in a language-rich context. Students with weak reading ability perform 

better when Mathematics questions require limited reading, contain no difficult 

vocabulary, and use clear, simple diagrams (Crisp 2015). 
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2.5 Developing Vocabulary 

Studies on teaching academic language to CD are relatively infrequent or based on 

small sample sizes. The conclusion from a systematic review (Strassman et al 

2019), was that research into English language learners (ELL) should be used to 

inform teaching academic language to CD. In a review study of vocabulary teaching, 

Manzo et al (2006) found that developing and using a systematic plan for teaching 

vocabulary throughout the year maximized and facilitated improved understanding of 

essential vocabulary for students, particularly ELL.  

Lund and Douglas (2016) devised a study to compare different methods for teaching 

new vocabulary to pre-school CD. Teachers of the Deaf were trained to apply the 

interventions with 9 CD over 6 weeks, focussing on 3 types on instruction. They 

found children learnt the most words through explicit teaching. Follow-in labelling 

had the second biggest impact, where the child’s own interest directed which words 

were taught. Incidental exposure with no direct teaching had the least impact. In a 

larger study of 68 CD, Duncan and Lederberg (2018) also found explicit teaching to 

be a significant predictor of gains in vocabulary. Reformulation, where the adult 

expands on the CD’s utterances, was another significant predictor. This study 

involved children taught in a group setting and showed that explicit teaching and 

recasting can have an impact in a typical classroom environment. A study in 

Northern Ireland with five Year 1 classrooms with children who were hearing, 

promoted early mathematical vocabulary instruction through a resource called 

Number Talk. A picture book was specifically written for the intervention to facilitate 

explicit teaching of early number vocabulary (Moffett and Eaton 2017). A key finding 

from the study was that the teachers involved demonstrated an increased awareness 
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of the importance of mathematics vocabulary and indicated that changes in 

classroom practice had supported children’s language and learning. 

The research and advice around teaching mathematical vocabulary, unsurprisingly 

overlaps in its findings with teaching vocabulary to CD. In a review study of research-

based evidence on mathematical vocabulary, Riccomini et al (2015) recommends 

explicit instruction, connections to prior knowledge, use of visuals, multiple 

exposures over time, games like activities, mnemonics and use of technology. CD 

are more likely to recall Mathematics words that are familiar or are strongly linked to 

an image, and concrete terms are easier to remember than abstract ones (Lang and 

Pagliaro 2007). Lund and Douglas (2016) used pictures or objects to support all 3 

types of instruction in their study discussed above. A picture racetrack game using 

photographs was shown to improve signed vocabulary acquisition for two pre-school 

CD (Davenport et al 2017). An intervention on Mathematics vocabulary for CD aged 

10-12 using DVDs with American sign language found that, combined with pre-

teaching, the DVDs supported the acquisition of target vocabulary (Cannon et al 

2010). 

Rubenstein and Thompson (2002) describe 11 different difficulties associated with 

learning mathematical language. They were considering the difficulties for all 

language learners; it would be fair to assume that the impact on CD would be 

greater. 

(1) meanings are context dependent (e.g., foot as in 12 inches vs. the foot of the bed)  

(2) mathematical meanings are more precise (e.g., product as the solution to a multiplication 

problem vs. the product of a company)  
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(3) terms specific to mathematical contexts (e.g., polygon, parallelogram, imaginary number)  

(4) multiple meanings (e.g., side of a triangle vs. side of a cube)  

(5) discipline-specific technical meanings (e.g., cone as in the shape vs. cone as in what one 

eats)  

(6) homonyms with everyday words (e.g., pi vs. pie) 

(7) related but different words (e.g., circumference vs. perimeter) 

(8) specific challenges with translated words (e.g., mesa vs. table) 

(9) irregularities in spelling (e.g., mode and modal) 

(10) concepts may be verbalized in more than one way (e.g., 15 minutes past vs. quarter 

past)  

(11) students and teachers adopt informal terms instead of mathematical terms 

(e.g., diamond vs. rhombus). 

2.6 Vocabulary Assessments 

Vocabulary can be assessed in different ways. A receptive vocabulary assessment 

can ask students to point to a picture, e.g. the British Picture Vocabulary Score 

(BPVS), in response to a spoken word. This approach relies on hearing the word 

which may not be appropriate for CD. Assessments for signed receptive vocabulary 

may use pictures or video recordings as part of the test e.g. DCAL assessment.  

Expressive vocabulary can be assessed through the written, spoken or signed word 

in response to pictures or questions.  

Read and Chapelle (2001) conducted a review study of vocabulary assessments and 

their use for ELL in American classrooms. They describe vocabulary assessments in 
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three dimensions: discrete or embedded; selective or comprehensive; and context-

independent or context-dependent. Vocabulary assessments traditionally test the 

learner’s knowledge of (discrete) pre-selected high frequency words (selective). 

They are often presented with no linguistic context (context independent). Read and 

Chapelle (2001) warn that ELL teachers may avoid these types of traditional 

vocabulary assessments because they are not relevant to any curriculum content. 

They advise that tests should be designed with purpose and context, giving learners 

and teachers an incentive to engage. Dougherty Stahl and Bravo (2010) also noted 

that teachers felt let down by standardised tests, because they didn’t test the 

vocabulary their students had learnt or the depth of students’ knowledge. They 

suggest teachers should be confident in designing their own vocabulary 

assessments, starting with a list of words that are essential for understanding 

curriculum content. These words are likely to come from other curriculum 

assessments, such as national qualifications. The words should be pre-tested, 

explicitly taught and used throughout the teaching of the topic and then post-tested. 

After a thorough search, one Mathematics vocabulary assessment was found to 

exist (Powell 2017). This was based on words that were found on the grade 3 and 5 

USA Mathematics curriculum (age 7 or 9 years) and in commonly used textbooks. 

Many of these terms were initially introduced lower down in the curriculum. They 

used a variety of student response methods including matching definitions from word 

banks, multiple choice, drawing pictures and using short answers.  
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3. Method 

3.1 Methodology 

This is an action research project. This approach is commonly used in education and 

health care settings where practitioners can use small scale research to directly 

impact their work. It follows a cyclical approach of action and critical reflection 

(Thomas 2013). Research is usually completed alongside other work commitments 

which can put pressure on the practitioner’s available time. Establishing a control 

group can also be difficult for ethical reasons. 

This study used primary sources and quantitative methods. Data was collected on 

vocabulary to inform the production of a vocabulary assessment. The intervention 

was a before and after study in which the dependent variable, the performance on a 

Mathematics vocabulary assessment, was measured before and after intervention 

on the same group of CD.   

3.2  Vocabulary Selection 

The objective was to produce word lists for the 14 different topics that the 

Mathematics curriculum is divided into in my setting. This would then promote 

systemic vocabulary teaching. These topics are: Time; Angle and Shape; Sequences 

and Graphs; Number skills; Calculations; Fractions; Algebra skills and Equations; 

Probability; Statistics; Transformations; Perimeter Area and Volume (PAV); 

Decimals; Percentages; Ratio and Proportion. Each list would be 15 words long to 

allow room for students to progress each year and to provide flexibility and 

differentiation. For example, for a student with a short concentration span or slow 
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processing speed it may be more appropriate to only give them a section of the test. 

This meant we needed a list of 210 technical Mathematics words. 

Mathematics has a vast glossary of technical terms and it’s hard to know which are 

more important. Some words are only used for high level Mathematics skills, some 

are cross-curricular, and some are frequently used outside of the classroom. In order 

to assess and teach a relevant list of vocabulary, a framework was required. GCSEs 

are a nationally recognised qualifications that almost all students will sit in the UK 

and are used in my setting. They are used as a benchmark for employers and further 

education providers. Students who don’t pass GCSE Mathematics will continue to 

receive Mathematics lessons until they either pass the GCSE or finish their 

compulsory education. Mathematical vocabulary that will be needed at GCSE level, 

is introduced from birth through the Early Learning Goals. It was therefore 

considered that the vocabulary used in the GCSE Mathematics qualification would 

be an appropriate framework for selecting the words for this intervention programme. 

At this setting, the aim is for all students to achieve a grade at GCSE Mathematics. 

All students start on the GCSE curriculum from Year 7 (approximately age 11). It is 

not always realistic for their target to be a pass at grade 4, but if they can achieve 

any grade of 1 or above, they will be entered for the qualification. By using a list of 

vocabulary that needs to be understood and used in the GCSE Mathematics exam, 

staff can better prepare the students to access the information in GCSE questions.  

I contacted the exam board and requested a list of technical words. However, they 

were only able to provide a list of command words. So, I started the process of 

analysing past exam papers. At the time of investigation, there had been 5 series of 

examination papers released under the new 2017 GCSE Mathematics specification. 
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Students can take the qualification at Higher or Foundation level and there are 3 

papers at each level. This gave a total of 30 papers to investigate. As the last few 

questions on the Foundation paper were also the first few questions on the higher 

paper (approximately 8 questions) these were counted separately so the total word 

count could be found without including duplicates. Only papers written by Edexcel 

were looked at, as this was the examination board used at the setting. 

Every word used in each of the 30 GCSE papers was recorded and the frequencies 

tallied. The rubric used in an exam paper can be categorised as command words, 

carrier language and technical language. Not all these words needed to be 

considered for the intervention. Command words e.g. complete or explain were not 

included as these are common to other subjects. Carrier language is used to hang 

the sentence together, it can also be thought of as general knowledge e.g. charity or 

satsuma. These are words that can be changed by an Oral Language Modifier 

(OLM) and so were not included. Students with particularly low language levels who 

needed this support, could receive and OLM as part of their exam access 

arrangements. The Mathematics words number, counter, shape, space and cube (as 

in counter) were treated as general knowledge and so not included. Only technical 

language was included in the word count and it was recorded every time it appeared 

in a question or diagram. Words were counted separately unless separating them 

changed their meaning e.g. the words ‘cumulative frequency’ when separated into 

‘cumulative’ and ‘frequency’ have the same meaning, but when ‘frequency tree’ is 

separated ‘tree’ loses its mathematical meaning. Common variations of words were 

grouped together including plurals and different tenses e.g. high/higher/highest and 

pay/pays/paid. Several words had more than one meaning which had to be counted 

separately e.g. square the shape and square the number. Words which would be 
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taught as a group were also counted as a group, e.g. Monday, Tuesday, Wednesday 

etc. This complexity in categorising words meant the process could not be done by a 

computer programme and had to be counted in person.  

This produced a list of 390 technical Mathematics words. The words were ordered 

first by the number of papers they appeared on and second by their total frequency. 

In this way, a word that appeared once on ten different papers would rank higher 

than a word that appeared on one paper ten times. I had originally thought I would 

be able to differentiate words based on whether they came from the foundation or 

higher GCSE papers. However, there wasn’t a clear correlation between the 

frequency of a word and its difficulty e.g. graph appears 76 times in total and 61 of 

those are on the higher paper despite it being a word typically first taught at primary 

level. 17 words appeared on higher papers only. Of these, 11 words related to 

foundation topics and therefore it was important that they were included. That left 6 

words that only appeared on the higher papers and only related to the higher GCSE 

specification. These words all related to statistics: quartile, histogram, box plot, 

cumulative, bound and upper. Statistics is a difficult topic because of the heavy word 

content. It was therefore decided to include these higher-level words in the word list, 

to increase exposure to them. This would also avoid the ceiling affect for more able 

students.  

The GCSE specification divides the subject into 5 areas: Number; Algebra; Statistics 

& Probability; Geometry & Measures; and Ratio, Proportion & Rates of Change. In 

my setting, these 5 categories are then broken down into the 14 smaller topic areas 

stated above, to form the scheme of work. Initially, I assigned the words to each 

topic in order to collect the 15 most frequent words. However, some topics had many 
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more words than others e.g. Statistics, and Angle and Shape. High occurring words 

were not making it into the top 15, whilst less frequent words were being included 

because the topic wasn’t as language heavy, e.g. Fractions or Algebra. Instead, I 

prioritised the top 210 words regardless of their topic area. For the full list of key 

Mathematics vocabulary see Appendix A. 

There were many words that linked to money and finance. This is due to the 

questions in GCSE Mathematics papers being linked to real world situations. These 

were assigned to the decimal and percentages topics. It was surprising how many 

words relating to imperial units were counted. This was unexpected as imperial units 

had been removed from the 2017 curriculum. The words appeared in questions 

relating to ratio and proportion. For example, the conversion between miles and 

kilometres would be given and students then asked to do further calculations based 

on the information given. This highlights the importance of exposure to these words. 

Without this word count these words may not have been given much importance.   

3.3 Creating Vocabulary Assessments 

The original vocabulary assessments had been used at the setting with Key Stage 3 

students for two years prior to this research. The format had worked well, with minor 

flaws ironed out over time and it was therefore considered sensible that the format 

was kept the same. Not all the original words remained after the vocabulary selection 

process. Successful questions from the originals were retained. We had also 

increased each topic assessment from 10 to 15 words. As the vocabulary selection 

process did not inform the difficulty of the words, they were listed based on 

professional judgement and the order they first appear on the Mathematics 

curriculum.  
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The vocabulary assessments were going to be embedded into the scheme of work 

as part of our regular topic testing. We wanted them to be a quick snapshot of 

vocabulary knowledge, easy to complete and easy to mark. We ruled out writing the 

definition of the word or using the word in a sentence for several reasons. Although 

this would give an in-depth picture of vocabulary understanding, it would be limited 

by language ability. Secondly, it would be time consuming to complete, which would 

have a negative impact on the participant. Finally, it would also be time consuming to 

mark and marking would be subject to interpretation. Instead, we decided on a cloze-

procedure format. I wrote a question that required a one-word answer; the key word 

that we were testing. Subjects had to demonstrate their knowledge by reading the 

sentence (or having it read to them) and expressing the missing word. The first letter 

of the word was given to prevent ambiguity as there are many synonyms in 

Mathematics, creating more than one potentially correct answer. Originally there 

were two types of question used. Those that had the key word missing from the 

sentence and those where the key word was the answer to the question. On advice 

taken from the Speech and Language therapy department, in order to make 

comprehension of the assessments easier, only the type of question where the key 

word was missing would be used. The questions were written with simple language 

to support understanding for those with low reading ability. Any names and scenarios 

were common to the subjects. Only vocabulary knowledge was required to answer 

the questions, mathematical knowledge did not have to be applied. Where possible, 

other key Mathematics terms were not included in the question. Subjects expressive 

knowledge of the words being tested. However, when students complete GCSE 

papers, they would require receptive knowledge of the vocabulary. As expressive 

knowledge is a harder skill than receptive knowledge, this was considered an 
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appropriate approach. If students can express the word, then they should 

understand it receptively in a GCSE question.  

Year 7 students (not included in the study) were given the assessments to complete 

as a pilot. From this I learnt that several questions had to be changed. For example, 

in the question the opposite of longest is s… many students answered smallest. 

While this wasn’t the word that was being tested, as shortest is the opposite, it was 

a reasonable answer to the question. Students had clearly understood the intent of 

the question. If this was a Mathematics question (as opposed to a vocabulary 

question) they would be able to apply the skill of finding the opposite of longest. The 

shortest or the smallest object are likely to be the same answer in this situation. This 

question was corrected by stating (not smallest) at the end of the question. 

3.4  Recruitment 

All Year 8 and Year 9 students were eligible for recruitment into this study. Students 

for whom baseline and final assessment scores were available, and who received 

the intervention were included in final analysis.  

3.5 Intervention 

Only one of the 14 Mathematics topics was going to be used in the intervention 

period. The Mathematics scheme of work at the setting was teaching the topic of 

Time so it was agreed that the intervention would also focus on Time words. This 

would increase exposure to the vocabulary and allow subjects to apply the words in 

context during their Mathematics lessons. The intervention was named Count on 

Words to provide subjects and staff with a frame of reference. The intervention 

consisted of 5 x 20minute sessions on the topic of Time. One session was delivered 

each week. The sessions were delivered by Mathematics teachers and supported by 
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speech therapists. The Mathematics teaching team included 3 Qualified Teachers of 

the Deaf, 1 Teacher of the Deaf in training, and a non-specialist teacher providing 

maternity cover. Every effort was made to minimise disruption. The intervention ran 

during a timetabled Mathematics lesson. The intervention was not a replacement of 

the normal curriculum teaching but provided additional vocabulary support. Subjects 

were kept in their normal Mathematics sets, in their normal classrooms with their 

normal Mathematics teacher. The groups were set by mathematical ability, with 5-7 

students in each set. Each year group consisted of 4 sets with a teaching assistant 

supporting sets 3 and 4. 

All subjects were given the Time vocabulary assessment (Appendix B) at the 

beginning of their first session to gain their baseline data. This tested their 

knowledge of the 15 most frequently occurring words in the GCSE on the topic of 

Time, as collated previously. Teachers marked the baseline tests for their own 

groups following clear guidelines. When marking the tests, 2 marks were given for a 

completely correct answer, 1 mark for a clear intention of the correct word with a 

spelling or word variation error (e.g. day instead of days), or 0 marks if their answer 

was wrong or no attempt was made. Once marked, these results were not shared 

with the subjects to prevent them becoming over familiar with the assessment 

questions.  

The teaching resources for the intervention were designed to promote exposure and 

repetition to the topic words both expressively and receptively. Activities included 

work on understanding definitions, spellings and memory. They were designed to 

capture subjects’ interest with visuals, jokes and games. All sessions started with an 

activity that was on the desk as subjects walked into the classroom. This was to 
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focus the subjects’ attention immediately on the lesson and mediate any issues 

caused by lateness. For session 1 this was the baseline test. In session 2 this was a 

card match activity (Appendix C), session 3 was a word scramble (Appendix D),  

session 4 was a word search (Appendix E), and in the final session subjects were 

given a blank page to write down all the Time words they could think of. After this 

task, each session included a discussion picture (Appendix F). These pictures linked 

the topic to other school subjects to encourage links with Mathematics outside of the 

classroom. This included a picture of the melting Dali clock (art), a sun dial (history), 

a time travel machine (science, media), analogue and digital clocks (technology) and 

a world record (sport). During the discussion the teacher was encouraged to use 

topic words frequently. The main activity promoted the understanding of the word. In 

the first session, subjects played Kim’s Game, which is a memory game using 

images and words. This is an opportunity for the teacher to explain the definitions 

and start to create links. Some words are very hard to depict in visual form, such as 

seconds or minutes, here a clock was used with the word written underneath. One of 

these pictures is removed and subjects have to try and remember what it was. In the 

second session the teacher selects one of the topic words to focus on (based on the 

information gained from the baseline assessment). The Word Wizard (Appendix G) 

is used to support explicit teaching of the word, including how it is said, spelt and 

what it means. In session 3 subjects played Bingo, where they are only given the 

pictures and have to remember the matching words. In session 4 the main activity is 

called Thinking Hat. Subjects have to work out which topic word the teacher is 

thinking of by asking questions. Session 5 is based on recall; subjects play Last One 

Standing where they have to think of as many words as possible in the topic. All 

word variations are allowed. Every session includes a joke related to the topic. 
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Subjects are asked to guess the punchline. At the end of the session they take part 

in a game: I went to the market (memory); hangman (spelling); bleep 

(understanding); concentration (memory); and finally, in week 5, they complete the 

assessment again. 

It would not be appropriate for all subjects to do identical interventions due to the 

wide ability range. Worksheets and games were adaptable e.g. word scramble could 

have the word box removed to make it harder. Teachers used their knowledge of the 

children to adapt activities appropriately and differentiate each week. The final task 

after 5 weeks was to administer the vocabulary assessment again to ascertain if 

there had been any progress. 

3.6 Ethics 

Data was collected as part of the settings routine procedures and as such there are 

no individual consent forms. Consent was sought from the setting to use the data 

gathered in this paper. Ethical approval was granted by the Research Ethics 

Committee, University of Hertfordshire. See Appendix H for copies of the approved 

documentation. 

3.7 Statistical Analysis 

Data were entered using Microsoft Excel and analysed using STATA version 14 

(Stata Corporation, College Station, TX, USA). Initial tests for data normality were 

conducted using the Shapiro Wilk test for data normality (histograms of data are 

shown in figure 3.1). Based on non-normality of the data, non-parametric (robust) 

statistical methods were used which do not assume normality of data. Correlations 

were tested using Spearman’s and equality of distributions of the different groups 
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was tested using the Wilcoxon Mann Witney test. A p value of 0.05 is considered to 

represent strong evidence to reject the null hypothesis of no difference between the 

groups. 

Figure 3.1 Histogram of Scores at Baseline and 5 weeks 

 

4 Results 

4.1 Subjects  

Table 4.1 Subjects’ characteristics 

All 48 students at the setting in Year 8 and Year 9 were recruited as subjects for the 

intervention. Five subjects were absent during the baseline process. They were 

 Year 8 Year 9 Total 

Number of participants 22 19 41 

Mean age (years: months) 12: 7 13: 11 13: 2 

Number female 12 10 22 

Number spoken English 17 13 30 
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present for the intervention and completed the final vocabulary assessment, but their 

results were not included. One subject left the setting during the intervention period 

and another did not attend at all. One new student joined the setting during the 

intervention period but as he had not completed the baseline his results were not 

included. Complete results were obtained from 41 out of the original 48 subjects.  

Of the 41 students included in analyses ages ranged from 12 years 2 months to 14 

years 2 months, with a mean age of 13 years 2 months. 22 subjects were in Year 8 

and 19 subjects in Year 9. There were 22 females and 19 males. They had a variety 

of audiological needs and assistive equipment as outlined in figure 4.1 below. 15 

subjects use HA only, 24 have CI only and 2 are bimodal. Hearing loss ranges from 

moderate (12%) to profound (56%).  

Figure 4.1 Subjects’ Audiological Profile  

 

All subjects were on a pathway to study GCSE Mathematics with targets ranging 

from grade 1 to grade 7+. 33% of subjects had special educational needs in addition 

to their hearing impairment. These included visual impairment (VI), specific language 

Amplification

Bilateral HA Unilateral HA Bilateral CI

Unilateral CI Bimodal

Degree of Hearing Loss

Profound Severe Moderate
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and communication need (SLCN), auditory neuropathy spectrum disorder (ANSD), 

specific learning difficulty (SpLD) and social emotional and mental health needs 

(SEMH). Figure 4.2 shows the distribution of additional needs.  

Figure 4.2 Subjects’ Additional Needs 

 

All subjects attend a specialist secondary school for children who are deaf. The 

setting has an oral communication philosophy and the intervention was delivered 

orally, in keeping with this. All subjects attended this setting regularly. When asked 

about their preferred communication mode subjects cited spoken English or a signed 

approach (Sign Supported English and British Sign Language) as their first 

languages, figure 4.3. Any further reference to sign includes both of these 

approaches. 

  

Additional Needs

VI SLCN ANSD SpLD SEMH
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Figure 4.3 Subjects First Language 

 

In order to gain a profile of the subjects’ general vocabulary knowledge we used their 

scores from the BPVS II. This assessment is administered by the speech and 

language therapy department to assess subjects’ receptive vocabulary knowledge. 

The subject must listen to a word and then select a picture from a choice of four. 

Their answer requires a non-verbal response which removes any difficulty with clarity 

of speech. However, the assessment is delivered orally which is difficult for subjects 

who don’t have access to speech sounds and rely on lip reading. Subjects may 

request the written form of the word, but the assessment is not standardised for this. 

A standardised score of 100 represents the absolute average and standardised 

scores 85-115 are within the average range; 68% of the population. Scores between 

70 and 130 represent 95% of the population. It is important to mention that this 

assessment is standardised on the hearing population and therefore the results must 

be interpreted with caution. There is no English vocabulary test standardised on the 

deaf population. An overview of subjects’ reading abilities is indicated by the Access 

Reading scores. Access Reading is the assessment used at the setting to establish 

students with low reading levels who will need access arrangements for exams. 

First Language

Spoken English Sign
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Again, this assessment in standardised on the hearing population. Figure 4.4 

includes information about the subjects’ language profile. 

Figure 4.4 Subjects’ Language Profile 

 

  

BPVS II

Above average 115-130 Average 85-115

Below average 70-85 Below 70

Access Reading

Above average 115-130 Average 85-115

Below average 70-85 Below 70
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Figure 4.5 shows the distribution of subjects’ BPVS scores. 27% of the subjects 

scored below the standardised score of 70 on the BPVS compared to the 2.5% 

expected nationally. No subjects scored in the top 2.5%. The red line represents a 

normal distribution of score 100, sd 15 (100 being the BPVS average). 

Figure 4.5 British Picture Vocabulary Scale scores for all participants (n=41) 

 

BPVS subject scores with normal (100,15) overlay 
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4.2 Before and after data analysis 

Overall, there was a positive correlation (p<0.0001) between subjects’ scores at 

baseline and after 5 weeks (figure 4.6). Subjects with a higher baseline score were 

associated with having a higher score after 5 weeks.  

Figure 4.6 Correlation of Mathematics vocabulary scores at baseline and after 

5 weeks 

  

Among the 41 subjects, there was a statistically significant increase in score after 5 

weeks of intervention, from a mean of 23.2 (SD 5.5) to a mean of 26 (SD 3.7), p = 

0.003. After the 5week intervention the mean score increases by 2.8 points, 

demonstrating subjects’ improved vocabulary knowledge. The decreased standard 

deviation shows the reduced variation within the group.  
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Figure 4.7 shows the median and interquartile range of baseline and post-

intervention scores. One individual scored 3 on the baseline assessment. Teachers 

reported that all their subjects participated fully with the assessments and this score 

was deemed to be a true representation of the participant’s ability. On further 

inspection, this result belonged to subject 53 who scored 19 post-intervention. The 

subject had additional needs including ANSD and SLCN and it may be that explicit 

teaching is particularly successful for them.  

Figure 4.7 Median and interquartile range of vocabulary scores at baseline and 

after 5 weeks 

 

In order to understand if any variables had a more significant impact on the results, 

the results were investigated by gender difference and by first language. 



38 
17012324 

4.3 Gender 

Among the 22 female subjects, there was a statistically significant increase in score 

after 5 weeks of intervention, from a mean of 22.3 (SD 6.4) to a mean of 26.0 (SD 

3.6), p=0.0161. This is largely driven by the one (female) participant who scored 3 at 

baseline. Among the 19 male subjects, there was an increase in score after 5 weeks 

of intervention, from a mean of 24.2 (SD 4.3) to a mean of 26.2 (SD 3.9), p=0.0687. 

For both groups, after the 5week intervention the mean scores increases; female by 

3.7 points and male by 2 points, demonstrating subjects’ improved vocabulary 

knowledge. The decreased standard deviation shows the reduced variation within 

the groups. 

When comparing the results by gender, the baseline score for the female subjects 

had a lower mean score and larger standard deviation than the male subjects. After 

the 5week intervention, the difference between the groups reduced, as can be seen 

in figure 4.8. The improvement made after 5weeks by the female subjects was not 

significantly different from the male subjects (P=0.1929). This means that gender did 

not have a significant impact on results.  

Figure 4.8 Median and interquartile range of scores by gender 
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4.4 First Language  

Among the 30 subjects whose first language is spoken English, there was a 

statistically significant increase in score after 5 weeks of intervention, from a mean of 

23.5 (SD 5.4) to a mean of 26.3 (SD 3.8), p=0.0110. Among the 11 subjects whose 

first language is sign, there was an increase in score after 5 weeks of intervention, 

from a mean of 22.3 (SD 5.8) to a mean of 25.4 (SD 3.4), p=0.1371. This was not 

statistically significant; however, the group size was small (11). For both groups, 

after the 5week intervention the mean score increases; spoken English by 2.8 points 

and sign by 3.1 points, demonstrating subjects’ improved vocabulary knowledge. 

The decreased standard deviation shows the reduced variation within the groups. 

When comparing the results by first language, the baseline score for subjects whose 

first language is sign had a lower mean score and larger standard deviation than 

subjects whose first language is spoken English. After the 5week intervention, the 

difference between groups reduced, as can be seen in figure 4.9. The improvement 

made after 5weeks by subjects whose first language is sign was not significantly 

different from the subjects whose first language is spoken English (P=0.6538). This 

means that first language did not have a significant impact on results.  
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Figure 4.9 Median and interquartile range of scores by first language 

 

4.5 Dichotomised Baseline Scores 

In order to understand if there were any differences in improvements among 

individuals with lower baseline scores compared to higher baseline scores, the 

baseline scores were dichotomised. Among the 20 subjects whose baseline score 

was in the lower half of the group, there was a statistically significant increase in 

score after 5 weeks of intervention, from a mean score of 19 (SD 5.2) to a mean 

score of 23.5 (SD 3.7), p=0.0061. Among the 21 subjects whose baseline score was 

in the upper half of the group, there was a statistically significant increase in score 

after the 5 weeks of intervention from a mean score of 27.1 (SD 1.1) to a mean score 

of 28.5 (SD 1.2), p=0.0014. For both groups, after the 5week intervention the mean 

increases demonstrating subjects’ improved vocabulary knowledge. Whilst the lower 

group appear to have improved more, (lower group increased mean score by 4.5, 

upper group increased mean score by 1.4) when comparing the p values, the 

increase of the upper group is more significant. The decreased standard deviation 

shows the reduced variation within the lower group. The standard deviation for the 

upper group increased by 0.1. It should be observed that this group were close to the 
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top score of the test (30 marks) at the baseline and therefore had less potential for 

improvement.  

When comparing the improvement made from baseline score, there was a 

statistically significant difference in the improvement between subjects whose 

baseline was in the upper half compared to subjects whose baseline was in the 

lower half (p=0.0025). This means that baseline score did have a significant impact 

on results, with a greater impact on subjects in the upper group.  

Figure 4.10 Median and interquartile range of scores dichotomised 

 

4.6 Word Analysis 

Figure 4.11 shows the total score per word from the 41 subjects at baseline and after 

the 5week intervention. The greatest improvement was made with the word ‘per 

annum’, this was also the lowest scoring word on the baseline test. This would 

suggest that the subjects did not know the word previously and learnt it through 

exposure during the intervention. ‘Twice’ had the second greatest improvement 

followed by ‘shortest’ and ‘monthly’. The biggest impact was made with the more 

difficult words. These words were considered more difficult based on their frequency 
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of use and when they appear on the Mathematics curriculum. Therefore, exposure to 

these words, outside of the intervention, is likely to be less frequent.  

Figure 4.11 Word scores at baseline and after 5 weeks 

 

A score of 2 is given for the correct word, spelt correctly. This indicates that the 

subject has secure knowledge of the word. A score of 1 is given if there is a spelling 

or word variation error. This indicates that the word is known or familiar, but the 

subject needs more exposure to make it secure. A score of 0 indicates that the word 

was unknown and requires explicit teaching. Table 4.1 shows how all the scores 

changed for individual words for every subject. The column 0-1 shows us that on 22 

occasions subjects scored 0 on a word in the baseline test and a score of 1 after 5 

weeks. The category with the biggest change was 0-2 which happened on 53 

occasions. Subjects went from scoring 0 indicating they did not know the word, to 

producing the word with the correct spelling and scoring 2. This would indicate that 

the subjects learnt the words through exposure during the intervention. There were 
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33 incidences of negative scores. This may be due to subjects not being secure in 

their spelling or understanding of the word in the baseline test, despite scoring 2. 

Alternatively, it could indicate that exposure to word variations during the intervention 

had confused their understanding. Examples of this were ‘longer’ instead of ‘long’, 

‘day’ instead of ‘days’ and ‘month’ instead of ‘monthly’. 

Score 0-1 1-2 0-2 2-1 2-0 1-0 

Total 22 34 53 19 11 3 

Table 4.2 Single word score changes after 5 weeks 

5. Discussion  

The language gap between CD and their hearing peers is widely acknowledged in 

research (Sarant et al 2009, Vohr et al 2012, Lederberg et al 2013, Netten et al 2015 

and Meinzen-Der et al 2018). Vocabulary knowledge is a key area of weakness for 

CD, both the quantity of expressive and receptive vocabulary known (Lund 2016) 

and the depth of understanding (Walker et al 2019). This gap in vocabulary is linked 

to a delay in reading ability (Mayberry 2011), comprehension (Kyle and Harris 2010, 

Kyle et al 2016), NVWM (Marshall et al 2015), theory of mind (Lederberg et al 2013), 

social and emotional functioning (Netten et al 2015, Kelly et al 2019, Stevenson et al 

2018) and economic status in adult life (Ritchie and Bates 2013). This study follows 

the work conducted at one setting to reduce the gap in Mathematics vocabulary 

knowledge through a systematic plan (Manzo et al 2006). Key points from the 

quantitative results will be discussed below. The first section will explore the 

production of vocabulary assessments, including word selection. The second section 
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looks at the intervention process and the subjects’ results. Finally, anecdotal 

evidence gathered throughout this process is discussed. 

5.1 Vocabulary Assessments 

Vocabulary knowledge in hearing children has been linked to mathematical 

achievement (Bleses et al 2016, Singer et al 2018, Aragon et al 2019, Purpura and 

Ganley 2014, Pimperton and Nation 2010). Research with CD also supports this link 

(Vitova et al 2013, Kelly and Gaustad 2007, Edwards et al 2013, Moreno 2000, 

Huber et al 2014). This is not surprising, considering the vast glossary of technical 

Mathematics terms and their many areas of complexity (Rubenstein and Thompson 

2002). Vocabulary isn’t just a means of naming objects and processes. We use 

language when we teach, in our delivery and explanations, in our questioning and in 

our feedback. 

The only existing robust Mathematics vocabulary list that could be found was based 

on the USA Mathematics curriculum and aimed at primary students (Powell 2017) 

which was not suitable for a secondary UK setting. A list of technical Mathematics 

vocabulary was generated based on a curriculum assessment (Dougherty Stahl and 

Bravo 2010)- the Mathematics GCSE. 210 technical words that occurred most 

frequently (by paper) were selected. Assessments were written based on these 

words. The assessments were designed with purpose and context (Read and 

Chapelle 2001) giving learners and teachers an incentive to engage (Dougherty 

Stahl and Bravo 2010). A discrete design was chosen for the assessments (Read 

and Chapelle 2001) and questions were written using simple language (Crisp 2015). 

For the purpose of this intervention, only the Time vocabulary assessment was used. 
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5.2 The Intervention 

From an early age mathematical delay in CD can be attributed to a lack of exposure 

to mathematical concepts and language in the home (Kritzer 2009b), with parents 

simplifying their interactions (Moeller and Schick 2006). Maternal education (Cupples 

et al 2018, Walker et al 2019) and the home language environment (Vohr et al 2014) 

are predictors of language development. This intervention aims to close the 

language gap by providing a rich language environment for students during a series 

of Mathematics lessons. Explicit teaching is recommended for improving 

Mathematics vocabulary with hearing children (Riccomini et al 2015) and for 

improving vocabulary in CD (Lund 2016, Lund and Douglas 2016, Duncan and 

Lederberg 2018). The intervention required very little time or resources. It was 

delivered 20minute sessions once a week over a period of 5 weeks. Most settings 

could accommodate this as a regular starter activity. One teacher commented, ‘the 

resources were well designed and engaging – the lessons are ready to step right into 

and deliver’. Many visuals were included in the teaching resources (Lang and 

Pagliaro 2007) as well as games to capture students’ interest (Riccomini et al 2015). 

The intervention focussed on the topic of Time whilst simultaneously being taught 

Time in their Mathematics lessons. This was done to increase exposure to the key 

vocabulary (Kritzer 2009b, Riccomini 2015). As parental involvement has a direct 

impact on language acquisition (Moeller and Schick 2006, Sarant et al 2009, Boons 

et al 2012), exposure could also be increased by simultaneously sharing the 

vocabulary word lists with parents/carers during future interventions. 

After the 5week intervention, subjects showed a significant increase in vocabulary 

scores on the topic of Time. The increase in scores relates to new vocabulary 
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learning, improved spellings and correct word variation selection. The variation 

between students’ knowledge had reduced. A more cohesive group of subjects, with 

similar vocabulary knowledge, should be easier to teach. Gender and first language 

were ruled out as impact variables. However, it was found that baseline scores did 

have an impact on results, with a higher baseline score predicting greater 

improvement. This demonstrates that vocabulary intervention is not just important for 

CD with known language difficulties but also for higher functioning students. Subjects 

made more progress on words with lower baseline scores. This suggests that an 

intervention on a topic with more technical language has the potential to make an 

even more significant impact. The setting will continue to deliver the intervention on 

the other 13 topics. 

 

The subjects’ baseline scores can be considered high with a mean of 23.2 out of 30. 

This indicates their knowledge of the Time vocabulary words was good prior to the 

intervention. Time is a topic that is introduced at primary level. It is a functional 

element of the Mathematics curriculum and it is often taken for granted that this is a 

secure topic by secondary level. Time language is highly cross-curricular and is used 

frequently in the home and other settings. This would suggest that exposure to Time 

language is already high. Based on the vocabulary selection process prioritising 

frequently used words in the Mathematics GCSE, it is not possible to make this 

assessment harder. It would be interesting to compare these results with an 

intervention on one of the other topics, for example Statistics, where the vocabulary 

is highly subject specific and includes higher GCSE terms.  
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5.3 Anecdotal evidence – impact on staff 

An intervention can have an impact on professionals as well as subjects, improving 

awareness and changing practice (Moffett and Eaton 2017). Teachers delivering the 

intervention found subjects were engaged and enjoyed the activities, particularly the 

games. They noticed that new vocabulary was transferred to other Mathematics 

lessons, although not always correctly, as subjects experimented with their new 

learning. One teacher said, “this will change my approach to teaching language in 

Maths”. Teachers changed their perception of what was considered a difficult word. 

Subjects with a range of abilities and SEN could learn new vocabulary including 

concepts like ‘per annum’, that wouldn’t normally be discussed until later in their 

education. Subjects were able to define the word despite not being able to apply it in 

a mathematical sense.  

5.4 Limitations 

5.4.1 Vocabulary Selection 

During the vocabulary selection process, the number of papers a word appeared on 

was used as the first order of ranking. This could have been enhanced by counting 

the number of questions a word appeared in. From the data gathered, it is not 

possible to know if the understanding of a word is significant in being able to answer 

a question. Sometimes it is possible to answer a question without reading it, for 

example by looking at the diagram. Only words that are written on the question 

paper have been considered (receptive language) not words that students are 

required to write as an answer (expressive). This research only looked at one exam 

board, it would be interesting to see if other exam boards use technical words with 

the same frequency. The word count was conducted by one person, a second- or 
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third-word count could find anomalies and improve reliability of the study. The nature 

of the word count meant that many technical words were not included if they didn’t 

appear on a GCSE paper e.g. locus. This skill, and therefore the language 

associated with it, would still need to be taught to students. When sharing words out 

into the 15 topic groups it was necessary to move words away from their most 

obvious topic. If this exercise was repeated it is possible that the words would be 

assigned to different topics.  

5.4.2 Mathematics Vocabulary Assessment 

Whilst every effort was made to use simple language, the assessment design relied 

on the subjects’ ability to understand carrier language. This could be improved with 

the introduction of pictures in the assessment. It was impossible to eliminate all other 

technical language from the questions e.g. ‘The first day of the week is M’. This 

question is testing the understanding of the word Monday, but first is also a 

technical word. There is an opportunity to guess, as subjects are given the first letter. 

However, this still demonstrates they can recall the word. The words were ordered 

by difficulty, based on the order they appeared in the curriculum combined with 

professional opinion. This is subjective. A future study could look at grading the 

words by difficulty, using the baseline results. As vocabulary difficulty is dependent 

on exposure to a word, the baseline results would give this information. 

5.4.3 The Intervention 

The study had a sample size of 41 subjects. Whilst this is a reasonable size for a 

study on CD it would be considered a small sample size amongst wider research. 

This makes it difficult to confidently estimate differences in groups, especially when 

subjects are then divided into subgroups. The sample also has a heterogenous 
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nature and this should be considered before making generalisations. This study only 

followed the intervention of one topic out of the 14. As addressed in the discussion, 

other topics, with a wider range of mathematical difficulty, may produce different 

results. Whilst every group was given the same resources for the intervention, the 

delivery was not consistent. As I had written the resources and was conducting the 

research, I had more confidence and familiarity with them when teaching my groups. 

One of the teachers delivering the intervention had not received a significant amount 

of Teacher of the Deaf training due to his temporary contract. Teachers were given 

discretion to modify activities in the interests of differentiation. This was to account 

for the vast range of abilities amongst subjects (GCSE targets ranged from grade 1 

to grade 9). There was no control group, so comparisons could not be made with 

students who did not receive the intervention. As this was an action research project, 

collecting information on the effectiveness of a school-based intervention, it would 

not have been ethical to exclude students to create a control.  

6. Conclusion 

Improving Mathematics vocabulary knowledge amongst CD is an area with limited 

research. This study has introduced a robust list of technical words that are 

important for students studying towards the GCSE Mathematics exam in the UK. The 

list provides professionals with a framework to work from. These words, including 

word variations, should be introduced in expressive and receptive formats in order to 

increase students’ exposure to them. The vocabulary assessment on Time has been 

successfully implemented as part of an intervention package known as Count on 

Words. The assessment allowed subjects to demonstrate their expressive 

vocabulary knowledge and for professionals to track progress.  
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Targeted, explicit instruction was delivered in an oral setting in 5 x 20minute 

sessions over 5 weeks. This made a significant impact on the Mathematics 

vocabulary knowledge of 41 students with a mean age of 13 years 2 months. 

Subjects with higher baseline scores made greater progress. There was no 

significant difference in progress when controlled for gender or first language. 

Settings for CD should plan Mathematics vocabulary teaching into their scheme of 

work.  

At this setting, we will continue to deliver Count on Words across all 14 topics. 

Assessments will be adapted to include pictures where possible and reduce the 

amount of language included. Results from the baseline tests will be used to rank the 

words in order of difficulty. Planning can then be made to increase exposure to these 

words in teaching, displays and resources. Looking outside of the Mathematics 

department, cross-curricular links will be made, starting with Science due the large 

amount of vocabulary and content crossover. 
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Appendices 

Appendix A: Full list of key Maths Vocabulary  
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Appendix B: Time Vocabulary Assessment
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Appendix C: Card Match Activity 
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 Appendix D: Word Scramble Activity 
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Appendix E: Word Search Activity 
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Appendix F: Discussion Pictures 
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Appendix G: Word Wizard Activity 
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