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Separate Underlying  Common Underlying 

       Proficiency           Proficiency 

Figure 3.2 Separate and Common Underlying Proficiencies 

            (Baker and Hornberger, 2001, p.131-132) 
 

The Common Underlying Proficiency (CUP) is a more apt description of language 

construction within the mind (Cummins, 1980). The CUP model is depicted in the 

form of two icebergs, which are separate above the surface. This represents the fact 

that outwardly both languages are different in conversation. However, underneath the 

surface, both languages are merged so that they do not function independently of one 

another (Baker, 2001; May, Hill & Tiakiwai, 2004, Fig. 3.3). The storage of both 

languages occurs in this area (beneath the surface) and it acts as a central processing 

unit that both languages contribute to, access and use (Baker, 2001; Baker & Prys 

Jones, 1998).  

 

Figure 3.3 Model of Common Underlying Proficiency 
   (Baker, 2001, p.165) 
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According to Baker (2001, p.165-166) the CUP model of bilingualism may be 

summarized in six parts: 
 

1.  Irrespective of the language in which a person is operating, there is one 

integrated source of thought. 

2.  Bilingualism and multilingualism are possible because people have the 

capacity to store easily two or more languages. People can also function in 

two or more languages with relative ease. 

3.  Information processing skills and educational attainment may be developed 

through two languages as well as through one language. Both channels feed 

the same central processor. 

4.  The language the child is using in the classroom needs to be sufficiently well 

developed to be able to process the cognitive challenges of the classroom. 

5. Speaking, listening, reading or writing in the first or the second language 

helps the whole cognitive system to develop. However, if children are made 

to operate in an insufficiently developed second language (L2) in a 

subtractive bilingual environment (as occurs for many bilingual students in 

English-language-only classes), the system will not function at its best. If 

children are made to operate in these classroom contexts, the quality and 

quantity of what they learn from complex curriculum materials, and produce 

in oral and written form, may be relatively weak and impoverished. 

6. When one or both languages are not functioning fully (e.g., because of an 

unfavorable attitude to learning through the second language, or pressure to 

replace the home language with the majority language), cognitive functioning 

and academic performance may be negatively affected. 

 

Therefore, given that both languages are dependent on one another, this fact needs to 

be taken into account when investigating Irish bilinguals and their learning of and 

understanding of mathematics. One cannot investigate one language without 

examining the other language also and it is necessary to utilize a framework for 

investigation that reflects this view best.  
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3.6.2 Cummins (1976) – ‘Threshold Hypothesis’ 

This hypothesis states that the level of mother tongue (L1) proficiency already 

reached by a student determines if he/she will experience cognitive deficits or 

benefits from learning in a second language (L2) (Cummins, 1976). This implies that 

there is a certain ‘threshold’ that one must reach in their first language before the 

benefits of studying in a second language can develop. For those who begin studying 

in a second language before achieving this level, there will be serious learning 

difficulties and repercussions (Cummins, 1976). Cummins further developed his 

theory and claimed that there is a threshold for the second language also, which must 

be achieved so as to “allow the potentially beneficial aspects of second language 

learning to influence a student’s cognitive and academic functioning.” (1979, p.222).  

 

Type of Bilingualism    Cognitive Effect 

 

 A:  Additive Bilingualism 
 
High levels in both languages. Positive  cognitive 

effects. 
        HIGHER THRESHOLD 

 

 B: Dominant Bilingualism 
 
Native like level in one of the    Neither positive nor 
languages.      negative cognitive 

effects. 
                

      LOWER THRESHOLD 

 C: Semilingualism 
 
Low level in both languages Negative  
(may be balanced or dominant). cognitive effects. 

            

Figure 3.4 Threshold levels and cognitive effects of different types of 

bilingualism  (Dawe, 1983, p.334). 

   

In order to avoid negative consequences of bilingualism it is necessary to reach the 

first threshold. By reaching the second threshold a bilingual student should 

experience positive benefits from learning in a second language (Baker, 1996). An 
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important inference of Cummins’ Threshold Hypothesis is that students who are not 

sufficiently fluent in either of the two languages that they use tend to experience 

difficulty in mathematics (Minami & Ovando, 2001). At the first level of this 

Hypothesis the bilingual student has a low level of proficiency in both of the 

languages and there will be negative cognitive affects for the student’s learning 

(Baker, 2001). At the middle level, the bilingual child will have age-appropriate 

proficiency in one of their languages (comparable to a monolingual child) but not in 

both. This dominance in one of the languages is unlikely to influence cognition in 

any significant positive or negative way (Baker, 2001). The third or top level of this 

Hypothesis encompasses well-developed bilingual students who have age-

appropriate proficiency in both languages and are likely to demonstrate cognitive 

advantages over monolingual or weaker bilingual students (Baker, 2001). 

 

Therefore, for example, this implies that students, who have learnt through the 

medium of Gaeilge but have not developed their language to a sufficient level, will 

experience difficulties when transferring to learning through the medium of English. 

Gaeilgeoirí who have an appropriate level of proficiency in Gaeilge, but not in 

English, may not experience any cognitive advantages when learning mathematics 

through the medium of English. A more positive aspect is that those who have 

reached the ‘threshold’ in both Gaeilge and English should experience positive 

cognitive benefits in their learning. Given that both languages are interdependent and 

proficiency in both is importanct for cognitive performance, the languages cannot be 

looked at in isolation as suggested by the SUP model. Clearly the CUP model is 

consonant with Cummins’ Threshold Hypothesis (1976), which reflects the realities 

of bilingual contexts while being supported by empirical research (e.g. Dawe, 1983; 

Clarkson, 1992).  

 

The significance of this theory is twofold (May, Hill & Tiakiwai, 2004). Primarily it 

seeks to establish why minority students under-perform academically when 

submerged in a school environment where they are learning through the medium of a 

second language, their weaker language. Secondly it demonstrates how learning 

through the medium of a minority first language does not appear to hinder the 

development of the majority language, and it may actually have positive cognitive 

benefits (Cummins, 2000). Baker, (1996) has developed a three-storied house 
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analogy in order to demonstrate the bilingual linguistic requirement at each level 

(Fig. 3.5). Ideally a bilingual student needs to progress beyond the second level in 

order to attain cognitive benefits from learning in a second language. 

 

 

 Figure 3.5 Bilingual linguistic requirements (Baker, 1996, p.149) 

 

Although the Threshold Hypothesis appears to vindicate the dissimilar findings in 

bilingual education, there are a number of weaknesses that need to be addressed. 

There have been criticisms of Cummins’ theory because it cannot be supported 

experimentally since there is no definition for the “threshold level necessary” 

(Ahmed, Marriot & Pollitt, 2000, p.21). In this study clear threshold levels were 

identified for both Gaeilge and English language proficiency at each transition in 

Irish education, akin to the method employed by Clarkson (2007). A prominent 

criticism relates to the terms used to describe the various bilingual proficiency levels 

within the theory which include ‘semilingualism’, ‘dominant’ and ‘balanced’ 

bilingualism. In particular the term ‘semilingualism’ has been criticised for the 

notion of deficit that is implied (MacSwan, 2000) and consequently the term has 

been disregarded by Cummins (2000). It has also been argued that the use of these 

terms reflects a narrow view of language competence (Romaine, 1989), and 

accordingly a stagnant perception of language and of the variation of language use. 
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However, Cummins (2000) has defended these terms as being reflective of 

educational contexts e.g. schools that employ two languages of instruction, and that 

these contexts influence the development of bilingualism. For example, one language 

may be used more than the other thus resulting in ‘dominant’ bilingualism in one of 

the languages. Geva and Ryan (1993) argue that individual difference in intelligence 

and memory span may also be involved in the transfer of cognitive abilities from one 

language to the other. Similarly Hoffman (1991) questions how one can measure and 

define ‘educational success’, and that reliance on traditionally measured school tests 

neglects factors such as motivation, attitudes, social issues, schooling, parental 

support, etc. which are important when determining educational success. Setati 

(2002) argues that academic achievement is influenced by a number of inter-related 

factors and that performance cannot be attributed to the degree of language 

proficiency alone. Consideration needs to be given to “..wider social, cultural, and 

political factors that infuse schooling.” (Setati, 2002, p.7). Clearly, the issues raised 

are concerned with terminology and lack of detail but significant studies have been 

undertaken that provide strong support for the Threshold Hypothesis (e.g. Bialystok, 

1988, Clarkson, 1992; Dawe, 1983; Lasagabaster, 1998; Mohanty, 1994). These 

studies provide an explanation of the variation amongst bilingual students and 

although the theory is controversial in nature, it has influenced educational policies 

in the USA and in the UK (Yushau & Bokhari, 2005). 

 

3.7 The Developmental Interdependence Hypothesis (1979)  

In 1979 Cummins refined his Threshold Hypothesis and this led to the development 

of his Developmental Interdependence Hypothesis, which had a more in-depth focus 

on the relationship between a student’s two languages. The Interdependence 

Hypothesis proposed that the level of proficiency already achieved by a student in 

their first language would have an influence on the development of the student’s 

proficiency in their second language (Baker, 2001). As Cummins (1979, p.233) 

states: 

“…the level of L2 competence which a bilingual child attains is partially a function 

of the type of competence the child has developed in L1 at the time when intensive 

exposure to L2 begins:…[an] initially high level of L1 development makes possible 

the development of similar levels of competence in L2. However, for children whose 
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L1 skills are less well developed in certain respects, intensive exposure to L2 in the 

initial grades is likely to impede the continued development of L1.” 

 

Therefore, the greater the level of proficiency achieved in the first language will 

allow for a better transfer of skills to the second language. This hypothesis stemmed 

from a proposal by Oller (1979) that proficiency in all language skills (listening, 

speaking, reading and writing) were derived from a single dimension of language 

proficiency. This was not in line with Cummins’ philosophy, which proposed that 

language proficiency was multi-dimensional.  

 

3.8 Basic Interpersonal Communicative Skills (BICS) vs. 

Cognitive Academic Language Proficiency (CALP) 

These are two individual registers that bilingual students have to develop and 

accomplish in their first and second languages. Basic Interpersonal Communicative 

Skills (BICS) relates to communication skills and conversational competence. It 

relies on phonological, syntactic and lexical skills required to function in everyday 

contexts – the majority of the time these contexts are cognitively undemanding and 

contextually supported (May, Hill & Tiakiwai, 2004). Competence in BICS in a 

second language is achieved within 1-2 years (Cummins, 2000). 

 

On the other hand Cognitive Academic Language Proficiency (CALP) is required for 

context reduced academic situations. CALP demands manipulation of the surface 

features of a language in impersonal contexts (May, Hill & Tiakiwai, 2004). The 

skills required are higher order in nature such as analysis, synthesis and evaluation. 

Cummins (2000) argues that these skills are a prerequisite for CALP as they provide 

students with the facility to use language as an instrument of thought in problem 

solving and this justifies the assertion that it takes 5-7 years for learners to acquire 

academic language proficiency in a second language. This is further complicated by 

the fact that Gaeilgeoirí not only have to develop proficiency in the academic register 

in English but also learn new mathematical content in that language. 
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Baker (1996, p.151) draws on an appropriate mathematical example to demonstrate 

the difference between BICS and CALP.  

 

“A child is given a mathematical question such as: ‘You have 20 dollars. You have 6 

dollars more than me. How many dollars do I have?’ At the higher CALP level, the 

child will conceptualize the problem correctly as 20 minus 6 equals 14. At the BICS 

level, the word ‘more’ may be taken to mean ‘add-up’ with the child getting the 

wrong answer of 26. The BICS child may think of ‘more’ as used in basic 

conversation. However, in the mathematics classroom, this illustration requires 

‘more’ to be understood by the mathematical phrasing of the question.” 

 

The Iceberg analogy can be used to demonstrate the underlying concepts of BICS 

and CALP. Language skills such as comprehension, speaking, pronunciation, 

vocabulary and grammar lie above the surface and are used in conversations (BICS). 

Below the surface lie the academic language skills such as analysis, synthesis and 

semantic meaning (Baker, 2001).  

 

 

 

   Figure 3.6. Language and cognitive skills required for BICS and CALP 

           (Baker, 2001, p.170) 

 

According to Cummins (1979), in order for bilingual students to master the academic 

language proficiency of their second language, their Common Underlying 

Proficiency must be well developed. This CUP can be developed via the 

Interdependence Hypothesis, and, can be developed through the first or second 

language (additive environment). What is important to note here is that, while second 



60 
 

language learners may pick up oral proficiency (BICS) in their new language of 

learning in as little as two years, it may take up to seven years to acquire the 

decontextualised language skills (CALP) necessary to function successfully in a 

second language classroom. Mathematics is located within this CALP and in order 

for Gaeilgeoirí to attain mathematical academic language proficiency, their CUP 

must be well developed (Cummins, 1979). This underlying ability in turn can be 

advanced through the Developmental Interdependence Hypothesis and, depending on 

the type of schooling, either through a student’s first (Gaeltacht schools) or second 

language (Gaelscoileanna/Gaelcholáistí). Once again there are a number of criticisms 

of the distinction between language registers, in particular that the differentiation 

underestimates the demands of conversational proficiency, while overemphasizing 

the demands of academic proficiency. Also, a potential deficit may be associated 

with students who do not acquire academic proficiency (Fredrickson & Cline, 1996). 

However, the author strongly feels that the distinction between language registers 

facilitates an explanation of bilingual students’ relative success/failure when they 

encounter a new language of instruction in educational contexts.   

 

3.9 Implications for Teaching  

Distinguishing between BICS and CALP has implications for teachers of second 

language/minority language learners. As a consequence, Cummins extended his 

model so as to facilitate teachers in their design and implementation of programmes 

to cater for these students. The model is two-dimensional in relation to cognitive 

demand and contextual embeddedness (Baker, 2001; Cummins, 1981). 

 

Figure 3.7 BICS and CALP’s implications for teaching (Baker, 1996, p.153) 
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The first continuum (horizontal) is the level of contextual support available to the 

learner. At one extreme is the context-embedded – informal, face-to-face 

communication and learners can actively negotiate meaning, and the language is 

supported by paralinguistic and situational clues (May, Hill & Tiakiwai, 2004). In the 

context-reduced extreme, learners have to rely mainly on linguistic cues. The latter 

reflects classroom situations (Cummins, 2000). The second continuum reflects the 

amount of cognitive involvement necessary for particular situations/activities. 

Communicative tasks in the upper continuum require minimal cognitive involvement 

as the linguistic tools required have already been developed and thus can be applied 

automatically. Tasks in the lower end of the continuum require language skills that 

have to be developed and therefore are more cognitively demanding. Often, in a 

learning environment, students are required to organize their language production 

consciously, while dealing with new and perhaps difficult concepts (May, Hill & 

Tiakiwai, 2004). Many classroom activities are located in the fourth quadrant and 

such activities are demanding, in particular for students learning through the medium 

of a second language. 

 

Therefore, Cummins’ theory is suggesting that bilingual students will achieve 

success only when they have developed an appropriate level of language proficiency 

in the language of instruction so that they can cope with the context-reduced, 

cognitively-demanding situations that arise in learning environments (Fourth 

Quadrant, Fig. 3.7). On the other hand, learners working at a context-embedded level 

may be hindered in developing their understanding of the content of the lesson, while 

also failing to develop high order cognitive processes (May, Hill & Tiakiwai, 2004). 

Teachers of bilingual learners must avoid making the assumption that their learners 

are proficient in the language of instruction if the learners demonstrate 

conversational competence. Teachers must acknowledge that bilingual students 

experience greater difficulties in acquiring the academic language proficiency in the 

language of instruction and appropriate teaching strategies and interventions need to 

be implemented in order to facilitate bilingual students’ understanding of 

mathematics. 
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3.10 Conclusion 

The literature proposes that two bilingual outcomes may exist in Ireland today – 

subtractive and additive. Subtractive bilingualism occurs when a majority language 

replaces a minority language (Lambert, 1990). This is similar to when students from 

Gaeltacht areas, attending primary and secondary schools in that locality, as well as 

students in Gaelscoileanna and Gaelcholáistí, transfer to learning through the 

medium of English (majority language). This transfer may be at second or third level 

education. Prior to this transition point the students would have learnt through the 

medium of Gaeilge (minority language). It is anticipated that this transition phase 

would be more difficult for students from Gaeltacht schools as Gaeilge is their home 

language and the language of the community. For students in Gaelscoileanna and 

Gaelcholáistí, English is primarily their mother-tongue. In the case of additive 

bilingualism the students choose to study through the minority language (Gaeilge) 

even though English-medium education is available to them. This provides a 

rationale for the establishment of Gaelscoileanna and Gaelcholáistí in Ireland. 

Positive findings from additive contexts (immersion education) have been reported, 

in particular from studies carried out in Canada (e.g. Swain, 1996; Turnbull et al, 

2000). These studies provide support for the Gaeilge-medium education movement 

in Ireland. However, both types of bilingual contexts need to be examined, as well as 

assessing whether a relationship exists between the type of Gaeilge-medium 

education attended and students’ mathematical achievement in English-medium 

education. This will need to be investigated at both transitions – primary to second 

level and second to third level education (English-medium).  

 

The review of literature has highlighted the need to look at Gaeilgeoirí’s language 

proficiencies and the influence of this on mathematical learning and understanding. 

Accordingly this can help examine the type of school attended in order to evaluate if 

additive and subtractive bilingualism are evident in an Irish context. Cummins’ 

cognitive theories of bilingualism highlight the need for proficiency in both 

languages in order to cope with and receive cognitive benefits from learning through 

the medium of a second language. 
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4.  
______________________________________________ 

The Study 
 

4.1 Introduction 

The relationship between language and mathematics learning is complex and 

multifaceted. This investigation examined the influence of bilingualism on 

mathematics learning at second and third level education in Ireland. The author’s 

principal focus in this study was the language aspect of bilingualism with a 

secondary focus on cultural and pedagogical influences. The issues under 

investigation are complex so it was necessary to select a methodological approach 

that facilitated an in-depth investigation into the Irish context. The theoretical 

framework employed by the author is unique in that is draws on and combines a 

number of different areas such as psycho-and socio-linguistics, mathematics 

registers, and pedagogical and cultural factors, and has made a significant 

contribution to literature in this area of research.  Accordingly, this Chapter provides 

a description of the study and the theoretical framework, along with the rationale for 

the selection and implementation of a mixed method approach.  

 

4.2 Description of the study 

The study incorporated three phases and each will be discussed in detail while also 

highlighting their contribution to the overall design of the project (Fig. 4.1, see Ní 

Ríordáin, 2008). In Phase 1 a comprehensive review of literature was carried out in 

order to gain an in-depth knowledge of the area of learning mathematics through the 

medium of a second language, as well as examining areas such as psycholinguistic 

theories, bilingualism and bilingual education. This Phase incorporated and 

combined conclusions and recommendations from an undergraduate dissertation with 

exploratory research. Phase 1 facilitated the design of the methodology and 
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development of test instruments† to be employed in Phase 2 of this research project.  

Phase 2 was devoted to data collection at both transitions, from primary to second 

level and from second level to third level education. The analysis of the data 

collected was carried out in Phase 3 and relevant findings discussed. 

 

 

   

 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

HASE 3 

Figure 4.1 An overview of the three-phased research design implemented 

in the research project. 

                                                 
† Please contact the author (mniriordain@stpats.ie) if you would like to obtain a copy of the test 

instruments. 

PHASE 1
  

Final Year Dissertation A preliminary investigation 
into the issue 

Exploratory Research 

Comprehensive Literature 
Review 

Maths Life Histories with first 
year undergraduate students 
and professionals 

Design of 

Methodology and 

Piloting of Test 

Instruments 

PHASE  2 
Data Collection at 2nd 

Level Education 

Mathematics word problems 
in Gaeilge and in English 

Proficiency tests in Gaeilge 
and in English 

Data Collection at 3rd 
Level Education 

Mathematics word 
problems in English 

Proficiency tests in 
Gaeilge and in English 

Questionnaire 

Interviews 

PHASE  3 Analysis of Data 
Qualitative and quantitative 
analysis of data collected at 
2nd and 3rd level education. 
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4.3 Research Questions 

This study was motivated by the author’s reflections on her own experience of 

coping with a new language of learning in mathematics. Initially the investigation 

focused on the effect of changing the language of instruction on mathematics 

learning (Phase 1) and further exploratory research, using a Maths Life Histories 

methodologies identified the specific difficulties encountered by Gaeilgeoirí 

(students who learn through the medium of Gaeilge) when transferring to English-

medium education (Phase 1). This is the first study on bilingualism and mathematics 

education to employ a Maths Life Histories approach, thus a significant contribution 

to developing methodologies for investigating this area of research. Phase 1 led to 

more in depth investigations at the primary to second level and second to third level 

interfaces so as to get a clear understanding of the experiences and challenges faced 

by Gaeilgeoirí (Phase 2).  

 

Thus the research project evolved and was shaped by previous findings and 

considerations. The main phase of data collection (Phase 2) was guided by the 

following key research questions: 

1. Is performance on mathematics word problems for Gaeilgeoirí through the 

medium of English affected by their level of language proficiency in English 

and in Gaeilge? If so, what is the affect and degree of influence that 

bilingualism has on mathematics learning for Gaeilgeoirí in this study?  

2. Is there a significant difference in mathematical learning through English 

between Gaeilgeoirí transferring from Gaeltacht schools (subtractive 

bilingualism) and Gaeilgeoirí transferring from Gaeilge-medium schools 

(additive bilingualism)? 

3. Do particular features of the English mathematics register cause difficulty for 

Gaeilgeoirí at first year second level education and first year undergraduate 

education? 

4. Do cultural and pedagogical factors influence Gaeilgeoirí’s transfer from 

Gaeilge-medium to English-medium mathematics education? 
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These are the four key research questions that this study addressed in order to 

identify the potential challenges that Gaeilgeoirí may encounter when transferring to 

English-medium mathematics education. 

 

4.4 Significant Contribution of the Theoretical Framework 

The next section of this study presents a theoretical framework for investigating 

language issues in mathematics that can be employed in diverse language contexts 

(the Irish context in this case) and can help interpret the findings emerging from a 

particular context, hence the significance of this study. It is important to note that the 

theoretical framework presented here for investigating the transfer between different 

languages for learning mathematics arose out of the author’s doctoral study, no such 

framework existed prior to this. While investigating the Irish context, the need for 

such a framework, became apparent to the author and accordingly the in-depth 

literature review and the research findings emerging from the Irish context 

influenced the development of the framework presented in this Chapter. The 

framework is unique in that is draws on and combines a number of different areas 

such as psycho-and socio-linguistics, mathematics registers, and pedagogical and 

cultural factors (see Table 4.1). The theoretical framework presented can be 

employed in order to investigate other bilingual/multilingual learning contexts. 

Given the increasing number of students learning in a dominant language that is not 

their first language, these findings are important to mathematics education (Adler, 

2001).    

 

4.5 Theoretical Frameworks Employed in this Research 

Project 

Cummins’ Threshold Hypothesis (1976) was the primary theoretical framework 

utilized in this investigation and naturally influences the research design and 

methodology employed by the author. This Hypothesis recognizes the importance of 

investigating both languages of learning and their influence on mathematics learning. 

Given that the Gaeilgeoirí in this study are transferring from learning mathematics 

through the medium of Gaeilge to learning through the medium of English, this 

Hypothesis best reflects the situation present in Ireland. Also in Chapters 2 and 3 a 
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number of language theories, cultural and pedagogical issues, and the mathematics 

register were discussed. These were employed as theoretical lenses/tools for the 

analysis and interpretation of the findings emerging from the study. Given the 

diverse nature of these lenses/tools they highlight the complexity of bilingualism and 

its influence on mathematics education.  However, a number of other key theoretical 

frameworks influenced the design of the research project and the analysis of the data 

gathered. These frameworks will be discussed individually and reference will be 

made to their contribution to the investigation undertaken.  

4.5.1 Ellerton (1989) – ‘A Framework for Interpreting Language 
Factors in Mathematics Learning’ 

This model shows the need to link the various aspects of language factors in 

mathematics learning and was employed by the author in interpreting the outcomes 

of the data collected at both transitions in the Irish education system. The framework 

can be viewed from a 3-dimensional perspective. When assessing it from an overall 

perspective it can be seen that culture occupies the entire classroom, and that 

communication within this culture is of key importance. Communication and 

language become central factors in issues such as socio-linguistics, natural language, 

psycho-linguistics, problem solving and classroom discourse which intersect with 

each other, and with most parts of the framework. This model depicts the centrality 

of the teacher, the mathematics classroom and the curriculum in recognising 

language issues in mathematics. These were key issues identified by the author at the 

transition from second to third level education. 

Figure 4.2 A framework for interpreting language factors in mathematics 

learning (Ellerton, 1989). 
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4.5.2 Gawned (1990) – ‘A Socio-Psycho Linguistic Model’ 

This framework is based on a model of language learning and summarises a 

theoretical overview (Ellerton & Clarkson, 1996). The author employs this 

framework as it best reflects the nature of interaction between natural language and 

the mathematics register, and how language can influence mathematics learning and 

understanding.  

 

Figure 4.3 A summary of Gawned’s socio-psycho-linguistic model  

 

What is of particular importance here is that Gawned (1990) acknowledges that the 

language of the classroom has a very important influence on students’ understanding 

of mathematics, and that each classroom has a unique culture of its own. Gawned 

(1990) also discusses the discourse patterns found in mathematics classrooms. They 

tend to be dominated by rules, function within strict relationships and are teacher 

centred. Thus, this framework reflects the nature of mathematics classrooms and how 

language plays a key role in learning, particularly the language of the teacher and the 

textbook, while also highlighting the cultural influences on mathematics education. 

This framework facilitated the author’s interpretation of and illustrated the 

relationships between key findings, in particular the findings emerging from the 

interviews conducted at the transition to third level education.   

 

Both Ellerton’s (1989) and Gawned’s (1990) frameworks provided a theoretical 

structure for the design methodology and analysis of data collected in relation to 

bilingualism and mathematics education in Ireland. They establish the need to link 

the various aspects of language factors in mathematics learning such as socio-
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linguistics, natural language, psycho-linguistics, problem solving and classroom 

discourse which intersect with each other. The frameworks provide a rationale for the 

author’s study as they demonstrate how language and the language of instruction are 

key areas in the learning and teaching of mathematics. Thus, this has implications for 

students learning mathematics through the medium of a second language.  

4.5.3 Newman Research Method (1977) 

Newman’s (1977) research is very focused on written aspects of mathematics and its 

link with language. Her framework for attending to mathematical tasks is of great 

significance considering that learners are faced with it continuously when dealing 

with textbooks and exams. She states that when confronted with a written 

mathematical word problem a person needs to go through a fixed sequence of events 

when answering the problem:  

• Reading (or decoding). 

• Comprehension. 

• Transformation (or Mathematising). 

• Process skills. 

• Encoding. 

 

Newman also assigned a category, ‘Careless’, to errors resulting from unknown 

factors. Additionally, the Newman procedure involves an interview with subjects, 

after attempting to solve the word problem, so as to determine where they had 

difficulty answering it. They are asked a sequence of questions with the intention of 

establishing whether they can read the question; comprehend what they have read; 

conduct an appropriate mental transformation from the words of the problem to the 

choosing of a mathematical strategy; employ the process skills required by the 

selected strategy; and encode the answer in an appropriate written form. This 

framework provided justification for employing mathematics word problems as a 

means of assessing mathematics performance, while addressing potential language 

issues Gaeilgeoirí may encounter when confronted with mathematics through the 

medium of English.  
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Table 4.1 Research Questions, Theoretical Frameworks and Theoretical 

Lenses/Intellectual Tools employed in the Study 

Research 

Question 

Key Theoretical 

Framework (TF) 

Influence of TF on 

Research Design 

Influence of TF on 

Analysis 

Significant Lens/ 

Tool Employed 

1 Cummins’ (1976). 

 

 
 

 

 

Newman (1977). 

Language 
proficiency tests. 
 
 
 
 
Mathematics word 
problem tests. 
Language use 
survey. 
Interviews. 

� Investigated if there 
is a relationship 
between mathematics 
performance and 
language proficiency. 

 
� Investigated where 

Gaeilgeoirí 
encountered 
difficulties with 
mathematics through 
the medium of 
English and the 
language use they 
employed in 
mathematical 
problem solving. 

o Cummins’ 
Developmental 
Interdependence 
Hypothesis 
(1979). 

 
o BICS vs CALP. 
 
o Psycholinguistic 

theories. 

2 Cummins’ (1976). 

 
 

 

Ellerton (1989). 

Language 
proficiency tests. 
 
 
Psycho & Socio –
linguistics permits 
the distinction 
between Gaeltacht 
schools and 
immersion schools.  

� Investigated the 
language 
proficiencies of 
Gaeilgeoirí in 
Gaeltacht and 
Immersion schools 
and their 
performance in 
mathematics. 

o Second language 
acquisition. 

 
o Cummins’ 

Developmental 
Interdependence 
Hypothesis. 

 

3 Newman (1977) 

 

 

 

Gawned (1990) 

 
 

Mathematics word 
problem tests. 
Interviews. 
 
Identification of 
potential sources of 
difficulty associated 
with mathematics 
word problems in 
relation to natural 
language and 
mathematics register. 

� Assessed the 
mathematics word 
problems they 
experience most 
difficulty with and 
the potential sources 
of difficulty within 
these problems.  

 
� Investigated where 

Gaeilgeoirís’ 
understanding breaks 
down when engaged 
in mathematical 
problem solving. 

o The mathematics 
register. 

 
o Language 

features that 
impede learning. 

 
o Sapir (1949)-

Whorf (1956) 
Hypothesis. 

 
o Newman 

Research Method 
(1977). 

4 Ellerton (1989) 

 

 

 

Gawned (1990) 
 

Questionnaire. 
Interviews. 
 
 
Questionnaire. 
Interviews. 

� Examined 
pedagogical and 
cultural influences on 
Gaeilgeoirís’ 
conceptions of 
mathematics and how 
they influence the 
transition to English-
medium education. 

o Understanding & 
culture. 

 
o Cultural issues. 
 
o Types of 

mathematical 
understanding. 

 
o Language and 

understanding. 
 
o Pedagogical 

issues. 
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4.6 The Relationship between the Research Questions and 

Theoretical Frameworks 

The relationship between the research questions, the theoretical frameworks 

supporting the investigation of these questions, and the significant analytical 

lenses/tools employed in the analysis of the data and the interpretation of findings is 

demonstrated in Table 4.1. These theoretical lenses and intellectual tools were 

presented and discussed in Chapters 2 and 3.  

 

4.7 Research Design 

When designing a plan of research a number of components need to be taken into 

consideration. These include the elements of inquiry, the approaches to research and 

the design process of the research (Creswell, 2003). Knowledge claims, strategies and 

methods (i.e. elements of inquiry) unite to produce different methods in research. 

These in turn are converted into processes in the plan of research (Creswell, 2003). 

Thus, when devising a research project it is necessary to assess the knowledge claims 

involved in the study, to take into consideration the strategies of inquiry to be 

implemented, and to establish specific methods. Resulting from this the researcher 

can choose to implement a quantitative, qualitative or mixed method approach to their 

research project (Creswell, 2003). 

 

Fundamental to the selection of a research method are the research questions being 

addressed and investigated. Due to the nature and complexity of issues being 

investigated, this study employed a mixed-methods research approach. The 

combination of the qualitative and quantitative research paradigms evident in mixed-

methods is one of its primary characteristics and often contributes to better-quality 

research in comparison to single method research (Johnson & Onwuegbuzie, 2004). 

The quantitative and qualitative paradigms are distinguished primarily on their 

ontology (assumptions concerning reality), epistemology (knowledge of that reality) 

and methodology (the particular ways of knowing that reality). As a consequence, two 

dominant research cultures have emerged: one culture a strong advocate of the use of 

profound, rich observational data, the other supporting the superiority of concrete, 

generalizable data. Although the use of mixed-methods has stimulated much debate, 
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its increase in attractiveness can be related to its ability to enlarge the extent of a study 

and advance its methodological supremacy (Greene & Caracelli, 1997). Quantitative 

and qualitative methods are simply tools; combining them facilitates the resolution of 

significant research questions. 

 

For this research project a mixed-methods approach is evident in, and justified by, the 

use of methodological triangulation (Denzin, 1970). Denzin (1970) discriminates 

between two sub-types of methodological triangulation. These are the within-method 

approach and between/across-method approach. The within-method consists of 

utilizing the same method on separate occasions or employing a variety of techniques 

within a given method. On the other hand, the between-methods approach consists of 

the genuine mixing of methods within a single research project, as is evident in this 

research project. By employing methodological triangulation, this in turn facilitates 

the investigation of different research questions, the methods complement one 

another in that they provide an explanation of findings generated and the 

implementation of a mixed methods approach engenders completeness to the research 

project.  

 

4.8 Project Design – A Three-Phased Approach 

The primary aim of this research project was to investigate Gaeilgeoirís’ transition 

from learning mathematics through Gaeilge to learning mathematics through English. 

The author set out to investigate if language impacts positively or negatively on 

mathematics learning and teaching for Gaeilgeoirí. The investigation was divided into 

three phases, each of which will be discussed. 

4.8.1 Phase 1: Exploratory Research 

This study originated when the author undertook a final year dissertation in this area 

of research as part of an undergraduate degree (Ní Ríordáin, 2005). It became 

apparent that no research had been carried out in Ireland prior to this project 

(MacNamara’s (1966) work was concerned with students from English backgrounds 

learning through the medium of Gaeilge). Thus there was no available data to work 

with so after an extensive review of literature had been carried out two pilot studies 

were undertaken; one at second level and one at third level education. This was the 



73 
 

first phase of the research project and further literature review and exploratory 

research utilising a Maths Life Histories approach (Coben & Thumpston, 1994) was 

carried out during the academic year 2005/2006. The primary aim of this first phase 

was to investigate the extent to which performance in mathematics could be attributed 

to the language of instruction, to examine the experiences of Gaeilgeoirí in the 

transition process and to establish and clarify the key issues facing Gaeilgeoirí in the 

transition from learning mathematics through Gaeilge to learning mathematics 

through English. This was to ensure that subsequent research carried out by the author 

addressed the relevant issues and contributed to development in this research domain. 

The conclusions and recommendations inferred from Phase 1 of this research project 

contributed to the formulation of four key research questions (Phase 2). Resulting 

from this, test instruments were compiled and piloted for both transitions at second 

and third level education consisting of mathematics word problems, proficiency tests 

in English and in Gaeilge, a questionnaire and interview schedule. The findings of 

Phase 1 are reported and discussed in Chapter 5 of this monograph. Table 4.2 

provides a summary of Phase 1 of this research project. 

Table 4.2 Summary of Phase 1 of Research Project. 

PHASE 1 
CHARACTERISTICS PRIMARY –  

SECOND LEVEL 

SECOND – THIRD LEVEL 

KEY 

THEORETICAL 

FRAMEWORKS 

• Cummins (1976) 
• Newman (1977) 

• Ellerton (1989) 
• Gawned (1990) 

RESEARCH AIMS • Investigate the extent to 
which performance in 
mathematics could be 
attributed to the language 
of instruction. 

• Examine the experiences of 
Gaeilgeoirí in the transition to 
English - medium mathematics 
education. 

 

• Establish and clarify the key issues 
facing Gaeilgeoirí in the transition 
from Gaeilge-medium to English-
medium mathematics education. 

RESEARCH 

METHOD 

Quantitative 

• Mathematics word 
problems in English and 
in Gaeilge. These word 
problems were designed 
using Heller & Greeno 
Classification (1978). 

Qualitative 

• Questionnaire. 
• Maths Life Histories. 

ANALYSIS • Quantitative – Additive & 
Subtractive responses 
(Jones, 1982).  

• Qualitative – comparison of 
responses and NVivo for assisting in 
analysing the Maths Life Histories 
data. 
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THEORETICAL 

LENSES/ 

INTELLECTUAL 

TOOLS 

• Cummins (1976) 

• Cummins (1979) 

• Newman (1977) 

• Mathematics register. 

• Sapir (1949)–Whorf (1956). 

• Cultural issues –   Bishop (1988) 

                                              Sierpinska (1994). 

• Pedagogical issues - Bernstein (1971) 

                                               Nickson (1992) 

                                               Hiebert (1997) 

• Understanding & culture/ language            
– Sierpinska (1994). 

4.8.2 Phase 2: Investigation at Key Transition Stages 

This Phase of the research was concerned with in-depth data collection at both the 

transition from primary to second level education and from second to third level 

education (see Table 4.3). Students were sourced from Gaeltacht schools and from 

Gaelscoileanna/Gaelcholáistí so as to facilitate the comparison between additive and 

subtractive bilingual learning environments. Data collection at both transitions 

utilized a control group of students who were from a similar educational background 

but had learnt mathematics entirely through the medium of English at primary and 

second level education. This is to ensure the validity and reliability of test instruments 

employed and accordingly the findings emerging from the data collected, as well as 

allowing for the comparison between bilingual with monolingual mathematics 

students in Ireland. This phase of research can be divided into two sections – the 

primary to second level transition and the second to third level transition.  

Table 4.3 Summary of Phase 2 of the Research Project. 

PHASE 2 

CHARACTERISTICS PRIMARY –  

SECOND LEVEL 

SECOND – THIRD LEVEL 

KEY THEORETICAL 

FRAMEWORKS 

• Cummins (1976) 

• Newman (1977) 

• Cummins (1976) 

• Newman (1977) 

• Ellerton (1989) 

• Gawned (1990) 

RESEARCH 

QUESTIONS 

• 1. Is performance on 

mathematics word problems 

for Gaeilgeoirí through the 

medium of English affected 

by their level of language 

proficiency in English and in 

Gaeilge? If so, what is the 

affect and degree of 

influence that bilingualism 

has on mathematics learning 

for Gaeilgeoirí in this study?  
 

• 2. Is there a significant 

difference in mathematical 

learning through English 

between Gaeilgeoirí 

transferring from Gaeltacht 

schools (subtractive 

• 1. Is performance on mathematics 

word problems for Gaeilgeoirí 

through the medium of English 

affected by their level of language 

competency in English and in 

Gaeilge? If so, what is the affect and 

degree of influence that bilingualism 

has on mathematics learning for 

Gaeilgeoirí in this study?  
 

• 2. Is there a significant difference in 

mathematical learning through 

English between Gaeilgeoirí 

transferring from Gaeltacht schools 

(subtractive bilingualism) and 

Gaeilgeoirí transferring from 

Gaeilge-medium schools (additive 

bilingualism)? 

Table 4.2 continued 
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4.8.3 Phase 3: Analysis and Contribution of Research 

Quantitative and qualitative analysis was undertaken on the data collected. This Phase 

was important as the author derived key findings and significant insights into the area 

of bilingualism and mathematics education in Ireland and as well as contributing to 

international literature in this area of research. Accordingly conclusions and 

recommendations from the investigation are indicated.  

 

4.9 Validity and Reliability 

Validity and reliability are of utmost importance when designing and implementing a 

research project. In particular, the validity and the reliability of research methods 

employed will determine the significance of the data collected and analysed, and thus 

bilingualism) and 

Gaeilgeoirí transferring from 

Gaeilge-medium schools 

(additive bilingualism)? 
 

• 3. Do particular features of 

the English mathematics 

register cause difficulty for 

Gaeilgeoirí at first year 

second level education and 

first year undergraduate 

education? 

 

 

• 3. Do particular features of the 

English mathematics register cause 

difficulty for Gaeilgeoirí at first year 

second level education and first year 

undergraduate education? 
 

• 4. Do cultural and pedagogical factors 

influence Gaeilgeoirí’s transfer from 

Gaeilge-medium to English-medium 

education? 

RESEARCH METHOD Quantitative 

• Mathematics word problems 

in English and in Gaeilge. 

These word problems were 

designed using standard 

mathematics textbooks at 2nd 

level education in Ireland. 

• Language proficiency tests 

in Gaeilge and in English. 

Quantitative & Qualitative 

• Mathematics word problems in 

English and in Gaeilge. These word 

problems were designed using the 

PISA (2006) framework and Hater & 

Kane (1975). 

• Language proficiency tests in Gaeilge 

and in English. 

• Questionnaire. 

• Interviews. 

ANALYSIS • Quantitative – SPSS 

(Version 15).  

• Qualitative – comparison of 

responses and NVivo. 

• Quantitative – SPSS (Version 15). 

THEORETICAL 

LENSES/ 

INTELLECTUAL 

TOOLS 

• Cummins (1976) 

• Cummins (1979) 

• Newman (1977) 

• Mathematics register. 

• Cummins (1976). 

• Cummins (1979) 

• Newman (1977) 

• Mathematics register. 

• Sapir (1949)–Whorf (1956). 

• Cultural issues –   Bishop (1988) 

                                     Sierpinska (1994). 

• Pedagogical issues -Bernstein (1971) 

                                        Nickson (1992) 

                                        Hiebert (1997) 

• Understanding & culture/ language             

                                  – Sierpinska (1994). 

Table 4.3 continued 
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influence the significance of the conclusions obtained from the data (Leedy & 

Ormrod, 2001).   

4.9.1 Validity 

The validity of a test instrument can be defined as “the extent to which the instrument 

measures what it is supposed to measure.” (Leedy & Ormrod, 2001, p.31). Validity is 

strengthened through the selection of a suitable research methodology, and furthered 

by the selection of appropriate research tools. In this study the author employed a 

mixed-methods approach and a variety of instruments/tools in order to gain an insight 

into the issue of learning mathematics in a second language for Gaeilgeoirí.  Given 

that this is the first study of this type of research to be undertaken in Ireland, the 

author employed research tools consistent with those employed in similar studies 

internationally (e.g. Barton, 2005; Clarkson, 2007).  In the context of this study, the 

validity of the mathematics word problem test instruments employed at second and 

third level education was ensured through appropriate piloting with groups of students 

at each level and feedback was obtained from teachers/lecturers at each particular 

level of education. The proficiency tests employed were standard tests appropriate for 

each age group (Cambridge English Language Proficiency Tests and UL Aonad na 

Gaeilge Language Proficiency Tests) and thus had undergone rigorous testing prior to 

standardisation ensuring their validity as measures of language proficiency. Likewise, 

the questionnaire utilized at third level underwent appropriate piloting with students 

of a similar background to those involved in the final data collection phase. The 

samples chosen were representative of the population of Gaeilgeoirí (students learning 

through the medium of Gaeilge) i.e. both studies incorporated students transferring 

from Gaeltacht schools (Maintenance Heritage Language Schools) and from 

Gaelscoileanna/Gaelcholáistí (Immersion Schools). At both levels of education 

control groups of monolingual English students were sourced and involved in the 

studies, thus facilitating the validation of research findings and conclusions derived 

from the data. Several types of validity exist in relation to research undertaken and 

those that are of importance to this study are: 

4.9.2 Reliability 

Reliability can be defined as “the consistency with which a measuring instrument 

yields a certain result when the entity being measured hasn’t changed.” (Leedy & 

Ormrod, 2001, p.31). This implies that there should be a high level of correlation if 
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one were to perform the same type of research employing the same test instruments 

but with a different sample of participants. Within this research project, the author 

sought reliability through the implementation of a mixed-methods approach; all 

participants completed the same research instrument within each element of the 

research; a rigorous approach to data collection, analysis and write up was adopted by 

the author; and by triangulation i.e. data was collected using a variety of sources. 

 

4.10 Ethics 

Ethical approval was sought through the University of Limerick Ethics Committee. 

Ethical issues were recognised and guidelines were adhered to and thus the research 

methodology was designed such that: 

• Participation in the study was strictly voluntary. 

• Participants had the right to withdraw at any time while the research was being 

conducted. 

• Parental/Guardian approval was sought for participants under the age of 

eighteen. 

• All participants were given a clearly worded information sheet on the purpose 

of the research being undertaken and what would be required of them should 

they agree to participate. 

• All participants signed a consent form before participating in the research. 

• Participant confidentiality was ensured through the allocation of an individual 

code number and pseudonym, which was used in all documentation. 

• The data is used only for research purposes. 

• The data is stored according to UL Ethic’s regulations. 

 

4.11 Researcher Distance 

The idea of this research came about from the author’s own experience of having to 

go through a similar transition on entering third level education. Thus she is aware 

that she came to this research with her own biases, assumptions and expectations or 

research outcomes. However, researcher distance and objectivity was established by 

firstly acknowledging her biases and predispositions, by employing a mixed-methods 

approach and variety in data collection tools, and by applying professional standards 
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in the carrying out and the analysis of qualitative and quantitative data. This in turn 

provides confidence in the researcher’s findings. “In any form of research the 

significance of the data must always be judged relative to the researcher’s explicit or 

implicit theories and assumptions.” (Goos & Galbraith, 1996, p.234). For this 

research project, these assumptions have been acknowledged, at least to some degree. 

 

4.12 Conclusion 

This Chapter has provided an account of the theoretical framework employed in this 

research project, as well as the necessary theoretical and practical considerations 

needed to be taken into account in the implementation of this research project.  A 

mixed-methods approach was adopted and a three-phased approach was implemented 

in order to address the research questions. Chapters 5 and 6 will present and discuss 

the key findings emerging from this research study in the Irish context. 
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5.  
____________________________________________ 

Bilingualism and Mathematics Education in 
Ireland – Study Findings. 
 

5.1 Introduction 

This Chapter will report on the findings from Phases 1, 2 and 3 of the research 

project. Phase 1 of the research project was concerned with identifying some of the 

key issues facing Gaeilgeoirí in the transition to English-medium mathematics 

education and this Phase of investigation influenced the development of the key 

research questions to be addressed during Phase 2 of this research project. 

Consequently Phase 2 (data collection at both transitions) and Phase 3 (analysis and 

discussion of data collected) provides a more comprehensive and relevant enquiry 

into the area of bilingualism and mathematics education in Ireland. 

 

5.2 Phase 1 of the Research Project 

Phase 1 incorporated and combined conclusions and recommendations from an 

undergraduate dissertation with further exploratory research. The undergraduate work 

(March, 2005) incorporated the use of mathematics word problems at second level 

(Heller & Greeno Classification, 1978) with parallel versions in English and Gaeilge, 

whereas a questionnaire was utilised at third level to examine the experiences of 

Gaeilgeoirí in the transition to English-medium mathematics education. The findings 

of this work are revisited in this section with a view to establishing the key issues to 

be pursued in the follow-up exploratory research. This follow-up exploratory work 

incorporated the use of a Maths Life Histories approach (Coben & Thumpston, 1994). 

This section will firstly present the findings from revisiting the undergraduate 

dissertation, followed by the findings from the exploratory research and finally the 

recommendations for Phase 2 of the research project.  
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5.2.1 Key Findings from the Undergraduate Study 

Gaeilgeoirí (4 in total) who had transferred from Gaeilge-medium primary education 

to English-medium second level education completed a mathematics word problem 

test in English and a parallel version of the test through Gaeilge. The Heller and 

Greeno (1978) classification of problems was employed in this study. It states that any 

arithmetic word problem, which can be solved by the use of one procedure of addition 

or subtraction must belong to one of three categories – Change, Combine or Compare 

(Heller & Greeno, 1978). The 3rd level undergraduate students who participated 

(Gaeilgeoirí in the transition from Gaeilge-medium education, 5 in total) completed a 

questionnaire that was sent online.  

 

At the primary to second level transition, the author found that the subjects performed 

better when the word problems were presented in Gaeilge as opposed to English, in 

particular on the more difficult word problems (Change 3, 5, & 6; Combine 2; 

Compare 4, 5, & 6). The subjects never under-performed when the questions were 

presented in Gaeilge, but for Change 2, Change 4, Combine 1, Compare 2 and 

Compare 3 all the subjects got the questions correct in both languages. It is clear that 

the language of presentation did not affect their performance on these questions. 

However, this may be attributed to them being classified as the easier type of word 

problems (Lean et al, 1990).It can be deduced that the overall poorer performance of 

the subjects on the problems presented in English was not simply some innate lack of 

intelligence as they proved themselves to be smart and alert when answering the same 

problems in their mother-tongue (Gaeilge). The author suggests that it was due to the 

difficulties they experienced with the language of presentation (English), which may 

have contributed to misunderstanding in problem transformation, and thus led to the 

use of inappropriate process skills. As a consequence, the subjects were experiencing 

difficulties with their mathematics due to the language of instruction and presentation 

and this will have a negative impact on their learning.  

 

Overall, the respondents found studying through the medium of English difficult, with 

two of the participants quoting it as being “extremely difficult”. The main problems 

they encountered were in understanding the lecturers/tutors, as well as comprehending 

the content of the modules. This in particular was in relation to the mathematical 

terminology in use in these modules, which led to confusion and misunderstanding. 
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Overall, the respondents felt that learning through the medium of English and the 

difficulties they were experiencing was contributing to a negative educational 

experience at third level. All respondents commented on having to spend extra time 

on mathematics outside of lecture/tutorial time with the least amount noted being 3 

hours per week.  Four of the five respondents still thought and performed mechanical 

operations through Gaeilge. They felt that this was the most natural way for them. 

Three of them acknowledged that they resolved to trying to translate the content in an 

attempt to understand the material, but they admitted that this led to confusion and 

incoherence of the material. None of the respondents had approached any member of 

staff about the problems they were experiencing and none commented further on this. 

Clearly, these students were experiencing difficulty in studying mathematics through 

the medium of English. Specific types of problems that can be expected include 

difficulty in understanding technical terminology and vocabulary, context, phrases 

and methods of arguing, the use of everyday words (with mathematical meaning) and 

relying on translation to help in understanding the content. There is an obvious need 

for support services to be introduced to cater for these students. 

5.2.2 Key Findings from the Exploratory Research 

A qualitative approach was employed in this exploratory phase of the research project 

so as to gain a more in-depth understanding of the experiences of Gaeilgeoirí in the 

transition to English-medium mathematics education (Leedy & Ormrod, 2001). More 

specifically a Maths Life Histories approach was utilized which involved the use of 

semi-structured interviews which were used to gather narrative accounts of the 

subjects’ experiences (Coben & Thumpston, 1994). Interviews were conducted with 

first year mathematics students at third level, and with professionals who have 

experienced the transition during their education/training. In total six subjects were 

interviewed (3 students & 3 professionals) and all subjects were required to have 

transferred from learning mathematics through Gaeilge at second level to learning 

mathematics through English at third level. 

 

From the analysis of the Maths Life Histories a number of relationships were 

established (Figure 5.1). These relationships are shown diagrammatically and are 

discussed in pairs in the following paragraphs.  
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Figure 5.1 The relationship between research findings. 
 

Language – Personal Conceptions: 

Mathematics terminology was the primary source of difficulty when transferring from 

learning through Gaeilge to learning through English for all subjects interviewed. In 

particular, it was the “basic mathematics” or fundamentals that they had learnt 

through Gaeilge at primary/secondary level. These “basic mathematics” included 

simple operations such as addition (suimiú), subtraction (dealú); types of numbers e.g. 

integer (uimhir), complex (casta); and labels e.g. denominator (ainmneoir), 

hypotenuse (taobhagán).  

 

However, given the large emphasis that all the subjects placed on mathematics 

terminology it was surprising that the majority of them did not perceive language as a 

component of mathematics. Perceptions of mathematics ranged from “just solving 

stuff”, to “loads of formulas for solving problems” to “figures and computations and 

working out answers”. However, the interviewees that had pursued mathematics 

beyond degree level had a more developed understanding of mathematics and could 

see its relationship with everyday life. But yet their personal conceptions of 

mathematics failed to develop an association between mathematics and language. 

 

Language – Culture: 

English-medium education is largely the norm in Irish third level institutions thus 

catering for the majority and isolating the minority. The transition from Gaeilge-

LANGUAGE 

 

PERSONAL 
CONCEPTIONS 

CULTURE 

UNDERSTANDING 
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medium second level education to English-medium third level education was 

described by the interviewees as “difficult”, “hilarious!”, “hell” and “being thrown in 

the deep end”. Many subjects expressed the difficulty and discomfort experienced on 

entering third level education due to language and cultural differences. But it was not 

just language that caused a barrier. A number of other issues became prominent such 

as the culture of third level institutions, which are directed towards independent and 

self-directed learning. None of the subjects interviewed had approached their 

lecturers/tutors about difficulties they were experiencing due to the language barrier 

and few were aware of support services available to them. The general consensus was 

a fear of being perceived as “different (because of their language background)”, 

“looking stupid because you don’t know the mathematics” and a fear of lack of 

understanding of the issue on behalf of those providing support. All relied heavily on 

the support of close friends whom they felt comfortable talking to about their 

mathematics problems.  

 

Language – Understanding: 

Discussion of these types of understanding, as well as the relationship between 

language and understanding became an important aspect of the mathematical life 

histories. It soon became apparent that the interviewees associated 

learning/“knowing” their mathematics through Gaeilge with understanding and 

comprehending their mathematics. Having English as the medium of instruction 

influenced their learning strategies. All subjects acknowledged that they “learnt stuff 

off” for examinations and that they did not understand some of the concepts behind 

the mathematics that they were learning. They described learning the English 

mathematics register as “relearning the words”, not as developing mathematical 

understandings through English and transferring skills learnt through Gaeilge to 

English. A considerable effort was dedicated towards rote learning and practice of 

mathematical questions. Thus the subjects relied on procedural knowledge with little 

development of relational understanding. 

 

Personal Conceptions – Understanding: 

The subjects’ experiences in mathematics at all levels of education were intermingled 

with their perceptions of their “ability” and understanding of mathematics. Three of 

the subjects had positive experiences at primary and secondary level and thus opted to 
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study degree courses with mathematics as a large component. They felt confident in 

completing mathematical tasks and felt that the transition to English-medium 

education did not hinder their progress in mathematics long term. The remaining three 

had negative experiences, particularly at second level, and were pursuing degree 

courses where mathematics was only required at service level. Moreover they felt that 

they lacked ability in mathematics and this in turn was a source of negative attitudes 

towards the topic.  

 

Culture – Understanding: 

The majority of the participants spoke of the new environment they were suddenly 

immersed in. Subjects spoke of the expectation of having a certain competency in 

mathematics before entering university, but that this was hindered by the level of 

mathematics taken at second level and also by the language barrier. Abandonment 

was a significant issue for three of the subjects in particular. Progressing from having 

been “spoon-fed” all through second level, as well as having the constant support of 

teachers, to suddenly being an insignificant number in a crowd was a difficult 

transition for them. This is consistent with universities’ strategy of producing 

independent learners. All of the interviewees relied on procedural knowledge in order 

to succeed in examinations, and little time was given to the development of 

conceptual understanding. 

5.2.3 Summary of Key Findings from Phase 1 

The studies were carried out on a small scale and thus are not generalizable but 

recommendations are drawn up for further investigation in this research project 

(Phase 2). The author believes that these are the most prevalent issues confronted by 

Gaeilgeoirí experiencing the transition and thus merit further investigation in order to 

identify the key challenges they encounter at each transition.  

 

The recommendations for Phase 2 include: 

• If important progress is to be made in improving mathematics education for those 

learning mathematics in a second language (English), further investigation is 

required in relation to the particular aspects of the English mathematics register 

which hinder their learning of mathematics and cause difficulties for the students 

learning in a second language.  
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• Cummins (1979) conjectured that there may be a threshold level of language 

proficiency that bilingual children must achieve both in order to avoid cognitive 

deficits and to allow the potential benefits of being bilingual to come to the fore. 

This hypothesis should be investigated in relation to Gaeilgeoirí in order to assess 

whether the level of language competence in both languages (Gaeilge & English) 

has detrimental/beneficial influences on their learning. 

• Ireland possesses both Maintenance Heritage Language and Immersion education 

(Baker & Prys-Jones, 1998) and both are firmly established within a very small 

country and thus provides the opportunity for diverse areas of investigation. The 

literature identifies Subtractive and Additive bilingualism associated with these 

bilingual educational contexts respectively. There is a need to investigate these 

two diverse mediums of Gaeilge-medium education in order to assess their 

significance in contributing to the development of additive and subtractive 

bilingualism for Gaeilgeoirí.  

• The various cultural influences on learning, on understanding and on mathematics 

need to be examined and assessed in relation to their impact upon the key 

transition stages – particularly at the second to third level education.  

5.2.4 Additional Comment 

A key outcome of the preliminary research is the author’s four-way conceptualisation 

of the difficulties encountered by some Gaeilgeoirí in the transition to English-

medium mathematics education and the relationships between these difficulties 

(Figure 5.1). This model is part of the author’s contribution to the area of bilingualism 

and mathematics education as the model forms an important analytical tool for Phase 

2 of the research project, derived from the author’s own insights into the area of 

bilingualism and mathematics education in Ireland. This model underpins all research 

questions being addressed in Phase 2. The model demonstrates the need to look at the 

relationship between language proficiency and mathematics understanding (Research 

Question 1, see Section 4.3); the need to investigate the influence of culture and 

language on mathematics understanding (Research Question 2, see Section 4.3); the 

need to look at the influence of personal conceptions and language on mathematics 

understanding (Research Question 3, see Section 4.3); and finally to investigate the 

relationship between personal conceptions, culture and language on mathematics 
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understanding (Research Question 4, see Section 4.3). Given the diversity of research 

questions being addressed it was necessary to employ a mixed methods approach.  

 

5.3 The Main Study (Phase 2 and 3) 

The next sections of this chapter will report on the key findings and insights from the 

main study undertaken on bilingualism and mathematics education in Ireland. Data 

collection took place at both key transitions in the Irish education system – Primary to 

Second Level and Second to Third Level educations. A mixed-method approach was 

employed in the data collection and analysis. The remainder of the Chapter is divided 

into four parts - each concerned with addressing one of the key research questions of 

the project.  

 

5.4 Subjects involved in the Main study 

The bilingual participants at second level were chosen using the following criteria: 

� They were required to have studied mathematics entirely through the medium 

of Gaeilge at primary level, 

� That they were currently studying mathematics through the medium of English 

at second level, 

� All subjects were in their first year of second level education. 

 

Subjects from Gaeltacht schools (16 in total) and Gaelscoileanna (21 in total) were 

used in the study, as well as a control group consisting of monolingual English-

speaking students (49 in total). This monolingual group was sourced at the second 

level schools that the bilingual students were attending and were in the same classes 

as these Gaeilgeoirí.  

 

At the transition from second to third level education, the bilingual subjects were 

currently enrolled as third level students and were selected if: 

� They had studied mathematics entirely through the medium of Gaeilge at 

primary and at second level education, 

� They were now studying mathematics through the medium of English at third 

level, 
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� They were in their first year of third level education. 

 

Once again, subjects from Gaeltacht schools (9) and Gaelcholáistí (6) participated in 

the study, as well as a monolingual control group consisting of six students who had 

learnt mathematics entirely through the medium of English at primary and second 

level education and who were currently enrolled in third level education. The students 

selected were from universities, institutes of technology and colleges of education. 

Mathematics was a minor part of their degree courses for all students involved in the 

study. 

Table 5.1 Description of participants at each transition in the investigation. 

 Bilingual Group Monolingual Group 
(English Control Group) 

Total Cohort 

 

Primary – 

Second Level 

(Transition 1) 

 
 

Entire Group (BG/T1): n = 37 
 

Gaelscoil (BGc/T1): n = 21 
 

Gaeltacht (BGt/T1): n = 16 

n = 49 (M/T1) n = 86 (T /T1) 

 

Second – 

Third Level  

(Transition 2) 

 

Entire Group (BG/T2): n = 15 
 

Gaelcholáiste (BG/T2): n = 6 
 

Gaeltacht (BGt/T2): n = 9 

n = 6 (M/T2) n = 21 (T/T2) 

 

5.5 Key findings in relation to Research Question 1 
Research question to be addressed: 

1. Is performance on mathematics word problems for Gaeilgeoirí through the 

medium of English affected by their level of language proficiency in English and in 

Gaeilge? If so, what is the effect and degree of influence that bilingualism has on 

mathematics learning for Gaeilgeoirí in this study?  

 

5.5.1 Methodology Employed 

At both transitions the bilingual participants completed mathematics word problems 

in English and language proficiency tests in English and in Gaeilge. Bilingual 

participants at the transition to English-medium second level education also 

completed mathematics word problems in Gaeilge. The monolingual groups at each 

transition completed the same mathematics word problems in English and the 

language competency test in English so as to facilitate a comparison and act as a 

control group.  
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5.5.2 Analysis 

All quantitative data was coded and imported into SPSS (Version 15) for analysis. 

The relevant variables in each of the data sets were explored and tested for normality 

before applying appropriate statistical tests and assessing the significance of the 

results. Pearson’s Correlation was employed for assessing the relationships between 

the two languages and performance on the mathematics word problem tests. The 

correlations are reported along with the significance of each correlation. For assessing 

the significance in performance between various groups and variables Mann-Whitney 

U was employed as these variables were skewed (see the appropriate box plots) and 

significance was set at 0.05 or less.  

5.5.3 Language Proficiency Groups 

A technique devised by Clarkson (2007) was used to segregate the participants into 

language proficiency groups. In accordance with their score on the language 

proficiency test in English, the participants were selected as having comparatively 

high, middle or low proficiency in English. By rank ordering the scores obtained by 

the monolingual English control groups, the two scores that divided each group into 

thirds were recorded and then applied to the bilingual groups, resulting in three sub-

groups at each transition. The median score for the proficiency test in Gaeilge was 

used in order to divide Gaeilgeoirí into comparatively high or low proficiency groups 

in Gaeilge, at each transition (Clarkson, 2007).   

Table 5.2 Threshold scores for the construction of the language proficiency 

groups. 

 English Language 

Rank Scores  

Gaeilge Median 
Scores 

Primary – Second Level 

Transition 

High: ≥ 18  
 

Medium: 14-17 
 

Low: ≤ 13 
 

(Out of 25) 

Median = 18 
 

High: ≥ 18 
 

Low: < 18 
 

(Out of 30) 
Second – Third Level 

Transition 

High: ≥ 8 
 

Medium: 5-7 
 

Low: ≤ 4 
 

(Out of 16) 

Median = 51 
 

High: ≥51 
 

Low: < 51 
 

(Out of 65) 
 

Students were then categorised as relatively high proficiency in both languages; 

dominance in one language (combination of high/low); or relatively low proficiency 
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in both languages (combination of low/low). Each student was assigned to only one of 

these language proficiency groups. Six of the students dropped out of the analysis at 

the primary-second level interface because they did not fit clearly within the sub 

categories due to having a combination of high/medium or low/medium proficiency in 

the languages. At third level two of the students were not included in the analysis as 

once again they did not fit clearly within the designated categories (Table 5.3).  

 

Table 5.3 Description of the language proficiency groups. 

 

5.5.4 Findings 

The analysis of the data collected demonstrates that Gaeilgeoirí’s performance on 

mathematical word problems is related to their linguistic proficiencies in both 

languages. The author acknowledges that other factors such as parental background, 

language spoken in the home, social class and IQ may influence Gaeilgeoirí’s 

performance on the mathematical word problems but the primary focus of this aspect 

of the investigation was to establish direct relationships between language proficiency 

and mathematics performance on word problems.  

 

Overall, the study found that performance on mathematical word problems in English 

is related to language proficiency in English for Gaeilgeoirí and for monolingual 

English speaking students at both transitions, with greater importance at the transition 

to third level education (Table 5.4). 

 

 

 

 

 Categorisation Primary-

Second Level 

Second-

Third Level 

High/High High Gaeilge & High English n = 14 n = 3 

Low/Low Low Gaeilge & Low English n = 7 n = 3 

Dominant Gaeilge High Gaeilge & Low English n = 10 n = 4 

Dominant English Low Gaeilge & High English n = 0 n = 3 

Monolingual All-English Schooling n = 49 n = 6  
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Table 5.4 Correlations between mathematics performance (in English) and 

English language proficiency. 

 Groups & 

Pearson’s 

Correlation 

Significance Description 

Primary – 

Second Level 

3 T-T1: r = 0.48 
 

   M-T1: r = 0.52 
 

   BG-T1: r = 0.41 

p < 0.01 
p < 0.01 
p < 0.05 

All are moderate 
correlations but are 

significant 

Second –Third 

Level 

   T-T2: r = 0.69 
 

   M-T2: r = 0.91 
 

   BG-T2: r = 0.65 

p < 0.01 
 

p < 0.01  
 

p < 0.01 

Moderate correlation 
 

Very Strong correlation 
 

Moderate correlation 
 

All correlations are 
highly significant. 

 

Further analysis investigated the relationship between performance on mathematical 

word problems (in English) and language proficiency in Gaeilge for Gaeilgeoirí (see 

Table 5.5). This was particularly significant at the primary to second level transition 

where a strong relationship was evident for all Gaeilgeoirí (r = 0.65). However, this 

was not replicated at the transition to third level where moderate relationships were 

found not to be significant for either of the groups.  

Table 5.5 Correlations between mathematics performance (in English) and 

Gaeilge language proficiency. 

 Groups & 

Pearson’s 

Correlation 

Significance Description 

Primary – Second 

Level 

BG-T1: r = 0.651 
 

BGt-T1: r = 0.706 
 

BGc-T1: r = 0.605 

p < 0.01 
 

p < 0.01 
 

p < 0.01 
 

Moderate correlation 
 

Strong correlation 
 

Moderate correlation 
 

All correlations are 
highly significant. 

 

Second –Third 

Level 

 

BG-T2: r = 0.226 
 

BGt-T2: r = 0.470 
 

BGc-T2: r = 0.462 

 

p > 0.05 
 

p > 0.05 
 

p > 0.05 

 

Weak to moderate 
correlations but they 
are not significant. 

 

                                                 
3 T = Total Group: inclusive of bilingual and monolingual students. M = Monolingual Students. 

   BG = Bilingual Group. 
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For primary level Gaeilgeoirí in the transition to English-medium second level 

mathematics education Gaeilge language proficiency (the language of learning) was 

found to be of more significance than proficiency in English. Also at this transition, 

Gaeilgeoirí’s performance on the English version of the mathematics test was highly 

correlated with their performance on the Gaeilge version of the test. This is consistent 

with Cummins’ Developmental Interdependence Hypothesis (1979) which proposes 

the greater the level of academic language proficiency in a student’s first language 

will allow for a stronger transfer of skills across to the new language of instruction. 

This suggests that Gaeilgeoirí with a high level of proficiency in Gaeilge performed 

well due to a strong transfer of mathematical skills across to English. 

 

For Gaeilgeoirí in the transition to English-medium third level education a more 

significant relationship was found between English language proficiency and 

performance on mathematical word problems. No significant relationship between 

Gaeilge language proficiency and mathematics performance on word problems was 

found at this transition. Gaeilgeoirí with low proficiency both in English and in 

Gaeilge on average performed the poorest on the mathematical word problems. The 

findings suggest that developing mathematical literacy through the medium of 

Gaeilge at primary level will enhance the transfer to English-medium mathematics 

education at second level. However, this is not followed through at Gaeilge-medium 

second level mathematics education. The findings at this transition provide support 

for developing mathematical literacy through the medium of English at second level 

education in order to facilitate the transition to English-medium third level 

mathematics education. The differences in the two sets of data imply that a change in 

language emphasis occurs over time and that learning through the medium of Gaeilge 

at primary level and through the medium of English at second level may enhance 

mathematical learning for Gaeilgeoirí. However, the most significant overall finding 

at both transitions is the support for Cummins’ (1976) Threshold Hypothesis. In both 

transitions language proficiency groups were identified and those with a high 

proficiency in both languages outperformed their monolingual peers, those dominant 

in one language and those with low proficiency in both languages (see Fig. 5.2 and 

Fig. 5.3). The dominant group also includes the monolingual English students. 

Cummins’ Threshold Hypothesis (1976) does not distinguish between languages, but 

argues for the effect, either positive or negative in cognitive outcomes, of the 
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interplay of languages. Also, bilingual students displaying low proficiency in both 

languages were mathematically weak and lagged behind their peers. These results are 

consistent with the findings of Dawe (1983) and Clarkson (1992) that also draw on 

the work of Cummins.  
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Figure 5.2 Comparison of language proficiency groups with mathematics 
performance (in English) at second level education. 
 

For Gaeilgeoirí in transition to English-medium second level education (Fig. 5.2) 

Mann-Whitney U tests in each case showed that the difference in mathematics 

performance on the word problem tests is significant between the High/High 

proficiency group and Low/Low proficiency group, between the High/High and 

Dominant proficiency groups and between the Dominant and Low/Low proficiency 

groups 
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Figure 5.3 Comparison of language proficiency groups with mathematics 

performance (in English) at third level education 

 

At the transition to third level education significant differences in performance on 

mathematical word problems were found between the High/High and Low/Low 

proficiency groups, and between the Dominant and Low/Low groups (Mann-Whitney 

U). All other differences were not statistically significant. 

 

However it is worth noting that the bilingual students who were dominant in English 

performed slightly better than their monolingual peers and better than bilingual 

students dominant in Gaeilge. This suggests that these students had not reached the 

threshold level necessary in Gaeilge in order to reap the cognitive benefits from being 

bilingual evident for those with high proficiency in both languages The monolingual 

group in turn performed better than the bilingual students dominant in Gaeilge. 

Therefore, the greater level of English language proficiency may facilitate a stronger 

transfer of mathematical skills to the new language of learning (English) at third level 

for Gaeilgeoirí. 

 

The findings demonstrate that language proficiency and mathematics education are 

related. The work carried out reveals that bilingualism is not a problem and may 
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enhance mathematics performance on word problems if Gaeilgeoirí have developed 

an adequate proficiency in both languages. The characteristics specific to the Irish 

education context include first language proficiency (Gaeilge) and this is a key aspect 

in success in mathematics learned in a second language (English) at second level 

education for Gaeilgeoirí. This reinforces similar findings from other countries such 

as Scotland (Johnstone et al, 1999) and Wales (Williams, 2002) where Maintenance 

Heritage Language and Immersion Education are established. At second level 

Gaeilge-medium education a language shift occurs and for Gaeilgeoirí transferring to 

English-medium third level education English language proficiency is of more 

importance for a successful transition. This is consistent with findings from similar 

educational contexts such as New Zealand (Neville-Barton & Barton, 2005) where 

second language learners experienced a disadvantage of between 10-15 percent in 

mathematics learning due to English language difficulties (their second language). A 

characteristic feature of both transitions in the Irish context was that low proficiency 

in both languages could be a significant factor in hindering learning in mathematics 

for Gaeilgeoirí, but given that this research was undertaken at transition points further 

investigation is needed to assess if these students adapt to their new learning context 

and catch up at a later stage. Clearly, Gaeilgeoirí face the challenge of developing an 

adequate proficiency both in the English and Gaeilge languages, as high proficiency 

in both may enhance mathematical performance on word problems as suggested by 

the findings.  

 

The key findings from Research Question 1 provide support for Cummins’ Threshold 

Hypothesis (1976). The author’s work replicates that of Dawe (1983) and Clarkson 

(1992) whose findings provide evidence and support for Cummins’ Threshold 

Hypothesis (1976) within a mathematics education context. Thus the author’s work is 

contributing to the robustness of international findings, while validating the 

importance of Cummins’ work in relation to bilingualism and mathematics education. 

This hypothesis has been investigated extensively at primary level education, a little 

at second level education but rarely at third level education. Thus the work undertaken 

by the author contributes to the development and support of this hypothesis beyond 

primary level given that the research was undertaken at second and third level 

education in Ireland. Very little research has been undertaken in the area of 

mathematics learning and bilingualism at third level education (Neville-Barton & 
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Barton, 2005). Therefore, this research provides a contribution to this area of research 

in mathematics education, as well as providing a foundation for future research to be 

carried out. 

 

5.6 Key findings in relation to Research Question 2 

Research question to be addressed: 

2. Is there a significant difference in mathematical learning through English 

between Gaeilgeoirí transferring from Gaeltacht schools (subtractive bilingualism) 

and Gaeilgeoirí transferring from Gaeilge-medium schools (additive bilingualism)? 

 

The type of primary school attended impacted on the transition to English-medium 

education. Those who had attended a Gaelscoil (Immersion Education) on average 

performed better mathematically than those who attended a Gaeltacht primary level 

school (Maintenance Heritage Language). Students transferring from Gaelscoileanna 

dominate the High/High proficiency group, whereas Gaeltacht students dominate the 

Low/Low proficiency group. Given that the high proficiency group mathematically 

outperformed the low proficiency group significantly, it suggests that additive 

bilingualism (immersion education – Gaelscoileanna) enhances bilingual students’ 

cognitive ability at this transition stage in education. Also when comparing Gaeltacht 

students’ performance in mathematics to Gaelscoileanna students’ it is evident that 

the latter are mathematically superior to their peers (Figure 5.4). This difference in 

performance is statistically significant (Mann-Whitney U, p < 0.05). The difference 

between Gaelscoil students and monolingual students’ performance in mathematical 

word problems was also found to be significantly different (Mann-Whitney U, p < 

0.05). However this was not the case for the performance between Gaeltacht students 

and monolingual students, where no statistically significant difference was found, 

although the Gaeltacht students performed slightly better than their monolingual 

peers. 
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Figure 5.4 Type of school attended and mathematical performance on 

word problems at second level education. 

 

Similarly at the transition from Gaeilge-medium second level to English-medium 

third level education, Gaeilgeoirí emerging from Gaelcholáistí (Immersion Education) 

performed slightly better than Gaeilgeoirí transferring from Gaeltacht second level 

schools (Maintenance Heritage Language schools), although it was not found to be 

significant. Gaelcholáiste students performed somewhat better mathematically than 

their Gaeltacht peers (Fig. 5.5). Although there are outliers present in the data 

obtained from the Gaeltacht students, from looking at these cases, case 10 and case 15 

are both in the high language proficiency group, which correlates with their high 

mathematics performance, and case 14 is in the Low proficiency group which 

corresponds with their low performance on the mathematics word problem test. In 

turn, the low mean for this group may be attributed to the significant number of 

Gaeltacht students dominant in the Gaeilge language, which may have affected their 

mathematics performance in English. So, once again additive bilingualism 

(immersion education – Gaelcholáistí) is preferable to subtractive bilingualism 

(Gaeltacht students) as students emerging from additive learning bilingual 

environments performed slightly better on the mathematics word problem test than 
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students from Gaeltachtaí entering subtractive learning environments at third level. 

However, the difference in the performance between the two groups is not significant, 

thus further investigation is needed into additive and subtractive bilingualism at upper 

secondary school/third level education in Ireland. It is also evident that the 

monolingual students performed mathematically better than both the Gaeltacht 

students and better than the Gaelcholáiste students and this suggests that on a whole 

Gaeilgeoirí may be experiencing a slight disadvantage in mathematics on entering 

third level education. This is consistent with international findings which found that 

second language learners under perform in mathematics due to language proficiency 

in the new language of learning (e.g. Barton, 2003; Neville-Barton & Barton, 2005). 

However the difference in performance is not statistically significant between the 

school types. 
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Figure 5.5 Type of school attended and mathematics performance on word 

problems at third level education. 
 

The findings at both transitions in Irish education provide support for the development 

of Additive bilingualism as promoted by Immersion Education, whereas Subtractive 

bilingualism may actually be hindering Gaeilgeoirí’s transition to English-medium 

mathematics education.  Gaeilgeoirí emerging from Gaelscoileanna tend to have been 

immersed in both languages and encounter both languages on a daily basis. Thus the 

majority of these students will have developed additive bilingualism. This type of 

bilingualism has been shown to enhance mathematical learning (Bournot-Trite & 
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Tellowitz, 2002; Swain, 1996; Turnbull et al., 2000). Whereas for students attending 

Gaeltacht primary schools, Gaeilge is the dominant language of the community and 

the home and therefore they do not use English, particularly academic English, for a 

considerable part of the time. Thus these students may experience subtractive 

bilingualism when they enter second level English-medium education. The literature, 

and the findings from this study, demonstrates that subtractive bilingualism may 

impact negatively on mathematics learning (Adetula, 1990; Hans & Ginsburg, 2001; 

Marsh et al., 2000).  

 

It is important to note here that attention needs to be paid to possible school and 

teacher effects. Students attending immersion education tend to be from middle to 

upper class backgrounds. Similarly, students attending Gaeltacht schools tend to be 

from a range of backgrounds with lower to middle class the dominant social class. 

This naturally may have an influence on the findings emerging from this study. Also, 

given the students attending the Immersion schools are primarily from an English 

speaking background, the teachers in the schools may use some English to explain 

certain concepts and help understanding, although the mission statement of 

Immersion education in Ireland is that all instruction takes place through the medium 

of Gaeilge. There is no research carried out to date assessing the language skills of the 

teachers employed in Gaeilge-medium schools. There is a possibility that they may 

have weak Gaeilge language proficiency and thus may employ English-medium 

instruction when necessary, which may have a bearing on the results emerging. The 

author did not look at these aspects when undertaking her research but would like to 

acknowledge their potential influence on the results emerging from the analysis of the 

data. Future work will need to address these issues in order to fully understand the 

situation that exists in Ireland.  

 

However, the findings emerging from the two different Gaeilge-medium education 

contexts have significant implications for Gaeilge-medium education in Ireland. It is 

the first investigation carried out in Ireland in relation to additive and subtractive 

bilingualism, even though Gaeilge-medium education has been officially established 

since the late nineteenth century. Thus the research undertaken provides the first 

insight into the situation that exists in Ireland. The findings demonstrate that 

bilingualism does not hinder mathematical learning for some Gaeilgeoirí (Immersion 
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Education) but there is a need to cater for Gaeilgeoirí (Gaeltacht students) who may 

experience subtractive bilingualism as it may affect their mathematical learning 

initially when transferring to learning mathematics through the medium of English. 

Overall the findings provide support for Gaeilge-medium mathematics education once 

additive bilingualism has been achieved through the appropriate development of 

academic language proficiency both in Gaeilge and in English (Cummins, 1976). This 

is consistent with the findings from Research Question 1 in which Gaeilgeoirí with 

high proficiency in both languages performed better mathematically than Gaeilgeoirí 

with low proficiency in one or both languages and their monolingual peers.  

 

5.7 Key findings in relation to Research Question 3 

The research question to be addressed in the following sections is: 

3. Do particular features of the English mathematics register cause difficulty for 

Gaeilgeoirí at first year second level education and first year undergraduate education?  

 

When assessed through the medium of English Gaeilgeoirí (primary-second level 

interface) in this study experienced a disadvantage of 8.7% in performance on 

mathematical word problems. This is consistent with the findings from Phase 1 of this 

research project where Gaeilgeoirí performed better on the more difficult mathematics 

word problems when presented through the medium of Gaeilge. Improving language 

proficiency in English may improve Gaeilgeoirí’s performance in mathematics 

through the medium of English.  Students in the transition from Gaeilge-medium 

primary level education to English-medium second level education were administered 

the mathematics word problem test both in English and in Gaeilge.  

 

Table 5.6 displays Gaeilgeoirí’s performance in English and in Gaeilge on each of the 

questions and subsections (thirty answers in total). The table indicates that there were 

four questions in which there was no difference in performance (Questions 1(iii), 

1(iv), 4 and 9 (iv)) and one question (Question 8) in which Gaeilgeoirí performed 

better in English. However, there were nine questions in which Gaeilgeoirí performed 

10% or higher in Gaeilge as compared to their performance in English (Questions 3 

(ii), 3 (iii), 5, 7 (i), 9 (iii), 10 (v), 12 (i), 12 (ii) and 12 (iii)). Overall, there was a 

difference of 8.7% in performance between the English and Gaeilge mathematics 
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word problem test, with Gaeilgeoirí performing better in the Gaeilge version. This 

difference is slightly lower than the findings of Neville-Barton & Barton (2005) in 

New Zealand, where they found that English as a Second Language (ESL) students 

experience a disadvantage of between 10-15% due to language difficulties. However, 

the finding has significant implications as it suggests that Gaeilgeoirí may not be 

achieving their maximum potential in mathematics when assessment is through the 

medium of English. Also, given that Gaeilgeoirí at this transition stage on average 

performed better than their monolingual peers through the medium of English, and yet 

are not achieving their potential level of mathematics performance when assessed 

through the medium of English, the difference in performance between bilingual and 

monolingual students may be more significant if language is taken into account. The 

challenge lies predominantly with mathematics teachers when assessing these 

students. Assessment may need to take place in a student’s first language initially 

until adaptation to the new language of instruction and learning has taken place to 

ensure that assessment is valid and reflects the student’s mathematical ability. 

Table 5.6 Percentage of correct responses to each mathematics question in 

English and in Gaeilge at the transition to second level education. 

Question 

No. 

% CORRECT RESPONSES  

DIFFERENCES (%) ENGLISH GAEILGE 

1 (i) 89.2 94.6 5.4 

1 (ii) 86.5 89.2 2.7 

1 (iii) 91.9 91.9 0.0 

1 (iv) 89.2 89.2 0.0 

2 (i) 97.3 100.0 2.7 

2 (ii) 94.6 100.0 5.4 

2 (iii) 97.3 100.0 2.7 

2 (iv) 94.6 100.0 5.4 

3 (i) 73.0 78.4 5.4 

3 (ii) 24.3 70.3 46.0 

3 (iii) 40.5 81.1 40.6 

4 70.3 70.3 0.0 

5 21.6 40.5 18.9 

6 37.8 43.2 5.4 

7 (i) 27.0 37.8 10.8 

7 (ii) 35.1 40.5 5.4 

8 83.8 81.0 -3.8 

9 (i) 83.8 91.9 8.1 

9 (ii) 83.8 91.9 8.1 

9 (iii) 62.2 73.0 10.8 

9 (iv) 81.1 81.1 0.0 

10 (i) 75.7 81.1 5.4 



101 

 

 

 

 

 

 

 

 

 

 

 

(Negative value in the Difference column indicates a better performance in English) 

 

Some of the language features of the mathematics register in English that were 

sources of difficulty for Gaeilgeoirí at English-medium second level education 

included syntax, semantics and mathematics vocabulary. Gaeilgeoirí at this transition 

also experienced difficulty converting digits into written vocabulary. For example in 

Question 3, there was a significant difference in performance between the English and 

Gaeilge version of the two parts of the question (24.3% vs. 70.3% and 40.5 vs. 

81.1%). The syntax of the Gaeilge version lends itself to a clearer understanding of 

what a “Highest Common Factor” is. In Gaeilge it reads “It is called the Highest 

Common Factor the number that is highest, which is 4” compared to “The highest of 

these, called the Highest Common Factor, is 4” . The difficulty experienced by 

Gaeilgeoirí in answering this question correctly in English is likely due to a 

misunderstanding of the definition of a Highest Common Factor. Question 5 was also 

answered significantly better by Gaeilgeoirí through the medium of Gaeilge (40.5% 

answered it correctly) in comparison to the medium of English (21.6% answered it 

correctly). Mathematics vocabulary in English appears to be the primary source of 

difficulty in this question. Gaeilgeoirí may have been confused by the words 

“multiple” and “multiply” and may have been unsure of the difference in meaning. 

Whereas in Gaeilge two dissimilar words are used – “iolraí” (multiple) and “meadú” 

(multiply), thus lessening the confusion when interpreting and answering the question. 

An interesting finding from the study was that Gaeilgeoirí at this transition performed 

better than the monolingual students on questions involving set notation and abstract 

concepts associated with elements within these sets. This suggests that Gaeilgeoirí 

may have a more developed mode of abstract thinking than their monolingual peers. 

Further investigation into the mathematics register in Gaeilge may reveal a deeper 

insight into this proposition.  

 

10 (ii) 78.4 83.8 5.4 

10 (iii) 54.1 62.2 8.1 

10 (iv) 73.0 81.1 8.1 

10 (v) 70.3 83.8 13.5 

11 75.7 81.1 5.4 

12 (i) 16.2 27.0 10.8 

12 (ii) 16.2 29.7 13.5 

12 (iii) 29.7 40.5 10.8 

Table 5.6 continued 
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The language features of the English mathematics register that are sources of 

difficulty for Gaeilgeoirí at third level included syntax, semantics and mathematics 

vocabulary also. From Figure 5.6 it can be seen that bilingual students performed 

significantly poorly on fifteen of the thirty three questions - Question 4, Question 6, 

Question 9, Question 11, Question 12, Question 13, Question 15, Question 17, 

Question 18 and Question 19 (iii) - with less than 50% of the students providing 

correct answers to these questions. Similarly, the monolingual students performed 

significantly poorly on twelve of the thirty three questions - Question 9, Question 13, 

Question 14, Question 15, Question 16, Question 17, Question 18 and Question 19. 

Again less than 50% of the group got these questions correct. Therefore, Questions 4, 

6, 11 and 12 appear to have been sources of difficulty for Gaeilgeoirí in this transition 

in comparison to the monolingual group’s performance on them. Question 4 and 12 

are concerned with probability and some of the Gaeilgeoirí may not have been 

familiar with the mathematics vocabulary employed in this question and thus affected 

their performance on the question. It may be worthwhile investigating further 

Gaeilgeoirí’s understanding of probability as these were the only two probability 

questions on the test instrument and they performed poorly in both.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 Comparison of correct responses by bilingual and monolingual 
students at the transition to third level. 
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The vocabulary and syntax of Question 6 may have been a source of difficulty for 

Gaeilgeoirí. In particular, Gaeilgeoirí may not be familiar with the mathematical 

words “numerator” and “denominator”. Although these are fundamental words of 

mathematics, Phase 1 of this research project found that it was the basic terminology 

and operations that were sources of difficulty for Gaeilgeoirí in the transition to 

English-medium education. Question 11 is concerned with graphing, and the 

semantics of this word problem and the interpretation of the data presented may have 

been the source of difficulty experienced by Gaeilgeoirí. Overall, the common 

characteristics of difficulty of these four questions were syntax, semantics and 

mathematics vocabulary. What was interesting at this transition was that both the 

bilingual and monolingual students performed poorly on the cloze type questions 

incorporated in the test instrument. This suggests that the student’s in this study at 

third level education have a poor understanding of mathematics vocabulary and the 

mathematics register in English.  

 

The significance of the findings outlined above lies in the potential role they can play 

in developing teaching resources and assessments to cater for Gaeilgeoirí in the 

transition to English-medium mathematics education. The findings provide us with 

the first insight into the potential difficulties Gaeilgeoirí may experience with the 

English mathematics register, and mathematics educators need to be made aware of 

these difficulties and accordingly cater for them in their mathematics pedagogy. The 

knowledge of the difficulties that Gaeilgeoirí may experience with the English 

mathematics register in the hands of a discerning teacher can prove fruitful for easing 

the transition to English-medium mathematics education.  

 

The findings emerging from the Irish context are consistent with those found in other 

bilingual contexts such as in New Zealand (Neville-Barton & Barton, 2005) and in 

Malawi (Kazima, 2007). These studies found that students learning through the 

medium of English (their second language of learning) experienced problems with 

syntax, semantics and mathematics vocabulary in the English mathematics register 

(Neville-Barton & Barton, 2005) and that mathematics vocabulary in relation to 

probability is only a problem through the medium of English for Malawi students 

(Kazima, 2007). Neville-Barton and Barton (2005) also found that second language 
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learners experience a disadvantage of 10-15 percent due to language difficulties when 

assessed through the medium of English (their second language). Thus the author’s 

findings validate those found in other bilingual contexts in relation to difficulties 

encountered with the English mathematics register. This contributes to the robustness 

of international findings and provides a starting point for assessing bilinguals on 

entering English-medium mathematics education, as well as providing a basis for 

developing teaching and learning resources and support measures for learning 

mathematics through the medium of English.  

 

Given that language plays a significant role in the learning and understanding of 

mathematics, the challenge faced by Gaeilgeoirí is acquiring the mathematics register 

through the medium of English. However the emphasis should be placed on the 

iceberg analogy or the Common Underlying Proficiency (Baker, 2001: see Chapter 3). 

Outwardly both languages are different in conversation but internally both languages 

are merged and do not function independently of one another. Thus both languages 

contribute to, access and use a central processing unit for mathematics learning and 

understanding. Gaeilgeoirí are faced with the challenge of recognising and developing 

the awareness that both languages (Gaeilge and English) are of importance to their 

mathematics learning and can be used to their advantage for developing mathematical 

understanding. Language and communication are essential elements of teaching and 

learning mathematics. Gaeilgeoirí will be confronted with the language of 

mathematics when reading textbooks and worksheets, while also having to interpret 

and understand the mathematical language used by the teacher. Therefore, the 

challenge faced by Gaeilgeoirí is not in the relearning of mathematical concepts 

through the medium of English. Rather the challenge lies in transferring the 

mathematical skills and knowledge acquired through Gaeilge to the new language of 

instruction. Clearly mathematics teachers play a key role in this transfer of skills.  

 

5.8 Key findings in relation to Research Question 4 

Research Question 4 was primarily concerned with the second to third level transition 

in Irish education. Gaeilgeoirí were administered a questionnaire and they undertook 

an extensive interview. The primary aim was to gain an insight into how language has 

impacted on the transition from Gaeilge-medium to English-medium mathematics 
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education from a pedagogical, cultural and personal perspective. The research 

question to be addressed is: 

4. Do cultural and pedagogical factors influence Gaeilgeoirí’s transfer from 

Gaeilge-medium to English-medium education? 

5.8.1 Methodology and Analysis of the Questionnaire 

Only the bilingual students at this transition completed the questionnaires. This 

included students transferring from Gaeltacht secondary schools (9 in total) and from 

Gaelcholáistí (6 in total). Analysis of the questionnaire involved both quantitative and 

qualitative aspects, which is in line with the mixed methods approach employed in 

this study. The quantitative aspects were coded and imported into SPSS for analysis 

where descriptive statistics were utilized in order to assess the frequencies of the 

appropriate comments/responses to specific questions. The qualitative aspects were 

analysed using NVivo as the organisational tool.  

5.8.2 Findings from the Questionnaire 

The qualitative and quantitative analysis of the questionnaire was undertaken 

simultaneously so as to get a comprehensive understanding of the information 

provided by Gaeilgeoirí and thus the findings are organised under a number of key 

headings in order to provide a detailed description of their experience of the transition 

to English-medium third level mathematics education. A number of significant 

insights were generated from the qualitative analysis undertaken on the data collected 

at the transition from second to third level education. 

 

The general consensus amongst the Gaeilgeoirí was that mathematics involves 

problem solving, the study of numbers and the different functions of numbers, and 

having to work out the correct solution to a given mathematical problem. Given this it 

was not surprising that very few Gaeilgeoirí believed that there was a relationship 

between mathematics and language. Clearly language does not seem of importance 

for the learning and comprehending of mathematics for these Gaeilgeoirí. The 

subjects are largely unaware of difficulties related to language, and this is consistent 

with international findings (e.g. Neville-Barton & Barton, 2005). 

 

The participants were asked to rate the difficulty of a series of questions related to 

mathematics and language (Neville-Barton & Barton, 2005). The rating scale had four 
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positions: 1 = not difficult; 2 = a little difficult; 3 = difficult and 4 = very difficult. 

The average rating for each is given in brackets after the particular question. 

 

Understanding the English used by other students    (1.07) 

Reading the blackboard/whiteboard/overheads    (1.47) 

Understanding the English used by the lecturer/tutor    (1.60) 

Reading mathematics textbooks      (2.13) 

Reading photocopies/handouts given by the lecturer/tutor   (1.67) 

Reading tutorial/exam questions      (1.93) 

Understanding the mathematics content of lectures/tutorials/exams  (1.93) 

 

Clearly all the average ratings were in the “not difficult” to “a little difficult” 

categories. From the above it appears that Gaeilgeoirí are relatively confident in 

coping with English as their new medium for learning mathematics. However, this 

confidence is not reflected in their performance on the mathematics word problem 

test. The average performance of bilingual students at the transition to third level 

education was 53.73% with a standard deviation of 18.03. This suggests that 

Gaeilgeoirí are not aware of the influence of language on mathematics learning and 

that this lack of awareness is hindering them when transferring to English-medium 

education. This is reflected in the slight disadvantage they experience in mathematics 

performance in comparison to their monolingual peers (median = 57.07% with a 

standard deviation of 13.87).  

 

There exists among Gaeilgeoirí a fear of acknowledging and voicing that they may be 

experiencing difficulties and consequently third level institutions are unaware of some 

of the issues Gaeilgeoirí are encountering. Thus no specific support structures are in 

place in any of the institutions who participated in this study. Gaeilgeoirí are relying 

on procedural knowledge in order to pass examinations, with little time given to the 

development of conceptual understanding. Some of these students are suffering loss 

and displacement due to having to study mathematics through the medium of a new 

language. This loss and displacement is occurring in mathematics understanding. The 

consequence of this may be their exclusion from the skills base of the emerging 

knowledge society.  
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Throughout the questionnaire students rarely made reference to the fact that they have 

two languages (Gaeilge and English) and thus are bilingual. When questioned on their 

opinion of having studied mathematics through two languages only two of the 

students could see an advantage in being bilingual. However the remainder of the 

students felt that bilingualism had no positive effect on their mathematics learning, in 

particular citing the lack of use of Gaeilge and the dominance of English at third level. 

Overall they had a very negative view of bilingualism in that the transition to English-

medium mathematics education caused confusion and difficulty, and that “You have 

to learn off the terminology again through English” (Eiméar). There was little 

recognition on their behalf of transferring skills from Gaeilge to English, constant 

reference was made to relearning through English with some of the mathematics 

acquired through Gaeilge becoming redundant once they had finished their second 

level education.  

5.8.3 Methodology and Analysis of the Interviews 

Follow-up interviews were undertaken with seven Gaeilgeoirí who had completed the 

mathematics word problem test, English and Gaeilge language competency tests and 

the questionnaire. The interviews were conducted in order to obtain an understanding 

of the language employed by Gaeilgeoirí when immersed in mathematical problem 

solving, to establish their perceptions of mathematics and of mathematical learning, 

while appraising their experiences of the transition. This section of data collection 

was primarily qualitative in nature. Semi-structured interviews were conducted with 

the seven Gaeilgeoirí, which were digitally recorded and transcribed. During the 

interview Gaeilgeoirí completed a Language Use Survey (Clarkson, 2007) and two 

mathematics word problems (Newman Research Method, 1977), along with 

responding to questions based on specific themes. The analysis was largely qualitative 

and NVivo was utilized for this purpose. Quantitative analysis (SPSS) was employed 

for evaluating the Language Use Survey.  

 

The author decided that the analysis of the Newman Method would remain a separate 

unit to the analysis of the remainder of the data, but naturally a relationship between 

findings would emerge and are discussed subsequently. Six prominent themes 

emerged from the data. These were Culture, Pedagogy, Mathematics Understanding, 

Bilingual Factors, Conceptions of Mathematics and Language Use. Four of the above 
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are consistent with the themes that emerged from Phase 1 of this research project (see 

Fig. 5.1). Thus the model generated from the Maths Life Histories in Phase 1 has been 

altered and adjusted, consistent with the findings emerging from the interviews 

undertaken in Phase 2 of this research project. This new model (Fig. 5.7) is presented 

on the next page and the relationships between the relevant nodes will be discussed.  

 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 5.7 Diagrammatical representation of the interview findings.  

 

Findings from the Interviews 

The first relationships to be discussed are that of the triad of Mathematics 

Understanding, Pedagogy and Culture. They are examined in pairs initially with a 

final discussion on the group as a whole. 

 

Mathematics Understanding – Pedagogy 

 

“Understanding the question and being able to interpret what is being asked. So yeah 

being able to answer the question fully and correctly.” (Síle). 

CONCEPTIONS OF 
MATHEMATICS 

 
 

 
 

 
 
 

MATHEMATICS 
UNDERSTANDING 

PEDAGOGY CULTURE 

BILINGUAL FACTORS LANGUAGE USE 
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The general consensus when questioned on what they believe “understanding 

mathematics” to be was one of an instrumental perspective (Skemp, 1978). Being able 

to solve mathematical problems using mathematical formulae and correct procedures 

reflected one’s ability at understanding mathematics. Granted instrumental 

understanding plays a significant role in mathematics learning but none of the 

participants interviewed relayed an importance of knowing “why” (Skemp, 1978). 

Clearly relational understanding is not of significance in their mathematics learning.  

 

However, pedagogical aspects need to be taken into consideration when engaged in a 

discussion on learners’ perspectives of mathematics. This became prominent in 

discussions on teaching strategies employed by the participants’ mathematics 

lecturers/tutors. The primary teaching method employed by mathematics lecturers was 

one of dissemination of knowledge through the use of examples. Little time was 

devoted to theoretical aspects or engagement in problem solving during the course of 

a lecture. The constraint of taking down a large amount of examples, as well as the 

speed of the delivery of the lecture gave little opportunity for listening or cognitive 

involvement in the lecture. As Sinéad summed up: 

 

“You can’t really do the two (note taking /listening). So if you’re taking stuff down 

you don’t really understand what he’s doing because you can’t listen at the same time 

‘cos there’s so much to take down.” 

 

Similarly during tutorials emphasis was placed on the practice of a sheet of questions 

given by the lecturer. Tutorial sheets were structured in such a way that the students 

gained experience of practicing similar questions, as well as practicing the methods 

required for solving different types of questions.  

 

Clearly, mathematics lecturers/tutors are placing an emphasis on procedural 

knowledge for the learning of mathematics and little time is given to the development 

of conceptual understanding. Because of this emphasis Gaeilgeoirís’ learning 

strategies revolve around the continual practice of tutorial questions and previous 

exam papers. Rote learning is relied on and fostered through success in examinations. 

Thus the cycle continues and students proceed unaware of the gaps in their 
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mathematical knowledge and therefore it is not surprising that Gaeilgeoirís’ 

perceptions of mathematics understanding reflect a procedural nature. The system of 

mathematics teaching in Ireland at second and third level education cultivates this 

type of perspective, and success is achieved through rote learning and relaying of 

learned methods. So for Gaeilgeoirí, their acuity for procedural methods in learning 

and “understanding” mathematics is rewarded by a system that instinctively promotes 

this type of knowledge. The pedagogical system fails to encourage relational 

understanding and thus appreciation of the importance of this type of knowledge is 

lacking in their perceptions of mathematical understanding.  

 

Mathematics Understanding – Culture 

Learning (and consequently understanding) is an incessant and enduring process that 

is a consequence of partaking in a formal or informal learning environment. 

Gaeilgeoirí entering Irish third level education are emerging from a learning 

environment immersed in the Irish language and culture. They are required to adapt to 

a learning environment steeped in the English language and cultural practices. 

Therefore Gaeilgeoirí are required to use mathematical tools within this new 

environment with little regard given to previous language/cultural practices. The 

assumption is that all students have done mathematics through English. For the 

Gaeilgeoirí who participated in this study, naivety was the dominant trait on entering 

English-medium mathematics education.  

 

It was something that never occurred to them when at second level education, nor was 

it a topic broached by their teachers. Naturally the transition to English-medium 

learning was a “shock” and “difficult” transition for some of the Gaeilgeoirí. Learning 

mathematics through the medium of a new language impacted on the majority of 

these Gaeilgeoirí and this will be discussed in greater depth in the section on 

mathematics understanding and language. 
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However, cultural difference (which does include language) played a significant role 

in the transition for these students. Many felt that the other students in their courses 

perceived them as being different.  

 

“Sometimes when in class I stand out a little bit because my English isn’t up to their 

level…. They’d know like because my accent and stuff that I’m different”     

                                                                                                                   (Tomás). 

This in turn prevented them from engaging in discussions that arose during tutorial 

times. They lacked confidence in their ability to partake in mathematical discussions 

and ask questions through the medium of English.  

 

The lack of use of Gaeilge for academic and social purposes at third level was evident 

from the interviews. Lecturing or tutoring never incorporated the language. This was a 

significant factor for these Gaeilgeoirí as this was the medium they had learnt 

mathematics through for 13-14 years of schooling. They also still relied on Gaeilge 

when engaged in mathematical practice (see section on language use) and thus the 

impact of Gaeilge on their mathematics learning cannot be ignored. Unfortunately for 

many Gaeilgeoirí they feel the pressure to succumb to the “norm” of using English 

and reduce the amount of Gaeilge they speak/use – “Yeah I definitely feel like I’m 

different and now I have to cut out the amount of times I use Gaeilge in college 

because of this” (Síle). One would question if this were having a negative impact on 

their mathematics understanding given that this was the primary language of learning 

for these students. Although complex and often obscure, cultural procedures can be 

acquired quickly and with ease when one is immersed in the milieu and this may 

explain Gaeilgeoirís’ adaptation to the new language and cultural environment of 

learning (Brown, Collins & Duguid, 1989). They all referred to the fact that “you got 

used to it after a while.” (Colm). 

 

Pedagogy-Culture 

Too often mathematics students are required to use procedures of the discipline 

without acquiring and embracing the culture of the discipline. If one is to embrace a 

mathematics culture, then learning is a process of enculturation (Brown, Collins & 

Duguid, 1989). For example, the regimented use of mathematical formulae by 

students is rather different from the way (mathematical) practitioners employ them. 
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This is reflected in the fact that students can pass exams (and therefore appear to 

understand mathematics) but yet they lack the conceptual understanding of procedures 

utilized.  

 

However all students interviewed highlighted the didactical approach employed by 

many lecturers/tutors at third level education in Ireland. Gaeilgeoirí were presented 

with abstract concepts and independent examples. Thus Gaeilgeoirí were exposed to 

the procedural tools of mathematics but lacked “authentic activity” in order to truly 

understand the conceptual tools being employed (Brown, Collins & Duguid, 1989). It 

appears that many lecturers at third level education lack the pedagogical skills 

necessary to facilitate enculturation into the mathematics domain. What was 

interesting in the students’ interview responses were their apparent lack of an ability 

to critique the teaching methods employed by their lecturers/tutors. The teaching style 

employed by their lecturers was perceived as being the norm and accepted method, 

and they found it difficult to suggest ways in which they could improve their teaching 

methods. The primary response was always “to give more examples” and “to go 

slower through the steps of the examples”. Clearly this would facilitate their rote 

learning and practice of questions, Gaeilgeoirís’ key learning process.  

 

Gaeilgeoirí were quick to highlight the positive aspects of entering third level 

education such as independence, choice of study, relevance of course of study, and the 

social elements associated with university education. Conversely, the culture of third 

level institutions is to promote independent autonomous learners which the students 

interviewed found difficult adapt to. There was a lack of interaction between lecturers 

and students in comparison to the more individual attention received at second level. 

Some felt that lecturers were unapproachable and would “get my friend to help me if I 

was having difficulty” with the mathematics (Liam). There appeared to be a fear of 

being perceived as “different” and “weak”, undesirable traits of Irish third level 

cultures. Also, Gaeilgeoirí believed that there would be a lack of understanding on the 

behalf of the lecturer/tutor as they would not be able to relate to what they were 

experiencing (i.e. change in the language of instruction/learning). Clearly some third 

level institutions are impeding the mathematics enculturation process through the 

pedagogical practices adhered to.  
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Mathematics Understanding – Pedagogy – Culture 

The previous three sections have emphasized the relationship between the various 

pairings within the triad. Obviously there is a relationship between the three 

components of the triad. In order for Gaeilgeoirí to develop mathematical 

understanding, pedagogical practices are of key importance, which in turn are 

evocative of cultural influences. Mathematics is a product and a function of culture 

and unfolded through pedagogy. Mathematics understanding, pedagogy and culture 

are interdependent in the triad. Neither can be understood without the other.  

 

The next stage of analysis will look at the upper section of the model, which consists 

of the quartet of Mathematics Understanding, Bilingual Factors, Conceptions of 

Mathematics and Language Use. Once again the relationships between each pair will 

be explored and discussed based on interview data gathered.  

 

Mathematics Understanding – Bilingual Factors 

“Going from Gaeilge to English is hard at times…it has made the transition to 

college mathematics difficult for me but I’m getting used to it.” (Colm). 

 

Although the majority of Gaeilgeoirí interviewed found the general transition from 

second to third level education relatively easy, having to transfer from learning 

mathematics through Gaeilge to learning mathematics through English impacted on 

their learning and understanding of the subject. Ignorance on their behalf of the 

transition they faced meant that some of those interviewed found the language shift 

difficult initially. The main source of difficulty was the actual ‘language of 

mathematics’ i.e. the mathematics register. This was very evident from discussions on 

the test instrument they completed. In particular the final three questions in which 

they had to complete cloze type mathematics questions were completed poorly. None 

of the participants achieved high marks in these questions. The following reflects 

Gaeilgeoirí’s perspective on those questions: 

 

“I didn’t really know what words to put in there. I think it was because of learning 

through Gaeilge. I would have known the terms and their meaning through Gaeilge so 

I didn’t know them through English.” (Sinéad). 
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The cloze mathematics questions consisted of some fundamental terminology of 

mathematics e.g. integer, odd number, prime number but given that Gaeilgeoirí had 

learnt these terms through Gaeilge at primary level and perhaps had not encountered 

the English version of the words at third level they were unable to complete the 

questions. They all referred to problems they encountered with mathematics 

terminology they had acquired at primary and second level through the medium of 

Gaeilge but were unaware of the English equivalent on entering third level. They 

spoke of the expectation on the behalf of lecturers/tutors that all students had learnt 

their mathematics through English and thus their learning needs were not catered for 

in the transition. 

 

The above perspective is reflected in their suggestions for improving teaching 

strategies at third level in order to cater for bilingual learners. The suggestions 

included being able to continue with learning mathematics through the medium of 

Gaeilge in first year (in particular for those who take mathematics at service level). 

Others suggested having bilingual notes and a Gaeilge version of an exam paper, and 

there was strong support for the proposition of lecturers writing the Gaeilge version of 

the word next to the English word used in their overheads/lecture notes because  

 

“..you would recognize what they are doing and make the connection and it would 

help with your understanding because you would know the word in Gaeilge so you 

would know what they are talking about.” (Síle). 

 

Although the participants were experiencing some difficulty in the transition and 

evidently it was affecting their mathematics understanding, all spoke of how 

accustomed you become to using English in due course. Clearly, Gaeilgeoirí require 

assistance in the initial transition and perhaps if appropriate teaching interventions 

were introduced this transition process may be eased as well as improving 

mathematics understanding. The fact that all students interviewed are relying on rote 

learning in order to pass examinations and thus are seen to “succeed” at mathematics 

would suggest that the type of understanding being developed is not the desired one 

and this has significant implications down the line for future mathematics learning 

and career development.  
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Mathematics Understanding – Conceptions of Mathematics 

In the previous section the participants’ conceptions of mathematics were examined. 

It was found that the majority had a very narrow perception of mathematics in that 

they strongly believe it only consists of “numbers”, “formulae” and “using numbers to 

solve problems”. Few saw a relationship, relevance and importance for everyday life. 

The purpose of doing mathematics was solely to pass the course of study they were 

undertaking. This perception partly stems from the mode of teaching employed at 

second and third level education. Didactical teaching is the norm where repetitive 

practice of questions is encouraged. Thus, Gaeilgeoirí are not gaining a deeper insight 

into the subject area as a consequence of the teaching methods they have encountered.  

 

What was surprising for the author (this was also evident in Phase 1 of the research 

project) was given the emphasis that Gaeilgeoirí placed on problems they encountered 

with mathematics terminology and the change in the language of learning, only two 

saw a relationship between mathematics and language.  

 

“Ammm I really don’t think it (language) makes a difference to mathematics to be 

honest because most of them aren’t really wordy anyway so I don’t think it makes a 

difference in mathematics at all.” (Cliodhna). 

 

Obviously their perception of the subject matter influences their conceptions of 

mathematics. If Gaeilgeoirí lack awareness of the influence of language on 

mathematics learning and understanding then this may have repercussions for their 

mathematics understanding. As outlined in Chapter 2 language plays a key role in 

mathematics learning and understanding and awareness of this is crucial when 

immersed in a new language of learning.  

 

Two of the participants could see a relationship between mathematics and language 

and what was interesting about this was the fact that of the seven students interviewed 

these were the students who expressed the greatest difficulty with the change i.e. in 

the language of instruction.  

 

“Yeah you have to understand the question that’s being asked and I don’t know 

(pause), you can’t do it without language.” (Síle). 
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Clearly they were aware that language may be a source of some of the difficulty they 

were experiencing. The author believes that this awareness of language as a source of 

difficulty may actually help the students’ mathematical understanding in the transition 

from Gaeilge-medium to English-medium education. Both of these students were able 

to speak of how they used both Gaeilge and English when answering mathematical 

problems whereas the others interviewed seemed to use both languages 

subconsciously i.e. they lacked an awareness of the fact that they use Gaeilge when 

engaged in English mathematical problem solving. This will be discussed in greater 

depth in a subsequent section.  

 

Mathematics Understanding – Language Use 

During the interview Gaeilgeoirí were asked to complete a Language Use Survey (see 

Clarkson, 2007). This consisted of identifying what language(s) they used in 

answering the individual word problems on the test instrument. Gaeilgeoirí were 

given the option of selecting English Only, English and Gaeilge, or Gaeilge Only. 

Table 5.7 displays the findings from this Language Use Survey. From Table 5.7 it is 

obvious that Gaeilgeoirí drew on their first language of learning when answering 

some of the mathematics word problems even though all of the problems were 

presented in English. When questioned further on when and what language they use 

the majority found it difficult to explain how they employed the different languages. 

After further probing it became apparent that Gaeilge was used primarily for thinking 

out a problem and conducting mental operations such as addition and multiplication 

of numbers as this was what they described as “normal” and “natural” to them. Given 

their inability at times to describe their use of languages it appears to be a 

subconscious action and ingrained in their process skills when engaged in 

mathematical problem solving and understanding. The author raises the question as to 

whether bilingual instruction should be available to these students initially in order to 

cater for their language needs in mathematics learning and understanding given their 

tendency to employ both languages?  
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Table 5.7 Findings of the language use survey. 

Question English Only 

(No. of Students) 

English & Gaeilge 

(No. of Students) 

Gaeilge Only 

(No. of Students) 

1 2 4 1 

2 4 3 0 

3 4 2 1 

4 4 2 1 

5 1 4 2 

6 3 2 2 

7(i) 4 3 0 

7(ii) 4 3 0 

7(iii) 6 1 0 

8 6 1 0 

9 1 5 1 

10 4 2 1 

11(i) 3 4 0 

11(ii) 4 3 0 

12 4 2 1 

13 4 2 1 

14 5 2 0 

15 4 2 1 

16 1 6 0 

17 2 4 1 

18 1 5 1 

19 2 5 0 

 

Several of the students interviewed used translation of mathematical terminology and 

of some phrases when answering questions. Clearly in order to employ translation 

Gaeilgeoirí need to know the English and Gaeilge version of the mathematical 

word(s) and therefore the author explored this concept further.  

 

“I suppose it (translation of words) gives me confidence to do some of the 

mathematics…the stuff I’d have done all through Gaeilge so I’d know that stuff 

through Gaeilge and it’d be easier to do through Gaeilge.” (Sinéad) 

 

From the discussions it became clear that using Gaeilge when answering mathematics 

questions gave them a confidence to approach the question and attempt answering it. 

Whereas if they didn’t know the Gaeilge word in order to translate it they tended to 
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leave the question blank rather than attempt it and get it wrong, when they were 

completing the test instrument. Thus the Gaeilge language and its use are still 

important to Gaeilgeoirí in the development of their mathematical understanding. 

 

The language of presentation was also a significant factor in the language choice 

employed in mathematical problem solving. Gaeilgeoirí spoke of attempting the 

question through English if it was presented in that language. If it were proving 

difficult they would then employ Gaeilge (if possible) to help them to solve the 

problem. However basic mental calculations were nearly always undertaken through 

the medium of Gaeilge. Similarly if the question were presented in Gaeilge then they 

would attempt answering the problem through the medium of Gaeilge. The majority 

of those interviewed would prefer to continue with learning mathematics through the 

medium of Gaeilge predominantly because of habit and their natural tendency to 

undertake mathematical problem solving through this medium.  

 

Bilingual Factors – Conceptions of Mathematics 

As discussed previously Gaeilgeoirí’s conceptions of mathematics revolved around 

the belief that it consists of numbers, problem solving and using formulae. For this 

reason it is understandable why the majority saw the transition from learning 

mathematics through Gaeilge to learning mathematics through English as ‘relearning’ 

mathematical words and concepts through the new language of instruction. This was a 

prominent finding from Phase 1 of this research project also. There was no 

recognition of transferring mathematical skills from one language to another language 

or drawing on skills developed in both languages to solve mathematical problems. 

Rote learning was employed in this relearning of previously acquired skills, as well as 

developing new mathematical knowledge through the medium of English. This 

demonstrates their lack of awareness of the fact that they do use Gaeilge relatively 

often when engaged in mathematics (see section on language use) and therefore are 

drawing on both languages. The general perception appears to be that if the question 

is presented in English then they are solving the problem through English, and 

likewise for Gaeilge. Because of this lack of awareness of use of language, 

participants saw no real advantage to having two languages for learning mathematics. 

In fact some saw it as “a little confusing”. Perhaps if Gaeilgeoirí were more aware of 
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the influence of language on mathematics learning this would make the transition 

easier and improve their mathematics understanding.  

 

Conceptions of Mathematics – Language Use 

As examined previously Gaeilgeoirí’s conceptions of mathematics fail to 

acknowledge a relationship between the subject and language. As a result the 

Gaeilgeoirí interviewed consider language competency in one or both languages as 

irrelevant to mathematics learning and understanding. The purpose of language is 

solely for reading questions but they failed to see that this is an important step in 

solving a mathematics problem and developing understanding.  
 

 

“Just understanding what was asked of me caused difficulty.”  (Síle) 

 

But Gaeilgeoirí failed to make a connection to language as a facilitator of 

understanding. They considered the mathematics content solely as the source of 

difficulty. As a consequence this may be acting as a barrier to developing their 

mathematical skills and understanding. 

 

Bilingual Factors – Language Use 

It was apparent from analysis of the interviews and of the Language Use Survey that 

Gaeilgeoirí make use of both languages (Gaeilge and English) when solving 

mathematical problems. However there is a clear lack of awareness of the use of both 

languages on the behalf of some of the students. It was only through probing the 

students that they began to realise that they used Gaeilge even if it was  

 

“only just for simple things like adding and multiplying.” (Liam).  

 

Because this was what they were accustomed to using when involved in mathematics 

problem solving it became natural and almost a subconscious action. Again they 

failed to see an advantage to having two languages for learning mathematics, but 

perceived it as occurring in one language or the other at a given time. The author feels 

strongly that this lack of awareness of language use and connection with mathematics 
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learning may be acting as an obstacle to Gaeilgeoirí developing mathematics 

understanding at the transition to third level education.  

 

Mathematics Understanding – Bilingual Factors – Conceptions of Mathematics – 

Language Use 

The above have been discussed in pairs and the relationships between all elements 

have been explored. All are interdependent and none can be looked at in isolation 

from another. The primary aim is the development of mathematical understanding but 

for Gaeilgeoirí significant bilingual factors, conceptions of mathematics and language 

use need to be taken into consideration. 

 

Although the upper and lower sections of the model were discussed in isolation there 

is a clear link between the two. What the overall model seeks to demonstrate is the 

complexity of the issue being investigated. There is a need for researchers and 

teachers of Gaeilgeoirí to be aware of the factors explored in this model as they have a 

significant impact on the teaching and learning requirements of Gaeilgeoirí in the 

transition to English-medium third level mathematics education.  

5.8.4 Findings from the Newman Research Method (1977) 

The last section to be looked at from the analysis of the interviews undertaken is 

Gaeilgeoirí’s problem solving abilities through the medium of English. The Newman 

Research Method (1977) was employed in this section of the interview. The 

participants were asked a series of questions in order to establish if they could read 

the question, comprehend what they had read, conduct an appropriate mental 

transformation from the words of the problem to the choosing of a mathematical 

strategy, employ process skills required by the selected strategy and encode the 

answer in an appropriate written form. At all times Gaeilgeoirí were asked to talk 

about the mathematical steps they were undertaking and why, until they reached a 

solution. 

 

Reading 

All Gaeilgeoirí were able to read the word problems presented to them. They didn’t 

encounter any difficulty with the phrasing and wording of the questions. However two 

of the interviewees were noticeably slower at reading the questions in comparison to 
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the other participants. They appeared to lack confidence in reading out loud through 

the medium of English. One needs to take into account that this may be a heightened 

reaction given that it was during an interview and the participants may not have felt at 

ease in this situation. However it may be worth investigating if the language of 

presentation influences Gaeilgeoirí’s reading of mathematical problems, e.g. do they 

feel more comfortable reading questions through the medium of Gaeilge or through 

the medium of English.  

 

Comprehension 

Although the Gaeilgeoirí were able to read the questions given, their ability to 

comprehend what they had read varied between the questions. Four of the students 

understood what was being asked in Question 1 i.e. that you have to calculate the 

price of the jersey both ways in order to see if there is a difference in the price. 

Whereas the others assumed that the price of the jersey was cheaper being calculated 

one way over the other without undertaking an investigation.  

 

“Well I want to prove that buying the jersey with 30% off, taking the 30% off first is 

cheaper than taking the 5% off first.” (Donall). 

 

This statement is very evocative of the misconceptions that Gaeilgeoirí encountered 

with the problem presented to them. Firstly the use of the word ‘prove’ reflects their 

conceptions of mathematics as consisting of numbers, proofs and working out 

solutions, and the ultimate goal of obtaining a correct answer. They have also 

misunderstood what the question is asking of them with the mix-up in the percentages 

to be added and deducted from the price of the jersey. The other students made similar 

assumptions and blunders. Given the question is relatively long and wordy, the 

language may have been a source of difficulty and confusion.  

 

Also in Question 2 a number of the students had misconceptions of what was being 

asked. The question is concerned with probability and proved to be difficult to solve 

for the majority. For example one student’s comprehension of probability was to 

employ ratios immediately in the calculation of the answer and it led to further 

confusion: 
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“You toss a coin so you’ve got two sides so it’s either going to land on head or tails 

so it’s fifty fifty……..How would you write that in a ratio? Is it one to one?  (Tomás). 

 

The above is also reflective of the lack of confidence some Gaeilgeoirí had in their 

comprehension of what was being asked. This lack of confidence may be hindering 

them from progressing in answering a question. There is a big fear of getting the 

‘answer wrong’. Gaeilgeoirí appear to lack confidence in their comprehension of 

mathematical problems through the medium of English. 

 

Transformation (or Mathematising) 

In order to undertake transformation Gaeilgeoirí need to comprehend the question 

being asked. As examined in the previous section some of the Gaeilgeoirí’s 

understanding broke down at the comprehension stage and in turn affected the 

transformation from mathematical text to the choosing of an appropriate mathematical 

strategy for solving the problems. For example on Question 2 one student had failed 

to comprehend what the question was asking and this affected their selection of an 

appropriate method for solving the questions. 

 

“Then you’ve got a dice with six sides. So six into a hundred is (pause) sixteen point 

something.” (Tomás). 

 

Clearly he was concerned with working out a percentage as he was thinking of the 

final answer he would present. Gaeilgeoirí who had comprehended any of the 

questions correctly also performed the correct transformation of the problem by 

selecting the correct strategies for solving the word problem.  

 

Process Skills 

Although Gaeilgeoirí at times failed to comprehend some of the questions asked and 

thus selected inappropriate mathematical strategies, their process skills reflected the 

(incorrect) mathematical strategies they had selected. Naturally, these process skills 

may not have been the ones required for solving the questions correctly but they were 

easily connected to the strategies they had selected themselves. The calculations 

required to solve the questions were not particularly difficult so perhaps this is 

reflective of their ability to undertake the selected process skills. The fact that their 
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process skills were comparatively good perhaps reflects the pedagogy employed in 

mathematics teaching where emphasis is placed on the methods for solving questions 

and the continuous practice of these methods. Clearly process skills are valued, with 

little regard given to comprehension and transformation in mathematics 

understanding. 

 

Encoding 

The final part of Newman’s method is encoding the answer in an appropriate written 

form. All Gaeilgeoirí attempted providing some form of an answer. What was of 

interest in the probability question was their scant attention to detail as many failed to 

realize that it was requiring them to combine the tossing of a coin with the throwing 

of a die. Some calculated both individually and reported the answers accordingly. 

Similarly for Question 1 some calculated the cost of the jersey both ways as required 

but failed to report what conclusion could be drawn about the calculating of the cost 

of the jersey. Again it appears that their comprehension of the questions affects the 

final encoding of the answer.  

 

Overall it is apparent that the key stage where Gaeilgeoirí’s understanding breaks 

down is at the comprehension stage when engaged in solving mathematical word 

problems. This in turn has significant implications for the transformation of the 

content and the selection of an appropriate mathematical strategy for solving the 

problem. However where they tended to perform well was on the process skills, 

which reflects the system they are accustomed to and these are the skills valued in 

many mathematics examinations at second and third level education in Ireland. The 

author would also like to note that Gaeltacht students performed poorly on the 

questions in comparison to their Gaelcholáiste peers, as comprehension through the 

medium of English was not a source of difficulty for these students. This is reflective 

of the type of schooling they are emerging form i.e. additive bilingualism where they 

would have been immersed both in the Gaeilge and English languages.  

5.8.5 Summary of Findings in Relation to Research Question 4 

The findings of this research question demonstrate how mathematics understanding, 

pedagogy and culture are interdependent and neither can be understood without the 

other for Gaeilgeoirí. The pedagogic practices employed at second and third level 
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education in Ireland promote and encourage procedural knowledge with little time 

devoted to the development of conceptual understanding. Accordingly the system 

rewards rote learning and relaying of learned methods through examinations, and thus 

it is not surprising that relational understanding is lacking in Gaeilgeoirí’s perceptions 

of mathematics learning and understanding. Gaeilgeoirí entering English-medium 

third level education are emerging from a learning environment immersed in the Irish 

language and culture. This had a significant bearing on their experience at third level 

as well as influencing their mathematics understanding, as this culture was never 

acknowledged nor fostered by the institutions who participated in this study. It 

became very apparent that mathematics enculturation was impeded through the 

pedagogical practices employed at third level education.  

 

Similarly, relationships between mathematics understanding, bilingual factors, 

conceptions of mathematics, and language use were also established for Gaeilgeoirí. 

Again all are interdependent and none can be looked at in isolation. Although the 

majority of those interviewed found the general transition to third level education 

relatively easy, having to transfer from learning mathematics through Gaeilge to 

English posed problems for many and impacted on their learning and understanding 

of the subject. Their conceptions of mathematics were narrow and reflective of the 

procedural processes they have been subjected to. However, given the emphasis that 

Gaeilgeoirí placed on issues encountered with mathematics terminology and the 

change in the language of learning, it is surprising few saw a relationship between 

mathematics and language. The Language Use Survey revealed that Gaeilgeoirí 

employ both languages when engaged in mathematical problem solving. Gaeilge was 

used primarily for thinking out a problem and conducting mental operations such as 

addition and multiplication. This appears to be a subconscious action and ingrained in 

their process skills. Translation was also employed as a means to help interpret 

mathematical content and provide confidence in attempting to answer the question(s). 

However, Gaeilgeoirí seemed to lack an awareness of their language use and thus they 

saw no real advantage in having two languages for learning mathematics. Finally, a 

key finding emerging from the data gathered at the transition to third level education 

is that Gaeilgeoirí’s understanding tends to break down at the comprehension stage 

when engaged in mathematical problem solving (Newman Research Method, 1977). 

This in turn has significant implications for the transformation of the content and for 
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the selection of an appropriate mathematical strategy for solving the problem. 

Gaeilgeoirí performed well on the process skills they employed, which is reflective of 

the pedagogic system in operation in Irish third level institutions. 

 

Although this aspect of the project was only undertaken at third level education it is 

still a significant insight into the language practices employed by bilingual students in 

the Irish education system. Both languages are of importance to Gaeilgeoirí, yet the 

Irish third level institutions that participated in this study only teach through the 

medium of English with no facilitation for those learning mathematics through the 

medium of a second language (English). The Sapir (1949)-Whorf (1956) hypothesis 

was one of the primary theoretical lenses employed by the author when looking at the 

data. The basic premise of this hypothesis is that the vocabulary and phraseology of a 

particular language influences the thinking and perception of speakers of this 

language, and that conceptions not encoded in their language will not be available to 

them. A less severe form of this hypothesis has been employed by the author in that in 

that she supports the premise that language may not shape and determine our entire 

mathematical thinking, but that it may influence it to a certain degree (Sternberg, 

2003). Clearly the Gaeilge language is still of importance to Gaeilgeoirí in this study 

even though they are engaged in learning mathematics through the medium of 

English. They rely on it for solving mathematical problems, for performing 

operations, for mathematical thinking and their conceptions of mathematics may be 

shaped by the language. Thus the importance of Gaeilge for mathematical learning 

and understanding cannot be ignored in the transition to English-medium mathematics 

education. The findings highlight the need for support measures to be introduced in 

order to cater for Gaeilgeoirí’s linguistic and mathematical needs at third level 

education. Also, the model generated from the analysis of the qualitative data 

collected provides an analytical tool for further diverse areas of investigation within 

the Irish context. 

 

Clearly Gaeilgeoirí face a number of challenges at the transition from Gaeilge-

medium second level education to English-medium third level education. They face 

the challenge of recognising that they are bilingual and recognising the importance of 

their languages for mathematics learning and understanding. In order for Gaeilgeoirí 

to develop mathematical understanding, pedagogical practices are of key importance, 
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which in turn are evocative of cultural influences. Mathematics is a product of culture 

and diffused through pedagogy. Only by challenging the pedagogic and cultural 

practices employed at third level can we challenge Gaeilgeoirí’s perceptions of 

mathematics and the type of mathematical understanding being developed. 

Gaeilgeoirí are presented with the challenge of developing mathematics 

understanding through the medium of English while drawing on their knowledge 

through the medium of Gaeilge. Thus Gaeilgeoirí need to recognise the importance of 

their languages for mathematical learning and understanding. Irish third level 

institutions are faced with the challenge of recognising that this cohort of learners 

exists and requires support structures to be implemented in order to counter the 

adverse effect learning through the medium of English is having on some of these 

students’ mathematical understanding. Finally, and one of the most significant 

challenges Gaeilgeoirí are faced with is developing an awareness of their language 

use and its influence on mathematics learning and understanding. Gaeilgeoirí and 

mathematics educators need to recognise and be made aware of the significance of 

language for bilingual mathematics learners.  

 

5.9 Conclusion 

This Chapter presented the analysis and discussion of the findings from data 

collection undertaken in the preliminary and main study of this research project. It is 

clear that there are many interesting findings emerging from the data at both 

transitions in Irish education. These findings are summarised in the next Chapter with 

recommendations and conclusions drawn up for future work and research (Chapter 6).  
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6  
______________________________________________ 

Conclusion and Recommendations for Future 
Research 
 

6.1 Introduction 

This report investigated the influence of bilingualism on mathematics learning from 

an Irish perspective. The importance of language for the teaching, learning, 

understanding and communication of mathematics cannot be ignored. Educational 

objectives require students to understand mathematical concepts and to possess an 

ability to express their understanding of these concepts in written format (Rogan, 

2005). However, the function of language does not lie solely in the representation of 

mathematical knowledge. Language is required for and engaged in bringing this 

knowledge into existence (Halliday & Martin, 1993). Furthermore, mathematics 

learners are required to possess competency both in everyday language and 

mathematics specific language, but competency in the natural language does not 

necessarily contribute to competency in the mathematics specific language (Lemke, 

1990). Clearly, the intricate relationship between mathematics learning and a 

student’s first language (or the first language of learning) is highly complex. This is 

further complicated when the language of instruction/learning changes, as is the 

situation faced by the majority of Gaeilgeoirí in Ireland. Addressing the needs of 

Gaeilgeoirí in the transition to English-medium mathematics education is paramount 

to this study. However, the first task is identifying their needs. Only then can we 

tackle these issues through pedagogic and supportive measures. The following 

sections will conclude the report and provide some recommendation. 

 

6.2 Significant Overall Conclusions 

The significant overall conclusions emerging from the research undertaken include: 

• Language proficiency and performance on mathematical word problems are 

related for Gaeilgeoirí. The findings provide support for Cummins’ Threshold 
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Hypothesis (1976) and demonstrate that bilingualism has a positive influence 

on mathematical learning once both languages (Gaeilge and English) are 

developed.   

• This study is the first to investigate the nature of Additive and Subtractive 

bilingualism as influenced by school type attended from an Irish perspective. 

At both transitions support was found for Immersion Education and its 

influence on the development of Additive bilingualism and better performance 

on mathematical word problems. Maintenance Heritage Language education 

may contribute to Gaeilgeoirí experiencing Subtractive bilingualism on 

entering English-medium mathematics education.  

• When assessed through the medium of English, Gaeilgeoirí in the transition 

from Gaeilge-medium primary level education to English-medium second 

level mathematics education experience a disadvantage of 8.7 percent in 

performance on mathematical word problems.  

• Sources of difficulty encountered with the English mathematics register at 

both transitions include syntax, semantics and mathematics vocabulary.  

• One of the key issues emerging from the qualitative research undertaken is the 

lack of awareness of bilingualism by Gaeilgeoirí and of the influence of 

language on mathematics teaching and learning.  

• Gaeilgeoirí employ both languages when engaged in mathematical problem 

solving. This appears to be a subconscious process, ingrained in their process 

skills and provides confidence in tackling the mathematical problem 

presented.  

• When engaged in mathematical word problem solving Gaeilgeoirí’s 

understanding tends to break down at the comprehension stage. This in turn 

has significant implications for the transformation of the content and for the 

selection of an appropriate mathematical strategy for solving the word 

problem. 

• For Gaeilgeoirí in the transition from primary (Gaeilge) to second level 

(English) mathematics education a significant relationship exists between their 

performance on the mathematical word problems through the medium of 

English and their Gaeilge language proficiency. Gaeilgeoirí with high 

proficiency in both languages, and those who were dominant in Gaeilge, 
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performed mathematically better than their monolingual peers. This suggests 

that learning mathematics through the medium of Gaeilge at primary level 

education may enhance mathematical understanding. Thus, future work should 

look at the Gaeilge mathematics register and how the Gaeilge language may 

facilitate mathematical understanding. 

 

6.3 Recommendations  

This study has generated some important insights into the bilingual mathematics 

situation that exists in Ireland. In this section the author proposes some 

recommendations arising from the key findings of the study. 

6.3.1 Recommendations for Mathematics Teachers in English-
medium Mathematics Education 

The focus of this investigation has been on Gaeilgeoirí in the transition from Gaeilge-

medium to English-medium mathematics education. Clearly the teacher is going to 

play a significant role in facilitating this transition. The following are a number of 

suggestions for teachers that can be incorporated into their pedagogic practices 

(Anstrom, 1999). We need to improve the quality of mainstream instruction so as to 

make language and mathematics content comprehensible for Gaeilgeoirí.  

• Teachers need to make mathematics accessible and this can be achieved 

through introducing problem solving activities. By involving Gaeilgeoirí in 

solving interesting, real-life problems it will encourage critical thinking, in 

conjunction with basic skills development and practice (McLaughlin and 

McLeod, 1996).   

• It is important to teach the language of mathematics. Command of the 

English mathematics register will play an important role in the development of 

Gaeilgeoirí’s mathematical ability (Coasaniti Dale and Cuevas, 1992).  

• Mathematics teachers should create language supportive environments. 

Planning classroom discourse that is inclusive of Gaeilgeoirí demands that 

teachers create mathematical environments and instructional situations that 

support students’ linguistic and conceptual development (Bagley and 

Gallenberger, 1992).  
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• Mathematics teachers should try and connect the mathematics content to the 

students’ background and experiences by addressing the cultural and 

educational background of Gaeilgeoirí (Buchanan and Helman, 1993).  

• Teachers should vary instructional methods. By doing so they will provide 

Gaeilgeoirí (and the other students) with an opportunity to learn in different 

ways, through individual, small group and whole class work (Buchanan and 

Helman, 1993).  

• Finally, assessment should be authentic and meaningful (August and Pease-

Alvarez, 1996). It may need to take place through the medium of English and 

in Gaeilge, depending on the language proficiency of the students. The test 

item should incorporate assessment of content knowledge and language 

proficiency so as to monitor Gaeilgeoirí mathematical and linguistic progress 

(August and Pease-Alvarez, 1996).      

 

6.3.2 Recommendations for Mathematics Teachers in Gaeilge-
medium Mathematics Education 

Similarly, teachers involved in Gaeilge-medium primary and second level education 

can incorporate some aspects into their mathematics teaching so as to ease the 

transition to English-medium mathematics education for Gaeilgeoirí. 

• Teachers in Gaeilge-medium schools need to ensure that their students are 

aware that they will be transferring to a new language of learning, either at 

second or third level education. In this sense, Gaeilgeoirí may be more 

prepared for the transition and it may not come as such a shock initially. 

• It may be beneficial to introduce some partial instruction through the 

medium of English in the later years of primary and second level schooling. 

• Assess upper primary and second level students’ language proficiencies and 

mathematics performance so as to identify high ability Gaeilgeoirí who may 

excel at mathematics and Gaeilgeoirí who may experience difficulties with 

mathematics in the transition due to low proficiency in Gaeilge and in 

English. 
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6.3.3 Recommendations in relation to the Gaeilge Language 

The research has demonstrated that the Gaeilge language and previous learning 

through the medium of Gaeilge is of importance to Gaeilgeoirí’s mathematical 

learning through the medium of English. The author does not claim to be a linguistic 

expert but there are two key recommendations in relation to Gaeilge that she would 

like to pursue further that will provide additional significant insights into the Irish 

context and mathematics education. These are: 

• It is apparent that Gaeilgeoirí rely on the Gaeilge language when engaged in 

mathematical problem solving through the medium of English. This suggests 

that ‘code switching’ or language switching is occurring during mathematical 

problem solving for Gaeilgeoirí. Further research needs to look at this aspect 

and how it can be incorporated into the mathematics classroom so as to 

enhance the mathematics learning of Gaeilgeoirí immersed in English-medium 

mathematics education.   

• There are cognitive benefits for learning mathematics through the medium of 

Gaeilge. Future Government initiatives may consider the option of providing 

students with the opportunity of studying particular subjects through the 

medium of Gaeilge at primary and post-primary level in English-medium 

schools. This may also assist in terms of language acquisition and national 

policies in relation to the Gaeilge language.  

 

6.3.4 Recommendations for Pre-Service Teacher Education 
Programmes 

Effectively preparing teachers to work with bilingual students requires a substantial 

shift in the way in which they are taught, and the content of the pre-service courses 

they take. Ideally all aspects of the coursework and teaching practice experiences 

would need to involve developing the skills and knowledge necessary for successful 

practice in bilingual classrooms. Is not sufficient to offer teachers just one or two 

modules within their normal courses.  Thus the author would recommend the 

introduction of specific pre-service teacher (primary and second level) education 

courses targeted at teachers with a desire to work in Gaeltacht and Immersion schools 

in Ireland.  
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6.4 Future Research Directions  

Bilingualism is no longer a rare occurrence in mathematics education (Barwell, 

Barton & Setati, 2007). However, what is rare is research conducted in an Irish 

mathematics education context involving both the Gaeilge and English languages. 

This investigation is a positive step towards examining the situation that exists in 

Ireland and assessing the learning needs and experiences of Gaeilgeoirí. The author 

has demonstrated that there is a need to continue with research in the area of 

bilingualism and its influence on mathematics education in an Irish context. Some 

suggestions for further research are outlined below: 

 

� Further research is needed to both confirm the results emerging from this 

investigation with larger groups and in other locations, and also to investigate 

more fully issues of causality. 

� There is a need to look further at the Gaeilge language and its influence on 

mathematics learning and understanding, in particular the influence of the use 

of ‘code switching’ or language switching by Gaeilgeoirí to help understand 

mathematical concepts.  

� Research is needed on the mathematics register through the medium of 

Gaeilge and how this may influence mathematical learning. 

� A specific teacher-training program should be introduced for primary and 

second level teachers of mathematics working in Gaeilge-medium education.  

� There is an urgent need for further research in the area of Immersion 

Education (Gaelscoileanna/Gaelcholáistí) and Maintenance Heritage 

Language education (Gaeltacht schools) in all key subject areas as there is a 

clear lack of research undertaken to date. 

 

6.5 Proposal for a Bilingual Primary and Second Level 

Education System 

Initially, when the author was undertaking this study and researching the area under 

investigation, she had been in favour of studying through the medium of one’s 

mother-tongue. However, after completing this study, the author feels that there are 

many benefits to be gained from becoming bilingual in both languages, as opposed to 
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dominance in one language. This in particular is evident from studies undertaken in 

Canada and Wales in which successful Immersion bilingual education programmes 

are in operation and students are reaping the cognitive benefits from these 

programmes (Cummins & Swain, 1986; Swain, 1996; Williams, 2002). Therefore the 

author recommends the development of language policies that place an emphasis on 

the development of both Gaeilge and English so that the students can become 

bilingual and thus reap the cognitive benefits of this. All Gaeilgeoirí should strive to 

achieve Additive bilingualism and accordingly the cognitive benefits from being 

bilingual. 

 

6.6 Final Comment 

The idea of this research came about from the author’s own experience of transferring 

to English-medium third level education and her desire to highlight the issue so as to 

cater for those experiencing difficulties in the transition. What this investigation has 

demonstrated is that there are many issues (mathematical, language, cultural, 

pedagogical, and social) that Gaeilgeoirí have to cope with when confronted with a 

new language of learning and level of education. But what this investigation has also 

accentuated are the positive benefits that can be reaped from being bilingual. The task 

lies in implementing teaching interventions and support measures that will enhance 

these positive benefits for Gaeilgeoirí. Further, it is clear that: 

 

“The need for continuing the study can be justified not only in terms of equity 

and social justice, but also in terms of the richness of the research ground.” 

        

(Gorgorió & Planas, 2001, p.31) 
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