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Abstract. Numerous studies in Mathematics Education have shown that among 

the causes of disciplinary learning difficulties are the acquisition and under-

standing of its specialized language. Data-Driven Learning (DDL) is a didactic 

approach that treats language as data, and which sees students as researchers 

doing guided discovery activities. The exploration of corpora can effectively 

support reflection on the specialized languages of Mathematics. What data 

should be used? Students use the most recent Large Language Models and 

Google daily, which can be used for linguistic investigations. However, it must 

be remembered that there is no control over the data on which searches are car-

ried out, the results of the searches, and the type of language they use. In this 

paper, we present a recent DDL research activity with 80 secondary school stu-

dents on the specialized language of Mathematics. The students carried out lin-

guistic investigations on a specially designed corpus and carried out corpus-

based activities with automatic formative assessment within a Digital Learning 

Environment. The results show that the students appreciated the proposed activ-

ities. They develop linguistic and mathematical skills and become more aware 

of the importance of the language they use. Students developed digital skills in 

browsing, searching, and filtering data, but also in evaluating data, information, 

and digital content. In the future, given the notable diffusion of new AI tools, it 

is important to train teachers and students on their strengths and weaknesses, 

and how they influence teaching and learning. 

Keywords: Data-Driven Learning, Large Language Model, Language for Spe-

cific Purposes, Mathematics Education. 

1. Introduction 

Every subject from Geography to Mathematics has a specialized language, which is 

the typical way of expressing itself in that area. Research in mathematics education 

has studied how learning difficulties in Mathematics depend on linguistic difficulties, 

that is, on the acquisition and understanding of its specialized language [1]. Under-

standing the language of Mathematics is considered by didactic research as one of the 

major obstacles for learning the discipline, at all school levels [2]. Furthermore, 
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Mathematics has always been one of the school disciplines in which students of all 

grades encounter the greatest difficulties. For this reason, many researchers in math-

ematics education study the language that students use in class (with their peers or 

with the teacher) for questions or collaborative or problem-solving activities; that 

teachers use during explanations; which is present in textbooks; and so on. 

To help students develop language skills, it is possible to use the Data-Driven 

Learning (DDL) methodology. DDL treats language as data and sees students as re-

searchers doing guided discovery activities [3]. Students can discover grammatical 

patterns, word meanings, or other aspects of language by searching linguistic data and 

investigating large amounts of authentic language. This methodology was born for 

language learning but has recently also been used for learning specialized languages 

[4]. DDL is closely linked to the concept of corpus, a collection of texts, on which 

linguistic investigations are carried out. 

In recent times, the use of Large Language Models (LLM) by students has spread 

considerably, also for educational purposes. LLMs are deep neural network models 

(Deep Learning) capable of acquiring vast knowledge of a language, obtaining it from 

enormous quantities of texts, mainly taken from the Web [5]. The impact of LLM on 

education can be enormous [6]. LLMs could change the educational learning goals, 

learning activities, and assessment and evaluation practices. The advantages of LLM 

in education include personalized learning, timely support, continuous assessment, 

resource delivery, collaboration, and so on [7]. One of the most used LLM by students 

for learning is currently ChatGPT (https://chat.openai.com/). ChatGPT is just one of 

many ways to use LLM. Research is making rapid progress in this area and new mod-

els are constantly being developed [5]. The release of ChatGPT as a chatbot based on 

GPT models by OpenAI marks a pivotal milestone in the development of chatbots and 

conversational AI [7]. By conversing with ChatGPT, students also try to study and 

learn Mathematics. There is a lot of research studying the math skills of ChatGPT (see 

for example [8], [9]). Not as much research studies ChatGPT's linguistic skills in 

mathematics. LLMs represent a significant step towards the integration of natural 

language understanding and generation in the field of information technology and 

artificial intelligence, with applications that extend to multiple sectors and scenarios 

(mathematical, chemical, legal, etc.). However, ChatGPT does not always manipulate 

the specialized language of these disciplines. LLM, as well as Google, can be used for 

linguistic investigations [10]. However, it must be remembered that there is no control 

over the corpus data on which they carry out searches, over the results obtained from 

the searches, and over the language they use. 

This paper illustrates a project connecting DDL with a Digital Learning Environ-

ment (DLE) integrated with an Automatic Assessment System (AAS) to develop 

competencies in the language of Mathematics for Italian secondary school students 

[11]. The DLE is a stimulating environment to boost motivation and foster construc-

tivist acquisition though respecting students’ learning pace [12]. With the AAS it is 

possible to create adaptive questions with personalized, immediate, and interactive 

feedback giving information not only about how the DDL task was performed, but 

also about the process to be mastered, thus enabling self-regulation and self-

monitoring of actions [13] [14]. The DDL approach gives students the language ac-



cess keys to the content and, in the case of Mathematics, proves its effectiveness in 

helping them to understand and manage a language that can pose actual obstacles to 

problem solving activities and exercises.  

In section 2 the state of the art is presented; section 3 illustrates the research activi-

ty and methodology; section 4 shows the main results emerging from the research 

activity and a discussion on the implications and the conclusions. 

2. State of the art 

2.1 The specialized language of Mathematics and ChatGPT 

Numerous studies in mathematics education have shown that among the causes of 

difficulties are the acquisition, understanding, and management of its language [1]. 

Over time, Mathematics has developed a specialized language that has become in-

creasingly universal, precise, concise, and effective. This language has its own semio-

logical code, which is realized in texts in which technical terms, figures and graphs, 

and symbolic expressions (equations, formulas, algebraic expressions, etc.) coexist; 

the latter are sometimes inserted in sentences which, for the rest, use the common, 

everyday language [15]. Mathematicians and researchers in mathematics education 

have different attitudes and points of view towards language, which derive from two 

apparently divergent aspects: the specificity of Mathematics and its language and the 

role of the context in mathematical communication [16]. Teaching is communication 

and one of its purposes is to encourage student learning, using a language that does 

not hinder understanding and using metaphors to make concepts understood. At the 

same time, one of the main objectives is to acquire that specialized language. Often 

the linguistic aspects of teaching a language are considered only in a CLIL context, 

but teachers tend to forget that language education is a task that belongs to the train-

ing curriculum as a whole [4]. The characteristics of the mathematical language often 

contrast with the linguistic habits of the students which are difficult to understand [2]. 

Secondary school students are often forced to deal with the languages of the disci-

plines without having adequate linguistic scaffolding that allows them to make the 

necessary differentiations and categorizations of the language for specific purposes 

with respect to more general language varieties. Students' linguistic difficulties may 

concern the comprehension or production of verbal texts, symbolic expressions, and 

figures. In all cases, it is not easy to recognize students' linguistic difficulties, also 

because they often compete with other difficulties related to gaps in content, careless 

mistakes, etc. Language difficulties can cause behaviours that can be identified, such 

as misinterpretations or the production of incoherent texts, but they can also cause no 

behaviours, such as not responding, or behaviours that are difficult to interpret, such 

as random answers [16]. 

In recent times, the use of LLMs by students for learning mathematics has spread 

considerably [7]. Consciously or not, this also affects students' learning of its special-

ized language. However, LLM, such as ChatGPT, do not always use specialized lan-

guage. If we ask ChatGPT “Do you know the specialized language of Mathematics?”, 

a response is “Yes, I'm familiar with the specialized language of mathematics. Math-
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ematics has its own technical vocabulary that includes specialized terms, symbols, 

and notations” [17]. For example, if we ask ChatGPT “can you define in 100 charac-

ters what "intersection points" are in Mathematics?”, the answer is “points where lines 

or objects meet, sharing coordinates” [17]. The use of terms taken from a common 

language such as “object" or “meet” can confuse students because in a common lan-

guage these terms have different meanings. Furthermore, the use of the specialist verb 

“intersect” is missing, which must be acquired by students. Otherwise, students will 

have difficulty interpreting the meaning of the concept of intersection and tasks such 

as “at what point does the function intersect the ordinate axis?”.  

 

2.2 Data-driven learning 

To learn specialized languages, it is possible to use the DDL methodology [11], [18]. 

The main idea behind DDL is that learners can discover grammatical patterns, word 

meanings, or other aspects of language through searching linguistic data. Corpora are 

proving increasingly influential in language teaching as sources of language descrip-

tions [4]. A corpus is a collection of texts or parts of them in a finite number in an 

electronic format processed in a uniform way that makes it manageable and searcha-

ble using a computer [19]. Students have to do with a “massive but controlled expo-

sure to authentic input” so fundamental for language learning [20] and such controlled 

and contextualized contact fosters more language awareness, noticing, and autonomy. 

Tim Johns [3] argues that at the heart of the approach is the use of the machine as a 

rather special type of informant. Once the informant answers the question, students 

must make an effort to “make sense of that response and to integrate it with what is 

already known” [3]. Corpora provide data, but do not interpret them: it is up to learn-

ers' work and responsibility to evaluate the information found. The easiest way to 

explore corpus data is directly via concordancers: end-users may display a list of 

words with their immediate context. A concordance based on KWIC (keyword in 

context) can reveal a massive amount of information about the language: idioms, 

collocations, fixed phrases, and frequency data. Since then, literature on the uses and 

benefits of corpora for language learning has rapidly grown, although there is still 

little field practice, in Italy at least [4].  

LLMs, such as ChatGPT, can be used for linguistic investigations. However, when 

carrying out linguistic research in a specialized field it is particularly important to 

design prompts to produce desired outputs. Students, for example, might assume that 

if they talk about “functions” ChatGPT understands that they are talking about math. 

However, if we ask ChatGPT “What are the verbs that have “function” as the sub-

ject?”, we get an ambiguous answer like: “Verbs that have “function” as the subject 

are typically used when describing how something operates or works; like functions, 

operates, works, performs, runs, executes, etc.” [17]. If we ask “What are the verbs 

that have “function” as the subject in Mathematics?”, the answer is radically different 

(see Fig. 1). In this case ChatGPT interpreted the task correctly and the results refer 

exclusively to the mathematics field. As shown in fig. 1, ChatGPT reports some verbs 

in the form of a list, followed by an example sentence in which the verb is present. 

The presence of the example can help students understand in which context it is ap-



propriate to use the verb, and they can reason about its meaning. However, as we have 

no control over the data, we do not know what determines the choice of verbs and the 

order in which they are presented. Furthermore, the concept of function is very trans-

versal in Mathematics and is studied from lower secondary school to university. If we 

add more details to the prompt, the results become more accurate. 

 

Fig. 1. Example of mathematical linguistic investigation with ChatGPT. 

Google itself can be used for linguistic investigations, but positions on the nature of 

the web as a corpus are multiple and conflicting [4]. The exploration of web resources 

as a 'mega corpus' responds to the lack of corpora available to study increasingly 

complex specific linguistic problems. At the same time, materials age quickly com-

pared to the continuous evolution of language, also in relation to new technologies 

and new means of online communication. However, the World Wide Web is constant-

ly updated, has no finite dimension and was not designed with linguistic intent. For 

this reason, it cannot be considered a corpus entirely [19]. 

3. Research activities and methodology 

The research activity involved 4 classes of two Italian secondary schools for a total of 

80 students in grade 11 and their teachers. The two schools are scientific high schools. 

The activities with the students involved two classes, while the other two classes 

made up the control group. The didactic experimentation, from November to Decem-

ber 2021, consisted of four two-hour meetings in the classroom. The teachers partici-
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pated in all the meetings with the students and carried out the activities themselves to 

study the teaching methodologies proposed. Two specific corpora were created for the 

activities, selecting texts relating to the concept of function from textbooks for sec-

ondary school. The first corpus was in Italian, and the second corpus was in English.  

Corpus-based activities with automatic formative assessment are questions imple-

mented within the DLE using the AAS [14]. All questions are characterized by im-

mediate and interactive feedback. From a formative point of view, in each question, 

the students have several attempts to answer. The questions are designed to guide 

students to consult the corpus and to make them reflect on the mathematical concepts. 

To carry out the activities, students use the AntConc concordance tool 

(https://www.laurenceanthony.net/software/antconc/) and the DLE (available at the 

link https://linguaggispecialistici.i-learn.unito. it) side by side. Fig. 2 shows an exam-

ple of a corpus-based activity with automatic formative assessment. The question is 

divided into two parts: in the first part students are asked to search for the word 

“funzion*” (which means function) in the corpus by inserting 1R, 2R, and 3R as con-

cordance levels, and to select the verbs that have function as subject; in the second 

part of the question the students had to complete the proposed statements by inserting 

the verbs identified in the previous section.  

 

Fig. 2. Example of corpus-based activity. 

Students see the second part after answering the first. At the end of each part of the 

question, there is a "verifica" button (which means "verify"). Students could click this 

button after answering the question to obtain immediate feedback on the correctness 

of the answer. If they made a mistake, they could try to answer the question again. In 

case of an incorrect answer after finishing the attempts, the students see the correct 



answer that is needed to carry out the next part. To answer the first part of the ques-

tion, students had to use the AntConc software and enter the word "funzion*" in the 

search bar. Inserting the asterisk symbol is used to search for both the word function 

in the singular (“funzione”) and the plural (“funzioni”). Fig. 3 shows an example of 

what appears on the screen to students after the search. The levels of concordance 

specified in the text of the question are placed under the search bar and must be set by 

the students. Through the levels of concordance one chooses which words to highlight 

in the search. In this case, by selecting the levels “1R”, “2R” and “3R”, the search 

shows all the phrases of the corpus in which the word function appears and the fol-

lowing words are highlighted: the words one position to the right with respect to the 

searched word (in red), the words two positions to the right with respect to the 

searched word (in green), and the words three positions to the right with respect to the 

searched word (in purple). In step-by-step processes with multiple response attempts, 

students earn partial credits for the correctness of their answers. These points act as a 

motivational lever and, by expressing intermediate levels between “incorrect” and 

“correct”, also offer teachers and students more precise information about the stu-

dents' competence in a particular domain.  

 

Fig. 3. Example of linguistic investigation with AntConc. 

 

 

The research methodology of the didactic experimentation included: 



8 

• Initial test (before starting the research activity) and final test (at the end of the 

research activity) to evaluate students' mathematical and linguistic skills; 

• Initial questionnaire (before starting the research activity) and final questionnaire 

(at the end of the research activity) to evaluate students' opinions about mathemat-

ics and mathematics lessons. 

All 80 students took an initial test and an initial questionnaire before starting the re-

search activity. The test consisted of ten questions and included linguistic questions 

and mathematical exercises. The questionnaire was composed of 40 Likert-scale ques-

tions (on a scale from "1 = very disagree" to "4 = very agree") covering opinions on 

Mathematics, mathematics lessons, the study of Mathematics for school, school and 

extracurricular activities in Mathematics, students' attitudes towards Mathematics. At 

the end of the experimentation, all students took a final test structured like the initial 

test and a final questionnaire. The questions in the final questionnaire were the same 

as in the initial questionnaire. Questions were added to the students who carried out 

the activities in the classroom in order to analyze the satisfaction of the activities and 

methodologies proposed. 

4. Results and conclusions 

 

Students appreciated the proposed methodologies and the mathematical activities that 

were very different from the traditional ones. The use of DDL approach had a very 

positive and motivating impact on the students: according to them, the activities were 

practical and not theoretical, interactive and non-transmissive, and based on real data. 

According to the students, the activities were interesting (3.23) and understandable 

(3.43). The activities stimulated their interest in Mathematics (2.60) and raised stu-

dents' awareness of language (3.14). They appreciated the group discussions and the 

group activity (3.34). According to students, it was easy to use AntConc (3.09) and it 

was easy to understand how to use AntConc to answer questions (3.14). They also 

believe that learning to use text analysis software is useful for the future (3.14). Ac-

cording to students, the exercises helped them to become more aware of the language 

to use (3.14) and the exercises on language also made them reflect on meanings and 

contents (2.77).  

Students appreciated the formative aspect of the activities: the possibility of view-

ing the correct answer immediately after answering a question (3.63) and the possibil-

ity of retrying the exercise in case of a wrong answer (3.40). They agreed that being 

able to have the assessment immediately after solving an exercise helped them under-

stand how the question should be answered (3.51). The DDL approach gives students 

the language access keys to the content and, in the case of Mathematics, proves its 

effectiveness in helping them understand and manage its language that can pose ob-

stacles to problem solving activities and exercises. Students who were exposed to 

DDL engaged in an involving activity that improved their language skills in their 

actual working practice. The study of language does not only concern the choice of 

words to use in a more specialized language, but that the terms convey meanings, and 



by exploring the language one explores the meanings. The new and interdisciplinary 

nature of the activity greatly impressed the students and also their teachers, who for 

the first time discovered these methodologies and carried out linguistics activities. 

These activities allow students to better understand mathematical topics and to be 

more aware of the importance of using correct language to understand and be under-

stood correctly. 

Using the tools and techniques of corpus linguistics for pedagogical purposes, stu-

dents acquire language and digital skills. The use of the digital learning environment, 

as well as the use of an automatic assessment system, enables the generation and col-

lection of data on student learning: about learning processes and not just about results. 

These data are useful to drive and adjust the learning path, make choices and deci-

sions, and support learning in several ways. Teachers appreciated the proposed con-

tents and methodologies very much. In the future, it would be important to train 

teachers on the use of these methodologies and technologies. In particular, for Math-

ematics teachers it could be very interesting and formative to learn the analysis of 

specialized texts through the consultation of a corpus and the design of data-driven 

learning activities with formative assessment to make students reflect on the special-

ized language of Mathematics. It is important to promote reflection among all teach-

ers of all levels on the importance of acquiring specialized languages and how linguis-

tic difficulties can influence disciplinary difficulties. 

The use of technologies and a student-centered DDL approach allows students to 

be involved in linguistic tasks, especially in a STEM subject to which they are not 

accustomed. The exploration of corpora can effectively support reflection on the spe-

cialized languages of Mathematics. There are many technologies used daily by stu-

dents that support linguistic investigations, but it is important to question the types of 

data on which they are carried out. Students use the most recent Large Language 

Models and Google daily and these tools can be used for linguistic investigations. 

However, there is no control over the data on which searches are carried out, the re-

sults of the searches, and the type of language they use. Given their considerable dif-

fusion, it is important to train teachers and students on new AI tools, on their strengths 

and weaknesses, and on how they influence teaching and learning. If appropriately 

trained, students can use these tools critically and profitably even for less standard 

tasks such as linguistic research in mathematics. The limitation of not having control 

over the data and results makes it more difficult to use these tools for the design of 

educational linguistic activities, in which it would be more appropriate to use special-

ly designed corpora. 

These tools are changing mathematics education just as they will change the way 

of doing research in mathematics education. it is certainly important to also reflect on 

how these tools can influence students' language, both specialist and non-specialist, 

and on their linguistic and not just disciplinary skills. 
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