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Abstract. Numerous studies in Mathematics Education have shown that among
the causes of disciplinary learning difficulties are the acquisition and understand-
ing of its specialized language. Data-Driven Learning (DDL) is a didactic approach
that treats language as data and sees students as researchers doing guided discov-
ery activities. The exploration of corpora can effectively support reflection on the
specialized languages of Mathematics. What data should be used? Students daily
use the most recent Large Language Models (LLM) and Google, which can be
used for linguistic investigations. However, it must be remembered that there is
no total control over the data on which searches are carried out, the results, and
the type of language they use. Control over the data is important, especially when
teachers want to use these tools to design and deliver didactic activities. This paper
presents a recent DDL research activity with 80 secondary school students on the
specialized language of Mathematics. The students conducted linguistic inves-
tigations 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 activities. 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, as well as in evaluating data, information, and digital content.
LLM, such as ChatGPT, could not be used for the same type of activity, but with
appropriate design, they can be used as a starting point for investigation and lin-
guistic reflection. In the future, given the notable diffusion of these Al tools, it is
essential 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
Specific 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
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is, on the acquisition and understanding of its specialized language [1]. Understanding
the language of Mathematics is considered by didactic research to be one of the major
obstacles to learning the discipline at all school levels [2]. Furthermore, Mathematics
has always been one of the school disciplines where students of all grades encounter the
most significant difficulties. For example, the PISA 2022 international triennial survey
(to be launched in 2020) shows critical issues in Mathematics for Italian students [3].
Mathematics scores were significantly lower than in 2018 and in previous cycles in
almost all types of education. The growth trend seems to have been reversed compared
to 20 years ago. For this reason, many researchers in mathematics 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.

It is possible to use the Data-Driven Learning (DDL) methodology to help students
develop language skills. DDL treats language as data and sees students as researchers
doing guided discovery activities [4]. 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 teaching
and learning but has recently been used for learning specialized languages [5]. DDL
is closely linked to the concept of corpus, a collection of texts on which linguistic
investigations are carried out.

In recent times, students’ use of the Large Language Model (LLM) has spread con-
siderably, also for educational purposes. LLMs are deep neural network models (deep
learning) capable of acquiring vast knowledge of a language from enormous quantities of
texts, mainly taken from the Web [6]. The impact of LLM on education can be enormous
[7]. LLM could change the educational learning goals, 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 [8].
One of the most used LLLM by students for learning is currently ChatGPT (https://chat.
openai.com/). ChatGPT is just one of many ways to use LLM. Research is progressing
rapidly in this area, and new models are constantly being developed [6]. The release of
ChatGPT as a chatbot based on GPT models by OpenAl marks a pivotal milestone in
the development of chatbots and conversational Al [8]. 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, [9, 10]). Not as much research studies
ChatGPT’s linguistic skills in Mathematics. LLM represent a significant step towards
integrating natural language understanding and generation in 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 [11]. However, it must be remembered that there is no control
over the corpus data on which they carry out searches, the results obtained from the
searches, and the language they use. Control over the data is important, especially when
teachers want to use these tools to design and deliver didactic activities.
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This paper illustrates a project connecting DDL with a Digital Learning Environ-
ment (DLE) integrated with an Automatic Assessment System (AAS) to develop com-
petencies in the language of Mathematics for Italian secondary school students [12].
The DLE is a stimulating environment that boosts motivation and fosters constructivist
acquisition while respecting students’ learning pace [13, 14]. In this research, The stu-
dents conducted linguistic investigations on a specially designed corpus and carried out
corpus-based activities with automatic formative assessment within a DLE. We define
automatic formative assessment as using formative assessment in a DLE by automati-
cally processing student responses and providing feedback [14, 15]. With the AAS, it
is possible to create adaptive questions with personalized, immediate, and interactive
feedback giving information about how the DDL task was performed and the process to
be mastered, thus enabling self-regulation and self-monitoring of actions [16—18]. The
DDL approach gives students the language access 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.

Section 2 presents the state of the art; Sect. 3 illustrates the research activity and
methodology; and Sect. 4 shows the main results emerging from the research activity
and discusses the implications and conclusions.

2 State of the Art

2.1 The Specialized Language of Mathematics and ChatGPT

Numerous studies in mathematics education have shown that the causes of difficulties are
the acquisition, understanding, and management of its language [1]. Over time, Math-
ematics has developed a specialized language that has become increasingly universal,
precise, concise, and effective. This language has its semiological code, which is realized
in texts in which technical terms, figures and graphs, and symbolic expressions (equa-
tions, formulas, algebraic expressions, etc.) coexist; the latter are sometimes inserted
in sentences which, for the rest, use the everyday language [19]. 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 Math-
ematics and its language and the role of the context in mathematical communication
[20]. Teaching is communication, and one of its purposes is to encourage student learn-
ing, 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
(Content and Language Integrated Learning) context, but teachers tend to forget that
language education is a task that belongs to the training curriculum as a whole [5].
The characteristics of mathematical language often contrast with the students’ linguistic
habits, which are difficult to understand [2].

Secondary school students are often forced to deal with the languages of the disci-
plines without adequate linguistic scaffolding that allows them to make the necessary
differentiations and categorizations of the language for specific purposes concerning
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more general language varieties. Students’ linguistic difficulties may concern compre-
hending or producing verbal texts, symbolic expressions, and figures. In all cases, it is
not easy to recognize students’ linguistic difficulties 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 [20].

In recent times, the use of LLM by students to learn Mathematics has spread con-
siderably [8]. Consciously or not, this also affects students’ learning of its specialized
language. However, LLM, such as ChatGPT, do not always use specialized language. 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. Mathematics has
its technical vocabulary that includes specialized terms, symbols, and notations” [21].
For example, if we ask ChatGPT, “Can you define in 100 characters what “intersection
points” are in Mathematics?” the answer is “points where lines or objects meet, sharing
coordinates” [21]. The use of terms taken from a common language, such as “object” or
“meet”, can confuse students because, in a common language, these terms have different
meanings. Furthermore, using the specialist verb “intersect” is missing, which students
must acquire. 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

It is possible to use the DDL methodology to learn specialized languages [12, 22].
The main idea behind DDL is that learners can discover grammatical patterns, word
meanings, or other aspects of language by searching for linguistic data. Corpora are
proving increasingly influential in language teaching as sources of language descriptions
[5]. 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 searchable using
a computer [23]. Students have to deal with a “massive but controlled exposure to
authentic input,” which is fundamental for language learning [24], and such controlled
and contextualized contact fosters more language awareness, noticing, and autonomy.

Tim Johns [4] 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” [4]. Corpora provide data but do not interpret them: it is up to learners’
work and responsibility to evaluate the information found. The easiest way to explore
corpus data is through concordancers: end-users may display a list of words with their
immediate context. A concordance based on KWIC (keyword in context) can reveal mas-
sive 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 [5].

Recently, the number of corpora and specialised tools available to practising teachers
and learners has increased. However, a common criticism is that many of them still
require considerable investment in training for learners (and teachers) to understand
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their rationale and how to use them effectively. Even accepting the potential benefits of
a DDL approach, technology is perceived as a major barrier to the implementation of
DDL in classrooms around the world [25].

Google itself can be used for linguistic investigations, but positions on the nature of
the Web as a corpus are multiple and conflicting [5]. The exploration of web resources as
corpus responds to the lack of corpora available to study increasingly complex specific
linguistic problems. At the same time, materials age quickly compared to the continuous
evolution of language, as well as new technologies and new means of online communi-
cation. Problems often cited against treating the Web as a corpus are its unknown size
(no finite dimension), ever-changing composition, hidden pages, etc. Its advantages for
language teaching include its size (lots of data), timeliness, variety (whatever you want
is probably there somewhere), availability (free), reliability (the Web itself doesn’t crash
or impose limits on the number of simultaneous users), speed, flexibility, and so on.
Importantly, it is already familiar to learners, especially via internet search engines such
as Google [23, 26]. Another tool that has recently become very popular with students are
LLMs, such as ChatGPT. Although ChatGPT is not designed for linguistic research, it
does allow users to do so. Much recent research has explored the potential of ChatGPT
for language teaching and learning (see, for example, [27, 28]), analysing the digital
skills needed by teachers and students to use this chatbot ethically and effectively. Some
research explores the role of ChatGPT in DDL, as the world’s largest corpus (in a sense)
is publicly available for free querying, with an interactive chatbot available to query this
corpus quickly and recursively [29]. LLM can also be used for DDL to generate texts at
the appropriate language level and to observe repetitions and variations manually or with
corpus analysis tools.It is important to note that when conducting linguistic research in a
specialised field, designing prompts to produce the desired results is particularly impor-
tant. 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 subject?”, 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.” [21].
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 as 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 appropriate 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
transversal in Mathematics and is studied from lower secondary school to university.
The results become more accurate if we add more details to the prompt.
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@ In mathematics, "function” is often used as the subject of various verbs to describe its
behavior and properties. Here are some common verbs used in mathematical contexts

where "function" is the subject:

1. Evaluates: "The function evaluates to a specific value at x =2."

N

. Maps: "The function maps elements from set A to set B."

. Transforms: "The function transforms the input data into a different representation.”

r W

. Solves: "The function solves for the roots of the equation.”

($2)

. Graphs: "The function graphs as a parabola."

(o)}

. Derives: "The function derives its values from the underlying data."
Integrates: "The function integrates over the interval [a, b]."

8. Differentiates: "The function differentiates to find its rate of change."
9. Computes: "The function computes the result based on its input."

10. Approximates: "The function approximates the solution using a numerical method."

These verbs are commonly used in mathematics to describe how functions operate, the

relationships they represent, and the calculations or transformations they perform.

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

3 Research Activities

The research activity involved four classes of two Italian secondary schools for 80
students in grade 11 and their teachers. Both schools are science lyceums, secondary
schools with a curriculum focused on STEM subjects. It is also not the first experience
of the research group in merging STEM assessment and languages [30]. The activities
with the students involved two classes as experimental groups, while the other two
classes comprised the control group. The students in the control group took a test and a
questionnaire before the research activity started and a test and a questionnaire at the end
of the research activity. These were the only activities that the control group performed.
They did not do any classroom activities with the researchers; they only did normal
lessons with their teachers. The experimental group participated also in the research
activities compared to the control group.

The didactic experimentation, from November to December 2021, consisted of four
two-hour meetings in the classroom. Teachers were involved in selecting topics to be
covered and designing the teaching materials to ensure that they were in line with the
programme. Teachers were not trained before the start of the experiment, and trainers
from the University of Turin conducted the classroom activities. The teachers participated
in all the meetings with the students and carried out the activities to study the proposed
teaching methodologies. Two specific corpora were created for the activities, selecting
texts relating to the concept of function from secondary school textbooks. The first corpus
was in Italian, and the second was in English. Corpora were created and validated by
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the researchers, who verified that the results of the linguistic research were relevant to
the planned research activity.

Corpus-based activities with automatic formative assessment are questions imple-
mented within the DLE using the AAS [12]. From a formative point of view, the students
have several attempts to answer each question. The questions are designed to guide stu-
dents in consulting the corpus and to make them reflect on the mathematical concepts.
To carry out the activities, students use the AntConc concordance tool (https://www.lau
renceanthony.net/software/antconc/) and the DLE (available at the link https://linguaggi
specialistici.i-learn.unito.it) side by side. Figure 2 shows an example 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 concordance 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.

Cerca la parola “funzion®” inserendo come livelli di concordanza 1R,2R e 3R. Quali verbi hanno
funzione come soggetto? Una funzione..

(Ddichiara Ointerseca

Sezione Tentativo1di3

Verifica

Completa le seguenti affermazioni utilizzando i verbi individuati nella sezione precedente:

« Una funzione agli elementi del dominio un solo valore nel codominio
+ La funzione il valore 3 in x=2
+ Una funzione la relazione tra due grandezze

Sezione Tentativo1di3

Verifica

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 question,
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
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singular (“funzione”) and the plural (“funzioni”). Figure 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 following words are
highlighted: the words one position to the right concerning the searched word (in red),
the words two positions to the right concerning the searched word (in green), and the
words three positions to the right concerning 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 student’s competence in a particular domain.

- i Vindov .
File Global Settings Tool Prefere
Corpus

descrizione_grafici.txt
dispense-funzioni-line:

Concordance Concordance Plot File View Clusters/N-Grams Collocates Word List Keyword List
Concordance Hits 1079

Hit KWIC File

fmm;:?:;ﬁmmm 28 niamo il dominio delle seguenti funzioni algebriche. 1. E una funzione razionale |Zanichelli.txt

pasted_text.xt 29 ne si fa un prolungamento della funzione all’origine. Attenzione: questo non sign mbase_funzi

ZQ:’:‘::;T:‘:::;""'M 30 afunzione. Dal grafico diuna funzione alle sue caratteristiche Vediamo in che |Zanichelli.txt
31 ‘asse x) interseca il grafico della funzione almeno una volta; 3. una funzione é bi./mbase_funzi
32 iccessoria. Quando considero la funzione altezza di un arbusto che dipende dal |dispense-fur
33 rizione e prolungamento di una funzione Anche qui do prima I'idea dei funzioni.txt
34 e deduciamo che il grafico della funzione appartiene alla regione di piano cartesi |pasted_text.t
35 amo dedurre che il grafico della funzione appartiene alla regione di piano cartesi pasted_text.t
36 sociato ad x2 (si ricordi che una funzione associa agli elementi del dominio un sc funzioni.txt
37 e lo studio del segno che la funzione assume nel suo dominio sono informa: Zanichelli.txt
38 elementi di Y sono valori che la funzione assume. Pertanto, se vogliamo che I'in\ funzioni.txt
39 = ¢ = 0: si tratta dunque di una funzione avente come grafico una parabola con |mbase_funzi
40 a 5 sono funzioni o no? (a) Una funzione (b) Una relazione che non & una Quinta_funz:
41 ontale che non lo interseca; « la funzione 6b é suriettiva, perché ogni retta orizzo|Quinta_funz
42 .In simboli: f\ A) B. In una funzione biiettiva c’é una corrispondenza «uno z Zanichelli.txt
43 rione & suriettiva. DEFINIZIONE Funzione biiettiva (o biunivoca) Una funzione da|Zanichelli.txt
44 14, che visualizza un esempio di funzione biiettiva, sia la retta r1 che la mbase_funzi
45 riva una e una sola freccia Una funzione biiettiva viene anche chiamata biiezion|Zanichelli.txt
Search Term @ Words () Case [[) Regex Search Window Size
funzion* Advanced 50 s

phatal e, Start Stop Sot  ShowEveryNthRow | |4

F’IesPro(cned Kwic Sort

B Olevet R S @Llevel2 2R D@ Level3 3R S Clone Results

Fig. 3. Example of linguistic investigation with AntConc.

4 Methodology

The research methodology of the didactic experimentation included:

o Initial test (before starting the research activity) and final test (at the end of the research
activity) to evaluate students’ mathematical and linguistic skills;
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e Initial questionnaire (before starting the research activity) and final questionnaire (at
the end of the research activity) to evaluate students’ opinions about mathematics and
mathematics lessons.

All 80 students took an initial test and questionnaire before starting the research
activity. The test consisted of ten questions and included linguistic questions and math-
ematical exercises. The questionnaire was composed of 40 Likert-scale questions (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, and 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 questions of the students who carried
out the classroom activities to analyze the satisfaction of the proposed activities and
methodologies.

Students in both groups could choose whether or not to participate in the educa-
tional experiment and change their minds at any time. In any case, their decision did
not impact their school evaluations and the educational activities proposed to them.
The data were collected through learning tests and paper questionnaires, tests with
automatic assessment, and digital questionnaires. Once collected, the data were irre-
versibly anonymised and processed anonymously. The data were digitised, and the paper
copies were destroyed. Qualitative and quantitative analyses can be carried out on the
anonymised data in order to pursue the research objectives. Only aggregate statistics
will be presented.

The research questions are:

e (RQ1) Did students value the methods proposed?

e (RQ2) Did the research activities increase awareness of mathematical language and
mathematics?

o (RQ3) Was the impact of the research different for males and females?

Only the responses to the final survey of 35 students who participated in the
experimental activity were considered to answer the research questions.

Questions of the final questionnaire concerning the satisfaction with the proposed
activities and methods were analysed. In this question, the students had to indicate how
much they agreed with various statements on a Likert scale from “1 = strongly disagree”
to “4 = strongly agree”. The items concerned:

e The satisfaction with the proposed activities (attention in class, satisfaction, interest
in the activities and in Mathematics, appreciation of group activities);

e The usefulness of the activities for the acquisition of awareness of mathematical
language and reflection on mathematical content;

e Appreciation of DDL (use of AntConc, interest in text analysis and usefulness for
the future);

e Appreciation of automatic formative assessment (immediate and interactive feedback,
multiple attempts possible);

e Understanding and appreciation of mathematical topics.
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These questions were analysed by reporting the mean and standard deviation. To
analyse the correlations between the items, we calculated the Pearson correlation coeffi-
cient between all possible pairs of items. To search for useful insights on gender studies,
we also investigated the presence of differences in the responses of females and males to
the items and the statistical significance of those differences through a two-tailed t-test.

A comparison between the results of the initial and final tests is planned to
quantitatively assess the methods’ impact, but the analyses are still ongoing.

5 Results

The data that we will analyze consists of the answers to the final survey of 35 students
who participated in the experimental activity. The remaining students among the 80
students we considered were part of the control group. Among the 35 students, there
are 20 females and 15 males. Students appreciated the proposed methodologies and the
mathematical activities, which were very different from the traditional ones. The use of
the 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. Table 1 presents an analysis of the student’s responses to the
question: “Thinking about the experimental sessions, on a scale from ‘1 = strongly
disagree’ to ‘4 = strongly agree’, to what extent do you agree or disagree with the
following statements?”.

The students found the activities interesting (3.23) and understandable (3.43). The
activities stimulated their interest in Mathematics (2.60) and raised students’ 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 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). According 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 retrying the
exercise in case of a wrong answer (3.40). They agreed that having the assessment
immediately after solving an exercise helped them understand 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 under-
stand and manage its language that can pose obstacles to problem solving activities
and exercises. Students exposed to DDL engaged in an activity that improved their lan-
guage skills in their actual working practice. The study of language is concerned not
only with the choice of words to use in a more specialized language but also with the
terms conveying meanings, and by exploring the language, one explores the meanings.
The new and interdisciplinary nature of the activity greatly impressed the students and
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 understood correctly.
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Table 1. Mean and standard deviations of the 35 respondents to the final questionnaire

Item Mean | Std. dev.
1 paid attention during the activities 3.51 0.56
The proposed activities were interesting 3.23 0.60
The proposed activities were understandable 343 0.61
The proposed activities stimulated my interest in mathematics 2.60 0.60
The proposed activities were useful for gaining awareness of the language | 3.14 0.65
I enjoyed the group activities 3.34 0.84
It was easy to use AntConc 3.09 0.85
It was easy to understand how to use AntConc to answer questions 3.14 0.85
It was interesting to learn how to use AntConc 3.40 0.74
Learning to use text analysis software is useful for the future 3.14 0.91
The exercises helped me to better understand the topics covered 3.06 0.80
The exercises made me appreciate the topics covered more 2.63 1.00
The exercises helped me to realize my preparation 3.03 0.71
It is helpful to view the correct answer immediately after answering a 3.63 0.55
question

When I gave a wrong answer, I would try the exercise again 3.40 0.69
Having the assessment immediately after solving an exercise helped me | 3.51 0.66
understand how to answer the question

The exercises helped me to be more aware of the language to use 3.14 0.77
The exercises on language also made me reflect on meanings and contents | 2.77 0.77

We also looked for correlations among items and calculated the Pearson Correlation
Coefficient among all the possible pairs of items. We did not detect any strong correlation
among items, and the correlation coefficient was not higher than 0.75. However, we found
some interesting weak correlations among the following pairs of items.

Couple #1 is “The proposed activities stimulated my interest in mathematics” and
“The exercises helped me to better understand the topics covered”, correlation coefficient
0.65, p-value 0.00002. This correlation shows that interest and understanding grow
together; engaging and motivating students can lead to a better understanding of the
topics.

Couple #2 is “The exercises helped me to better understand the topics covered.”
and “The exercises made me appreciate the topics covered more.” correlation coeffi-
cient 0.65, p-value 0.00002. This couple shows that understanding and appreciation are
related. However, we can think of this relation mainly in one direction: the more students
understand, the more they appreciate what they studied. This is of great importance for
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teachers who design activities for their students, as there is a need to focus on the under-
standability of the activity. Moreover, the immediate and interactive feedback that helped
students while performing the activity played an important role in this correlation.

Two couples, couple #3, “It is helpful to view the correct answer immediately after
answering a question.” and “When I gave a wrong answer, I would try the exercise
again.” and couple #4 “When I gave a wrong answer, I would try the exercise again.”
and “Having the assessment immediately after solving an exercise helped me understand
how to answer the question.”, both with correlation coefficient 0.63 and p-value 0.00005,
concern the formative aspect of the activity: on one side if the student have the chance
to retry, they are willing to do it, and this is how a learning environment should be, a
place where students can try without the fear of mistakes, on the other side, when having
multiple attempts, students understand better how to deal with the activity, viewing the
whole process and then going back from the beginning to start a good performance.

As alast analysis, to search for useful insights on gender studies, we also investigated
the presence of differences in the responses of females and males to the items of the
final questionnaire, together with the statistical significance of those differences through
a two-tailed t-test. The results are presented in Table 2. In general, there are no peculiar
differences among the two components of the sample. The highest difference (—0.67)
with the highest significance (0.022) appears in the item “It was easy to use AntConc”.
In this specific case, the males signalled a larger agreement on this item. Conversely, the
females signalled greater agreement on “The proposed activities stimulated my interest
in mathematics” with difference 0.47 and significance 0.026. The other two elements
with a p-value lower than 0.05 are represented by “The proposed activities were useful
for gaining awareness of the language” (0.039) and “The exercises helped me to better
understand the topics covered.” (0.047).

Table 2. Mean values of females’ and males’ responses with a t-test significance

Item Mean Mean | Difference T-test
(females) | (males) | (females-males) | (p-value)

I paid attention during the activities 3.65 3.33 0.32 0.113

The proposed activities were interesting | 3.35 3.07 0.28 0.147

The proposed activities were 3.45 3.40 0.05 0.815

understandable

The proposed activities stimulated my 2.80 2.33 0.47 0.026

interest in mathematics

The proposed activities were useful for 3.35 2.87 0.48 0.039

gaining awareness of the language

I enjoyed the group activities 3.50 3.13 0.37 0.206

(continued)
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Table 2. (continued)

Item Mean Mean | Difference T-test
(females) | (males) | (females-males) | (p-value)

It was easy to use AntConc 2.80 347 —0.67 0.022

It was easy to understand how to use 2.95 3.40 —0.45 0.111

AntConc to answer questions

It was interesting to learn how to use 3.45 3.33 0.12 0.658

AntConc

Learning to use text analysis software is | 3.05 3.27 —-0.22 0.491

useful for the future

The exercises helped me to better 3.30 2.73 0.57 0.047

understand the topics covered

The exercises made me appreciate the 2.85 2.33 0.52 0.157

topics covered more

The exercises helped me to realize my 3.20 2.80 0.40 0.111

preparation

It is helpful to view the correct answer 3.70 3.53 0.17 0.403

immediately after answering a question

When I gave a wrong answer, I would try | 3.55 3.20 0.35 0.159

the exercise again

Having the assessment immediately after | 3.60 3.40 0.20 0.398
solving an exercise helped me understand
how to answer the question

The exercises helped me to be more aware | 3.25 3.00 0.25 0.364
of the language to use

The exercises on language also made me | 3.00 247 0.53 0.050
reflect on meanings and contents

6 Conclusions

In this paper, we present a didactic experiment characterised by the DDL and automatic
formative assessment methodologies to study the language of mathematics. The results
of the final questionnaire show that the students appreciated the mathematical activities,
which were very different from the traditional ones. The use of technology had a very
positive and motivating impact on the students.

The students highly appreciated the proposed methods to answer the first research
question (RQ1). The DDL approach had a very positive and motivating effect on the
students. According to the students, learning how to do linguistic analysis and useful
for the future was interesting. They had no difficulty using AntConc and understood
the linguistic investigations needed for corpus-based activities with automatic formative
assessment. The students also appreciated the automatic formative assessment methodol-
ogy. They appreciated the possibility of getting immediate feedback on the correctness
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of each answer, correcting themselves in case of a wrong answer by having multiple
attempts and knowing the correct answer at the end of each activity. All these aspects
are closely related.

About the second research question (RQ?2), the activities helped students become
more aware of the language used. Not all students agree that the proposed activities can
increase their interest in mathematics, but they agree that it is useful to do this kind of
activity to reflect on the language used. The results show a correlation between students’
understanding of mathematical topics and their appreciation of the topics themselves.
These couple of items show that understanding and appreciation are related, and this rela-
tionship is very important when planning educational activities. The correlation between
understanding the proposed activities and understanding the mathematical topics was
another interesting result in this respect.

There are no particular differences between males and females (RQ3). The most
significant differences concerned the use of AntConc and the impact of the proposed
activities on the students’ understanding of mathematics and its language. According
to the results, males found it easier to learn to use AntConc. The activities further
stimulated females’ interest in mathematics and their awareness of mathematical lan-
guage. Furthermore, the activities helped females more to increase their awareness of
the proposed topics.

Students acquire language and digital skills using the tools and techniques of corpus
linguistics for pedagogical purposes. The use of the digital learning environment and an
automatic assessment system enables the generation and collection of data on student
learning: about learning processes and not just about results. These data are useful for
driving and adjusting the learning path, making choices and decisions, and supporting
learning in several ways. It would be important to train teachers on using these method-
ologies and technologies in the future. In particular, for Mathematics teachers, it could be
very interesting and formative to learn the analysis of specialized texts through the con-
sultation of a corpus and the design of DDL activities with formative assessment to make
students reflect on the specialized language of Mathematics. It is important to promote
reflection among all teachers of all levels on the importance of acquiring specialized
languages and how linguistic difficulties can influence disciplinary difficulties.

This research activity, characterised by DDL methods integrated with automatic
formative assessment systems, could also be carried out on a larger scale, involving many
teachers and students. The main challenge for mathematics teachers might be to reflect
on the linguistic aspects. For this reason, training teachers in the proposed methodologies
and to help them acquire linguistic skills would be essential. A second important aspect
is to provide teachers with ready-made materials (corpus and corpus-based teaching
activities with automatic formative evaluation). Indeed, one of the biggest obstacles
could be the corpus creation and the consequent selection of representative texts. If
teachers wanted to cover a topic other than the concept of function, they would have to
create a new corpus and new activities based on this corpus. The situation is similar if one
wants to apply this approach to other subjects, such as chemistry or biology, which have
specialised language. For the future development of this research activity, the training of
mathematics teachers is fundamental, possibly integrated with the training of language
teachers and creating databases of ready-made activities.
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Using technologies and a student-centred DDL approach allows students to be
involved in linguistic tasks, especially in a STEM subject to which they are not accus-
tomed. The exploration of corpora can effectively support reflection on the specialized
languages of Mathematics. Many technologies used daily by students support linguistic
investigations, but it is important to question the types of data on which they are carried
out. Students use the most recent LLM 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 results of the searches, and the type of language they use.

Given the considerable diffusion of Al tools, training teachers and students on their
strengths and weaknesses and how they influence teaching and learning is important.
Students can use these tools critically and profitably even for less standard tasks such as
linguistic research in Mathematics if appropriately trained. LLM, such as ChatGPT, could
not be used for the same type of tasks since designing tasks with automatic formative
assessment to guide students in linguistic investigations requires knowing the correct
answer. ChatGPT answers may differ from student to student and may change over
time. However, it would be interesting to use ChatGPT, through appropriately designed
activities, to make students reflect on the language of Mathematics as a starting point
for linguistic and disciplinary reflections. It is important to note that Generative Al has
strengths in advancing our understanding of language in se that corpora have struggled
to address. By combining corpus and Generative Al approaches, language learners can
better understand how language works in different contexts than is currently possible
with either approach alone. DDL researchers are well placed to take advantage of this
renewed mainstream interest in language data, as we understand both the power of such
data for language teaching and the conditions necessary for meaningful learning to take
place with such data.

Al tools are changing mathematics education just as they will change the way of
researching mathematics education. It is important to reflect on how these tools can
influence students’ language, both specialist and non-specialist, and their linguistic and
not just disciplinary skills.
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