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Abstract

The problem of scaffolding design in the field of teaching methods of computer science and
applied mathematics with a foreign language component is investigated. The author’s approach to
subject-led with partial immersion corpora-based scaffolding design is proposed. The first results
of the pilot experiment are presented.
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Introduction

Traditionally in developing foreign-language competence in a scientific-technical sphere there has
been an acute need for teaching materials. It appears to be challenging both for students and subject
teachers, for example, to deal with little-known software, foreign-language documentation or interface
of a new computing environment. As a rule, to enhance students’ work with foreign texts as well
as to conduct academic professional research at all levels of higher education by subject teachers no
technical support of foreign-language profession-oriented competence is provided. In this respect, the
problem of elaborating a simple and affordable set of tools based on authentic up-to-date materials
arises. This would enable to create learning content which would help to overcome a language barrier
in the course of work with little-known professional texts. The problem seems much more serious as
far as practical and laboratory sessions in computer science, applied mathematics, physics, chemistry,
etc. are concerned. To solve the problem we suggest to use two approaches: data-driven learning
approach (Data-Driven Learning - DDL)1 and content and language integrated learning approach
(Content and language integrated learning - CLIL) [Bernardini et al., 2008][Coyle et al., 2010].

∗Copyright c© 2021 for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0
International (CC BY 4.0).

1Statistics- and probability-based approach to selection of study terms can be regarded as a Russian pro-
totype of DDL method. It gained popularity since 1970s of the 20th century during the Soviet period
[Alexeev et al., 1974][Golovacheva, 1978][Piotrowska, 2005]
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1 Materials and methods

1.1 Scaffolding

The term scaffolding literally meaning a structure consisting of poles and boards on the outside of a
building, that people stand on when they are working on the building is widely used in a teaching
methods field to express support for students to fulfil the tasks. In Russian literature this term is
used to mean didactic aid. The notion was firstly described by Bruner who studied maternal activity
techniques in developing a child’s new skills through mutual activity. In his work [Bruner, 1975]
scaffolding was discussed in the framework of schooling. Currently the system of didactic aids is
employed in various areas and is intended to be used for different reasons: linguistic, psychological,
culturological [Panfilova, 2016]. The main aim of scaffolding is to provide aid based on a complemen-
tary principle and principle of gradual loosening, for example using explanatory pictures, diagrams,
instructions. It is obligatory for the aid to provide the following – to develop comprehension and
ability to make a conscious independent decision and as a result to achieve self-regulation and auton-
omy in learning. Today diverse technical solutions are employed to make scaffolding: social media,
the Internet, distance learning systems, augmented reality models and other immersive technologies
[Piotrowska, 2005]. In Russia the most widely used scaffoldings are those in the area of computer
assisted learning (CALL) [Koroleva & Redneva, 2020].

1.2 Content and Language Integrated Learning

As it was mentioned earlier, more researchers and university lecturers tend to adopt such an ap-
proach to foreign language learning as content and language integration. Content and language
integrated learning (CLIL) is a general term which was primarily introduced by D. Marsh in 1994
[Marsh et al., 2001]. The term can be applied to various methods which to some extent refer to a
certain subject area rather than focus on native or foreign languages [Graddol, 2006]:

• Content-based instruction (CBI),

• Content-based language instruction (CBLI),

• Content-based language teaching (CBLT),

• Dual-focused language (D-FL),

• Languages across the curriculum (LAC),

• Bilingual education, etc.

This approach gained a huge popularity as language immersion in artificially maintained environment.
Initially it referred to teaching of some subjects in a foreign language.

CLIL methodology includes the following conceptions: S. Krashen’s theory of a foreign language
acquisition [Krashen, 1987], L.Vygotsky’s theory of a proximal development zone [Van der Veer, 2008]
and J. Piaget’s theory of constructivist learning [Piaget, 1964]. All these conceptions are based on the
need for using thoroughly collected subject material in a learned language. This in its turn enables
to establish a subject-led discourse-language environment and to elaborate its functioning mechanism
[Checun, 2019].

In 2001 this method was significantly updated and redefined by D. Marsh as “learning a foreign
language as an instrument for studying other subjects” [Marsh et al., 2001]. This is the key idea that
makes the approach different from others. A more detailed definition to this concept is given by D.
Coyle. CLIL is reconsidered as “a teaching method which implies teaching subjects or its sections in
a foreign language in order to achieve two objectives: to learn both the content of the subject and
the foreign language”[Coyle et al., 2010][Hanesova, 2015].

2



 

Cognition: CLIL 
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Figure 1: Four guidelines of CLIL

Every CLIL lesson should consist of a set of activities based on each of the following four
guidelines. Shown on Figure 1. The approach also takes into account aims of integration, learning
and content-language focus as well as L.Vygotsky’s theory of a proximal development zone. Regardless
of scaffolding application, the 4C-model is based on:

• content as a set of authentic, professionally-oriented teaching materials for pair and group work;

• communication, in case of language learning – developing foreign-language competence;

• cognition meaning a solution and understanding of the tasks set by the teacher, building
logically-motivated structures and proving the correctness of the choice of the solution by the
students by using a foreign language;

• socio-cultural background to develop students’ cross-cultural competence which includes cultur-
ological, strategic, psychological aspects.

The following features are considered the most effective to achieve CLIL aims.

1. Multiple focus approach. A high degree of integration should be pursued between language and
content classes and among different subjects.

2. Safe and enriching learning environment. CLIL teachers should encourage students to exper-
iment with language and content providing guided access to authentic materials and learning
environments.

3. Authenticity. Connections between learning and students’ lives should be made regularly in
CLIL activities as well as connections with other speakers of the CLIL language. Current
materials from media or other sources should be used as often as possible.
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4. Active learning. Students have a central role in CLIL lessons: their activities should be based on
a peer cooperative work and they should help set content, language and learning skills outcomes.
Finally, they should communicate more than the teacher who acts as a facilitator.

5. Scaffolding. One of the teacher’s roles is to support student’s language needs building on their
existing knowledge, repackaging information in user-friendly ways and responding to different
learning styles.

6. Cooperation. A high degree of cooperation among different teachers is recommended when
planning lessons and it’s often considered useful involving parents and/ or the local community.

Depending on the degree of immersion in a content-language environment one can distinguish
between soft and hard models of the content and language integrated learning approach (soft-CLIL
and hard-CLIL, respectively). In this context K. Boulton differentiates the following types of CLIL
[Boulton, 2010]:

• language-led CLIL, refers to the soft-CLIL model as some sections of the subject are integrated
in the “Foreign language” course, they cover approximately 45 minutes of in-class work per week;

• modular subject-led CLIL, can be referred to both the soft- and hard-CLIL models, is used
when some sections of the subject are taught in a foreign language, they cover 15 hours per
semester;

• subject-led with partial immersion CLIL, fifty per cent of the sections of the subject are taught
in a foreign language, as for the content, it can correlate with the content of the subject taught
in a native language.

Most of the CLIL studies focus on enhancing language learning process whereas learning a
subject is of secondary importance [Bernardini et al., 2008]. We follow D. Graddol’s approach aimed
at removing entry requirements for foreign language proficiency [Graddol, 2006][Fomin et al., 2020].
Also the researcher defines CLIL as “a model of bilingual learning which implies simultaneous focus
on content (for example, physics or geography) and a foreign language itself. The model differs from
others in a way that at initial stages learners may demonstrate poor proficiency in a second language
(for instance, the English language)” [Coyle et al., 2010].

1.3 Data-Driven Learning

An important aspect of the CLIL method is selection of authentic language content which can be
efficiently designed using modern corpora. In accordance with the DDL approach to select relevant
content and model learning process teachers can employ both professional corpus-based tools (cor-
pora and concordances) and data-based instruments specially designed for learning purposes (SkELL,
WriteBetter, Micro-concord, WordSmith, WordNet, etc.). When learning a language following the
DDL methods (both direct and indirect), students practice revealing tendencies in the lexical and
grammar language levels and observe how some language aspect is manifested in large text corpora.
The term was firstly introduced in 1991 by T. Johns as applied to CALL [Jons, 1991]. Later a large
number of course books on this subject was written. Some of them:

1. Anderson, W. Corbett, J. Exploring English with online corpora. London: Palgrave Macmillan,
2009;

2. Reppen, R. Using corpora in the classroom. Cambridge: Cambridge University Press, 2010;

3. Bennett, G. Using corpora in the language learning classroom: Corpus linguistics for teachers.
Michigan: University of Michigan Press, 2010;
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4. Flowerdew, L. Corpora and language education. Basingstoke: Palgrave Macmillan, 2012;

5. Boulton, A., H. Tyne. Des documents authentiques aux corpus: Démarches pour
l’apprentissage des langues. Paris: Didier, 2014;

6. Thomas J. Discovering English with Sketch Engine: A Corpus-Based Approach to Language
Exploration. 2nd ed. Versatile, 2016;

7. Friginal, E. Corpus linguistics for English teachers: Tools, online resources, and classroom
activities. Abingdon/New York: Routledge, 2018.

More detailed analysis of the DDL methods is given in the following literature [Berg et al., 2019]
[Maksimenko, 2019]. Based on these works and analysis of the course books we suggest design-
ing subject-led linguistic scaffolding with partial immersion using corpora (Subject-Led with Par-
tial Immersion CLIL + DDL Scaffolding). It should be noted that language immersion is ar-
ranged for the first time in Russia within applied mathematics and computer science classes
[Piotrowska & Alekseeva, 2020].

2 Results and Discussion

In order to design subject-led linguistic scaffolding with partial immersion using corpora Mathematical
faculty of the Herzen State Pedagogical University of Russia has conducted a searching experiment.
We used the potential of well-known corpus-based tools such as:

• SketchEngine (https://www.sketchengine.eu/) [Kilgarriff et al., 2014][Thomas, 2016],

• AntConc (https://www.laurenceanthony.net/) [Nation, 2001][Piotrowska, 2020],

• SkELL (https://www.sketchengine.eu/skell/)[Maksimenko, 2019],

• LexTutor(https://lextutor.ca/) [Cobb, 2007],

• LexSite-LexTutor (http://www.langint.com/) [Berg et al., 2019].

The experiment is aimed at developing foreign-language competence in such subjects as “Simulational
modelling”, “Data mining” and Ontological modelling.

The participants of the study have been third- and fourth-year students of “Applied mathematics
and computer science” training programme. They were to study the following systems:

• Data mining system Weka,

• Simulational modelling system Arena Rokwell Simulation,

• Ontological modelling system Protege.

After exploring the above-mentioned corpus-based tools and considering the colleagues’ accu-
mulated experience in DDL and CLIL teaching methods [Gavrilova Kogan, 2016][Checun, 2019], we
have assessed the prospects of these tools for designing scaffolding using corpora [Piotrowska, 2020].
Despite an immense number of tools under discussion, each of them has some disadvantages. This
can be clearly seen from the diagram in Figure 2 which shows the characteristics of the tools. Thus,
several tools should be combined so that they were efficient and user-friendly (teacher/student). Only
AntConcLab and LexTutor systems provide free access to corpora whereas other tools under consid-
eration have paid access for designing and using corpora.

With regard to the tools discussed we propose a step-by-step procedure of incorporating computer
software manuals and scaffolding in learning process for students in order to build their word stock

5



 

5

5

5

5

5

0

5

0

0

4

5

2

5

5

5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

AntConcLab

LexTutor

SketchEngine

Skell

LexSite-LexTutor

Handling users' texts corpora Sophisticated didactic  Interface quality

Figure 2: Estimate of AntConc, SketchEngine, Skell, LexSite-LexTutor and LexTutor systems by a
five-point scale

in English terminology in the learned subject (Fig. 3). We believe that the above-mentioned systems
based on the potential of corpus linguistics can be employed by the teacher as a tool of making special
glossaries reflecting the vocabulary specifics of the whole subject or a particular lesson. Moreover,
the teacher can use didactic features of the tools by offering various activities both as homework
and as self-study to the students. These include doing crosswords, logograms, exploring the use of
lexical items in the text and making collocations in order to systematize the lexical knowledge gained
in-class, reinforce and enhance terminology mastering by introducing corpora-based tasks.

As part of the pilot study we have designed a questionnaire to survey both teachers and students.
The teacher’s questionnaire has a set of 15 questions of different types: multiple choice questions,
dichotomous questions and Likert scale questions. The following topics are covered: demographic
and professional characteristics of the respondents; foreign language proficiency, qualifications in na-
tive/foreign language teaching, practical experience in CLIL; experience in distance learning systems;
corpus-based tools, expectations in using the CLIL/DDL methods, etc. Also 12 third-year Russian-
speaking students of Mathematical faculty of the Herzen State Pedagogical University of Russia
studying for “Applied mathematics and computer science” training program have taken part in the
experiment. The experiment has been conducted in “Computer modelling” subject using Arena Sim-
ulation (Rockwell Software) system. The subject was taught in the native language and the students
were provided with the laboratory manuals containing the solved tasks for Arena in Russian. Despite
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Producing flash cards: 
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Figure 3: Teacher’s procedure of arranging students’ self-study aimed at learning vocabulary of the
software manuals and helps

this, handling foreign-language software required advanced proficiency in English to deal with the
system interface, the system’s clues as well as with the ready-to-use computing models provided by
the system itself.
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A learning corpus consisting of the manual’s and help’s texts of the Arena system was designed
by SketchEngine. The corpus contained 2031 word tokens. To create the corpus SketchEngine system
was used. It helped to extract key words. Later the key words and word combinations were repeatedly
extracted by the LexTutor system. To conduct the above mentioned procedures users’ corpora of
Arena and BNC_COCA_mixed_Sp_Wr_US_UK_10million served as reference corpora.

Based on the lexical material selected by the Lextutor Flashcard Builder and Lextutor Dictator
tools flash cards (30 lexical items) were produced, key word (46 cards) dictations and key word
combinations (9 cards) dictations were made.

The speaker’s voice was adjusted to parameter of speech speed and pronunciation: Normal
speech and and Special English. Then the students were given lists of words and word combinations
so that they could highlight familiar lexical items without looking up in dictionaries. On average 50%
of the lexical items were marked as familiar. As the semester started the students were offered to
translate the text from the system’s manual (Basic Panel section) amounting to the volume of 9101
lexical items and to the length of 1505 lexical items. They were allowed to use online translator.

The average time spent was 2 hours. The task decision time decreased to 1 hour at the end of
the semester, although students have got the same amount of work.

3 Conclusion

Conducting dictations in test mode the average time spent on identifying a one-word term amounted
to 0.5 min and a two-word term – 1.5 min. This means that it required more time to identify
word-combinations (this might be caused by a more complicated task – increased length of a word-
combination).

In addition, the students admitted that the longer the n-gram was the more complicated the task
was. When doing dictations in test mode the students demonstrated 80% of the correctly identified
one-word terms and 66% of the correctly identified bigrams.

The data obtained in the course of the control check results analysis revealed that initially the
learners did written translation quite mechanically and extensively edited the results of the automated
translator. They did not go dip into the topic of the text, did not pay attention to the key words and
word-combinations, violating the logic and not being factually accurate and linguistically literate. At
the end of the semester the students showed enhanced skills in written translation compared with
the initial results as they were familiar with the key Russian-English terms and general lexical items
of the given text. Interviewing the students revealed that translation of the manual’s extract was
regarded as a particularly useful activity.

To conclude, the results of the control check differ from the results of the initial test by a
qualitative progress in the field of written translation and in acquisition of the key vocabulary.
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