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SULTANGAZINA, G.Zh., ODZHAKHVERDIYEVA, S.V.

TAXONOMIC ANALYSIS OF THE KOSTANAY URBAN FLORA

The article presents the results of taxonomic analysis of urban flora of Kostanay, 562 species, 80
families, 277 genera were identified, and tables of the taxonomic structure of the urban flora of Kostanay
were compiled, identifying the leading families and genera, with the number of species established for each
family and genus. The obtained family and genus spectra reveal the typological characteristics unique to this
urban flora. Taxonomic analysis of the flora uncovered the biological diversity of plants in the study area,
highlighting the richness and uniqueness of the local flora. The study results indicate that the dominant
families in the city are Asteraceae, Rosaceae, and Poaceae, with prevalent genera including Astragalus,
Artemisia, Ranunculus, and Carex.

Key words: urban flora, taxonomic analysis, species richness, urban environment, Kostanay.
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THE ROLE OF BICS AND CALP IN THE INTEGRATION OF LANGUAGE
AND CONTENT LEARNING IN THE PHYSICS LESSONS IN ENGLISH

Abstract
The article discusses the importance of using the Quadrant Model to
integrate linguistic and content skills in physics lessons. The Quadrant Model helps
structure educational tasks, developing both Basic Interpersonal Communicative
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Skills (BICS) and Cognitive Academic Language Proficiency (CALP), ensuring a
gradual transition from simple tasks with visual support to independent analysis of
complex concepts. The article also provides recommendations for teachers on how
to use the Quadrant Model to plan lessons and improve student performance in a
bilingual environment.

Key words: integration of BICS and CALP, bilingual education, physics in
English, Quadrant Model, cognitive skills, language skills.

1 Introduction

Teaching physics in English in the context of integrated subject and language learning
(Content and Language Integrated Learning, CLIL) requires consideration of both academic and
communicative language skills of students. The concepts of BICS (Basic Interpersonal
Communication Skills) and CALP (Cognitive Academic Language Proficiency), proposed by Jim
Cummins (1979), play a key role in creating an effective language environment conducive to
mastering both physics and English. Cummins argued that BICS includes basic communication
skills that students use in everyday situations, whereas CALP refers to the ability to operate in the
academic language needed to analyse and interpret complex concepts and texts. Understanding and
applying these concepts in the teaching of physics makes it possible to eliminate the barriers that
students face when studying complex scientific disciplines in a foreign language.[1]

Within the framework of the CLIL approach, the "Cummins Quadrant Model" (Cummins,
1981) becomes an important tool, which structures learning tasks along two axes: cognitive
complexity and contextual saturation. According to this model, all learning tasks can be classified
into four quadrants: from cognitively simple and contextually rich (Quadrant 1) to cognitively
complex and contextually poor (Quadrant 4). Cummins argued that in order to successfully develop
academic language skills, students should move from Quadrant 1 (for example, tasks with
illustrations and support) to Quadrant 4, where completing the task requires maximum
independence and the use of academic language without additional contextual supports.|[2]

Scientific research confirms the effectiveness of the Quadrant Model in teaching natural
sciences. For example, studies (Coyle, Hood, & Marsh, 2010) have shown that students whose
physics education is structured according to quadrants demonstrate a deeper understanding of
conceptual content and better develop cognitive skills. In their work, Mehisto, Marsh and Frigols
(2008) emphasize that the use of tasks covering all four quadrants contributes to the gradual
transition of students from simple communication tasks (BICS) to complex analytical tasks
(CALP), which is especially important when teaching technical disciplines in English.[3][4]

However, as Linares (2015) notes, the successful application of the Quadrant Model requires
careful selection of learning tasks and the use of special techniques that allow students to effectively
transition from BICS to CALP. Llinares suggests adapting the content and language of assignments
depending on the level of language training and cognitive complexity of the material, which is
especially important when teaching physics, where not only knowledge of the academic language is
often required, but also the ability to interpret mathematical models and laws of nature.[5]

Thus, the purpose of this article is to analyse the role of BICS and CALP in the integration
of language and subject learning in physics lessons in English and to study the effectiveness of the
Cummins quadrant model for the development of academic language skills.

2 Materials and methods

BICS and CALP Concepts.

Differences and Integration The concepts of BICS (Basic Interpersonal Communication
Skills) and CALP (Cognitive Academic Language Proficiency), proposed by Jim Cummins (1979),
are fundamental for understanding differences in the development of language skills in bilingual
students. BICS refers to basic communication skills that are used in everyday communication, such
as informal conversations, discussions, and social interactions. These skills are usually developed
during the first two years of learning a new language and provide basic communication in social
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contexts (Cummins, 1979). CALP, by contrast, covers cognitively rich language skills that are
necessary for successful academic assignments such as writing essays, interpreting texts, discussing
scientific concepts, and solving complex problems.[1]

Cummins (1980) argued that BICS and CALP develop on different timelines and require
different learning approaches. If BICS is sufficient to maintain social contacts and mutual
understanding, then CALP requires considerable time and effort to master, as it involves the use of
specialized vocabulary, the formation of scientific hypotheses and the application of cognitive
strategies in an academic context (Cummins, 1980). This division is especially relevant in the
context of teaching in a foreign language, where basic communication skills do not provide an
adequate level of understanding of academic material such as physics and other natural science
disciplines.[2]

In order to structure the process of developing language skills, Cummins (1981) proposed a
Quadrant Model that helps evaluate tasks according to two parameters: cognitive complexity and
contextual saturation. These parameters are used to classify learning tasks and help teachers develop
learning materials focused on both basic and academic language development.[2]

The model includes four quadrants:

Quadrant 1: Contextually rich and cognitively uncomplicated tasks.

Quadrant 2: Contextually intense and cognitively challenging tasks.

Quadrant 3: Contextually poor and cognitively uncomplicated tasks.

Quadrant 4: Contextually poor and cognitively challenging assignments.

Picture 1. — «Quadrant Model Cummins»[7]

Using this model helps teachers effectively move students from Quadrant 1 to Quadrant 4,
gradually developing their language and cognitive abilities. Cummins argued that such a sequence
allows for the development of both BICS and CALP, creating the basis for in-depth academic study
in a foreign language.

The CLIL (Content and Language Integrated Learning) methodology is an approach to
learning in which the study of language and subject content occurs simultaneously. In this context,
the use of the quadrant model allows us to take into account both the development of language
skills and the development of academic material. Linares and Morton (2015) note that the choice of
assignments should correspond to the level of language training of students and their cognitive
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readiness in order to stimulate the development of both BICS and CALP. For example, when
studying physical concepts, you can start with simple tasks (Quadrant 1), such as using visual cues
and discussing basic concepts, and gradually move on to more complex ones (Quadrant 4),
including the formation of scientific hypotheses and analysis of experimental results.[5]

The application of the Cummins Quadrant model in the process of teaching physics in
English helps teachers structure lessons and assignments in such a way as to ensure the
development of both communicative and academic skills. According to Gibbons (2002), the
transition between squares allows students to consistently master both basic language skills and
more complex forms of academic interaction. This is especially important in natural science
disciplines, where a clear understanding of specialized vocabulary and the ability to operate with
abstract concepts are required [6].

Thus, using the concepts of BICS, CALP and the Cummins quadrant model in the context of
the CLIL provides an integrated approach to the development of academic skills, which makes it
possible to successfully integrate language and subject learning in a bilingual education
environment.

Principles of building a physics lesson using Quadrant Models

The quadrant model includes four types of learning tasks that gradually increase cognitive
load and reduce contextual support. Below is a table describing each quadrant and examples of
tasks for physics lessons:

Table 1 — Quadrant descriptions

Quadrant Characteristics Examples of Physics Lesson Tasks

Quadrant 1 | Contextually rich  and | Using illustrations to explain Newton's laws, discussing
cognitively simple tasks object trajectories based on images

Quadrant 2 | Contextually  rich and | Laboratory work with analysis of results, discussion after
cognitively complex tasks experiments using diagrams and graphs

Quadrant 3 | Contextually poor and | Independent reading of theoretical texts, performing
cognitively simple tasks terminology exercises without visual support

Quadrant4 | Contextually poor and | Writing a scientific report, explaining abstract concepts,
cognitively complex tasks critical analysis of theoretical principles

The stages of integration of BICS and CALP in physics lessons

Stage 1: Introduction of new material (Quadrant 1)

At the first stage, visual support is used to explain simple concepts. The teacher introduces
basic terminology and key concepts using pictures and diagrams, which reduces cognitive load and
develops BICS. For example, the study of the concept of force can begin with illustrations
demonstrating how different objects interact with each other.

Stage 2: Academic Skills Development (Quadrant 2)

After mastering the basic terminology, students move on to more complex tasks, such as
conducting experiments using physical devices and subsequent analysis of the results. For example,
they can measure the speed of falling objects and compare the data obtained with theoretical values.
In this case, contextual support is provided through laboratory instructions, which helps students
use academic language to describe phenomena and formulate conclusions.

Stage 3: Reading and Interpretation (Quadrant 3)

At this stage, the use of contextual support is decreasing. Students read physics texts and
complete reading comprehension tasks. For example, they may be invited to analyse complex texts
on the topic of "Energy and Work", after which they discuss the main ideas using academic
vocabulary.

Stage 4: Self-study (Quadrant 4)

At the last stage, students complete tasks of a high level of complexity, such as writing a
report or a presentation on the topic "The effect of friction on the movement of objects." They
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should independently analyse the theoretical aspects; summarise the data obtained and argue their
conclusions based on academic terminology.

Table 2 — Table of examples of tasks for integrating BICS and CALP in physics

Type of Task Objective Description

Group discussion of | Development of | Discussion of basic physics concepts, such as "force" and

concepts BICS "acceleration," using simple sentences

Laboratory work Development  of | Measuring the falling speed of objects and analysing results
CALP using terms, graphs, and tables

Independent reading | Transition from | Reading scientific articles and discussing their content with

and analysis BICS to CALP minimal contextual support

Critical analysis and | In-depth Writing an essay on the topic "The Importance of Newton's

essay writing development  of | Laws in Real Life," focusing on the use of scientific
CALP terminology

The application

modulation.

of these stages and types of tasks in physics lessons allows students to
systematically develop both communicative and academic skills, creating a solid foundation for
their academic success in a bilingual learning environment.

3-4 Results and discussion

Application of the quadrant model in the curricula in physics lessons

To successfully integrate BICS and CALP into teaching physics in English, the Quadrant
Model allows you to structure assignments in such a way as to develop both basic communication
skills (BICS) and academic language skills (CALP). In this part of the article, specific examples of
the application of the quadrant model in physics lessons will be considered, based on two curricula
that cover the topics of electromagnetic waves and solving problems based on signals and their

Picture 2. — Lessons’ plans

Beginning of the lessons
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Middle of the lessons

Ends of the lessons
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Example 1: Solving problems on the topic "Electromagnetic waves and oscillations"
(Lesson Plan "EM oscillations and waves'")

In this lesson, students study the characteristics and applications of electromagnetic waves,
as well as solve problems related to oscillationss in the LC circuit. The lesson includes several
stages that cover different quadrants of the model and allow students to effectively develop both
communicative and academic skills.

Quadrant 1: Contextually rich and cognitively uncomplicated tasks

The introduction to the topic begins with a discussion of basic concepts and terms such as
"electromagnetic waves" and "free oscillations". The teacher uses visual materials and presentations
so that students can better understand new terms. For example, slides and videos are used when
discussing Maxwell's theory or the characteristics of various types of electromagnetic waves
(infrared, ultraviolet, etc.).

Quadrant 2: Contextually intense and cognitively challenging tasks

After getting acquainted with the theory, the students proceed to the practical solution of
problems for calculating the oscillation parameters in the LC circuit. The teacher provides them
with formulas and examples of solutions. The method of working in groups is used, where strong
students help weaker ones to master formulas and methods for calculating the frequency of
vibrations.

Quadrant 3: Contextually poor and cognitively uncomplicated tasks

At this stage, students read textual information about electromagnetic vibrations and solve
simple tasks based on the data obtained. Contextual support is minimal, which encourages students
to interpret the text themselves and find the necessary information.

Quadrant 4: Contextually poor and cognitively challenging assignments

The final task requires students to analyse in-depth and use their knowledge independently.
Students are preparing a mini study on the application of various types of electromagnetic waves in
technologies such as X-rays or radio waves.

Example 2: Solving problems on the topic '"Signals and their modulation" (Lesson
Plan "Solving problems: Communication channels Signal Attenuation'')

This lesson is devoted to the study of various signal transmission channels and modulation
characteristics. The assignments are distributed according to the quadrant model and cover both
basic and academic language skills.

Quadrant 1: The introduction begins with the practice of describing various communication
channels (coaxial cables, radio and microwave channels, optical fibre) using visual materials.
Students work in pairs, describe each type of channel and discuss their advantages and
disadvantages.

Quadrant 2: In the next stage, students solve problems for calculating signal attenuation
and discuss modulation (amplitude and frequency). The teacher explains the formulas and
demonstrates examples of problem solving, after which the students solve them on their own.

Quadrant 3: Students read a text about the principles of modulation and answer questions
about the material they read. Contextual support is minimal, which encourages them to use
academic language and analyse the text.

Quadrant 4: The final assignment includes project work where students develop a
presentation on the effects of various types of modulation on signal quality. They should argue their
conclusions and use specialised vocabulary.

Recommendations for the use of the square model

1. Using interactive methods: Start with visual support and discussions in pairs, and then
move on to more complex tasks.

2. Gradual complication of tasks: The transition from quadrant 1 to Quadrant 4 should
occur sequentially so that students have time to adapt to the increase in cognitive complexity.
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3. Differentiated approach: Take into account the level of training of students and use
multivariate tasks for groups with different levels of language proficiency.

Thus, using the quadrant model helps to effectively develop both communicative and
academic language skills, ensuring successful mastering of physics in English.

Both lessons demonstrate the effective use of the integration of language and subject
content, focusing on the development of both basic communication skills (BICS) and academic
(CALP). The methodology is based on the quadrant model, which allows you to structure tasks
from simple, with high contextual support (discussion of terms and concepts), to complex, requiring
independent analysis and critical thinking (problem solving and project work).

In both lessons, there is a gradual increase in cognitive complexity and a decrease in the
level of support, which corresponds to the goals of bilingual learning. The training tasks are adapted
for different stages of mastering the material, starting with discussions in pairs and ending with
independent research projects. Special attention is paid to reflection and self-assessment, which
helps students to realize their strengths and weaknesses and develop metacognitive skills.

5 Conclusions

The use of the quadrant model in the integration of BICS and CALP in physics lessons
provides a systematic approach to the development of language and cognitive skills in students.
This model allows you to structure learning tasks according to the principle of "from simple to
complex", helping students smoothly move from completing tasks with high contextual support to
more complex tasks that require independent analysis and the use of academic vocabulary. This
approach contributes to the effective development of the subject material and language content,
creating conditions for successful teaching of physics in English.

The quadrant model helps to overcome language barriers and eliminate problems associated
with an insufficient level of academic language training. Developing lessons based on this model
allows you to plan assignments in such a way that students can simultaneously develop
interpersonal communication skills (BICS) and academic language competencies (CALP) necessary
for successful research and critical analysis. Teachers are advised to follow the following principles
when planning lessons:

1. Step-by-step increase in cognitive complexity of assignments

Teachers should start with simple tasks in Quadrant 1, such as discussing terms and concepts
with visual support, in order to develop basic communication skills in students, especially those for
whom English is a second or third language. As students master basic terminology and concepts,
assignments should gradually move into Quadrant 2, where there is high contextual support and
cognitive complexity increases (for example, performing laboratory work and group studies).

2. Using multimodal support in the initial stages

Contextual support in the first stages (Quadrant 1 and 2) plays a key role in reducing
cognitive load and forming a language foundation. It is recommended to actively use visual,
graphical and digital resources such as diagrams, graphs and simulations so that students can match
visual images with new terms and concepts.

3. Systemic reduction of contextual support

As students move towards Quadrant 3, it is important for the teacher to gradually reduce
contextual support, giving students more opportunities to interpret texts and solve problems on their
own. It is important to introduce exercises for reading scientific texts, independent problem solving
and written assignments that will help develop skills in working with academic vocabulary.

4. Creating conditions for independent analysis and critical thinking

Tasks from Quadrant 4 should include complex tasks and projects that require the
integration of theoretical knowledge and the ability to critically evaluate information. These can be
tasks such as writing scientific reports, conducting research projects, and presenting results. These
assignments should encourage the use of academic language and a deep understanding of subject
concepts.
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5. A variety of task formats and active student engagement

Teachers should plan a variety of learning activities, including group discussions, laboratory
work, project research and role-playing games. It promotes the formation of interpersonal
communication skills (BICS) and stimulates the use of academic language in a real context (CALP).

6. Regular reflection and self-assessment

At each stage, it is important to provide reflection and self-assessment to monitor the level
of understanding and language training. Using methods such as self-assessment scales, discussions
in pairs and groups, as well as regular tests, will help students assess their progress and adjust
learning goals.

Following these recommendations will allow teachers to effectively plan lessons and
achieve successful integration of students' language and academic skills as part of teaching physics
in English.
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TACTAHOB, M.F., KYPMAHFAJIMEBA, A.A.

AFbBUIHNIBIH TIUIMHAEIT ®U3UKA CABAKTAPBIHIA TUIAIK KOHE MA3MYHIbIK
OKBITYAbI UHTET'PAIUAJIAYJAFBI BICS )KOHE CALP POJII

Maxanaoa usuxa cabakmapvlHOa AUHSEUCTHUKATBIK JHCIHE MASMYHOBIK 0dg0bLIapobl Oipikmipy
ywin Keadpanm Mooenin KoadanyObly MAanbI30bLIbIZLL MAIKbIIAHAOb. Keadpaum Moodeni wuezizei
Tyneaapanvix Kommynuxamuemik Jlazovinapowt (BICS) swcone Koenumuemi Axademusnvix Tindi Meneepyoi
(CALP) oamwima omovipein, 0Oinim Oepy MiHOemmepiH KYpulibiMOay2a KoMmexkmeceodi, Kapanaivlm
MAancelpmanapoan eu3yandvl KoaOaymeH Kypoeni Yevimoapovl mayeiciz mandayza Oipminden Kkoutyoi
gammamacwiz emedi. Cownoati-ax maxanada myearimoepee Cabaxmapowvl dcocnapiaay dicone eki mindi
opmaoa oKkyublIaposly yazepimin dicaxcapmy ywin Keadpanm Yneicin natioarany O0UblHUla YCbIHbICMAD
Oepineen.

Tyitinoi cezoep: BICS owcone CALP unmezpayuscul, exi minde 0Oinim Oepy, agviiuibli MiniHOe2l
¢usuxa, Keaopanm Mooeni, manvimowix dagovliap, mindik 0azovliap.

TACTAHOB, M.T'., KYPMAHI'AJIUEBA, A.A.

POJIb BICS I/IvCALP B UHTET'PAIIUU U3YYEHUA SA3BIKA U COAEPKAHHUS HA YPOKAX
OU3UKHU HA AHTVIMUCKOM A3BIKE

B cmamve paccmampusaemcs snauumocme npumenenuss mooenu Keaopanmos O UHmMezpayuu
AZBIKOBLIX U NPEOMEMHbIX HABbIKO8 HA YPOKax husuku. Modenv Kaopanmoe nomozaem cmpyKmypuposams
yuebOHble 3a0aHUs, paA3susdas Kax 0azoevle KommyHuxamusnvle Hasviku (BICS), max u axademuueckue
naeviku (CALP), obecneuusas nodmantulil nepexoo0 om APOCMbIX 3A0AHUU C BU3YATLHOU NOOOEPAHCKOU K
CAMOCMOSIMENbHOMY AHANU3Y CNIOJICHBIX KOHyenyull. B cmamve makoce oamvl pexomendayuu 07 npeno-
dasameseti N0 UCHOIBL3OBAHUIO MOOEIU KBAOPAHNOE 0151 NAAHUPOBAHUS YPOKOG U NOGLIUUEHUS YCHegaemMocmu
VUAWUXCs 8 OUTUHSBATILHOU Cpeoe.
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THE INTRODUCTION OF PROBLEM-BASED LEARNING METHODS INTO THE
PRACTICE OF A PHYSICS TEACHER AND THE STUDY OF THE EFFECTIVENESS
OF THEIR USE IN THE DEVELOPMENT OF STUDENTS' RESEARCH SKILLS

Abstract

This article examines the introduction of problem-based learning (PBL)
into physics teaching and analyzes its effectiveness in developing students’
research skills. Problem-based learning encourages involvement of students in the
learning process, development of critical thinking, independence, and teamwork
skills. Special emphasis is placed on practical experiments and real-world scenario
modeling, which helps students better understand theoretical material and apply it
in practice. The study results include survey data, academic performance, and
project task completion among students, confirming the positive impact of PBL on
the learning process. The article also provides recommendations for further
integrating PBL into the school curriculum and for teacher professional
development to support more effective application of this method.
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