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CHALLENGES OF CONTEMPORARY EDUCATION
AND HOW TO OVERCOME THEM

Stevan JOKIC, professor, scientific advisor
project ,,Ruka utestu”, Belgrade, Serbia
ORCID ID: 0009-0006-3782-7839

E-mail: sjokic@vin.bg.ac.rs

CZU: 37.01
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Abstract. This paper explores the critical role of scientific literacy in addressing 2 1st-
century challenges such as sustainable development and technological advancements. The
"Ruka u testu" project in Serbia, inspired by the French "La main a la pate" initiative,
exemplifies this effort. The article details the project's international collaboration, which
enhances its resources, methodologies, and impact through partnerships with the French
Academy of Sciences and other institutions. The implementation of inquiry-based learning
in Serbian schools, highlighting pilot programs, curriculum integration, teacher training,
and continuous support is discussed. Also, this communication provides an overview of the
inquiry-based learning modules, emphasizing hands-on experiments, interdisciplinary
connections, and reflective discussions. These efforts aim to transform science education
by fostering critical thinking and engagement among students. The "Ruka u testu" project's
success is bolstered by ongoing professional development and international cooperation,
ensuring that educators are equipped to provide high-quality science education.

Keywords: scientific literacy, inquiry-based learning, international collaboration,

hands-on science education.

Rezumat. Aceastd lucrare exploreaza rolul esential al alfabetizarii stiintifice
in abordarea provocarilor secolului al XXI-lea, cum ar fi dezvoltarea durabila si
progresul tehnologic. Proiectul ,,Ruka u testu” din Serbia, inspirat de initiativa
franceza ,,La main a la pate”, exemplifica acest efort. Articolul detaliaza colaborarea
internationala a proiectului, care Tmbunatéteste resursele, metodologiile si impactul

acestuia prin parteneriate cu Academia Francezd de Stiinte si alte institutii. Este
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prezentatd implementarea invatirii bazate pe cercetare in scolile din Serbia,
evidentiind programele-pilot, integrarea in curriculum, pregatirea cadrelor didactice
st sprijinul continuu. De asemenea, aceastd comunicare oferd o privire de ansamblu
asupra modulelor de invatare bazate pe cercetare, accentudnd experimentele
practice, conexiunile interdisciplinare si discutiile reflexive. Aceste eforturi vizeaza
transformarea educatiei stiintifice prin promovarea gandirii critice si implicarea
elevilor. Succesul proiectului ,,Ruka u testu” este consolidat de dezvoltarea
profesionald continud si de colaborarea internationald, asigurdnd echiparea
metodologica adecvata a profesorilor pentru a furniza o educatie stiintifica de inalta
calitate.

Cuvinte-cheie: alfabetizare stiintificad, Invatare bazata pe cercetare,

colaborare internationald, educatie stiintifica prin practica.

Introduction

A society’s attitude towards its heritage is most evident through its attitude
towards the level of scientific literacy of every member of the young generation and
the assistance provided to teachers and schools in achieving this goal. Because that’s
the only way the civilisation of the 21% century can competently confront the
following challenges:

e The necessity for each individual’s conduct to be harmonised with the
concept of sustainable development;

e Existing development in which nature is to the fore and everything else is
subservient, with which activities characteristic of the industrial revolution
are reduced drastically;

e New technologies that are characterised by multi-disciplinarity,
interdisciplinarity and trans-disciplinarity, coupled with a reliance on
nanotech, cognitive technologies, information science and biotechnology;

e The teaching approach introduced by the ancient Greeks, which experienced
significant transformation during the Renaissance, with the advent of the

printing press, when Montaigne himself said that he would rather have a
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guide with a well-made head than a well-filled one, and now it is set to
undergo even more significant changes with the advent of digitalisation.

That’s why every educator, tutor or subject teacher, of any educational
institution at any level of the education system, is confronted by the following
three questions:

Who are we addressing today? Young people whose education is provided
through the use of book culture and screen culture; users of the results of the first
quantum technological revolution, but contemporaries of current trends of the
second quantum technological revolution, as well as a cultural, cognitive and
psychological shift; youngsters who look at a picture for seven seconds and take 15
seconds to find an answer, who spend more than five hours in front of some kind of
screen and will, in the next few decades, have a vocabulary that’s about 30,000 new
words richer... Nevertheless, the data shows that, on the basis of a survey of
approximately 900,000 adolescents in France (data from the magazine CLEFS
NO64, 2014, p.30), upon completing primary and secondary school, around 25% of
pupils are unprepared for the challenges they face today! I don’t have the data for
Serbia!

What should we offer them? Perhaps curricula that, apart from taking a
disciplinary approach, will also use an interdisciplinary one, with complex topics
from everyday life. The possibility of providing greater freedom for teachers and
the more active participation of pupils in the teaching process, with the use of non-
formal and informal education, and more formative evaluation.

How can that be done? Try to apply teaching approaches based on research,
projects, STEM and STEAM ((Science, Technology), Engineering/Art, Maths).
These teaching approaches are coherent and attractive to all learners, because they
respect not only their social, cultural and geographical differences, but also the
specificities that are imposed on them by every school-centred situation.

Education is a discipline of intervention, because the teacher has to react in an
appropriate way at a given moment. That’s why they need resources, first and

foremost! Under the scope of the Hands in the Dough (Ruka u testu / Hands-on)
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project, over the course of 20-odd years, teachers had at their disposal 20 books
(mostly translated from French and English), 15 books in digital format available to
be downloaded for free, around a dozen types of inexpensive experimental boxes
that can be made in every school, the YouTube channel Informatika i nauka za sve
[Informatics & Science for Everyone] (40,000 views), the website Ruka u testu
[Hand in the dough / Hands-on] (containing more than 3,000 pages), around a dozen
exhibition-workshops, multiple seminars, lectures etc. These resources were created
within the framework of’ the contract between the French Academy of Sciences, the
Serbian Academy of Sciences and Arts - SANU and the University of Belgrade;
international cooperation under the scope of EU projects SUSTAIN and
FIBONACCI; cooperation among the collaborators in the Ruka u testu project and
foundation La main a la pate, the global network of science academies
InterAcademy Partnership - IAP and the French Institute in Belgrade, with which
we are also implementing this exhibition-workshop “Science and informatics for

every child”.

I. Origin and Support for ""Ruka u testu'" project from
"La main a la pate"

The "Ruka u testu" project in Serbia is part of a broader international initiative
known as "La main a la pate," which originated in France. This international
collaboration plays a crucial role in enhancing the project's resources,
methodologies, and overall impact. Here are the key aspects of this international
collaboration.

Foundation and philosophy - "La main a la pate" was founded in 1996 by the
French Academy of Sciences. It aims to improve science education through hands-
on, inquiry-based learning. The philosophy and pedagogical principles of "La main
a la pate" serve as the foundation for "Ruka u testu."

Adoption and adaptation - The Serbian project adopts and adapts the
pedagogical approaches and teaching materials developed by "La main a la pate."
This includes translating resources into Serbian and modifying them to fit the local

educational context.
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International workshops and seminars - Serbian educators participate in
international workshops and seminars organized by "La main a la pate". These events
provide training in inquiry-based science education and offer opportunities to learn from
experts and peers from other countries.

Exchange programs - There are exchange programs where Serbian teachers
and educators visit schools and institutions in other countries to observe and learn
from their implementations of inquiry-based science education. Similarly, educators
from other countries visit Serbian schools to share their experiences and insights.

Access to a global repository - "Ruka u testu" benefits from access to a rich
repository of educational resources, including lesson plans, teaching modules, and
multimedia materials developed by "La main a la pate" and its international partners.

Collaborative development: - Serbian educators collaborate with their
international counterparts to develop new teaching materials and resources. This
collaborative development ensures that the materials are culturally relevant and
pedagogically sound.

Joint research projects - The project participates in joint research initiatives
with international partners to study the effectiveness of inquiry-based science
education. These research projects help to evaluate and refine the teaching methods
and materials used in the project.

Publication and dissemination - Findings from these research projects are
published in international journals and presented at conferences, contributing to the
global body of knowledge on science education. Serbian educators and researchers
actively participate in these dissemination efforts.

Global educator networks - The project is part of a global network of
educators and institutions committed to improving science education. This network
facilitates the exchange of ideas, best practices, and support among educators from
different countries.

International conferences - Educators and coordinators from "Ruka u testu"
participate in international conferences and symposiums on science education.
These events provide platforms for presenting their work, learning from others, and

building professional relationships.
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International grants and funding - The project receives funding and support from
international organizations and foundations dedicated to education and science. This
financial support is crucial for sustaining and expanding the project's activities.

Collaborative grant applications - Serbian educators collaborate with their
international counterparts to apply for grants and funding opportunities. These
collaborations increase the chances of securing funding and enhance the project's
capacity to achieve its goals.

Promoting global citizenship - Through its international collaborations, the
project promotes global citizenship and intercultural understanding among students
and educators. It helps students appreciate the global nature of scientific inquiry and
the importance of international cooperation in addressing scientific and societal
challenges.

Diverse international perspectives - Exposure to diverse educational practices
and perspectives enriches the teaching and learning experiences in Serbian schools.
It encourages educators to innovate and adopt new approaches that have been
successful in other contexts.

By leveraging these international collaborations, the "Ruka u testu" project in
Serbia is able to enhance the quality and reach of its inquiry-based science education
initiatives. The collaboration brings in valuable resources, expertise, and

perspectives, making the project a dynamic and impactful educational endeavor.

II. Implementation of '""Ruka u testu" in schools

Selection of pilot schools - Initially, the project selects a number of pilot
schools to implement its programs. These schools serve as testbeds for developing
and refining the project’s methods and materials.

Integration into curriculum - The project works closely with these schools to
integrate inquiry-based science modules into their existing curricula. This involves
adapting teaching materials to align with national education standards and school-
specific needs.

Classroom activities - Teachers use the provided modules to conduct hands-

on science activities. These activities encourage students to engage in scientific
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inquiry by forming hypotheses, conducting experiments, observing results, and
drawing conclusions.

Workshops and training sessions - The project organizes workshops and
training sessions for teachers. These sessions cover the principles of inquiry-based
learning, the use of specific teaching modules, and strategies for fostering student
engagement and curiosity in science.

Continuous support - Teachers receive ongoing support through mentoring
and coaching. Experienced educators and project coordinators provide guidance on
effectively implementing the modules and addressing any challenges that arise.

Resource provision - Schools are provided with resources such as teaching
guides, experiment kits, and digital tools that support inquiry-based science
education.

Teacher networks - The project fosters the creation of networks where
teachers can share their experiences, exchange best practices, and collaborate on
developing new teaching strategies. These networks often operate both in-person
and online.

Professional learning communities - Schools participating in the project often
form professional learning communities (PLCs). Within these PLCs, teachers
collaborate to plan lessons, reflect on their teaching practices, and assess student
outcomes.

Science clubs and camps - The project encourages the formation of science
clubs and the organization of science camps where students can further explore
scientific concepts through extracurricular activities.

Competitions and exhibitions - Students have opportunities to participate in
science fairs and competitions, showcasing their projects and experiments. These
events celebrate student achievements and foster a culture of scientific inquiry and
innovation.

Monitoring student progress - The project includes mechanisms for
monitoring student progress and assessing the impact of inquiry-based learning on
their understanding of scientific concepts. This involves both formative and
summative assessments.

Teacher feedback - Teachers provide feedback on the effectiveness of the

13



modules and the training they receive. This feedback is used to continuously
improve the project’s resources and support mechanisms.

Research partnerships - The project collaborates with educational researchers
to study its impact and effectiveness. Findings from these studies help refine the
project and contribute to the broader field of science education.

Expansion to more schools - Based on the successes and lessons learned from
pilot schools, the project gradually expands to include more schools across Serbia.
This scaling process is carefully managed to ensure the quality and sustainability of
the program.

Publications and sharing best practices - The project disseminates its findings,
teaching materials, and best practices through publications, conferences, and online
platforms. This helps spread the inquiry-based learning approach to a wider
audience of educators and policymakers.

Through these collaborative efforts, the "Ruka u testu" project aims to
transform science education in Serbia by making it more engaging, interactive, and

effective in fostering scientific literacy and critical thinking skills among students.

III. Inquiry-based learning modules
Inquiry-based learning modules provided by the "Ruka u testu" project are
designed to foster a hands-on, student-centered approach to science education.
These modules encourage students to engage actively with scientific concepts
through questioning, experimentation, and critical thinking. Here’s a detailed

description of the key components and structure of these modules:

Introduction and Context:

e Topic overview: Each module begins with an introduction to the
scientific topic. This includes background information, relevance to
everyday life, and the key concepts that will be explored.

o Learning objectives: Clear objectives are outlined, detailing what
students should understand and be able to do by the end of the

module.
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Engagement and Question Formulation:

Hook activities: Initial activities designed to spark curiosity and interest in
the topic. This might include intriguing questions, demonstrations, or real-
world problems.

Formulating questions: Students are encouraged to ask questions about the
topic, fostering a sense of ownership and curiosity. Teachers guide students

in refining their questions to make them investigable.

Exploration and Investigation:

Hands-on experiments: Detailed instructions for experiments that allow
students to explore the topic actively. This section includes lists of required
materials, step-by-step procedures, and safety guidelines.

Data collection: Students collect data during their experiments. The modules
provide templates or guidelines for recording observations, measurements,

and other relevant information.

Explanation and Concept Development:

Analyzing data: Students analyze the data they have collected to identify
patterns, make connections, and draw conclusions. This involves using
charts, graphs, and other analytical tools.

Developing explanations: Based on their analysis, students develop
explanations for their findings. The modules provide guiding questions to

help students articulate their understanding.

Elaboration and Application:

Extended activities: Additional activities that extend the learning
experience, allowing students to apply their knowledge in new contexts or
explore related topics. This might include projects, further experiments, or
real-world applications.

Interdisciplinary connections: Suggestions for connecting the scientific
concepts to other subjects, such as math, technology, engineering, and even

social studies or art.
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Evaluation and Reflection:

o Assessment tools: Various assessment tools are included to evaluate
student understanding and skills. This may consist of quizzes, rubrics, peer
assessments, and self-assessment checklists.

. Reflective discussions: Prompts for reflective discussions where students
can share what they learned, discuss challenges they faced, and consider
what they might do differently in future investigations.

Teacher Resources and Support:

o Teacher guides: Comprehensive guides that provide additional
background information, tips for facilitating inquiry-based learning, and
answers to common questions.

o Professional development: Resources for ongoing professional
development, including links to workshops, seminars, and online

communities where teachers can share experiences and strategies.

Here are two examples of typical inquiry-based learning modules that are
be provided by the "Ruka u testu" project in Serbian schools:

Example Module 1: The Water Cycle

Introduction and Context:

. Topic Overview: Understanding the water cycle and its importance to life
on Earth.
. Learning Objectives: Students will understand the processes of

evaporation, condensation, and precipitation.
Engagement and Question Formulation:
. Hook Activity: Demonstration of water evaporating from a heated
container and condensing on a cold surface.
. Formulating Questions: Why does water evaporate? How does it form

clouds? Where does rain come from?
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Exploration and Investigation:
Hands-On Experiment: Creating a mini water cycle in a closed container.
Data Collection: Observing and recording the changes in water state over
time.

Explanation and Concept Development:
Analyzing Data: Discussing observations and linking them to the stages of
the water cycle.
Developing Explanations: Explaining how water moves through the
environment in a continuous cycle.

Elaboration and Application:
Extended Activities: Exploring how human activities affect the water
cycle.
Interdisciplinary Connections: Linking to geography by mapping the water
cycle in different climates.

Evaluation and Reflection:
Assessment Tools: Quiz on the stages of the water cycle.
Reflective Discussions: Discussing the importance of the water cycle for
agriculture and water conservation.

Example Module 2: Electricity and Circuits

Introduction and Context:
Topic Overview: Basics of electricity, simple circuits, and their
applications.
Learning Objectives: Students will learn how to build and understand
simple electrical circuits.
Engagement and Question Formulation:
Hook Activity: Demonstration of a simple circuit lighting up a bulb.
Formulating Questions: How does electricity flow? What materials

conduct electricity?
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Exploration and Investigation:
e Hands-On Experiment: Building circuits using batteries, wires, bulbs, and
switches.
o Data Collection: Testing different materials for conductivity and recording
results.
Explanation and Concept Development:
e Analysing Data: Comparing the conductivity of various materials and
understanding circuit components.
o Developing Explanations: Explaining why certain materials conduct
electricity while others do not.
Elaboration and Application:
. Extended Activities: Designing a simple electrical device or game.
. Interdisciplinary Connections: Linking to physics (energy transfer) and
technology (modern uses of electricity).
Evaluation and Reflection:
. Assessment Tools: Peer assessment of circuit designs.
. Reflective Discussions: Discussing the role of electricity in everyday life

and its environmental impact.

In this way, the inquiry-based learning modules provided by the "Ruka u
testu" project emphasize active student participation, critical thinking, and real-
world applications. These modules are designed to make science education
engaging and meaningful, helping students develop a deep understanding of

scientific concepts and the skills to explore them further.

IV. Conclusions
Importance of scientific literacy: A society's commitment to scientific
literacy is critical for preparing the younger generation to face the challenges of
the 21st century, including sustainable development and technological

advancements.

18



Role of education in sustainable development: Harmonizing individual
conduct with sustainable development principles is essential, and education
plays a pivotal role in achieving this alignment.

Interdisciplinary approach to education: Modern education needs to
incorporate  multidisciplinary, interdisciplinary, and transdisciplinary
approaches, leveraging advancements in nanotechnology, cognitive
technologies, information science, and biotechnology.

Evolution of teaching methods: The evolution of teaching methods, from
ancient Greek approaches to Renaissance transformations, continues with
digitalization, emphasizing the need for adaptable and forward-thinking
educational strategies.

Challenges for educators: Educators face the challenge of addressing the
needs of a generation influenced by both book and screen cultures, and who are
experiencing rapid technological and cognitive shifts.

Curriculum innovation: There is a need for curricula that combine
disciplinary and interdisciplinary approaches, promote active student
participation, and integrate non-formal and informal education along with
formative evaluation.

Inquiry-Based learning: Implementing teaching approaches based on
inquiry, projects, STEM, and STEAM is crucial for engaging students and
respecting their diverse social, cultural, and geographical backgrounds.

Resource availability: Teachers require access to resources such as
translated books, digital materials, inexpensive experimental kits, and online
platforms to effectively implement inquiry-based learning.

International collaboration: The success of the "Ruka u testu" project is
significantly bolstered by international collaborations, including partnerships
with the French Academy of Sciences, the Serbian Academy of Sciences and
Arts, and the University of Belgrade.

Ongoing professional development: Continuous professional

development through workshops, seminars, and participation in international
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networks and conferences is essential for educators to stay updated with the

latest methodologies and resources in science education.
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Abstract. This article proposes to explore the qualities, efficiency, accuracy, us
abilityand applicability of ChatPdf in instructional design. In this regard, a lesson from the
6th grade physics textbook has been uploaded to the application. The research methodology
consisted of the teacher's request to ChatPdf to provide several didactical design products,
namely the creation of a lesson plan, a learning unit and an evaluation test. Following the
discussion between the teacher and the ChatPDF, it appears that it can be used in didactical
design, but with certain reservations, in the sense that the products are not of the best quality
and do not respect the typical didactic design agreed at the national level. User intervention
and refinement of requested responses/products is imperative. However, its use is useful, it
helps the teacher save time for didactic design.

Keywords: virtual assistant, Artificial Intelligence, AIED, didactical design,

teacher.

Introduction

Information technologies and more recently, Artificial Intelligence (AI) have
penetrated modern society and revolutionized many sectors, including education, through
the development of dedicated e-learning applications. Artificial Intelligence in Education
(AIED) is an emerging interdisciplinary field that applies artificial intelligence technologies
to educational field. Learning with artificial intelligence involves the use of artificial
intelligence-based tools in teaching and learning and includes: direct learner support,
dialogue-based tutoring systems, exploratory learning environments, automated writing,

assessment and chatbots; administrative support (recruitment, calendar and learning
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management); supporting teachers [2]. Transforming computer on a way of communication,
work, learning and instruction guide through a computerized environment, driven by the
science of automatic data processing, and Artificial Intelligence, mediates the widespread
using of the ICT means [3].

The Council of Europe has classified the use of Al in education as follows [4]:
learning with Al; using Al to learn to learn; learning about AI (AI literacy). Several
acronyms are used in this regard; AI&ED refers to A7 and Education, while AIED refers to
Al in Education. Learning using artificial intelligence systems is also called A7 for
education.

More recently, generative Al systems have been developed. Thus, in recent years, the
development of virtual assistants and the chatbots that use generative artificial intelligence
(AIG) has gained momentum. They are starting to be used more and more in various fields,
including the labor market.

A chatbot is a computer program designed to simulate conversations with users,
through the internet; it operates based on a predefined set of rules and is not capable of
understanding natural language in the same way a virtual assistant does. A chatbot is a
software program designed to automatically respond to messages, in a natural language,
simulating human conversations. A virtual assistant is an artificial intelligence-powered
software program that can understand and respond to natural language, perform tasks, and
interact with users in a conversational manner. However, it’s important to note that while
all virtual assistants can be considered chatbots, not all chatbots are virtual assistants.
Virtual assistants are typically more advanced and have more capabilities, such as
understanding context, learning from past interactions, and performing tasks on behalf of
the user. So, while a virtual assistant can be a chatbot, but a chatbot isn’t necessarily a
virtual assistant.

Dialogue-based Al training systems engage users in a conversation, written or
spoken, about the subject to be learned. Chatbots can communicate with users via a text or
an audio message, called prompt, and are used to answer questions. Some examples of such
virtual assistants are Microsoft Copilot, Google Bard/Gemini, Mistral, Amazon Alexa,
Apple Siri and of course ChatGPT.

This article proposes to explore the qualities, efficiency, accuracy, us abilityand
applicability of ChatPdf in instructional design. In this regard, a lesson from the 6th grade
physics textbook has been uploaded to the application [1]. The research methodology

consisted of the teacher's request to ChatPdf to provide several didactical design products,
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namely the creation of a lesson plan, a learning unit and an evaluation test. Following the
discussion between the teacher and the chatbot, it appears that it can be used in didactical
design, but with certain reservations, in the sense that the products are not of the best quality
and do not respect the typical didactic design agreed at the national level. User intervention
and refinement of requested responses/products is imperative. However, its use is useful, it

helps the teacher save time for didactic design.

Theoretical framework

ChatPdf is a tool that uses artificial intelligence to allow users to interact with their
pdf documents. This tool is powered by ChatGPT, a virtual assistant that provides instant
answers to user questions. A virtual assistant, like ChatPDF, is a computer program that
uses artificial intelligence to communicate with users and answer their questions. This
virtual assistant is developed by OpenAl, a research organization that specializes in creating
artificial generative intelligence (AI).

The creators of ChatPdf have proposed that this tool be useful for a wide range of
users, such as: students, helping them study for exams, assisting and helping them with
homework so that they can effortlessly answer questions, or make summaries; teachers
whom it helps to create teaching material, design learning units, lesson plans or evaluation
tests; researchers whom it helps to go through scientific papers, articles and academic books
to obtain the necessary information for their research; various users who want to navigate
through various documents contracts, laws, financial reports, manuals or training materials.

To obtain information from a PDF document, it is enough for the user to ask
questions, and the virtual assistant will respond. You can even discuss with multiple PDFs
in a single conversation - the answers contain references to their source in the original PDF
document without having to flip through the pages. ChatPdf accepts PDF documents in any
language and can converse in the user’s respective language in the same language it
recognizes in the prompt. By prompt, we mean the user’s requirement/question to which
the model is trained to respond. “In the context of artificial intelligence and programming,
a ‘prompt’ is a request or instruction that indicates the user to provide an input or that guides
the behavior of an Al system.” (Copilot [8])

To use ChatPDF, follow these steps: access the link https://www.chatpdf.com/ ;

upload the PDF document from your computer into the application; open the uploaded
document and start the conversation with the virtual assistant to obtain the desired

information.
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Research questions and objectives
The purpose of this research is to explore the degree of usefulness of ChatPdf in
didactic design. The objectives of this research are: exploring and understanding its
functionality; evaluating its efficiency in providing precise and useful answers; analyzing
how it operates, namely how it interacts with users and checking the degree of applicability
in didactic design, namely what types of questions can be asked to the virtual assistant so
that its answers are useful to the teacher.
The research questions refer to exploring its qualities, efficiency, precision, usability,
and applicability:
1. How efficient is ChatPDF in extracting relevant information from the PDF
document, respectively from the lesson?
2. How accurate is ChatPDF in answering questions?
3. How easy is it to use ChatPDF?
4. In what contexts is ChatPDF most useful?

Research methodology

The research methodology consisted in asking the teacher for several didactic design
products, namely the creation of a lesson plan, a learning unit, and an assessment test.
ChatPdf responded to these requests, as can be seen in the chapter devoted to research

results.

Research results

Introducing and working with ChatPdf

To design various teaching materials with the help of ChatPDF, the teacher upload
the PDF document from his computer into the application and open the uploaded document
- “The deviation of light beams: reflection and refraction (experimental, qualitative
description)”.

https://www.chatpdf.com/c/7TEaPVXYyzbmZsp56V6gDa.
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V1.5 DEVIEREA FASCICULELOR DE LUMINA: REFLEXIA
S REFRACTIA IMENTAL, DESCRIERE CALITATIVA)

Figure 1

Al welcomes us with a greeting and suggests three evaluation questions for the PDF
document, formulated in English. After the professor introduces the questions in Romanian,
ChatPDF also responds in Romanian. A dialogue between ChatPDF and the professor
follows. The professor requests the creation of a learning unit; in this regard, he writes in
the prompt “Create a learning unit referring to the Reflection of light”.

ChatPdf responds:

wLearning Unit: Optical Phenomena - Reflection and Refraction of Light

Learning Objectives:
e To understand the phenomena of reflection and refraction of light.
e To identify the laws of reflection and refraction of light.
e To apply the knowledge in practical experiments to observe and understand
optical phenomena.
Proposed Activities:
1. Practical Experiment: Building a Kaleidoscope
e Students will construct a kaleidoscope using simple materials such as a cardboard
cylinder, colored beads, and a prism.
e They will observe the optical phenomena generated by the reflection of light
inside the kaleidoscope.
2. Practical Experiment: Reflection of Light on a Plane Mirror
e Students will observe the reflection of light on a plane mirror and measure the
angles of incidence and reflection.
e They will complete a table with the measured values and draw light rays to
understand the phenomenon.

3. Research Activity: Applications of Light Reflection in Nature
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Students will search for and present examples of natural objects that reflect light
and phenomena of reflection captured in nature.

They will discuss the importance of light reflection in the surrounding
environment.

4. Interactive Game: Crossword Puzzle with Optical Terms
Students will solve a crossword puzzle to reinforce their knowledge of optical
phenomena.

5. Assessment:

Students will be evaluated based on their participation in experiments,
presentation of results, and understanding of optical phenomena.
A question-and-answer session will be organized to assess the knowledge

acquired.

This learning unit provides students with the opportunity to explore and understand

fundamental optical phenomena, such as the reflection and refraction of light, through

practical experiments and interactive activities.”

Teacher

Create an assessment test with 10 items, 3 objective, 3 subjective and 4 semi-

objectives. Additional requirements: the three subjective items must be of the

Problem-Solving type.

ChatPdf responds:

,Assessment Test: Reflecting Light

Objective Items:

1.

Multiple Choice: Which of the following best describes the law of

reflection? A) Light bends when it hits a surface. B) The angle of reflection
is equal to the angle of incidence. C) Light changes color upon reflection. D)
Reflection only occurs in transparent materials.
True or False: Regular reflection occurs on rough surfaces. A) True B)
False
Matching: Match the following terms with their definitions:
o Regular Reflection
o Diffuse Reflection

o Incident Ray
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o Reflected Ray A) Reflection of light in multiple directions. B) Light ray
approaching a surface. C) Reflection of light in a single direction. D) Light
ray bouncing off a surface.

Subjective Items (Problem Solving):

4. Problem Solving: A light ray strikes a mirror at an angle of 30 degrees.
Calculate the angle of reflection and illustrate the path of the reflected ray.

5. Problem Solving: Describe an experiment you could conduct to
demonstrate the difference between regular and diffuse reflection. Outline
the materials needed and the steps to follow.

6. Problem Solving: Explain how the laws of reflection can be applied in
designing a periscope. Provide a sketch of the periscope and explain how it
works.

Semi-Objective Items:

7. Fill in the Blank: The angle of is equal to the angle of reflection.

8. Short Answer: Define regular reflection and provide an example of where
it occurs in everyday life.

9. Diagram Interpretation: Given a diagram showing incident and reflected
rays, identify the angle of incidence and the angle of reflection.

10. Matching: Match the following objects with their primary use related to
reflection:

o Periscope

o Rearview mirror

o Solar cooker

o Kaleidoscope A) Reflecting sunlight for cooking. B) Providing a wide-
angle view in vehicles. C) Creating colorful patterns through reflection. D)
Reflecting light to see around corners.

This assessment test is designed to evaluate students' understanding of light
reflection concepts through a variety of question types, including objective,
subjective (problem-solving), and semi-objective items.”

Teacher: Create a lesson plan for Reflecting Light. The following will be covered:
the purpose of the lesson, the objectives, the skills developed, the duration, the necessary

materials, the structure of the lesson.
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ChatPdf responds:

wlesson Plan: Reflecting Light

Purpose: The purpose of this lesson is to introduce students to the concept of
reflecting light and help them understand the principles of reflection, types of reflection,
and practical applications of reflection in everyday life.

Objectives:

e Understand the definition of reflection and the laws of reflection.
e Differentiate between regular reflection and diffuse reflection.

e Explore how mirrors and other reflective surfaces work.

e Develop critical thinking skills through hands-on experiments.

e Enhance observational skills by analyzing the behavior of light.

Skills Developed: Critical thinking; Observation; Experimentation; Communication;
Problem-solving.

Duration: 45 minutes to 1 hour

Necessary Materials: Mirrors (plane and curved, if available); Light source
(flashlight or lamp); Objects for reflection experiments (coins, pencils, colored paper);
Whiteboard and markers; Worksheets for reflection activities; Safety goggles for students.

Structure of the Lesson:

1. Introduction (5 minutes): Briefly introduce the topic of reflecting light; Discuss why
understanding reflection is important in science and everyday life.

2. Definition and Laws of Reflection (10 minutes): Define reflection and explain the
laws of reflection (angle of incidence equals angle of reflection); Use diagrams or visual
aids to illustrate the concept.

3. Types of Reflection (10 minutes): Differentiate between regular reflection (smooth
surfaces) and diffuse reflection (rough surfaces); Show examples of regular and diffuse
reflection in the environment.

4. Hands-on Experiment (15 minutes): divide students into small groups; provide
mirrors and objects for reflection experiments; guide students to observe and measure
angles of reflection.

5. Discussion and Analysis (10 minutes): have students share their observations and
findings from the experiment; discuss any challenges faced and how they were

overcome.
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6. Applications of Reflection (5 minutes): explore practical applications of reflection,

such as mirrors, periscopes, and kaleidoscopes; encourage students to think about other

real-world uses of reflection.

7. Conclusion (5 minutes): Summarize the key points about reflecting light; Allow time

for questions and reflections from students.

Additional Notes: Ensure safety measures are in place during the experiment,

especially when handling mirrors. Encourage active participation and engagement

throughout the lesson. Provide opportunities for students to relate the concept of reflection

to their own experiences for better understanding.”

Discussions

It is noted that ChatGpt does not mention the skills that students will develop.

To have this result, the teacher must clearly request the targeted competences. In

this situation, the competencies pursued will be exposed in detail.

,»The competencies developed in students during the lesson on the reflection of light

include:

1.

Critical Thinking: Students will enhance their ability to analyze
information about light reflection, make connections between concepts, and
evaluate the results of experiments (3).
Observation: Students will develop the skill of carefully observing the
behavior of light during experiments and extracting relevant information
from their observations (1).
Experimentation: Students will have the opportunity to conduct practical
experiments to better understand the phenomenon of light reflection and
apply theoretical knowledge in practice (2).
Communication: Students will be encouraged to share the results of
experiments, discuss their observations, and effectively communicate their
ideas and conclusions to their peers and the teacher (2).
Problem Solving: Students will be engaged in solving various challenges
and problems related to light reflection experiments, helping them develop
problem-solving skills (2).

These competencies are essential for students' development in the field of
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science and prepare them to apply the knowledge and skills they have acquired in
practical and everyday contexts.”

It is noted that at the end of each skill, the pages in the lesson aimed at
developing those skills are specified.

The homework must also be requested for ChatPDF to formulate it.

Requirements must be clearly formulated, giving as many details as possible.

Conclusions

This research explored the qualities, efficiency, accuracy, usability, and
applicability of ChatPDF in educational design. The conclusions that can be drawn
are as follows: ChatPDF is effective in extracting relevant information from the
proposed lesson; it is sufficiently precise in answering questions. However, it also
makes errors and grammatical or expression mistakes.

The use of ChatPDF is exceptionally straightforward, and teachers feel they
are consulting with a competent individual. It cannot be definitively stated in which
contexts ChatPDF is most useful for teachers. In all three scenarios addressed in the
research — lesson plan creation, learning unit design, and assessment test creation —
it yielded satisfactory results.

Following the discussion between the teacher and ChatPDF, it becomes
evident that it can be used in educational design, but with certain reservations. The
resulting products are not of the highest quality. First and foremost, there are
grammatical errors that need to be observed and corrected. Additionally, it does not
strictly adhere to the nationally agreed-upon norms for educational design. User
intervention and refining the responses or requested products are imperative.
Nevertheless, its use is beneficial as it assists teachers in saving time dedicated to

educational design.
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Abstract. This article aims to present PDFgear and how to use it. One of the
applications discussed is converting a PDF file to Word. At the same time, it aims
to explore whether it can be used by teachers in didactic design, specifically the
applicability of PDFgear in designing a lesson plan. As a result of the requests sent
to PDFgear, the software is capable of correctly converting PDF files to other
formats, in this case to Word. Also, it is capable of suggesting the outline of a lesson
plan, but the intervention of the teacher is necessary to refine it and corroborate it
with the national rigors of didactic design. The advantages can be mentioned: its use
without costs; the ability to convert .pdf files to other formats; saving time for
didactic design. As a disadvantage, human intervention is required in this last design
step for use in the teaching process.

Keywords: Al co-pilot, Artificial Intelligence, AIED, didactical design,

teacher.

Introduction

Artificial intelligence (Al) is a field of computer science that deals with how
machines, using various programs, can perform cognitive processes such as
learning, understanding, and interaction.[2] Artificial intelligence in education is a
developing interdisciplinary field that applies artificial intelligence technologies in
education. This does not imply replacing teachers with a machine or a robot in

traditional classrooms, but about advanced tools and technologies that help them
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meet learning needs and provide personalized education. Indeed, one can speak of
a collaboration between a teacher and artificial intelligence. [11] ,,Artificial
Intelligence is a booming technological domain capable of altering every aspect of
our social interactions. In education, Al has begun producing new teaching and
learning solutions that are now undergoing testing in different contexts.”[18]

Using artificial intelligence (AI) in instructional design can have many
benefits for teachers. Speaking of personalizing learning, Al can help tailor learning
materials to each student's individual needs, providing a personalized learning pace
and content tailored to the student's level of knowledge. Al can be used to automate
the assessment process, allowing teachers to focus more on teaching and interacting
with students. Al can collect and analyze data about student performance, providing
teachers with information that can be used to improve teaching and learning
strategies.

An important benefit for teachers is also the creation of teaching materials.
Some Al tools, such as PDFgear, can help teachers create personalized teaching
materials such as lesson plans, learning units or assessment tests. Teachers can
develop or customize intelligent content according to school curricula. [12]

However, it is important to remember that Al is only a tool and its success in
education depends on how it is used by teachers and educational institutions. In
addition, there are data privacy, ethics, and equity challenges that need to be
addressed as Al becomes more prevalent in education. [4]

This article aims to present PDFgear and how to use it. One of the applications
discussed is converting a PDF file to Word. At the same time, it aims to explore
whether it can be used by teachers in didactic design, specifically the applicability

of PDFgear in designing a lesson plan.

Theoretical framework
PDFgear Al co-pilot [7] is a virtual assistant capable of extracting the
summary of the document or creating tasks at the request of the user’s prompt. By

prompt, we mean the user’s requirement, which can be a text or voice message. “In
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the context of artificial intelligence and programming, a ‘prompt’ is a request or
instruction that indicates the user to provide an input or guides the behavior of an
Al system.” [8] Unlike ChatPdf, which is an online application, PDFgear is a
software dedicated to working with PDF files, offering a wide range of functions,
such as managing PDF files, chat, marking, editing or conversion. What
differentiates PDFgear is its Al co-pilot feature, which makes documents intelligent
and simplifies working with them by communicating with PDF Al co-pilot.

The advantages of this application are: it is free, it has conversion facilities

{80007 and has an Al co-pilot |

9

If the virtual assistant is accessed, a new window opens, asking in English if
you want to summarize the document, suggest questions, edit, convert, or manage
the document in any way. If none of these are desired, the user is prompted to chat

with the chatbot.

Research questions and objectives
Research Questions:
1. How effective is PDFgear in converting PDF files to Word format?
2. Can PDFgear be utilized by teachers in didactic design?
3. What is the applicability of PDFgear in designing a lesson plan?
4. What are the advantages and disadvantages of using PDFgear in
didactic design?
Research Objectives:
1. To evaluate the effectiveness of PDFgear in converting PDF files to
Word format.
2. To explore the potential use of PDFgear by teachers in didactic design.
3. To assess the applicability of PDFgear in the design of a lesson plan.
4. To identify the advantages and disadvantages of using PDFgear in

didactic design.
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Research methodology

This research is a case study on the usefulness of PDFgear for teachers. For
this purpose, the following was done:

Tool Overview: This involves an evaluation of PDFgear, specifically its
ability to convert PDF files to Word format. This was done by converting several
PDF files of varying complexity and then evaluating the quality of the converted
Word files. The steps to be taken to perform the PDF - Word conversion are
presented in detail

Case Study: A case study on creating a lesson plan using PDFgear. The
process, ease of use, pros and cons are documented in detail.

The data collected from the tool evaluation will then be analyzed.

Research results
Tool Overview. PDFgear and the conversion of PDF files to Word

To work with PDFgear, it is necessary to download PDFgear Chat Al from
the following address: https://www.pdfgear.com/chat-pdf/. [15]

After downloading, PDF Gear is opened and following window will appear

BH rorgear 15 o »
Convert from PDF Convert ta POF Merge & split All Tools
ﬁ FOF 22 Ward = PDFtm FNG E Compress POE w Merge POF
Dpen Fl =
= m- Ward ta POF Image ta POF g Fill Farm w Split POF
Recent <5 Clear
File
Figure 2

The pdf document is opened and various conversions or compression of the
file can be requested. Also, if the operator wishes, various information about the
file, such as the summary, or various other information can be requested. The chat
functionality only works if there is an internet connection.

When a .pdf document needs to be converted to Word, the following steps are

taken:
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o If the pdf document has been accessed before and is found in the list of recent
documents, the file is selected and the PDF to Word button is pressed. The window
from figure 2. a) appears; when the Add File button is pressed, the desired file is
selected from the computer in use and loaded into the program. The Convert button

is pressed and in figure 2. b) the loaded file can be seen, which is being converted
to Word in figure 2. c) the file has been converted and can be opened E, can be

viewed the location where it was saved (the PDFgear folder) D, or it can be deleted

1

from the computer.

Figure 3. a); b); c)

o If the pdf document has not been accessed before, and therefore is not found in
the list of recent documents, the Open File button from figure 1 is pressed. The pdf
opens in PDFgear, and in the right window, the Chat Now option appears as shown in

figure 3. a). The PDFgear Chat greets us with the message from figure 3. b)
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PDFgear Copilot - Chat with PDF 3% | CERTerEiioEEnTi iy B
PDFgear Copilot is an Al tool designed to assist you in
summarizing PDF, finding answers from PDF, editing PDF,
e converting PDF, managing POF, and more, by simply chatting in
é natural language commands.

Examples:

PDFgear - Powered by ChatGPT
Chat, Learn, Earn

Summarize this PDF file.

Convert this PDF to Word format.

With PDFgear Copilot, your documenits are becoming intelligent. It Zoom in this PDF view.
works great for commanding operations on PDFs and obtain

T : i i Compress this PDF using a high compression level.
precise information from them using natural language. Try chatting

with your files right now. Display this PDF in slide mode.

Click the examples above or input your command to start the

Chat Now Clear Chat History  Export

Figure4a); b)

The option to Convert this PDF to Word format is set; the virtual assistant
asks for confirmation with “Would you like to convert the PDF to word?”. Yes is

pressed, and the window from figure 2. b) opens, after which the process described

earlier is continued.

Case Study: The use of PDFgear in didactic design
The desired file is opened, in this case the lesson from the 6th grade physics
textbook, Lever (interdisciplinary treatment — levers in the locomotor system)
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Teacher: Create a lesson plan that mentions the title of lesson, the operational
objectives, the skills developed in the students, the teaching aids and methods used
in the class, the conduct of the lesson and the homework.

The purpose of the lesson is to develop the scientific skills of 13-year-old
students, to understand and apply levers in everyday practice.

PDFgear responds: Sure, here is a sample lesson plan that meets your request:

Title of Lesson: Lever Up! Understanding and Applying Levers in Everyday

Practice
Operational Objectives:
- Students will understand the concept and types of levers
- Students will identify and describe the parts of a lever system
- Students will apply the principles of levers in everyday practice
- Students will develop problem-solving and critical thinking skills
- Students will enhance cooperation skills in group activities
Skills Developed in Students: scientific literacy; analytical and critical
thinking; problem-solving skills; group cooperation and communication.
Teaching Aids and Methods:
- Presentation slides with visual aids;
- Interactive demonstrations using real-life examples;
- Group discussions and brainstorming sessions;
- Problem-solving activities in groups and individually.
Conduct of the Lesson:
Introduction:
- Introduce the topic of levers and their importance in everyday life;
- Engage students by presenting examples of levers around the classroom.
Body:
- Define the concept of a lever using diagrams and real-life examples;
- Present the three types of levers and their characteristics;
- Explain the parts of a lever system (fulcrum, load, force) and their functions;
- Conduct interactive demonstrations to illustrate the principles of levers;
- Provide problem-solving activities in groups and individually to enhance student

learning;
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- Encourage group discussions and brainstorming sessions to promote critical
thinking.
Conclusion:
- Recap the main points discussed in the lesson;
- Conduct a quiz to assess the understanding of the topic;
- Assign homework to reinforce learning and encourage application of the principles
of levers in everyday life.
Homework:
- Ask students to identify and describe the types of levers used in their everyday life;
- Encourage students to share examples of levers they encounter in their daily
routine;
- Provide problem-solving questions that require the application of lever principles.
By following this lesson plan, 13-year-old students will be able to develop
their scientific skills by understanding and applying levers in everyday practice. The
plan reinforces the key concepts through visual aids, interactive demonstrations, and
group activities that enhance problem-solving skills and group cooperation.
Homework reinforces the concepts learned in class and ignites students'

inquisitiveness to identify levers used in their daily life.

Conclusions

Based on the data analysis, conclusions can be drawn regarding the
effectiveness and applicability of PDFgear in instructional design. The objectives of
this study - to evaluate the efficiency of PDFgear in converting PDF files to Word
format; teachers' exploration of the usefulness and applicability of PDFgear in
instructional design; identifying the advantages and disadvantages of using PDFgear
in didactic design; proposing improvements or alternatives based on the findings -
have been achieved. The answers to the research questions are the following.

PDFgear is highly effective in converting PDF files to Word format. As
strengths can be mentioned: it offers an easy-to-use, fast and reliable solution for
converting PDFs to Word, but also to Excel, PowerPoint, or image files; PDFgear

is a free PDF editor with Al assistance that can simplify document editing
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workflows. The conclusion is that PDFgear seems to be a reliable and efficient tool
for converting PDF files to Word format.

PDFgear can be used by teachers in instructional design. The PDF file
conversion feature is useful for teachers to create and modify teaching materials.
The AI co-pilot, which integrates the ChatGPT Al model, allowing users to
seamlessly interact with PDFs.

This feature can help teachers extract information from large PDF files, create
lesson plans or learning units. However, it is noted that the suggested lesson plans
need to be completed/corrected by the teacher. They do not contain the national
rigors in didactic design. PDFgear's effectiveness in instructional design may also
depend on the specific needs and requirements of teachers and the learning
environment.

The advantages can be mentioned: its use without costs; the ability to convert
.pdf files to other formats; saving time for didactic design. Another advantage that
can be mentioned is that at the end of the response to the request, the pages from
where the information was extracted are mentioned. As a disadvantage, human
intervention is required in this last design step for use in the teaching process. The
competencies are not described correctly, they are mentioned only generically and
must be modified according to the rigors of the national didactic design. Also, the
duration of the class is not specified. The teaching aids and methods used are not
formulated correctly.

It is observed that it can create both the lesson plan and other design products,
such as the design of the learning unit or evaluation tests. However, these are not
complete and it is necessary for the teacher to intervene to reach the desired form.
The errors found are greater than those given by ChatGPT. On the other hand, it can
summarize some books, extract the main characters, but it can give very large errors
(beat plains gracefully). It is not recommended to be used in this sense in the
classroom, by students.

However, it can be concluded that it is useful in advising teachers with Al co-

pilot PDFgear for didactic design for the design of the lesson plan / learning unit.
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Abstract. In the present work, the educational paradigms of memorization, active
learning, inquiry-based science education are analyzed and the impact factors for different
didactic strategies used within these paradigms are presented. All impact factors are
compared to the one of face-to-face or conventional teaching. An important conclusion is
that collaborative learning in small groups increases the academic success of students by
about 25% compared to conventional teaching. The didactic concept of Learning by Being
(LBB) which is based on the assumption of cognitive objectives by students, metacognition,
permanent and mutual feedback is described. The teacher's role within the LBB concept is
analyzed and the teacher's actions are shown within the students' independent research
activity called guided self-scaffolding. It is shown that the basic role of the teacher in LBB
is the formation and development of students' metacognition.

Keywords: inquiry-based science education, learning by being, assumption of

cognitive goals, metacognition.

Rezumat. In lucrarea de fata sunt analizate paradigmele educationale ale memoririi,
invatarii active, invatdrii prin cercetare si sunt prezentati factorii de impact pentru diferite
strategii didactice utilizate in cadrul acestor paradigme. Toti factorii de impact sunt
comparati cu cel al predarii frontale sau conventionale. O concluzie importanta este ca
invdtarea prin colaborare in grupuri mici creste succesul academic al studentilor cu
aproximativ 25% comparativ cu predarea conventionald. Este descris conceptul didactic de
Learning by Being (LBB) care se bazeaza pe asumarea de catre elevi a obiectivelor
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cognitive, metacognitie, feedback permanent si reciproc. Este analizat rolul profesorului in
cadrul conceptului LBB si sunt prezentate actiunile lui in cadrul activitatii de cercetare
independenti a elevilor numita auto-esafodaj ghidat. In articol se arata ci rolul de bazi al
profesorului in cadrul LBB este formarea si dezvoltarea metacognitiei elevilor.
Cuvinte-cheie: invatarea stiintelor prin cercetare, invatarea prin a fi, asumarea

obiectivelor cognitive, metacognitie.

Theoretical framework

In the context of the knowledge-based society, the concern for the problem of
low motivation and low interest of students in studying science and especially
physics is a constant in science education. For example, in the ERIC database for
the search term "Motivation" for the period from 2020 to the present we find 12962
references of which 6293 are for the school level, the others being for college,
university, adult education, or kindergarten [1]. Research also shows that, with the
advancement of school studies over time, students’ interest in physics also
decreases, the subject becoming increasingly boring from year to year [2]. From the
point of view of physics teachers, among the main factors that influence students’
interest in physics are the following ones: the insignificant demand for physicists on
the labor market, physics is difficult and too abstract for most students, physics is
perceived as an object of study only for boys [3]. Extra- and co-curricular activities
together with laboratory work and/or inquiry projects seem to be the solution to
increasing understanding and interest in physics [4]. For example, the use of the
Inquiry Based Science Education (IBSE) method, when solving experimental
physics problems in grades VII-VIII led to the strengthening of curiosity and
independence in conducting the experiment, the development of the ability to
formulate hypotheses, increase of critical thinking skills and the increase of
educational progress after two years of applying the method [5].

The course of educational paradigms over time reflects, in fact, the permanent
search for teaching methods that place the student, irreversibly, in the area of
motivation and interest. In this communication we will try to describe the basic

properties of an eminently constructivist didactic concept, called Learning by Being,
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which enriches the IBSE concept with students’ attitude and intrinsic motivation [6].
To be more explicit, the phrase “Learning by Being” should be extended to the form
“Learning by Being a Real Learner”. In other words, here we will talk about how
the qualities of a student dedicated to learning can be formed.

Historically, the first educational paradigm is the one of memorization. Even
in its most simplistic, mechanical form, the memorization of definitions, formulas,
or physical meaning of quantities is not necessarily a bad thing. Because as long as
memorization is transformed from superficial to deep one, and subsequently to
conceptual understanding, the use of memorization-based learning techniques
should be welcomed. For example, among ten learning techniques analysed by
Gregory Donoghue and John Hattie from Science of Learning Research Center in
University of Melbourne in their article in Frontiers in Education, mnemonics is a
learning strategy with a low efficiency and has one the lowest impact factor (IF)
equal to 0,33 [7]. For comparison, the second least effective learning technique is
re-reading with IF=0,47 which is a little bit higher than frontal or conventional
teaching with IF=0,40. We have to say, that hereinafter all impact factors (IF) we
will compare permanently with frontal teaching: we will use IF=0,40 as benchmark
level — anything below this level will be considered to have a negative impact on
academic success of students. Also, summarization with IF=0,44 could be
considered a memorization technique. Besides these numbers, we should clearly
emphasize that the impact of one or another learning strategy depends on many other
important student-related factors: motivation, interest, attitude, etc. In addition,
these numbers can vary from teacher to teacher, as well as from one class to another.
In other words, the IF of one or another strategy in this short communication must
be viewed first of all from qualitative point of view.

The next step in the evolution of educational paradigms is the one of Learning
by Doing, or Active Learning. There are many strategies for active learning and
teaching. The impact factor on students’ academic success for many of them was
calculated in the well-known book of John Hattie [8]. These strategies are divided

into two categories: learning strategies and teaching strategies. The difference
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between them is that in the case of learning strategies namely the student is the
subject of the action, responsible for his/her learning outcomes, and in the case of
teaching strategies the teacher is the subject and students — the object of the action.
For example, ludic education or gamified education has an IF=0,35 which is lower
than benchmark level of frontal teaching with IF = 0,40. But when we introduce
student — student and student — teacher interaction, the IF on academic success for
ludic interactive activities increases up to 0,50 it means with 25% compared with
frontal teaching. So, the first conclusion comes:

C1 “An interactive game is a little bit better than frontal teaching in a quiet
class”.

Also, collaborative learning within small groups has an impact factor that
cannot be neglected IF = 0,55. In such a way the second and third conclusions come:

C2 “Learning within small groups is better than individualistic learning” and

C3 “The presence of real cooperation between students enhances their
academic success with 25%”.

In other words: academic success depends on number of interactions in
classroom. Thus, the qualitative leap from one paradigm to another is ensured by
the increase in the number of interactions in the class. In this way the transition from
the linear paradigm of doing to the one of understanding, requires first of all a higher
degree of students’ involvement. In this sense the article of American researchers
Lei Bao and Kathleen Koenig published in Springer [9] presents the strategies for
deep learning in order to form 21-Century skills (it means, first of all high-reasoning
skills) and the idea is to: a) increase the number of connections or interactions in
class, or to promote the growth of communication, b) to obtain scientific reasoning
within inquiry labs. For example, the most known strategy leading to understanding
is Inquiry-Based Science Education (IBSE) with an [F=0,77 which is almost double
compared to the usual teaching. IBSE are actually research-based collaborative
projects. Good examples of IBSE or “la maine a la pate” projects are presented in
the communication of Serbian professor Stevan Jokici. Such a project or learning

unit may last few lessons. Within a single IBSE project the students will focus on
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three, up to four big scientific ideas (BSI). An example of BSI for the chapter
“Oscillations and Mechanical Waves” in the 8™ grade is: wave length, frequency,
period.

Research question

Thus, having broadly described the paradigms of memorization, active
learning and learning through research, we arrive at the first research question:
“What would be the didactic concept, in which the central role would be: the
cognitive effort of the students, the assumption of the learning objectives and the
students' understanding of their own learning?”

Also we should identify possible answers to the second research question:
“What should be the teacher’s role within the didactic concept which is focused on
students’ intrinsic assumption of cognitive goals?”

Research methodology

In order to answer to the first research question, we propose the next logical
step in the evolution of educational paradigms named Learning by Being (LBB)
when the student not only knows the learning objectives, but also assumes them.
Here we should speak about the ownership of cognitive goals. There is a series of
approaches related to learning by being such as independent research with IF= 0,83,
knowledge of success/evaluation criteria and the existence of tendency to reach
these criteria with IF=1,13, or revealing similarities and patterns 1F=1,32. Since
LBB approach integrates several efficient strategies, due to the synergy effect, its
impact is much higher than the given numbers. Thus, simultaneous or parallel
application of such didactical strategies, based on deep intrinsic motivation, would
give strong cumulative effect [6]. 1. The main idea of LBB concept consists of two
moments: intrinsic motivation and cognitive effort. In order to achieve the
assumption of cognitive goals, the learning objectives must be challenging and
exciting for students, according to their current level of knowledge according to
“Vygotsky's Zone of Proximal Development”. Here a well-known didactical
principle of learning with effort will be respected, because only the effort develops,
and any ascension requires effort. For a better assimilation of cognitive goals of the

lesson, we can group the learning objectives into BSI. So, a set of learning objectives

47



within LBB corresponds with BSI of an IBSE project. In order to obtain a more
advanced involvement of the students, we may prepare a series of Guiding
Questions such as:

a) What do you think should follow previous subject?

b) What are the aims of today's lesson?

¢) What do we already know and would it help us to reach today's goals?

d) What should we do in order to achieve our goals?

As we can see from the structure of these questions, we actually prepare
students for inquiry-based learning. Such type of learning will be a successful one
if the impulse for research is intrinsic for the student. But appetite comes with eating.
In this way, in order to form this intrinsic motivation, it is necessary for students to
be familiar with inquiry or IBSE projects. Students’ research skills become
sustainable if we will start IBSE projects as early as possible, even in kindergarten,
or in primary school [10].

In order to answer to the second research question, let’s examine the role of
the teacher within LBB. As we already stated in this communication, there is no
efficient teaching without active involvement of the student, in the same way there
is no successful learning without teacher guidance. Thus, the student — teacher
interaction acts as a harmonic oscillator, with features determined by both of its
constituents. In other words, we have to ensure mutual permanent feedback —
according to the theory of Visible Teaching and Learning. This interaction has the
concrete form of guidance. Thus, we can talk about guided self-scaffolding
(IF=0,78) which is based on three pillars: feedback, students’ independent research
and previous knowledge of students. Within guided self-scaffolding the teacher will
teach the students to ask themselves the following four guiding questions (7able 1):

Table 1. 4C questions model

Confirm what I already knew?

Complete what I already knew?

Cancel what I think I knew?

Did it

Challenge me for deeper research?
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Thus, we arrived to the scheme through which new knowledge is connected
with previous one. Learning with this scheme can be easily performed even in
primary classes, when pupils are taught to summarize the text they read. In fact, this
process lays the foundations for the formation of critical and analytical thinking,
which will facilitate learning through research in middle school and in high school.

Another important goal of the teacher is to permanently increase student’s
metacognition. Shortly the metacognition assumes that the students:

a) analyze what strategies they will use in order to accomplish the task;
b) argue why they have selected a certain strategy;

¢) estimate the possible result;

d) analyze the obtained result;

e) decide if it is necessary to change the strategy for carrying out the task.

Thus, awareness and understanding by students themselves of their way of
thinking in the case of learning is more than applying a learning strategy, taken from
the teacher. In this way, the metacognition is equivalent to the didactical principle
of conscious learning and closely relates to the assumption of learning objectives by
the students or “students’ internal guidance” [11]. The same thing happens in
performance sports, when the athlete not only knows what the coach wants from
him, but assumes the coach's tasks as his own goals and has all the physical,
technical, tactical and emotional means to achieve his goal, which was originally set
by the coach. Moreover, sustainable learning assumes that the student understands
his own learning, the way he/she thinks and acts. The teacher’s role in building
student’s metacognition is crucial.

First, teacher himself is a model for metacognitive thinking explaining his
thoughts loud.

Second, the teacher provides explicit instruction in metacognitive strategies,
explaining how and when students should use each particular strategy.

Third, the teacher should provide metacognitive feedback, helping students to
evaluate their own learning strategies and adjust their cognitive processes.

Fourth, the teacher should create opportunities for students to practice and
develop their metacognitive skills in various learning contexts. In this way, learning

is more than applying a strategy, taken from the teacher.
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Fifth, even the differences between conscious learning and metacognition are
practically imperceptible, however, we will emphasize that conscious learning
focuses on the awareness and conscious use of learning processes, and
metacognition focuses on the awareness and control of the cognitive processes
themselves.

In this way, the metacognition practically is close to the didactical principle
of conscious learning and closely relates to the assumption of learning objectives by
the students.

Conclusions

The assumption of cognitive goals in Learning by Being allows us to qualify
LBB concept as an objective-driven pedagogy or “la pédagogie par objectifs” where
the teacher and students have the same goal.

The synergy effect due to the overlapping of several didactical techniques.
Within LBB we use in the same time, within the same research project, several
techniques, all of them with highest impact factors. It is expected that there will be
a synergy effect, but this fact should be demonstrated through pedagogical
experiments. Even if the synergy effect would be minor, slightly above the IF of the
components, the resulting IF of the LBB would be about IF=1,2 or 3 times higher
than in the case of frontal teaching (IF=0,4).

The preconditions for LBB, namely intrinsic motivation and cognitive effort,
are developed in the frame of permanent inquiry-based projects which started very
early, even from primary school.

The teacher’s role in LBB is to form and enhance students’ metacognition by:

a) Modeling metacognitive behavior;

b) Providing explicit instruction on metacognition;

¢) Providing metacognitive feedback;

d) Creating opportunities for students to practice and develop their

metacognitive skills in various learning contexts.
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Abstract. This paper presents some of the constitutive elements of the development
of scientific thinking in future teachers, students, in initial professional training. Defining
aspects of scientific thinking are presented from the perspective of various understandings,
as the ability to formulate a problem based on observations, to determine possible or
probable, significant relationships between a set of given facts, and to determine which
observations can be considered reasonable evidence to confirm or refute formulated
hypotheses. The paper then goes on to present an experimental sequence devoted to
academic debate as one of the building blocks of the development of scientific thinking in
initial teacher training.

Eighty-four students in the field of Educational Sciences, in their 1st and 3rd year of
study, participated in the experiment. The conclusions revealed are: the transition from
scientific thinking to critical thinking and, subsequently, to the use of everyday thinking
occurs in the stages of elaboration and application of arguments in a debate or discussion,
where, initially, students use scientific thinking to bring arguments and evidence from their
field of study, using empirical data and recognized theories to support their position, being
accompanied by the exhaustion of scientific arguments, which are based on scientific
knowledge.

Keywords: scientific thinking, critical thinking, everyday thinking, academic

debates, initial training, pedagogues, scientific arguments.
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Rezumat. In acest articol sunt prezentate unele elemente constitutive al dezvoltarii
gandirii stiintifice la viitorii profesori, studenti In formare profesionald initialda. Sunt
prezentate aspecte definitorii ale gandirii stiintifice din perspectiva diverselor acceptiuni, ca
fiind capacitatea de a formula o problema pe baza observatiilor, de a determina relatii
posibile sau probabile, semnificative, intre un set de fapte furnizate si de a determina ce
observatii pot fi considerate dovezi rezonabile pentru a confirma sau infirma ipotezele
formulate. Ulterior articolul continua cu prezentarea unei secvente experimentale dedicate
dezbaterilor academice ca fiind unul din elementele constitutive ale dezvoltarii gandirii
stiintifice in formarea initiald a cadrelor didactice.

La experiment au participat 84 de studenti din domeniul Stiinte ale educatiei, din anul
I'si III de studii. Concluziile relevate in acest articol sunt: trecerea de la gandirea stiintifica
la gandirea critica si, ulterior, la utilizarea gandirii cotidiene are loc in etapele de elaborare
si aplicare a argumentelor intr-o dezbatere sau discutie, unde, initial, studentii folosesc
gandirea stiintifica pentru a aduce argumente si dovezi din domeniul lor de studiu, folosind
date empirice si teorii recunoscute pentru a-si sustine pozitia, fiind insotitd de epuizarea
argumentelor stiintifice, ce au la baza cunoasterea stiintifica.

Cuvinte-cheie: gandire stiintificd, gandire critica, gandire cotidiana, dezbateri

academice, formare initiala, pedagogi, argumente stiintifice.

Introduction

The literature defines scientific thinking as a complex mental process,
representing a new form of knowledge based on deep scientific knowledge. From
this perspective, the subject of knowledge explores the implications of ideas,
analyzing and comparing different approaches, arguing their positions and outlining
their attitude towards the surrounding reality by formulating concise judgements

and reasoning.

Scientific thinking
Scientific thinking is usually regarded as the ability to formulate a problem

based on observations, to determine possible or probable, meaningful relationships
between a set of facts provided, and to determine which observations could be

considered reasonable evidence to confirm or refute the hypotheses put forward.
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The fundamental concept of scientific thinking will be addressed after the
clarifications are made. In the evaluation of this order and the definition first of
operational concepts and then of fundamental ones, we have started from the
acceptions of the researcher S. Cristea, who considers that every fundamental
concept is accompanied by a series of operational concepts that ensure the revelation
of their essence [11].

The epistemological approach to the concept of cognitive education and the
concept of thought development requires clarification of some aspects related to the

psychological conception, which is related to the development of scientific thinking
in general as a higher-order cognitive psychological process and the formation of
scientific thinking as a teaching objective and means, which would support the
optimal achievement of the goals of the instructional-educational process, etc. S.
Schafersman believes that scientific thinking is based on the scientific method, its
importance being limited to the promotion of scientific knowledge. The researcher
mentions that scientific thinking can be confused with other types of thinking such
as logical, analytical, critical, heuristic, divergent, etc. Scientific thinking involves
cognitive operations that are also used in everyday life, such as induction, deduction,

problem solving, argumentation, etc. The researcher considers critical thinking to be
an operational component of scientific thinking [8].

C.U. T'unbmanmmua and J[.B. BunbkeeB analyse scientific thinking as a
component of the professional thinking of the teacher in the context of the subject
taught, defining it as methodical thinking. The authors opine that in fulfilling some
functions, the teacher's thinking outlines a scientific-pedagogical style in analysis
and thinking, in fulfilling other functions, the teacher's intuitive-practical thinking
is also involved. It all depends on the objectives the teacher sets. At the same time,
any of these functions is impossible without the teacher's creative approach to his

or her teaching activity and knowledge [9].
J. Jirout defines scientific thinking as an intellectual process whose purpose
is the purposeful search for information about a phenomenon or facts by formulating

questions, verifying hypotheses, making observations, recognizing patterns and
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making inferences. Therefore, for J. Jirout, the development of scientific thinking
would involve putting into practice the basic scientific skills/practices common to
the inquiry-based approach to science learning. For other authors, scientific thinking

would include a whole spectrum of scientific reasoning skills [10].

Academic debates as a constitutive element of the development of
scientific thinking in the initial training of teachers
Academic debates are a structured and argumentative method of discussion

used in education and research. This technique requires participants to explore and
debate different perspectives on a topic or issue, thereby promoting critical thinking,
scientific thinking, communication skills and logical argumentation. The origins of
academic debate can be traced back to ancient Greece, where philosophers engaged
in public discussion and argument to explore ideas and arrive at truth. The notion of
truth is often associated with the concept of scientific truth, as in the scientific
context, truth refers to a claim or theory that is supported by empirical evidence and
is considered valid within a particular field of research or study. Thus, scientific truth
is based on observations, experiments and rational arguments that are rigorously
tested and evaluated within the scientific community. It is a statement or conclusion that
is supported by verifiable empirical data and evidence and can be replicated and
validated by other researchers in the same field. The method of academic debate has
evolved in a variety of cultural and academic contexts. Socrates is often considered one
of the pioneers of academic debate, known for his dialectical method of question and
answer, used to explore and examine ideas. Aristotle, the Greek philosopher developed
a logical approach to argument and rhetoric, providing a theoretical framework for
structured and persuasive debate [14]. John Stuart Mill, in his On Liberty, introduced
the concept of free public debate, emphasising the importance of open dialogue and
diversity of opinion in the development of ideas and society [13].

This practice has continued through the centuries in various forms, including
in medieval universities and 18" century debating societies.

Modern academic debate evolved as a formal method of teaching and learning
in the 20th century. Karl Popper, an Austrian philosopher, is often credited with

popularising the method of academic debate as a way to test ideas and promote
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critical thinking. He argued that debates should be based on the principle of
falsifiability, where ideas are subjected to rigorous examination to identify any gaps
or errors [3].

Since then, academic debates have been adopted by a wide range of
educational institutions and professional organisations. They are used in a variety of
contexts: in classrooms, where students are engaged with course material to help
them develop critical thinking and communication skills and to promote
collaborative learning; in debate competitions, at the local, national, and
international levels, which allow students to demonstrate their skills and challenge
their peers; in professional organisations to debate complex issues, make decisions
and develop consensus.

Academic debate is a vital aspect of research and development in various
fields. They allow authors to explore, analyse and discuss different perspectives,
theories and options related to their topic of interest. In the context of methods,
academic debates can be extremely valuable for developing and improving
approaches and techniques.

Authors of the method should be open to constructive criticism, support their
arguments and respond to questions and comments from the academic community.
The variety of opinions and approaches can lead to innovation and a better
understanding of the subject.

In addition, academic debates can bring different perspectives to the fore and
highlight the limitations or strengths of the method. This can contribute to the
development of a more robust method and the identification of more effective
solutions.

In the experiment, we concluded that academic debate is essential for
scientific progress and for improving existing methods. They provide opportunities
for students to share their knowledge, receive feedback and contribute to the
development of individual and collective scientific thinking.

Collective scientific thinking refers to the process by which many people,
often from different fields or specialisations, collaborate and contribute to the

formulation, evaluation and development of ideas and theories within the scientific
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community. This form of thinking involves collaboration between researchers,
experts and professionals from different disciplines to tackle complex problems and
generate innovative solutions [12, 15].

Collective scientific thinking is characterised by:

Interdisciplinarity: Collective scientific thinking encourages collaboration
between experts from different fields, such as natural sciences, social and human
sciences, etc. This interdisciplinary approach enables a better understanding of
complex problems and promotes innovation.

Communication and exchange of ideas: Open communication and exchange
of ideas are essential in collective scientific thinking. Researchers or subjects of
scientific thinking (anyone involved in the act of scientific thinking) share their
results and findings, discuss hypotheses and theories, and provide feedback to each
other to improve the quality of research and arguments.

Debate and constructive criticism: Collective scientific thinking often
involves debate and constructive criticism of ideas and theories. Researchers (the
subjects of scientific thinking) analyse and evaluate the arguments and evidence
presented by their peers to ensure the rigour and validity of conclusions.

Reproducibility and verifiability (demonstrability): To strengthen the
credibility and validity of findings, collective scientific thinking promotes
reproducibility and verifiability of results. Other researchers are encouraged to renew
and confirm findings to validate conclusions and identify potential errors or limitations.

Consensus and knowledge building: collective scientific thinking can lead
to the formation of a consensus on theories or ideas accepted in the scientific
community. This consensus is an important step in building knowledge and
advancing our understanding of the world while avoiding the cultural aspect
[[bidem].

The presentation of the perspective of using academic debates as a method of
assessing the content of scientific thinking of teachers in initial training leads us to
the epistemological landmarks of scientific thinking is also approached through the

prism of science as part of a culture [1, 2, 4, 16].
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In the view of the Russian scientist B.E. IlenbkoB, the existing scientific
paradigm often does not allow the subject of thought to go beyond its framework,
1.e. in the process of constructing any new theory, a scientist, but also any other
subject involved in the act of scientific thought is always confronted with unprovable
hypotheses, assumptions that at the initial stage do not clearly correspond to the
criteria of scientific character |7, p. 27]. To solve problems in a particular scientific
field, it is necessary to overcome this circumstance, and here certain socio-cultural
conditions can have a significant impact on the choice of further development of
scientific knowledge. At the boundary of science and culture, such a concept can be
considered as a style of scientific thinking, which is understood as an accumulation
of methodological regulations, ideals, and norms of science, philosophical
principles that determine the content and direction of changes in science at a
specific historical stage of its development [6].

Thus, the style of scientific thinking as a culturological concept from the
perspective of H.H. Manbsuesa allows the following functions to be fulfilled:
incorporation of modern scientific knowledge into the general cultural environment;
finding ways of forming new scientific hypotheses and approaches,; maintaining the
relative stability of the basic philosophical and methodological principles of
scientific knowledge construction during scientific revolutions [5].

Academic debates can offer several benefits:

Communication skills: help pupils, students, and teachers to improve their
oral and written communication skills and active listening skills.

Teamwork: promotes collaboration and teamwork, as students and learners
need to work together to develop a persuasive argumentation ability.

Respecting diversity of opinion: encourages respect for different
perspectives and points of view.

Developing critical and analytical thinking: challenges pupils and students
to analyse arguments critically, identify biases and evaluate evidence.

Development of scientific thinking: by fostering skills of observation,

hypothesis formulation, data collection and interpretation, and drawing evidence-
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based conclusions. Participants are encouraged to apply scientific methods and
principles in analysing arguments and supporting their positions.

Karl Popper's algorithm for conducting academic debates:

- Formulation of hypotheses and presuppositions: Participants present their
views in the form of hypotheses or presuppositions which they support.

- Critical examination of hypotheses: Participants evaluate and critique the
hypotheses and presuppositions presented, using logical arguments and empirical
evidence.

- Dealing with falsifiability: Participants are encouraged to identify possible
counterexamples or evidence that might prove the contrary to the hypotheses
presented. This approach is based on the Popperian concept that a theory or
hypothesis must be falsifiable to be considered scientific.

- Reassessment and revision of views: Based on critical evaluation and
confrontation with falsifiability, participants may be asked to reassess and revise
their views based on the arguments and evidence presented.

- Conclusion and reflection: At the end of the debate, conclusions can be
drawn and the process and outcomes can be reflected upon, encouraging continuous

learning and development of scientific thinking and argumentative skills [3].

Description of the problem or phenomenon studied Within this perspective,
a pedagogical experiment was designed and implemented to analyse the evolution
and involution of the use of scientific concepts through scientific thinking in student
teachers. The experiment aimed to highlight how the use of scientific concepts can
evolve and subsequently what the involution would be when scientific knowledge
is exhausted or replaced by everyday concepts.

The process of involution initiated by the exhaustion of scientific knowledge
can be seen as a regression of the way of thinking, starting with critical thinking and
formal logic and gradually evolving towards everyday thinking. In the early stages,
students may try to apply their critical thinking to analyse and interpret scientific
concepts in their proper context. However, once the resources of scientific
knowledge are exhausted or no longer accessible, they may be tempted to draw on
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everyday concepts or their personal experience to understand and interpret the
phenomena or issues at hand. As the involution process progresses, formal logical
thinking may gradually be replaced by everyday thinking, which is often based on
stereotypes, habits or preconceived beliefs. This transition can lead to a superficial
or distorted understanding of scientific phenomena and can affect students' ability
to formulate hypotheses, analyse empirical data and make informed scientific
decisions. Therefore, the pedagogical experiment aimed to highlight the importance
of maintaining and encouraging the use of scientific concepts in students' thinking
and understanding, and the need to continue the process of science education and
training to prevent regression to everyday thinking and to promote critical and

analytical thinking among young people.

Purpose and importance of the experiment. The pedagogical experiment
aimed to investigate how the use of scientific concepts in the thinking of student
teachers can evolve or involute depending on the level of accessibility and use of
scientific knowledge. In this sense, the experiment aimed to provide a broader
perspective on how the initial training of student teachers can influence their
thinking and understanding of natural phenomena and complex problems through

the lens of scientific thinking.

The importance of the experiment lies in highlighting the need to maintain and
encourage the use of scientific concepts in the process of developing scientific
thinking in student teachers, oriented towards scientific evidence, essential for the
formation of competent and well-trained professionals in education and science.

By identifying and understanding the process of evolution and involution of
scientific thinking in the educational context, the pedagogical experiment provides
valuable insights into ways to support the development of a scientific perspective
among student teachers and the importance of continuing and improving the process

of science education and training.

Research hypotheses
We assume that the use of scientific concepts and notions during academic

debates evolves differently between 1** and 3"-year students.
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This hypothesis is supported by the assumption that there is an evolution in
the use of scientific concepts and scientific thinking depending on the level of
academic preparation and experience in the field of the student teacher. Thus, it can
be anticipated that 3"-year students will be more inclined to use deeper and more
complex scientific arguments, whereas 1%-year students might rely more on

improvisation and more superficial or empirical arguments.

Methodology

The methodology of the experiment involved the organization of academic
debates on the topic Psychology is science or art (Vasile Pavelcu), addressed to
students in the first and third year of studies in the field of social and human
sciences. Before the experiment started, students were informed about the nature
and process of academic debates and were familiarised with the method.

In the process of conducting the debates, the subjects were separated into two
groups of 10 people, randomly selected without regard to gender, age, faith, or
position on the debate topic.

To ensure an appropriate training environment, students had sufficient time to
research and consolidate their already acquired knowledge in the field of
psychology. They were encouraged to use the scientific concepts and notions they
had studied so far in the debates.

The process of the debates was monitored and evaluated by observation and
the groups of first-year students competed against each other as well as the third-
year students. Initially, the observations focused on how scientific arguments and
reasoning are presented and how consistent they are. To ensure experimental validity
by controlling for random variables, the procedure was repeated twice, at a one-year
interval, with another group of year 1 students and another group of year 3 students,
respectively.

The debate moderator encouraged students to engage at all three levels
(scientific thinking level, critical thinking level, everyday thinking level), after

exhausting each level, by asking questions requiring different types of thinking,
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challenging students to consider the practical implications of scientific research, and
prompting them to reflect on how scientific knowledge can influence everyday
decision-making.

In observing students' cognitive engagement through the use of scientific,
critical, and everyday thinking, assessment criteria differ according to the stage of

thinking they are in and the argumentative approach used.

Scientific thinking:

Data coverage and relevance: Assessment focuses on students' ability to
provide arguments and evidence from their field of study, using empirical data,
theories, or concepts that are recognised and relevant to the topic under discussion.

Coherence and Logic: The coherence and logic of the arguments presented are
assessed, including how they are structured and interlinked to support a conclusion
or hypothesis.

Rigor and credibility: Students are assessed on their ability to make credible
and well-founded arguments based on academic or experimental sources and

following accepted scientific standards.

Critical thinking:

Analysis and evaluation: Students are assessed on their ability to analyze and
evaluate the reasoning and arguments presented, questioning assumptions, gaps or
contradictions in them.

Reflexivity and perspective: Students are assessed on their ability to express
their perspective and reflect on the arguments presented by others, including their
possible implications or consequences.

Creativity and originality: Students are assessed on their ability to generate
new ideas or propose innovative solutions to the problems discussed, thus
demonstrating critical and creative thinking.

Everyday thinking:

Relevance and Applicability: Students are assessed on their ability to use
personal experience or everyday observations to support arguments or illustrate

points of view.
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Connection to context: The relevance and appropriateness of arguments based
on everyday thinking in the context of the discussion or topic at hand is assessed, as
well as how they contribute to the overall understanding of the issue.

Clarity and consistency: assess the clarity and consistency of the arguments
presented, ensuring that they are coherently articulated and support a well-defined
conclusion or point of view.

The research sample

For or Against First year of First year of Third year of Third of study
study 2021 study 2022 study 2021 year 2022
Gr. 1 Gr. 2 Gr. 1 Gr 2.
For 10 10 12 10
Against 10 10 12 10

Materials and tools used:
In the experiment, participants were randomly assigned a card with a number
to identify each participant. A timer was also used to measure the time allocated for

the presentation of arguments and counter-arguments.

Results

Both groups of first-year students managed to make scientific arguments for
30-35 minutes. In contrast, the third-year student groups continued to evoke
scientific arguments for 90 minutes, demonstrating extensive and persistent use of
scientific knowledge supported by engagement with scientific thinking. This
difference in strength and consistency in the use of scientific arguments between the
two groups of students indicates a higher degree of development of scientific
thinking and the ability to use scientific methods for analysis and argumentation for
third-year students. As debates progressed and scientific arguments were exhausted,
students resorted to critical thinking facts and improvisations to support their
positions. Later, when critical thinking arguments were exhausted, approaches based
on everyday thinking were tried, working with empirical concepts. The evolution of
the debates continued, and students began to address person-oriented arguments,
focusing on more personal and subjective issues, using negations with a tendency to

express various emotional states as well.
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Discussions

From the experiment conducted we conclude, that the regression from
scientific thinking to critical thinking and subsequently to the use of everyday
thinking occurs in the stages of developing and applying arguments in a debate or
discussion, where initially, students use scientific thinking to bring arguments and
evidence from their field of study, using empirical data and recognized theories to
support their position. However, as the discussion progresses and scientific
arguments are exhausted, students gradually move to critical thinking, which is
characterised by analysing and evaluating the reasoning and information presented.
They begin to examine more closely the logical basis of arguments and question
assumptions or gaps in them.

This is a natural transition, as critical thinking is often involved in evaluating
and interpreting data or theories presented in an academic discussion. Finally, when
the discussion is nearing its end and all the scientific and critical aspects have been
explored, students may resort to improvisations or arguments based on personal
experience or everyday observations. This regression from scientific thinking to
critical thinking and then to everyday thinking may indicate the exhaustion of
cognitive resources or information available to support a particular position.

Therefore, we observe that in the process of academic debate or analysis,
students go through different stages of thinking, starting with arguments and
scientific evidence, then moving on to critically evaluate them, and finally, if
necessary, to reflect or use personal experience in the absence of other argumentative
resources. This transition can be influenced by the level of academic preparation,
the degree of familiarity with the subject matter, and the ability of each student to

apply the principles of scientific thinking in an academic context.

Conclusions
The transition from scientific arguments to critical thinking and then to
everyday concepts in academic debates can often be explained as a natural

progression in the depth of engagement as the debate evolves, which usually occurs
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through the initial use of the treasure trove of scientific knowledge relevant to the
topic These arguments are characterised by the use of academic terminology,
references to methodology, data and established research. They attempt to ground
the discussion in factual and empirical evidence. As the debate progresses and the
initial layer of scientific evidence is explored, students may begin to apply critical
thinking. This involves analysing the strengths and weaknesses of the scientific
arguments presented, questioning the validity of the sources, and evaluating the
logic of the arguments. Finally, participants can begin to introduce everyday
concepts. This might happen as a result of exhaustion of scientific arguments or
when trying to make the debate more accessible or relevant to a wider audience.
Participants can draw on common knowledge, and empirical observations that
resonate with everyday experiences. They can use these concepts to illustrate points,
make content relatable, or bridge the gap between abstract scientific ideas and

practical implications.
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Abstract. The article explores the multiple benefits of multilingualism in educational
field, emphasizing its importance in today's globalized world. It discusses how speaking
multiple languages increases personal and professional opportunities, enhances problem-
solving and creative thinking, and improves intercultural understanding and
communication. The discussion extends to the impact of multilingualism in schools, where
language education is shown to increase academic performance across various subjects.
The article also examines the broader cognitive, social, and cultural advantages of being
multilingual, highlighting how this skill fosters greater empathy, open-mindedness, and
effective communication across cultural boundaries. Drawing from a range of scholarly
perspectives, the article investigates the comprehensive nature of multilingual education
and its role in developing a more inclusive and interconnected global community.

Keywords: multilingual education, globalization, language learning, cognitive

development, cultural sensitivity.

Rezumat. Articolul exploreaza multiplele beneficii ale multilingvismului 1n
domeniul educational, subliniind importanta sa in lumea globalizatd de astazi. Prezinta
impactul utilizdrii mai multor limbi i cum aceasta creste oportunitatile personale si
profesionale, imbunatateste capacitatea de rezolvare a problemelor, gandirea creativa si
sporeste intelegerea si comunicarea interculturald. Se investigheazd impactul
multilingvismului in scoli, unde se mentioneaza ca educatia in domeniul limbilor creste
performanta academica 1n diverse domenii. Articolul examineaza, de asemenea, avantajele
cognitive, sociale si culturale mai largi ale faptului de a fi multilingv, evidentiind modul 1n

care aceastd competentd favorizeaza dezvoltarea unei empatii mai mari, deschiderea
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mentald si o comunicare eficienta peste granitele culturale. Bazandu-se pe o gama variata
de perspective academice, articolul investigheazd natura cuprinzitoare a educatiei
multilingve si rolul sdu in dezvoltarea unei comunitati globale mai inclusive si
interconectate.

Cuvinte-cheie: educatie multilingva, globalizare, invatarea limbilor, dezvoltare

cognitiva, sensibilitate culturala.

In today's world, speaking more than one language is very valuable.
Globalization has made the world smaller, connecting diverse cultures and
economies closer than ever before. In this connected world, being able to speak
several languages is a key skill. It improves both personal and work interactions.

English is often seen as the main language for international business and
education. But learning other languages also brings big benefits. People who speak
several languages are often better at solving problems, more creative, and can think
in different ways. These skills are very important in today's global economy. The
job market looks for employees who can work well with people from different
cultures. Furthermore, speaking languages other than English can help learners
economically. Many studies found the need for workers who speak two languages
more than doubled between 2015 and 2020. Many sectors, like healthcare and
finance, want workers who can speak multiple languages.

Moreover, understanding different cultures is another benefit of knowing
multiple languages. When people learn a new language, they also learn about the
cultures connected to that language. This understanding can lead to better
international relationships and improve both personal and professional connections.

In schools, teaching young students foreign languages has been shown to help
them do better in other subjects. Linguist Rita Mae Brawn, explains that "Language
i1s a window into cultural heritage and future possibilities”. In other words, being
multilingual opens doors to new opportunities, allows our citizens to connect with
more people, and helps them understand different cultures better.

Multilingualism is complex issue, involving aspects related to cognition,

society, and culture in addition to language ability. Due to its complexity, research
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on it has been done by scholars from a wide range of academic fields, each of which
has contributed a unique perspective on the nature and applications of
multilingualism. The structural and functional features of languages in multilingual
people and cultures are the main topics of study in linguistics. Psycholinguistics
examines how the brain learns up, stores, and maintains different linguistic systems
as it explores the cognitive processes associated with acquiring and using many
languages. From a social perspective, sociolinguistics studies multilingualism by
examining the connections between language choice, use and questions of identity,
power, and community dynamics. Education, on the other hand, takes into account
the pedagogical implications of multilingualism while considering the practical
issues and methods for teaching and learning languages.

According to the theory of linguistic relativity, our mental processes and
worldview are influenced by the language we use. Learning other languages
increases a person's linguistic and cognitive flexibility by exposing them to a variety
of linguistic structures and modes of expression. Furthermore, the interdependence
of language learning and multilingualism is demonstrated by the phenomena of
cross-linguistic effect, in which the knowledge of one language influences the
acquisition of another. This interaction speeds up language learning and improves
linguistic intuition. As people become proficient in more languages, they gain
insights into more cultures, fostering a deeper understanding and appreciation of
global diversity. This cultural sensitivity and awareness are key components of
multilingualism, promoting empathy, open-mindedness, and intercultural
communication skills. The cross-linguistic effect and cultural sensitivity are
important parts of being multilingual. These help people understand and connect
with different cultures better, which is very useful in today’s global world. Speaking
multiple languages does more than just let people to talk in different languages. It
helps them see the world through different perspectives, which can make speakers
more open-minded and empathetic.

When citizens learn another language, they also learn about the cultures that

speak that language. This makes them more culturally sensitive. People start to see
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the differences and similarities between cultures, which can help them get along
better with people from different backgrounds. This skill is especially important in
a world where many different cultures interact more frequently.

Being multilingual also helps speakers understand others' feelings and
viewpoints better. This comes from having a deeper understanding of different
cultural backgrounds, which can make them more empathetic. Being open to new

ideas and experiences also grows from this deeper understanding.
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Figure 1. World of Multilingualism

Good communication in a multilingual world isn’t just about speaking
different languages. It also includes understanding nonverbal cues like gestures and
how close to stand to someone when talking. People who speak multiple languages
are often better at picking up these subtle signals, which makes them better at
communicating across cultures. So, the multilingual individuals can manifest as an
enhanced ability to grasp new languages due to the transfer of linguistic knowledge
and cognitive skills from one language to another. They have developed cultural
sensitivity, awareness and empathy and open-mindedness and increased
intercultural communication skills. This ability to communicate and empathize
across cultures is increasingly seen as a fundamental skill in the 21st century, crucial

for addressing global challenges and fostering international cooperation.
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In recent years, numerous studies have explored multilingualism from various
aspects. Scholars define multilingualism as the ability to use more than one
language. For example, Cummins describes it as both individuals and groups using
two or more languages in their daily lives. He has spoken about cognitive
development in children can be greatly enhanced through bilingual education. His
work shows the importance of students' first language maintenance as a resource
for learning a second language, and for broader academic success. He introduces
the concept of "cognitive academic language proficiency", which is critical for
academic success across languages [4].

Garcia, views it more dynamically, seeing it as a process of navigating and
managing multiple languages and cultural identities. Also, she has been influential
in promoting the concept of "translanguaging," which describes the process by
which multilingual speakers use their languages as an integrated communication
system, rather than as separate codes. She says that this approach can empower
students and allow them to use their full linguistic repertoire for learning, reflecting
a more inclusive approach to education [9].

Colin Baker, known for his work on bilingual education discusses various
models of bilingual schooling and the outcomes associated with these models. He
emphasizes the socio-cultural benefits of bilingual education, which not only
include enhanced academic performance but also greater cultural awareness and
sensitivity among students [3].

According to the European Commission, multilingualism involves the ability
to understand and express oneself in several languages, including one's native
language and additional languages.

In this context, the European Commission strongly believes in the importance
of speaking multiple languages. It helps bring people together, makes it easier for
people to work in different countries, and opens up more opportunities in life and
work across the European Union. The goal is for all Europeans to speak two
additional languages besides their native language. The strategy aims “to improve
the mastery of basic skills, in particular by teaching at least two foreign languages

from a very early age” and it is known as “mother tongue +2”.
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The EU supports learning languages through various programs. It aims to help
people study and train in different European countries, improving their language
skills and understanding of other cultures. It also supports research projects that
look at new ways to study multilingualism. These projects are part of a larger effort
to include language learning in the EU’s education and cultural policies.

Additionally, the EU creates tests that measure students’ language skills.
These skills are important for students' success in a global economy. These actions
are all part of policies aimed at making sure young people use foreign languages
effectively for work and social life, which is important for being active members of
a diverse Europe [8]. UNESCO takes this further by describing it as the use of
several languages across different contexts.

These scholars and institutions collectively underline the critical role of
multilingualism and interculturality in educational settings. They argue that
embracing linguistic and cultural diversity in education not only supports cognitive
and academic development but also fosters a broader sense of community and
understanding among diverse populations.

Recognizing the importance of this skill, Moldova has included support for
multilingual education in its National Strategy for Education Development 2020-
2030. This strategic plan promotes educational programs that cater to the needs of
multilingual learners, aiming to enhance their ability to communicate effectively in
a globalized world. So, the emphasis on multilingual education highlights the
country's commitment to preparing its citizens for a more interconnected global
environment, where multiple languages and cultural competence are increasingly
seen as critical assets.

Researchers insights on learning theories can greatly enhance our
understanding of how best to support multilingual learners as they acquire new
languages. These are the key theories and their impacts on multilingual education:

Behaviorism, outlined by B.F. Skinner, emphasizes the influence of the
environment on learning through rewards and punishments. In multilingual settings,
this could involve repetition, drills, and positive reinforcement to encourage correct

language use.
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Constructivism, as proposed by Lev Vygotsky, highlights the importance of
social interactions in learning. This is crucial for multilingual learners, as they often
benefit from active engagement and social interaction to acquire new languages
effectively. Vygotsky's concept of the "Zone of Proximal Development" explains
that learners achieve higher levels of understanding with guidance from
knowledgeable peers or teachers.

Jean Piaget's Cognitive Theory focuses on how learners process and organize
information. This helps teachers understand how multilingual learners make sense
of new language structures and integrate them with their existing linguistic
knowledge. There are more cognitive aspects:

Bilingual Advantage: This theory suggests that multilingual individuals have
enhanced cognitive abilities due to the constant switching between languages. This
can benefit language learning, problem-solving, and executive function.

Metalinguistic Awareness: Multilingualism promotes awareness of language
structure and function, which can benefit language learning and literacy
development.

Schema Theory: Learners build on existing knowledge and experiences to
acquire new information. The theory emphasizes the importance of providing
learners with opportunities to connect new language learning to their prior
knowledge and experiences.

Stephen Krashen's Input Hypothesis suggests that language acquisition occurs
when learners are exposed to language slightly above their current level. For
multilingual education, this means providing input that is both comprehensible and
challenging, ensuring it aids natural language acquisition.

Sociocultural Theory builds on Vygotsky's ideas, emphasizing the importance
of community and culture in learning. By embedding language learning within
meaningful cultural contexts, teachers can foster not only language skills but also
intercultural competence among multilingual learners. This theory emphasizes the
role of social interaction and cultural context in language learning. It, also suggests
that multilingual learners benefit from opportunities to interact with others who

speak the same languages and share similar cultural backgrounds.
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Each of these theories offers valuable insights that can inform effective
practices for multilingual education. By understanding these perspectives, teachers
can design inclusive and engaging learning experiences that cater to the diverse
needs of multilingual learners.

Based on above, Moldova has taken several steps to promote multilingualism in
education at the Ministry of Education and curriculum levels. Here are some important
initiatives that established the framework for the implementation of multilingual
education in Moldova. It outlines the principles, objectives, and measures for
promoting multilingualism in schools. The following actions were initiated:

e Multilingual Education Programs

e Multilingual Teaching Materials

e Teacher Training

e Multilingual Education Projects

e Assessment of Multilingual Learners in Moldova (2022-2024)

e Studies: The Impact of Multilingual Education on Cognitive
Development (2021-2025)

However, there are still some challenges that need to be addressed. There is a
need for more research on the effectiveness of multilingual education programs in
Moldova, more teachers who are trained in multilingual education, more high-
quality multilingual teaching materials, effective assessment tools and what is more
important policies and programs.

The developed projects in Moldova are presenting the following findings (see
figure 2):

Improved language proficiency. Studies have shown that students who
participate in multilingual education programs make significant gains in their
language proficiency in both the target language and their native language.

Enhanced academic achievement. Multilingual education programs have
been found to improve academic achievement in subjects such as mathematics,
science, and language learning.

Positive impact on cognitive development. Research suggests that
multilingual education can have a positive impact on cognitive development,
including improved attention, memory, problem-solving, and executive function.
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Figure 2. Advantages of Being Multilingual in Moldova

Increased cultural awareness and tolerance. Multilingual education
programs can promote cultural awareness and tolerance by exposing students to
different cultures and perspectives.

Based on above theoretical and practical insights there is a need of specific
strategies to support multilingualism in education. It's clear that it can be achieved
through various strategies that foster collaborative learning and multicultural
understanding. Some effective approaches include:

. Group projects: Assign collaborative tasks where students research and
present on different cultures, promoting teamwork, communication, and cultural
awareness.

» Role-playing and simulations: Use engaging activities that allow students
to experience diverse cultures and perspectives, enhancing their empathy
and global understanding.

o Cultural exchange programs: Set up virtual or in-person exchanges with
schools in other countries, providing opportunities for students to connect,
share experiences, and learn about different cultures firsthand.

e Cultural competency training: Provide teachers with training on cultural

competency, including understanding cultural biases, developing culturally
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responsive teaching strategies, and creating inclusive learning
environments.

e Collaboration with community organizations: Partner with community
organizations and cultural institutions to provide teachers with opportunities
to learn about different cultures and connect with multilingual families.

These strategies promote collaboration, foster language development, and
broaden students' worldviews, ultimately enriching the multilingual learning
experience.

More than this, have you ever wondered what makes multilingualism so
beneficial? It goes beyond just knowing multiple languages — it provides a lot of
advantages in countless ways.

Well, for students, multilingualism offers a range of cognitive benefits. Think
about improved attention, enhanced memory, and sharpened problem-solving
abilities. It also gives learners an edge in the job market, opening doors to new
opportunities and increased earning potential. And let's not forget the social and
cultural benefits, like better communication, tolerance, and understanding of others.

Ensuring language proficiency, providing specialized teacher training,
developing appropriate materials, and measuring learning effectively are just a few
of the many we face. However, with the right solutions, these challenges can be
turned into opportunities.

According to studies by offering language support, promoting collaborative
learning, using multilingual resources, integrating cultural elements, and
implementing assessment strategies sensitive to the needs of multilingual learners.
In doing so, teachers empower learners, enrich the learning experience, and create
a more inclusive and understanding world.

In conclusion, multilingual education is highly valuable, as it provides
benefits that go beyond learning new languages. It helps students get ready for a
world where people from different countries work together and makes them smarter,
more creative, and better at understanding different cultures. By teaching many

languages in schools, we give young learners important skills for their future jobs
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and help them become kinder, more open-minded people. In a world where people

from different countries connect more and more, speaking many languages and

understanding different cultures becomes very important. Because of this, schools

should keep teaching many languages and helping students learn about different

cultures. The outlined strategies can help our learning system enhance the

multilingual approach. Research shows that multilingual education can lead to

better learning results, making it a good idea for schools around the world to support

these programs.
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Rezumat. Articolul este consacrat utilizérii planurilor generalizate la studiul
stiintelor. Planurile generalizate reflecta cerintele generale fatd de studiul fiecarui element
de structurd a cunostintelor, adicd ce trebuie s cunoascd elevii despre fiecare fenomen,
marime, lege sau teorie, indiferent de domeniul cunoasterii stiintifice. Se dau exemple de
planuri generalizate si rolul acestora in formarea competentelor scolare. Planurile
generalizate si-au confirmat eficienta la sistematizarea cunostintelor si la formarea
abilitatilor, dar nu si la formarea atitudinilor.

Cuvinte-cheie: planuri generalizate, studierea stiintelor, competente scolare.

Abstract. The article is devoted to the use of generalized plans in the study of
sciences. The generalized plans reflect the general requirements for the study of each
element of the structure of knowledge, that is, what the students must know about each
phenomenon, quantity, law or theory, regardless of the field of scientific knowledge.
Examples of generalized plans and their role in the formation of school skills are given.
Generalized plans have confirmed their effectiveness in systematizing knowledge and
building skills, but not in building attitudes.

Keywords: generalized plans, science education, school competences.

Introducere
Planurile generalizate reflectda cerintele generale fatd de studiul fiecarui
element de structura a cunostintelor, adicd ce trebuie sd cunoascd elevii despre

fiecare fenomen, marime, lege sau teorie, indiferent de domeniul cunoasterii
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stiintifice [1]. Astfel de planuri se numesc generalizate, deoarece odata fiind utilizate
la studiul unui element (marime, fenomen, lege), acestea pot fi utilizate cu succes la
studiul altui element de la alta disciplina. Acestea pot fi transferate in alt domeniu
sau context. Este demonstrat faptul ca utilizarea acestor planuri accelereaza procesul
de formare la elevi a priceperilor de lucru cu literatura, evidentiazi momentele
principale dintr-un text, previn studiul superficial al textului, contribuie la
imbunatatirea cunostintelor la disciplinele studiate, formeaza cunostinte
metadisciplinare, deoarece servesc ca bazd pentru insusirea conceptelor, legilor si a
teoriilor, indiferent de disciplina la care au fost studiate. Aceste planuri se reflecta
si asupra continutului si structurii raspunsurilor elevilor, care devin mai concise
dupa forma si mai profunde dupa continut, evitdnd formalismul in apreciere.
Majoritatea din aceste planuri au fost propuse de academicianul Usova A.V. In
continuare, vom exemplifica cu unele din acestea.

Elementele de structura ale cunostintelor stiintifice sunt reprezentate in Figura 1.

Elemente de
structurd

1
c Fapte Legi
oncepte stiintifice €e!
. )
i |
o Formele Aparate, .
Proprietati Fenomene . P . Marimi
4 materiei mecanisme

Figura 1. Elementele de structura ale cunostingelor stiintifice

Planuri generalizate de studiere

Planul generalizat al studierii unui fapt stiintific include:
1. obiectul cunoasterii,
scopul cercetarii,
informatii principale din viata si activitatea savantului,

mijloacele de cunoastere,

wok »wN

conditiile in care a decurs cercetarea,
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6.
7.
8.

metodele/procedeele de cercetare utilizate,
rezultatele cercetarii,

relatiile acestei cercetdri cu altele.

Exemplu de plan generalizat utilizat la studiul faptului ca toate corpurile cad cu

aceeasi acceleratie:

1.

Obiectul cunoasterii: comportarea corpurilor, atunci cand acestea se misca
doar sub actiunea fortei de greutate.
Scopul cercetarii: de demonstrat cd toate corpurile cad cu aceeasi
acceleratie.
Acest fapt a fost demonstrat de savantul italian Galileo Galilei.
Mijloacele de cunoastere:

a) a studiat miscarea corpurilor pe un plan inclinat;

b) a studiat miscarea pendulului gravitational;

¢) a studiat caderea corpurilor.
Conditiile in care a decurs cercetarea: a inldturat factorii secundari si s-a
concentrat pe studiul dependentei vitezei de acceleratia caderii libere.
Metodele/procedeele de cercetare utilizate:

a) experimentul imaginat;

b) observarea miscarii corpurilor pe planul inclinat;

¢) experimentul cu aruncarea corpurilor de la indltime.
Rezultatele cercetarii:

a) toate corpurile cad cu aceeasi acceleratie;

b) pentru toate corpurile din locul dat acceleratia | g|=const.
Relatiile acestei cercetari cu altele. Distantele parcurse de corpuri la caderea

in vid, indiferent de marimea acestora, cresc proportional cu patratul duratei.

Planul generalizat al studierii unei marimi include:
1. identificarea fenomenului sau a proprietatii caracterizate de aceastd marime,

2. definirea marimii,
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3. scrierea formulei (in cazul unei marimi derivate, formula exprima relatia
acestei marimi cu altele),

4. stabilirea tipului marimii (scalara sau vectoriald),

5. indicarea unitatii de masura a acestei marimi,

6. procedeul de masurare.

Exemplu de plan generalizat al studiului marimii ,,masa corpului”:

1. Masa caracterizeaza inertia corpurilor.

2. Se numeste masa marimea fizica care exprima inertia corpurilor.

3. Simbolul masei — m.

4. Masa este o marime scalara.

5. Unitatea de masura este kilogramul.

6. Unul dintre procedeele masurdrii masei are la bazd legea deformarii
elastice, conform careia deformarea arcului dinamometrului este direct

proportionald cu masa corpului.

Planul generalizat al studierii unui fenomen include:
1. particularitatile externe ale fenomenului,
conditiile 1n care decurge fenomenul,
esenta fenomenului si a mecanismului desfasurarii acestuia,
definitia fenomenului,
marimile ce caracterizeaza fenomenul,

utilizarea fenomenului in practica,

A o

moduri de prevenire a efectelor negative ale fenomenlui asupra omului
si naturii.

Exemplu de plan generalizat al studierii miscarii dupa inertie:
1. Particularitati externe ale miscarii dupd inertie se manifesta prin faptul ca corpul
continud miscarea atunci cand asupra acestuia nu actioneaza alte corpuri in sensul
miscarii sale sau prin pastrarea starii de repaus. Acest fenomen are loc in sisteme

inertiale de referinta.
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2. Fenomenul miscarii dupa inertie s-ar fi observat atunci cand asupra corpului n-ar
fi actionat alte corpuri (forte) in sisteme inertiale de referinta.

3. Esenta fenomenului miscarii dupa inertie consta in pastrarea strii de repaus ori
de miscare rectilinie uniforma.

4. Se numeste miscare dupd inertie fenomenul pastrarii starii de repaus ori de
miscare rectilinie uniforma in lipsa actiunii altor corpuri.

5. Fenomenul miscérii dupa inertie este relationat cu miscarea si starea de repaus.

6. Acest fenomen se descrie cantitativ de viteza corpului 1n lipsa actiunii fortelor,

S
||= const. atunci cand F = 0.
7. Fenomenul miscérii dupa inertie se ia in considerare la transport, in producere si

in cotidian.

Exemplu de plan generalizat al studierii proprietatii inertia corpului.
1. Inertia este proprietatea corpurilor, care se manifesta prin schimbarea diferitd a
vitezei la interactiune.
2. Principala conditie de manifestare a inertiei este interactiunea.
3. Esenta inertiei constd in faptul cd niciun corp nu-si poate modifica instantaneu
viteza. Pentru aceasta, intotdeauna, este necesar un anumit timp. Din doud corpuri,
mai inert este acela care mai lent isi modificd viteza, adicd acel corp pentru
modificarea vitezei cdruia cu aceeasi valoare la aceeasi actiune din exterior este
necesar un interval de timp mai mare.
4. Inertia este proprietatea corpurilor de a-si modifica viteza nu momentan, dar intr-
un anumit interval de timp.
5. Inertia corpurilor este relationatd cu alte proprietdti si fenomene: miscarea,
variatia miscarii, interactiunea, miscarea dupa inertie.
6. Principala caracteristica cantitativa a inertiei este masa corpului. Cu cit mai mult
are loc variatia vitezei corpului cu aceeasi valoare, la aceeasi actiune din exterior,

cu atat mai mare este masa corpului:

lail _me
[az] mq
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7. De inertie se tine cont in productie, la transport si in cotidian, acolo unde din

cauza inertiei nu e posibil sd@ pornim sau sa oprim transportul, strungul etc.

Planul generalizat al studierii unei teorii:
1. faptele stiintifice care au stat la baza elaborarii teoriei,
conceptele teoriei,

principiile, postulatele ce stau la baza teoriei,

2

3

4. aparatul matematic,
5. faptele experimentale ce confirma justetea principiilor fundamentale,
6. ansamblul fenomenelor explicate de teorie,

7

fenomenele si proprietatile corpurilor prezise de teorie.

Planul generalizat al studierii unui aparat include:
1. denumirea,
2. destinatia,
3. structura si principiul de functionare (principalele piese si interactiunea
acestora),
4. domeniul de aplicare,

5. regulile de utilizare si pastrare.

Exemplu de plan generalizat al studierii dinamometrului:

1. Denumirea. Dinamometru cu arc.

2. Destinatia. Masurarea fortelor la efectuarea lucrarilor de laborator.

3. Structura §i principiul de functionare (principalele piese si interactiunea
acestora). Dinamometrul este alcatuit din suport pe care e imprimata scala
si un arc cu carlig, de care se fixeaza corpurile ale caror masa se masoara.
Intr-un dinamometru cu arc, forta este transmisa arcului, care, in functie de
directia fortei, este comprimat sau intins. Valoarea deformarii elastice a
arcului este proportionald cu forta deformatoare, indicata de acul indicator,
fixat de arc.

4. Domeniul de aplicare. Masurarea fortelor de pana la marimea maxima

indicata pe scala.
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5. Reguli de utilizare §i pastrare. Nu se admite suspendarea corpurilor cu o
pondere mai mare decat valoarea maxima pentru a preveni deteriorarea
arcului. A se pastra in dulapuri, ferite de praf, la o umiditate normalad a
incdperii.

Planul generalizat al studierii unui proces tehnologic include:
1. destinatia,
importanta procesului tehnologic,
fenomenele, legile care se afla la baza procesului tehnologic,
etapele principale ale procesului tehnologic,
cerintele fata de produsul final,

cerintele tehnicii securitatii,

A o

cerinte fatd de competentele personalului,
8. respectarea cerintelor ecologice.

Priceperea generalizata de a realiza independent un experiment [2, p. 62] include:
1. clarificarea scopului,

formularea ipotezei,

stabilirea conditiilor necesare pentru atingerea scopului,

proiectarea experimentului,

selectarea materialelor si aparatelor necesare,

realizarea montajului, circuitului electric,

efectuarea experimentului cu inregistrarea datelor,

e A o B

prelucrarea matematica a rezultatelor masurarilor,

9. analiza rezultatelor experimentului, formularea concluziilor.
Competenta scolard este definitd ca ,,un sistem integrat de cunostinte, abilitati,
atitudini si valori, dobandite, formate si dezvoltate prin invatare, a caror mobilizare
permite identificarea si rezolvarea diferitor probleme in diverse contexte si situatii”

13, p. 16].
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Competenta

Cunostinte
(a sti)

/
y.
y |

y

~Atitudini i
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Abilitafi j valori
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faci) s& relationezi cu
: ceilalti)

Figura 2. Structura competentei scolare conform Cadrului de Referinta a
Curriculumului National [3, p. 16]

Care ar fi rolul planurilor generalizate in formarea competentelor scolare?

Planurile generalizate pot servi la formarea cunostintelor si abilitatilor, dar nu
si la formarea atitudinilor.

In conformitate cu Taxonomia lui Krathwohl, deosebim urmaitoarele clase
comportamentale:

1. receptarea — constientizarea mesajului,

2. reactia/rdspunsul,

Obiective: Elevul da un raspuns, dar nu acceptad deplin necesitatea de a face
acest lucru.

3. valorizarea/preferinta pentru o valoare,

Obiective: Atribuirea unor valori unui fenomen.

4. organizarea unui sistem de valori,

5. caracterizarea/ordonarea generalizata.

Nici la una din aceste clase nu se pot aplica planurile generalizate pentru

realizarea obiectivelor din domeniul afectiv.
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Concluzii

Planurile generalizate se utilizeaza cu succes la studiul elementelor de
structura a cunostintelor stiintifice, avind un potential de transfer de la o disciplind
la alta.

Planurile generalizate si-au confirmat eficienta la sistematizarea cunostintelor
si la formarea abilitatilor, dar nu si la formarea atitudinilor.

Procesul de formare a atitudinilor este mult mai complex si nu poate fi
algoritmizat.

Atitudinea se manifesta 1n activitate si practic e imposibil de evaluat.
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Abstract. The paper describes the methodology of studying the content unit
"Mechanical oscillations in the physics school course. Oscillatory and undulating motions
are one of the most widespread motions in nature. The study of oscillations and waves is a
powerful tool of knowledge, a universal key to many secrets of nature. Experiments are
listed/described for each topic and some computer models are proposed to facilitate the
teacher's work. Computer models fit easily into a traditional lesson, allowing the teacher to
demonstrate many physical effects in the field of mechanical oscillations. Computer models
allow the teacher to organize new, non-traditional types of educational activities.

Keywords: Mechanical oscillations, harmonic oscillations, damped oscillations,

forced oscillations, transverse waves, longitudinal waves.
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Rezumat. in lucrare este descrisd metodica studierii unititii de continut ,,Oscilatii
mecanice 1n cursul scolar de fizica”. Miscarile oscilatorii si ondulatorii sunt una dintre cele
mai raspandite miscari din natura. Studiul oscilatiilor si undelor este un instrument puternic
de cunoastere, o cheie universald pentru multe secrete ale naturii. Pentru fiecare tema sunt
enumerate/descrise experimente si sunt propuse si cateva modele pe computer pentru a
facilita munca profesorului. Modelele de computer se potrivesc cu usurinta intr-o lectie
traditionald, permitand profesorului sd demonstreze clar multe efecte fizice din domeniul
oscilatiilor mecanice. Modelele computerizate permit profesorului sa organizeze tipuri noi,

netraditionale de activitati educationale.

Cuvinte-cheie: oscilatii mecanice, oscilatii armonice, oscilatii amortizate, oscilatii

fortate, rezonanta, unde transversale, unde longitudinale.

Cadrul teoretic. Oscilatiile mecanice sunt considerate un exemplu de aplicare
a legilor mecanicii clasice, iar oscilatiile electromagnetice — exemplu de aplicare a
legilor de bazd ale electrodinamicii clasice. Dar, in acelasi timp, conform
curriculumului modernizat [2019], studiul oscilatiilor si undelor mecanice este
separat in timp de oscilatiile electromagnetice cu peste un an. Pentru a facilita
asimilarea generalitatii legilor oscilatiilor si undelor de naturd diferita, pentru a
asigura generalizarea cunostintelor, elevii ar trebui sa se confrunte cu necesitatea de
a reveni in mod repetat la ceea ce au studiat deja, de a aprofunda si extinde
cunostintele despre oscilatii si unde pe care le-au studiat anterior.

Studiul undelor mecanice incepe cu formarea ideilor generale despre miscarea
oscilatorie. In acelasi timp, studiul fenomenelor acustice, adicd propagarea
vibratiilor mecanice intr-un mediu elastic, contribuie la extinderea conceptului de
unda, de la unde care sunt percepute vizual la unde invizibile.

Oscilatiile si undele mecanice sunt studiate in clasele a VIII-a si a X-a. In
conformitate cu Curriculumul la fizicd, editia 2019, pentru studiul unitdtii de
continut ,,Fenomene mecanice. Oscilatii si unde mecanice”, clasa a VIlIl-a, se
rezerva 11 ore, iar pentru studiul unitatii de continut ,,Oscilatii si unde mecanice”,
clasaa X-a— 14 ore [1, 2].

La sfarsitul acestei unitdti de continut elevii clasei a X-a trebuie s insuseasca
urmatoarele elemente noi de limbaj, specific disciplinei fizica: oscilatii armonice,
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oscilator armonic, amplitudine, elongatie, faza, pulsatie, oscilatii amortizate,
oscilatii fortate, rezonantd, unde transversale, unde longitudinale, reflexie, refractie,
interferentd, difractie, principiul lui Huygens.

Conditiile pentru aparitia oscilatiilor:
° sistemul trebuie sa fie intr-un echilibru stabil;
o corpul oscilant trebuie sa aiba o inertie suficient de mare;
o sistemul trebuie sd aiba forte de rezistenta (frecare) suficient de mici.

Studiul oscilatiilor incepe cu introducerea conceptului de ,,miscare oscilanta”,
care este unul dintre principalele in aceasta tema. Elevii sunt deja familiarizati
cu miscarile periodice, adica cele care se repeta la intervale egale de timp. Sunt
date exemple de miscari oscilante si sunt demonstrate sisteme de corpuri in care
oscilatiile pot exista Tn anumite conditii (pendule verticale si orizontale cu arc,
o greutate pe un fir, o lama de ferastrau fixata intr-o menghina, batdile inimii,
rasuflarea, miscarea diferitor piese Intr-un motor, miscarea de evolutie a
planetelor etc.). Pe exemplul acestor sisteme oscilante, este necesar sa subliniem
trasaturile comune ale oricdruia dintre ele: prezenta unei pozitii stabile de
echilibru, factorul de inertie care asigura trecerea corpului prin pozitia de
echilibru si, 1n final, o frecare neesentiala in sistemul oscilant [3].

Elevii se conving de prezenta acestor caracteristici in fiecare dintre sistemele
oscilatorii demonstrate. Dupa aceea, putem intreba daca pot apdrea oscilatii n

sistemele prezentate in Figura I si putem testa raspunsul experimental.

Figura 1. Exemple de sisteme de echilibru stabil si nestabil
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Figura 2. Oscilatia unui pendul gravitational

Tabelul 1. Fixarea parametrilor corpului oscilant in diferite momente de timp

. Figura Coordonata, Cm{za o '
Timpul, t citia) Viteza, schimbarii | Energia
(pozitia Acceleratia vitezei

t=0
0<t<1/4T
1/4T
1/4T<t<1/2T
1/2T
1/2T<t<3/4T
3/4T
3/4T<t<T
T

Pendul elastic

F,=F,

ELI.lSX:
v=0

kA

G A 3
0 qd=4,x= O (‘%A
m

E, =
E,=

2 in momentul initial viteza v=0.
E L Daci eliberam corpul, viteza
totald = ¢ » A ENe E EA BR e a sub
incepe si s¢ mareasca sub
Jed? actiunea fortei elastice a arcului
2

E s = comprimat (deformat),
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Pendul elastic

t=T/4
1 I x=0
LV
F,=0
A A D=0
0 a=10
E = mu
F 2 Viteza corpului oscilant
B. =0 atinge valoarea maximi,
o corpul dupi inertie continua
Eoon =E+E, miscarea,
E'r:.lnﬂ _ mos
i 2

Figura 3. Pozitia si parametrii pendulului elastic pentru momentul t;=0 si t2=T/4

Pentru a demonstra dependenta frecventei de acceleratia gravitatiei, un

electromagnet este plasat sub pendul (Figura 4):

Figura 4. Demonstrarea dependentei frecventei de oscilatie in functie
de acceleratia gravitationala
Prin deplasarea pendulului in lateral si apoi pornirea simultand a
cronometrului si eliberarea pendulului, determinam frecventa oscilatiei vi,
cronometrand timpul pentru 20 de oscilatii. Repetati experimentul cu
electromagnetul pornit (adicd simuland un camp gravitational mai puternic) si
determinati din nou frecventa v, care este mai mare decat frecventa oscilatiei vi.
Pentru succesul experimentului, este important ca amplitudinea oscilatiilor sa fie nu
prea mare — 20-25 cm.
Demonstrarea dependentei frecventei de oscilatie in functie de acceleratia
gravitationala, poate fi realizata si in laboratorul virtual, de exemplu utilizdnd

platforma PhET [5].
91



- atudil pandulului

Figura S. Fereastra de lucru pentru demonstrarea oscilatiilor pe diferite corpuri
din sistemul solar [5]

Aplicatia [5] ne permite sa simulam oscilatii pe diferite corpuri din sistemul
solar: Luna, Pamant, Jupiter si Planeta X (planetd necunoscutd). Aceastd aplicatie
ne permite sa determindm planeta necunoscutd, dacd vom determina acceleratia

caderii libere pe planeta X.

y.=lm (= 4T+ 11s y= 098m

AWAWAWA

—~: @
e
Figura 6. Fereastra de lucru pentru demonstrarea
graficului oscilatiilor armonice [6]

00:21.1

D T'= S5s

Lucrari de laborator:
,Determinarea perioadei si a frecventei oscilatiilor unui pendul gravitational”;
»,Determinarea lungimii bancii cu ajutorul pendulului gravitational”.

Elevii Invatd incd dupa manualul din 2013:
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Scopul cercetarii: analiza unitatii de continut ,,Oscilatiile mecanice si
metodele de predare in scoald”.
Obiectivele cercetarii:
- identificarea semnificatiei oscilatiilor mecanice in studiul
fizicii,
- analiza esentei oscilatiilor in mecanica,
- determinarea importantei oscilatiilor mecanice 1n natura si in
tehnologie,
- analiza unor metode de predare-invatare a lectiilor privind
studiul oscilatiilor mecanice in clasa VIII-a si a X-a.
Concluzii. Probabil, nu exista domeniu in tehnologie in care procesele
oscilatorii si ondulatorii sa nu fie utilizate sau luate in considerare. Vibratiile
mecanice sunt utilizate in diverse procese si masini tehnologice. In productia
modernd, multe categorii de lucrdtori au nevoie de o intelegere a fundamentelor
fizice ale proceselor tehnologice sau a principiului de functionare a masinilor,
mecanismelor si dispozitivelor, care utilizeaza fenomene oscilatorii si ondulatorii.
In lucrare a fost examinati metodologia predarii fizicii, si anume unitatea de
continut ,,Oscilatii si unde mecanice”. Sunt propuse modele computerizate pentru
utilizarea ulterioara in procesul de predare a acestei sectiuni scolarilor. Modelele de
computer se potrivesc cu usurinta intr-o lectie traditionald, permitand profesorului
sa demonstreze aproape real multe efecte fizice, care de obicei sunt explicate ,,pe
degete”. In plus, modelele computerizate permit profesorului si organizeze tipuri
noi, netraditionale, de activitati educationale. Tinand cont de informatizarea
procesului de educatie, dezvoltarea ulterioara a modelelor computerizate a diferitor
fenomene si procese fizice, acestea pot fi utilizate in procesul de predare a fizicii in
liceu.
In aceasta lucrare a fost realizati o analizi stiintifica si metodologica a unitatii
de continut ,,Oscilatii si unde mecanice”, cu definitii si concepte de bazd pentru
aceasta tema.

Au fost studiate curriculumul national si manuale scolare, a fost examinata
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metodologia de studiere a oscilatiilor si undelor In mecanica si a fost dezvaluita
semnificatia oscilatiilor si undelor mecanice in studiul fizicii.

In lucrare au fost folosite metode de cercetare precum studierea literaturii
stiintifice si metodologice, analiza manualelor scolare, discutarea cu profesorii
scolari si cei universitari pentru a identifica greselile tipice comise de elevi la
explicarea conceptelor de baza si la rezolvarea problemelor la tema studiata.

Scopurile si obiectivele stabilite In lucrare au fost atinse.
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Abstract. In this paper are presented the results obtained after studying radioactivity
in the atomic nucleus physics course. This study states an interdisciplinary link between
chemistry and physics. Practical problems related to radioactivity have been solved.
A method of processing graphs of attenuation with time of activity of the radioactive
preparation was exposed.

Keywords: interdisciplinary links, atomic nucleus, radioactivity, constant decay.

Rezumat. in lucrarea de fati sunt expuse rezultatele obtinute la studierea
radioactivitatii in cursul de fizicd a nucleului atomic. Acest studiu presupune o legatura
interdisciplinard dintre chimie si fizicd. Au fost rezolvate probleme practice referitoare la
radioactivitate. A fost expusd o metoda de prelucrare a graficelor de atenuare cu timpul a
activitatii preparatului radioactiv.

Cuvinte-cheie: legaturi interdisciplinare, nucleu atomic, radioactivitate, constanta de

dezintegrare.
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Introducere

Legaturile interdisciplinare joacd un rol crucial in predarea fizicii din mai
multe perspective. Conectarea fizicii cu alte discipline precum matematica, chimia,
biologia sau ingineria ajuta elevii sa inteleagd mai bine conceptele si principiile
fizicii in contextul lor real si sd inteleagd cum aceste concepte se aplicd in diverse
domenii si probleme. Integrarea altor domenii in predarea fizicii poate sa faca
subiectul mai atractiv si mai accesibil pentru elevi. Abordarea interdisciplinara
incurajeaza gandirea critica si abilitdtile de rezolvare a problemelor, deoarece elevii
sunt expusi la diverse perspective si modalititi de abordare a unei probleme. In
lumea reald, multi profesionisti lucreazd in domenii care necesitd cunostinte si
intelege si a aplica conceptele fizicii in contexte interdisciplinare ii poate pregati
mai bine pentru cariere viitoare.

Predarea fizicii si a chimiei poate sa aiba multiple legaturi si suprapuneri,
datorita faptului cd aceste doua discipline exploreaza proprietatile materiei si
interactiunile dintre ele. Se pot identifica multe exemple de legaturi intre fizica si
chimie. In fizica se studiaza structura atomica a materiei, inclusiv modelele atomice,
particulele subatomice si comportamentul lor. Chimia examineaza, de asemenea,
structura atomica si legaturile chimice dintre atomi si molecule. Fizica studiaza
interactiunile electromagnetice, cum ar fi fortele electromagnetice si campurile
electrice si magnetice. Aceste concepte sunt esentiale si pentru intelegerea
legdturilor chimice, a desfasurarii reactiilor chimice si a proprietatilor materialelor.
Termochimia este un domeniu care combina conceptele de fizica si chimie pentru a
studia schimburile de energie sub forma de caldurd in timpul reactiilor chimice si
transformarile de stare ale materiei. Fizica starii solide se ocupd de structura
cristalina si comportamentul materialelor solide, chimia fizica poate sd analizeze si
sd explice proprietdtile chimice ale acestor materiale. Spectroscopia este utilizata in
ambele discipline pentru a analiza structura atomica si moleculara a substantelor.
Acestea sunt doar cateva exemple de legaturi intre fizicd si chimie, iar explorarea
acestor conexiuni poate sd ofere elevilor si studentilor o intelegere mai profunda si

mai completd a ambelor discipline.
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Printre subiectele studiate la cursul de fizica a nucleului atomic se numara si
fenomenul de radioactivitate [1, pp. 518-519]. Studierea radioactivitatii este de o
importantd majora. Prin studierea radioactivitdtii, putem intelege mai bine natura
materiei si procesele care au loc in univers. Radioactivitatea are numeroase aplicatii
in domeniul medical. Cunostintele despre radioactivitate sunt esentiale pentru
dezvoltarea si utilizarea energiei nucleare. Radioactivitatea poate fi utilizata pentru
datarea obiectelor arheologice si a rocilor geologice prin masurarea concentratiei de
izotopi radioactivi. In domeniul securititii si al protectiei mediului, studierea

radioactivitatii este cruciala pentru detectarea si monitorizarea radiatiilor ionizante.

Fundamentarea teoretica

Actualmente este acceptat modelul proton-neutronic al nucleului atomic,
propus 1n anii 30 ai secolului XX. El este o reprezentare conceptuala a nucleului
atomic, care explicd structura acestuia si comportamentul sdu in cadrul
transformarilor nucleare [2, pp. 390-399]. Conform acestui model, nucleul atomic
este compus din protoni si neutroni (Impreund se numesc nucleoni). Protonii sunt
particule Incarcate pozitiv, in timp ce neutronii sunt particule neutre din punct de
vedere electric. Interactiunile dintre protoni si neutroni sunt mediate de fortele
nucleare, care sunt responsabile pentru mentinerea nucleului atomic ca un tot
intreg si pentru stabilitatea acestuia. Numarul atomic Z al unui element este
determinat de numdrul de protoni din nucleul sdu, iar numarul de masa A este
numadrul total de nucleoni din nucleu. Un nucleu atomic este stabil atunci cand
fortele nucleare sunt suficient de puternice pentru a contracara fortele de
respingere electrostatica dintre protoni. In unele nuclee instabile pot avea loc
procese precum dezintegrarea radioactiva pentru a atinge o configuratie mai
stabild. Modelul proton-neutronic al nucleului atomic a fost esential pentru
dezvoltarea ulterioara a fizicii nucleare si a deschis calea pentru intelegerea mai
profunda a structurii nucleului si a reactiilor nucleare.

In anumite conditii, unele nuclee atomice pot suporta transformiri,
modificandu-si structura internd. Descoperirea radioactivitatii de catre Antoine
Becquerel in 1896 a fost primul proces nuclear de acest fel. Radioactivitatea este un
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fenomen in care nucleele atomice se dezintegreaza in mod spontan, emitand una sau
mai multe particule [3, pp. 292-300]. Nucleele care sufera aceasta dezintegrare sunt
denumite radioactive, iar cele care nu se descompun sunt considerate stabile. In
timpul procesului de dezintegrare nucleara, atdt numarul atomic, cat si numarul de
masa pot suferi modificari. Un criteriu crucial, dar nu intotdeauna suficient, pentru
ca dezintegrarea sa aiba loc, este cel energetic: masa nucleului radioactiv trebuie sa
fie mai mare decat suma maselor nucleului final si a particulelor emise in timpul
procesului. Astfel, sistemul trece Iintr-o stare energeticdi mai favorabila.
Radioactivitatea poate fi Tmpartitd in doud categorii: naturald si artificiala.
Radioactivitatea naturald apare atunci cand nucleele atomice care au fost prezente
in naturd de la formarea lor, suferd dezintegrare nucleard. Pe de alta parte,
radioactivitatea artificiald se produce atunci cand nucleele atomice create artificial
se dezintegreaza. In ciuda acestei distinctii, nu existd diferente fizice fundamentale
intre radioactivitatea naturald si cea artificiala.

Uneori, nucleul rezultat Tn urma unei dezintegrari poate fi, de asemenea,
radioactiv. Acesta se dezintegreaza la randul sau, formand un nou nucleu care este,
la fel, radioactiv. Astfel, se formeaza lanturi de dezintegrari, care se succed una dupa
alta cu o anumitd probabilitate. Nucleele implicate intr-un astfel de lant de
dezintegrari formeaza o familie sau serie radioactiva. In natura, exista trei familii
radioactive, iar o a patra este artificiala.

Dezintegrarea radioactiva este un proces aleatoriu, ceea ce inseamna ca este
dificil sa prezicem exact momentul in care se va produce dezintegrarea unui nucleu.
Cu toate acestea, putem face estimdri aproximative cu privire la numarul de nuclee
care se vor dezintegra intr-un anumit interval de timp. Micsorarea numarului de
nuclee radioactive cu timpul este descrisd de legea dezintegrarii:

N=N,-e ™ (D.

Uneori, pentru a descrie ritmul dezintegrarii nucleelor, se utilizeaza conceptul
de timp de injumatatire (sau perioadd de semidezintegrare, notat cu T). Acesta
reprezinta intervalul de timp, in care jumadtate din numarul initial de nuclee se

descompun. Perioada de semidezintegrare variaza pentru diferiti izotopi si poate fi
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de la fractiuni de secundd pana la miliarde de ani. Se mai foloseste notiunea de timp

mediu de viata (7) al nucleului. Se poate demonstra:
1 In2
T = Z , T = T (2)

Pentru a exprima intensitatea dezintegrarilor intr-un material radioactiv, se
utilizeaza termenul de activitate. Acesta indica numarul de dezintegrari care au loc
intr-o unitate de timp:

A=21-N (3).

Pe baza legii dezintegrarii se poate elabora un grafic care arata relatia dintre
numdrul de nuclee si timp. Acest grafic, cunoscut sub numele de curba de
dezintegrare, ilustreaza cinetica dezintegrarii unui izotop nestabil. Pentru a construi
acest grafic, se mai pot efectua masurdtori ale activitatii unui material. Studierea
unui material radioactiv necunoscut incepe anume cu obtinerea curbei, care descrie
atenuarea activitatii lui pe parcursul unui interval de timp de ordinul timpului mediu
de viata.

In cursul de fizica radioactivitatea se poate studia prin rezolvarea problemelor.
In procesul de invitare a fizicii accentul pus pe abordarea si rezolvarea problemelor
este de o importanta cruciald. Aceste activitati nu numai cd faciliteaza o intelegere
mai profunda si o memorare mai eficientd a legilor si formulelor fundamentale ale
fizicii, ci si ajutd la conturarea unei imagini clare despre caracteristicile acestora si
despre domentiile lor de aplicare [4, pp. 7-9]. Rezolvarea unor varietati de probleme
contribuie la dezvoltarea abilitatii de a aplica principiile generale ale fizicii in
rezolvarea unor probleme practice si conceptuale relevante. Capacitatea de a aborda
si rezolva astfel de probleme reprezintd un indicator esential al profunzimii

intelegerii continutului programului si a modului in care acesta a fost asimilat.

Rezultatele cercetarii
Am ales sa rezolvdm probleme atat din culegeri, cat si probleme proprii. Aici
sunt expuse ca exemplu doud probleme.
Problema 1 (35.21 [5, p. 185]): Un ecran fluorescent cu o arie a suprafetei de
226

0,03 cm? se afli la distanta de 1 cm de la un preparat punctiform de radiu *45Ra cu

masa de 18 pg. Céte scintilatii se vor produce pe acest ecran timp de un minut?
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Rezolvare:

_ 2
fz—l() 60"31 o Am notat datele problemei, din tabel am luat T. Am
m = 18-10"15kg exprimat masa unui atom de radiu cu masa atomica
T = 1600 ani relativa A = 226, folosind constanta de trecere:
t=60s m, =A-1,66-10"%"kg.

n—2? Am determinat numarul de atomi, care este si numarul

initial de nuclee radioactive. Numarul initial de nuclee
este egal cu raportul dintre masa initiald si masa unui

atom:
Ny = = N, = m
" m,’ 07 4-1,66-10"27kg’
18-10'%kg

= 4,8-10%0,

No =226 1,66 -10~27kg
Peste un interval de timp, t rimane un numar N determinat de legea dezintegrarii.
Am dezintegrat un numar:

t-in2 t-in2
AN = Ny, — N, N=Ny-e T, AN = N, <1—e_T>.

La dezintegrare se emit AN particule in toate directiile in mod izotrop (in limitele
unghiului solid complet de 2 = 4m). Suprafetei ecranului 1i corespunde un unghi
solid mic d{2, in care se emite doar o parte de particule (un numar n) si ele provoaca
scintilatii pe ecran. Numarul cautat este proportional cu unghiul solid respectiv:

40 S n df S N <1 _t-l;ﬂ) S
=—, —_— ==, n= —e .
12 AN~ 0 4ml? 0 4ml2
Am obtinut formula finala si am calculat:
48101 (1 ( 60s-0,693 ) 0,03 cm? 94
n=48- —exp|— = 94,
p 1600 - 365,25-24-3600s/ /43,141 cm?
Deci, se vor produce 94 de scintilatii.
Tabelul 1. Caracteristicile izotopilor radioactivi
T T
el T . (calcule) (grafic)
Te-127 9.3 ore 0.07453 ore™? 13.42 ore 13,4 ore
Na-24 14.0 ore 0.04951 ore~? 20.20 ore 20,1 ore
Br-82 36.0 ore 0.01925 ore~?! 51.94 ore 51,7 ore
Ba-140 13.0 zile 0.05332 zile™ 1 18.76 zile 18,6 zile
Th-234 24.1 zile 0.00324 zile™?! 308.88 zile 34,8 zile
Fe-59 44.5 zile 0.01558 zile™! 64.20 zile 64,1 zile
Co-60 5.3 ani 0.13078 ani ! 7.65 ani 7,6 ani
H-3 12.3 ani 0.05635 ani~! 17.75 ani 17,7 ani

Problema 2: Construiti curbele de radioactivitate ale unui sir de izotopi
radioactivi, folosind din tabele date despre perioadele de injumatatire. Din graficele

construite determinati durata medie de viata a nucleelor radioactive respective.
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Rezolvare:
Pentru a compara evolutiile activitatilor unor preparate radioactive trebuie ca

ele sa aiba perioade de injumatétire comparabile. Am ales trei grupuri de izotopi,
inclusi in tabelul 1. In coloana a doua am introdus ca date initiale perioadele T din
tabele.

Am calculat cu ajutorul expresiilor (2) constantele de dezintegrare si timpii

medii de viata, pe care i-am inclus in coloanele trei si patru. Am construit graficele

: g . N
teoretice pentru numadrul relativ de nuclee (N—) pentru fiecare grup aparte. Am
0

e 1 . .
construit linia de reper (;, e 2,7183), care corespunde unui numar de nuclee de
e ori mai mic decat cel initial. La intersectia liniei de reper cu curbele de

radioactivitate se determind timpul mediu de viatd, pe care l-am inclus in ultima

coloana a tabelului.

0.8 \\\\
NN

EENER
=
£ \ \\
R S— \ \\ _________ -1 \H .......
KO Te T
Z 02 \\Q\‘\

% 10 20 30 40 50 60

Timpul t, ore

Figura 1. Curbe de radioactivitate pentru trei izotopi radioactivi:

1) Te-127; 2) Na-24; 3) Br-82
In Figura 1 sunt prezentate ca exemplu graficele pentru primul grup de nuclee.
In mod similar am lucrat si cu celelalte doua grupuri. Rezolvarea problemelor de
acest fel permite de a forma deprinderi de prelucrare a datelor experimentale si de

lucru cu diferite grafice, din care se poate afla informatie utila.
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Fluxurile de particule obtinute la dezintegrarile nucleelor se numesc radiatii
nucleare sau radiatii ionizante. Aceste particule au energii relativ mari, care le
asigurd viteze mari. La trecerea printr-o substantd, radiatiile nucleare pot provoca
ionizarea atomilor si alte efecte.

Efectul radiatiilor ionizante asupra diferitelor obiecte reprezintd un proces
complex. Atunci cand energia este absorbitd, se declanseaza procese de ionizare si
excitatie a atomilor in organele si tesuturile obiectelor biologice, precum si in orice
mediu. Aceste procese stau la baza consecintelor biologice ale radiatiilor.
Severitatea acestor consecinte depinde de cantitatea de energie absorbitd in
organism. Efectele radiatiei sunt influentate de nivelul de energie absorbita, tipul de
radiatie, volumul tesutului expus, caracteristicile individuale ale organismului
uman, tipul de tesut si organele expuse. Pentru a evalua impactul radiatiilor, se
foloseste conceptul de dozd, care este exprimat prin intermediul unor valori

dozimetrice specifice.

Concluzii
In final, pot fi trase mai multe concluzii despre importanta studierii
radioactivitatii:

e Radioactivitatea aratd cd materia poate suferi transformari
fundamentale la nivel atomic si subatomic, evidentiind natura
complexd a materiei si a interactiunilor sale.

e Cunoasterea radioactivitatii este esentiala pentru a evalua si gestiona
impactul radiatiilor asupra sandtatii umane si a mediului inconjurator,
precum si pentru utilizarea lor in diverse domenii, cum ar fi medicina
sl energia.

e Cercetdrile in domeniul radioactivitatii au condus la dezvoltarea unor
teorii si tehnologii fundamentale, cum ar fi datarea radioactiva,

imagistica medicala cu radiatii, si energia nucleara.
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e Radioactivitatea este utilizatd in medicind pentru diagnosticare si

tratament, in productia de energie, In datarea obiectelor arheologice si intr-

o varietate de alte aplicatii industriale si stiintifice.

e Studiul radioactivitatii subliniaza importanta reglementarii adecvate si a

protectiei impotriva expunerii la radiatii pentru a minimiza riscurile asupra

sandtdtii umane si a mediului.

Astfel, studiul radioactivitatii oferd o intelegere mai profundd a naturii

materiei si a interactiunilor sale, precum si implicatii semnificative in domeniile

stiintei, tehnologiei si sanatatii umane. Un rol important in acest context il are

procesul de rezolvare a problemelor.

Bibliografie:

1.
2.

DETLAF, A.A., IAVORSKI, B.M. Curs de fizicd. Chisinau, 1991. 608 p.
CUBYXWUH, A.B. Obwuii kypc usuxu. T. 5. Amomnas u sdepras gpusuka.
Mockpa: DUSMATIINUT, 2002. 784 c.

CABEJIBEB, U.B. Kypc obweu ¢usuxu. T. 5. Keanmosas onmuka.
Amomnuasn ¢usuxa. Qusuxka meepooco mena. Dusuxka amomuoz2o A0pa u
anemenmapuvix uacmuy. Cankr-IlerepOypr: Jlans, 2021. 384 c.
KOHZPATBEB, A.C. u ap. Memoovwt pewenus 3adau no ¢usuxe. Mockpa:
OU3MATIINT, 2012. 312 c.

HEOPUK, M.C. CéopHnux 3adauw no xypcy obweti ¢usuxu. MoCKBa:
IIpocsemennue, 1989. 271 c.

103



INTERACTIVE AND TECHNOLOGY-BASED MATH LEARNING
METHODS IN HIGH SCHOOL. REPORT ON DAILY EXPERIENCE

Rodica DRUTA, doctoral student
State Pedagogical University "I. Creangd", Chisindau
ORCID ID: 0000-0002-8946-5749
E-mail: rodicadruta8@gmail.com
CZU: 378.016:51
DOI: 10.46727/¢.25-04-2024.p104-119

Abstract. The article delves into innovative approaches to teaching mathematics in
high school environments, emphasizing interactive, action-oriented, and technological
methods that incorporate real-life relevant content. The pedagogical experience presented
underscores the importance of student engagement in the learning process and the utilization
of technology to augment interactivity and comprehension. By aligning mathematical
content with student's everyday experiences, this approach aims to render the subject more
accessible and captivating for students.

Keywords: innovative teaching, high school mathematics, pedagogical interactivity,

educational technology, everyday relevance.

Introduction. In today's education landscape, where competency and social
integration are paramount, implementing the fourth generation of the high school
mathematics curriculum calls for a fresh and innovative approach. This approach
aims to not only engage students actively in the learning process but also to equip
them with the skills necessary to adapt to the evolving demands of society.
Mathematics serves as a cornerstone in various academic fields, from sciences to
engineering, technology, and economics. Therefore, a strong grasp of mathematics
in high school lays the groundwork for student's success in higher education and
beyond. Moreover, the study of mathematics cultivates essential skills such as
logical thinking, critical reasoning, and problem-solving, which are invaluable assets

in both personal and professional spheres.
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The ability to use math in everyday life is crucial for everyone. Students who
learn how to apply mathematical concepts in different situations develop practical
skills that help them manage their personal finances, make better decisions, and
solve real-world problems. Many careers, like those in technology, engineering,
finance, and science, rely heavily on a strong understanding of math.

Teaching mathematics effectively in high school means understanding each
student's needs and providing equal opportunities for everyone to succeed. It can
also help bridge gaps in learning and careers based on gender and race, ensuring that
all students have the support and resources they need to thrive in this particular field.
Ultimately, good mathematical education in high school sets students up for success
in both their academic and professional lives, and it contributes to building a society

that values knowledge and innovation.

Introduction of the concepts of interactivity, action, and everyday
relevance in the educational process

Within the educational process, interactivity, action, and everyday relevance
stand as indispensable elements for fostering effective and engaging learning
experiences. Interactivity entails the active engagement of students in the learning
journey, achieved through participation in discussions, practical activities, and
collaboration with other students. This symbiotic interaction between students and
learning materials serves to solidify their understanding and cultivate critical and
creative faculties.

Action is another crucial component that involves practical activities and
hands-on experiences that allow students to apply theoretical knowledge in practical
situations. Through action, students become active participants in their own learning
process, which motivates them and helps them acquire knowledge more deeply.
Thus, while action refers to the physical and cognitive activity of individuals in the
learning process, interaction refers to the exchange and collaboration between
individuals or between individuals and their environment in this process. Both are
essential components of learning and contribute to the development of individual

knowledge and skills. Learning through action and interaction are the keys to
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shaping pragmatic individuals prepared to successfully integrate into social life. The
pragmatism of education emphasizes practical activity and problem-solving as the
primary means of acquiring knowledge and preparing for integration into society.
Everyday relevance signifies the correlation between learning content and student's
daily experiences. It is imperative for learning materials to resonate with real-life
situations, enabling students to comprehend the applicability and significance of
knowledge in practical contexts. By integrating examples and challenges from
everyday life into the classroom, students can more effectively grasp the relevance
of their learning and become more engaged in the process. By bridging these
concepts with our daily experiences, we can enhance our understanding of their
importance and applicability in real-life scenarios.

For example, combinatorics can be applied in situations such as choosing
combinations of clothing or menu items at a restaurant, forming a class schedule
for any day of the week, seating arrangements, etc. Statistics can be used to
analyze survey results or understand trends in social and economic data, or
analyze user ratings of a film, etc. Probability is present in decision-making,
calculating chances of success in various scenarios, or in gambling games, for
example: deciding whether to take an umbrella with you before leaving for school
or work, considering the probability of rain on that day based on the weather
forecast and previous experiences. While playing a dice or card game with
friends, you use probability concepts to calculate the chances of obtaining certain

results or combinations in the game.

Purpose and objectives of the article

A rigorous analysis of the requirements of the technological society, the
modernization of the mathematics curriculum, and the ultimate goal of the
educational process, guides us towards the implementation and development of
interactive and relevant strategies, aiming to improve the teaching-learning

experience.
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The purpose of this article is to explore the importance and methods of
implementing the concepts of interactivity, action, and everyday relevance in the

educational process, with a focus on teaching and learning mathematics in high school.

Specific objectives include:

1. Emphasizing the advantages of interactivity in the learning process and
introducing a variety of interactive methods and techniques applicable to
teaching mathematics.

2. Exploring ways to involve students in practical activities and action-based
experiences to reinforce understanding and application of mathematical
concepts.

3. Analyzing the importance of everyday relevance in the teaching and learning
of mathematics, including presenting strategies for bringing mathematical
examples and problems into real-life contexts for students.

4. Suggesting practical methods and approaches for integrating interactivity,
action, and everyday relevance into the planning and conduct of high school
mathematics lessons.

5. Exploring the influence of these concepts on student's engagement and
achievement in mathematics, and identifying directions for future research

and developments in the field of mathematics education.

Methods of teaching and learning involving interactivity, action, and

everyday relevance

In an educational environment that aims for increased relevance, it is
important to develop learning strategies that encourage student's active involvement
in society through direct action. Researcher Ausubel states that it must be known the
student's areas of interest, and in teaching activities, examples should be chosen,
establishing connections with these areas of interest [2].

A truly motivating educational activity, however, should actively engage
students and capture their interest [3, p. 63].

Rolland Viau, in turn, offers a series of suggestions for making teaching
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activities motivating and engaging for students, but he approaches it in a more
analytical manner, considering that the teacher should devise teaching strategies
based on the knowledge they need to impart to students, both declarative and
procedural knowledge [3, p. 64].

The principles outlined by Viau are fundamental in promoting an interactive
and relevant educational environment, where innovative methods integrate these
components, facilitating active student participation and stimulating their curiosity
through action and interactivity[3], [1, p. 71].

Therefore, the teaching staff must arouse students' curiosity through elements
of novelty, by creating cognitive conflicts, through originality, rethinking, and
improving teaching strategies. The correct selection of teaching methods,
educational digital tools, as well as their skillful use by the mathematics teacher, will
facilitate the teaching-learning process of mathematics in high school, contributing
to the development of specific competencies and increasing motivation towards the
subject. Online educational tools facilitate access for both teachers and students to
interactive, modern digital content, created in correlation with educational, computer
science, and psychological standards. It is crucial for digital tools to align with the
purpose, age, content, and didactic functions of the digital means. Choosing student-
centered activities within high school mathematics lessons and beyond, through the
use of ICT tools, will diversify educational content, the mode of perception, and

assimilation of information, thereby enhancing student motivation.

The description of interactive teaching methods in mathematics and the

integration of technologies (ICT)

Now, I will present several innovative methods developed to create an
interactive and relevant environment in mathematics teaching, highlighting the
effectiveness of these methods in improving learning outcomes and stimulating
students' motivation and interest in the mathematics discipline.

The method called "Triple Curiosities in Learning and Applying Concepts"

is an interactive and challenging approach to teaching and learning mathematics.
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Students are encouraged to find three distinct domains of application for the
concepts learned as homework, and the next lesson begins with exploring these
curiosities, giving students three minutes to share them. Subsequently, for
homework, students must identify three uses of the same concepts in everyday
contexts. These examples will be presented during the "Attention Grabbing" stage
of the next lesson for three minutes. At the end of the hour, in addition to the
homework tasks, students are instructed to reflect on how they could personally
apply the concepts addressed in their lives, which in turn will be presented as
curiosities in the first three minutes of the next lesson. The method becomes highly
engaging and interactive when using the digital technology Padlet in the classroom.
Connected to the classroom projector, Padlet allows for the distribution of a link to
students, giving them access from their mobile phones to respond in real time. Thus,
all students can contribute simultaneously, and their responses are visible on the
projector screen, facilitating discussions and collaboration in the classroom.
Furthermore, through Padlet, students have the opportunity to upload and share
audio, video, or image sequences relevant to the topic being discussed, providing an
additional and more interactive dimension to the learning process.

The "Triple Curiosities in Learning and Applying Concepts' method aims
to encourage students to explore and apply learned concepts in various contexts,
providing a dynamic and interactive framework for the exploration and
consolidation of mathematical knowledge. This method emphasizes active
involvement of students in identifying and practically applying acquired knowledge,
which can stimulate critical and creative thinking, as well as relevance in learning
for their daily lives. It's an engaging way to bring academic content closer to
student's experiences and interests.

An innovative method applied within problem-solving and investigations,
emphasizing collaboration and communication, is the ""Interdisciplinary Problem-
Solving Method" This name underscores the essential elements of the method,
namely problem-solving from both mono-disciplinary and interdisciplinary

perspectives, while encouraging teamwork. Participating in the proposed activities,
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students integrate knowledge and skills from diverse domains, fostering a
comprehensive understanding of the subjects being studied. This method can
incorporate a wide range of digital technologies, customized to address the specific
problems at hand, such as interactive educational platforms, video sequences, audio
clips, images sourced from YouTube, games, and so forth.

Another active-participatory method that involves students collaborating with
great enthusiasm is the ''Multiple Intelligences-Based Projects Method in
Learning Mathematics". This exciting process begins by forming teams of
students, who are guided to choose their areas of personal interest based on the
diversity of multiple intelligences. Each team, with its own enthusiasm and
creativity, approaches the given topic in a way that best suits them, adapting methods
and approaches to enhance the individual strengths of each team member. By
encouraging students to put their imagination to work and explore various
perspectives in solving mathematical problems, collaboration and critical thinking
development are promoted, utilizing their strengths.

The method called '"Pictographic Generalization Method" captivates
students, involving them in active participation. It consists of using simple and quick
drawings to synthesize the key concepts learned in class and to create a visual image
of the topic or subject discussed. Through this method, students are encouraged to
actively participate, use their imagination and creativity, and contribute to building
a visual conceptual map that synthesizes important information. The method can
facilitate understanding and retention of knowledge, providing an interactive and
engaging way to reinforce learning. After analyzing and generalizing knowledge,
students are proposed to create a conceptual map as homework, using the digital tool
Mentimeter.

An interesting method that involves the use of digital tools for researching and
selecting relevant content, as well as actively engaging students in the learning
process through interactive games and creating interactive activities is the "Digital
Exploration and Interactive Engagement Method" The implementation of this

method will be ensured by the three stages of execution:
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e Lesson I: For homework, students will search for and pick out relevant
information on the teacher's chosen topic using different media sources. (The
teacher's topic will be taught later.)

e Lesson 2: The teacher delivers the topic, proposing interactive activities or
games created by them, using educatieinteractiva.md. Students practice.

e Lesson 3: Students demonstrate in class the games and interactive activities
they have created.

The digital exploration and interactive engagement method has a
significant impact on high school mathematics learning, providing students with
opportunities to access and select relevant content from a wide range of digital
resources. Through interactive games on devices, students are motivated to practice
mathematical topics in an engaging and interactive environment, which can improve
understanding and retention of mathematical concepts. This method encourages
students to become more autonomous in their learning process, developing their
research, selection, and evaluation skills for mathematical information.

Presenting case studies and practical examples of implementing the discussed
methods and strategies in various school environments.

Example I: Here's an application example of the Interdisciplinary Problem-
Solving Method within the chapters "Combinatorial Elements" and "Mathematical
Statistics," considering the teacher's proposed topic "Healthy Nutrition" from the
perspectives of chemistry, biology, mathematics, physics, and history:

Problem: Students aim to develop strategies for promoting healthy eating
habits in their school and community, considering interdisciplinary aspects such as
food compositions, harmful effects of chemicals and excess sugar/nitrates,
biological aspects of nutrition and hygiene, mathematical calculations of daily
nutrient requirements, physical processes related to calorie burning and energy, as
well as statistical data analysis of food preferences. Students can be divided into
teams, each addressing the proposed topic from the perspective of their chosen
discipline while simultaneously applying appropriate combinatorial and

mathematical statistical problem-solving methods (7Table 1).
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Table 1. Team Formation within Interdisciplinary Problem-Solving Method

Team 1. Analysis of Food Compositions from a Chemistry Perspective:
Students study the compositions of foods, focusing on chemicals such as water, sucrose,
fructose, and nitrates. They analyze the impact of these substances on health and identify
risks associated with excessive consumption.

Team 2. Exploration of Biological Aspects of Nutrition: Students discover and
learn about the roles of carbohydrates and proteins in bodily functions, as well as the
importance of proper hygiene and balanced nutrition. They explore concepts of
metabolism and absorption and understand the connection between diet and health. They
can solve simple genetic problems that can also be resolved through combinations.

Team 3. Calculation of Daily Nutrient Requirements from a Mathematical
Perspective: Using their mathematics knowledge, students calculate the daily nutrient
requirements for a balanced and healthy diet. They use nutritional value tables and
mathematical formulas to determine optimal quantities of carbohydrates, proteins, fats,
and vitamins. They solve combinatorial problems that provide answers about combining
healthy products and the diversity of healthy menus.

Team 4. Study of Physical Processes Related to Calorie Burning: Students learn
about the physical processes underlying calorie and energy burning. They explore
concepts of basal metabolism, physical exercises, and energy balance and understand how
these processes influence body weight and health.

Team 5. Statistical Analysis of Food Preferences from a Historical
Perspective: Students collect and analyze statistical data on the food preferences of their
community. They use diagrams and charts to visualize trends in food consumption and

identify healthy and unhealthy eating habits over time.

Through the interdisciplinary approach to healthy nutrition, students gain a
holistic understanding of this subject and develop practical and critical skills in
combinatorics, probabilities, statistics, chemistry, biology, mathematics, physics,
and history. This integrated approach prepares them to become informed and
responsible citizens capable of making informed decisions and promoting a healthy

lifestyle in their community.
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Example II. Application of the "Triple Curiosities in Learning and

Applying Concepts' method in a twelfth-grade combinatorics class.

Table 2. Steps in Using the Triple Curiosities in Learning
and Applying Concepts Method

Stage 1: For homework, students are guided to find three distinct areas of
application for combinatorics in everyday life. They are encouraged to explore different
media sources.

Stage 2: Presentation of curiosities at the beginning of the next lesson. At the start
of the next lesson, students are invited to share the three areas of application of
combinatorics they have identified, such as Cryptography, Computer Networks and
Communications, Optimization, and Game Theory. Students will have three minutes to
share these curiosities with their classmates on the interactive Padlet board. Subsequently,
for homework, students are suggested to find ways to use these selected areas in their daily
lives, for example: Personal data security, Wireless communications, Daily routine
planning. These reflections are presented as curiosities in the first three minutes of the
following lesson.

Stage 3: Students solve problems created using their knowledge of counting
problems: permutations, arrangements, combinations, and are then encouraged to engage

in debates.

Example I1I. The "Multiple Intelligences-Based Projects in Mathematics
Learning" method used in the combinatorics, statistics, and probability chapter,

12th grade, real profile (Table 3).
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Table 3. Steps of Team Formation in the Project: Exploring Multiple Intelligences

in the Context of Combinatorics, Statistics, and Probability

Stage 1: Team Formation: Students are divided into small teams and are asked to
choose their areas of personal interest in combinatorics, statistics, and probability, based on
the diversity of multiple intelligences. For example, one team may choose to explore
combinatorics in the context of logical-mathematical intelligence, while another may
approach statistics in relation to verbal or visual-spatial intelligence.

Stage 2: Project Implementation and Results Presentation: Teams work together to
implement their project and collect the necessary data. They apply the selected research
methods and analyze the results to draw relevant conclusions. At the end of the project, each
team presents their findings to their peers and teachers, using creative and interactive methods

to share their knowledge.

Table 4. The teams formed using the Multiple Intelligences-Based Projects in

Mathematics Learning method

Team 1: "Exploring Logical-Mathematical Intelligence in Combinatorics"

e Objective: To explore the concepts of permutations, arrangements, and combinations
using interactive methods.

e Activity: Creating a presentation in Canva or Genially.

e Presentation: The team will present their presentation in front of the class and invite
classmates to participate in discussions and debates.

Team 2: "Analysis of Visual-Spatial Intelligence"

e Objective: Creating tasks to draw diagrams and graphical representations to illustrate
mathematical concepts from combinatorics and probability theory.

e Activities: Analyzing and selecting concepts of permutations, arrangements,
combinations to create a diagram on a sheet of paper. Comparing and contrasting
permutations, arrangements, and combinations in a diagram trains pattern recognition skills
and spatial analysis.

e Organizing activities to explore geometric space, such as identifying and analyzing
geometric shapes, in the context of combinatorial and probability problems.

e Presentation: The team will present the diagrams discussing their conclusions with

classmates and teachers.
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Team 3: "Analysis of Bodily-Kinesthetic Intelligence"

e Objective: To represent and simulate mathematical concepts: permutations,
arrangements, combinations through physical movement, involving the activation of
kinesthetic intelligence.

e Practical activities involving the manipulation of objects and models to understand
combinatorial and probability concepts.

e Sorting, classifying, and experimenting with objects by providing tangible materials
such as cubes, balls, or other manipulable objects to explore combinatorial concepts, as well
as to develop coordination and fine motor skills.

e Organizing activities where students manipulate physical objects to better understand
mathematical concepts, such as extracting probabilities from a bag of colored balls.

e Practical activities such as building three-dimensional models or creating spatial
diagrams can reinforce combinatorial and probability concepts in a tangible way.

e Presentation: The team will present and demonstrate the final products of the activity

in front of classmates, encouraging discussions.

This method promotes collaboration, creativity, and critical thinking,
encouraging students to utilize their individual strengths to approach and solve
mathematical problems efficiently and innovatively. It also encourages them to
explore and share diverse perspectives in solving mathematical problems. It is worth
mentioning that all activities proposed within the teams will contribute to the
development of wvarious intelligences: verbal-linguistic, logical-mathematical,
intrapersonal, interpersonal (Table 4). The use of applications and online resources
that offer simulations and interactive activities for exploring spatial concepts
associated with combinatorics and probability can enrich the learning experience

(Geogebra, PhotoMath, interactive video activities, educatieinteractiva.md).
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Example IV "Digital Exploration and Interactive Engagement Method"

Table 5. Steps for implementing the Digital Exploration and Interactive
Engagement Method

Lesson 1: Searching and Selecting Relevant Information;

The topic proposed by the teacher for information search is "Basic Principles of
Combinatorics and Its Applications in Everyday Life." Students are guided to search and
select relevant information about combinatorics from various media sources, such as
websites.

Lesson 2: Teaching the Topic and Practicing Using Interactive Activities;

The teacher presents the basic principles of combinatorics and its applications in
everyday life, using digital resources and interactive materials available on the interactive
educational platform, such as educatieinteractiva.md. Students are engaged in practical
activities and interactive games that help them reinforce their understanding and practice
the presented concepts.

Lesson 3: Demonstration of Interactive Activities Created by Students;

Students are encouraged to create their own games or interactive activities on the
topic of combinatorics and present them to the class. Each student will demonstrate a
game or interactive activity they have created to share their knowledge and engage their
peers in their learning process. Examples of interactive activities and games can be found

on the educatieinteractiva.md platform.

These methods are also motivated and effective, credibly supporting
educational progress and student development in a validated and researched manner.
Based on the information obtained from statistical analysis (52 students) regarding
the use of information and communication technologies (ICT) during mathematics
classes and their preferences for learning and presenting material, we can deduce the
following inferences:
° Interactive and stimulating teaching is the preferred method to a large extent
(86.9%), followed by real-life problem-solving (50.8%) and recurring exercises
(60,7%).
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e Students show a clear preference for tasks that involve
experimentation and solving logical problems (66,7%), as well as for
communication and approaching various perspectives on situations
(58,8%).

e Exercises and elaborated problems that require critical analysis are
definitely preferred by the majority of students (71,2%), followed by
interactive digital materials (46,2%) (Pic. I).

4. Ag intelege mai bine
variantd sau mal multe

et dacs profesorul ne-ar propune saroini ce necesia: (Alegell o

Pic. 1. Examples of responses from students involved in the pedagogical experiment

The student's responses regarding the use of technology in mathematics
classes highlight a significant degree of interest and expectation on their part. The
results indicate that information and digital technologies are perceived as
beneficial tools for the learning process and for the development of mathematical
competencies. Thus, the use of these technologies in mathematics classes proves
to be an efficient strategy for facilitating understanding, consolidation, and
application of content, while also contributing to the faster integration of students
into society and increasing their level of interest and motivation in learning
activities. Therefore, they are valuable tools for improving the quality and
effectiveness of the educational process.

In summary, the results indicate that students prefer an interactive and

diversified learning process in mathematics lessons, which includes the use of
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information and communication technologies, practical activities, and various
presentation modalities of the content. These preferences could serve as a guide for
the development and implementation of teaching strategies aimed at stimulating
student's engagement and performance in this discipline.

Conclusions. The methods outlined here aren't just effective — they're like
power-ups for teaching and learning. They are relevant to the established learning
objectives, coherent with the course content and objectives, and adapt appropriately
to the specific needs and characteristics of the students and the learning situation.
Additionally, they promote interactivity and inclusivity, providing equitable
opportunities for all students and encouraging them to take an active role in their
own learning process. The use of digital tools within this method contributes to the
formation and development of students' digital competence. They learn to utilize
various digital applications and platforms to search and organize information, solve
mathematical problems, and create their own interactive activities. This experience
prepares students for the demands of a continuously evolving digital world and
equips them with the skills necessary to navigate efficiently and responsibly in the
environment.

For mathematics teachers, implementing this method can be an opportunity to
expand their repertoire of pedagogical approaches and creatively integrate
technology into the teaching process. By providing appropriate guidance and
support, teachers can learn how to effectively incorporate digital activities into their
lesson plans, thereby contributing to the development of students' digital

competence.
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Abstract. This article examines the benefits and implementation methods of
interdisciplinary exploration of mathematics and geography in the context of gymnasial
education. By integrating mathematical and geographical content, students are exposed to
a variety of concepts and practical applications that help them understand the surrounding
world in a holistic and interconnected manner. Interdisciplinary approach promotes the
development of critical thinking, problem-solving skills, and collaboration among students.
The article explores various ways in which teachers can integrate mathematics and
geography in lessons and interdisciplinary projects, including the use of maps and
geographical data to explore mathematical concepts such as coordinates and proportions.
Additionally, the importance of collaboration between mathematics and geography teachers
is discussed for the efficient planning and implementation of interdisciplinary lessons.

Through this article, the importance of interdisciplinary exploration of mathematics
and geography in gymnasial education is emphasized, and practical perspectives and
strategies are provided for teachers to implement this approach in their classrooms.

Keywords: interdisciplinary approach, interdisciplinary exploration, interdiscipli-

narity, interdisciplinary project, gymnasial education, geography, mathematics.
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Rezumat. Acest articol examineaza beneficiile si modalititile de implementare a
explorarii interdisciplinare a matematicii si geografiei in contextul educatiei gimnaziale.
Prin integrarea continutului matematic si geografic, elevii sunt expusi la o varietate de
concepte si aplicatii practice care 1i ajuta sa inteleagd lumea inconjuratoare intr-un mod
holistic si interconectat. Abordarea interdisciplinara promoveazd dezvoltarea gandirii
critice, a abilitatilor de rezolvare a problemelor si colabordrii intre elevi. Articolul
examineaza diferite modalitati in care profesorii pot integra matematica si geografia in
cadrul lectiilor si proiectelor interdisciplinare, inclusiv utilizarea hartilor si a datelor
geografice pentru a explora concepte matematice, precum coordonatele si proportiile. De
asemenea, se discutd importanta colabordrii intre cadrele didactice de matematica si
geografie pentru planificarea si implementarea eficienta a lectiilor interdisciplinare.

In articol, se subliniazd importanta explorarii interdisciplinare a matematicii si
geografiei in educatia gimnaziala si se ofera perspective si strategii practice pentru profesori
in implementarea acestui tip de abordare 1n cadrul sélilor de clasa.

Cuvinte-cheie:  abordarea interdisciplinard, explorarea interdisciplinara,

interdisciplinaritate, proiect interdisciplinar, educatie gimnaziald, geografie, matematica.

I. Introducere

Explorarea interdisciplinara in invatdmantul gimnazial reprezintd o abordare
educationald care integreazd mai multe discipline sau domenii de studiu intr-o
experientd de invatare holistica. Acest concept se bazeaza pe ideea Intrepatrunderii
abilitatilor din diferite domenii pentru a oferi o perspectiva mai cuprinzatoare si mai
contextualizata asupra subiectelor studiate. Prin explorarea interdisciplinara, elevii
au oportunitatea sd isi dezvolte gandirea criticd, sa faca conexiuni intre diferite
aspecte ale invatarii si sa isi aplice cunostintele in contexte reale si relevante.

In invatimantul gimnazial, explorarea interdisciplinara implica integrarea
unor discipline academice specializate si abordarea unor subiecte avansate. De
exemplu, un proiect interdisciplinar ar putea explora conexiunile dintre literatura si
istoria unei perioade specifice, analizand opere literare in contextul evenimentelor
istorice si sociale ale epocii respective. Sau, intr-un alt proiect, elevii ar putea
investiga aspectele matematice ale fenomenelor fizice sau economice, aplicand
cunostintele de algebra si calcul diferential pentru a intelege modelele si relatiile din
spatele acestor fenomene.
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Beneficiile explorarii interdisciplinare in invatamantul secundar sunt multiple.
Aceastd abordare stimuleaza creativitatea si curiozitatea elevilor, ii ajutd sd isi
dezvolte abilitatile de comunicare si colaborare si 1i pregateste pentru o lume in care
cunostintele si competentele interdisciplinare sunt tot mai importante. De asemenea,
explorarea interdisciplinarad incurajeaza elevii sa isi asume un rol activ in procesul
de invétare, sa gandeasca critic si sa isi aplice cunostintele in contexte diverse si

relevante pentru viata reala.

I1. Context si justificare

P.L. Cebisev, renumitul matematician rus, a afirmat cd apropierea teoriei de
practica aduce cele mai benefice rezultate. In acest sens, legiturile interdisciplinare
din procesul de predare dobandesc o importantd deosebita. Acestea reprezinta un
indicator al proceselor de integrare, care au loc pe scara larga astazi.

Integrarea disciplinelor educationale, atat in cadrul orelor, cat si in activitétile
extracurriculare, reprezintd un exemplu al sistemului de educatie continud. Fiecare
profesor modern ar trebui sa fie interesat de desfasurarea lectiilor integrate, deoarece
acestea ar trebui sa fie prezente in mod constant in sistemul de invatamant. in acest
caz, elevii vor intelege interconexiunea dintre disciplinele de invatamant, vor avea
o idee despre faptul cad cunostintele dintr-o materie scolard pot ajuta la intelegerea
procesului studiat in alte domenii. In special, o interactiune puternici poate fi
observatd intre disciplinele scolare, cum ar fi matematica si geografia.

Identificarea lacunelor in intelegerea conceptelor abstracte ale matematicii si
aplicarea lor In contexte reale reprezinta un aspect crucial al procesului educativ.
Multe dintre conceptele matematice pot parea abstracte si greu de inteles pentru
elevi, ceea ce poate duce la dificultdti in aplicarea lor in situatii practice sau reale.
Aceasta problema poate fi abordata prin urmatoarele metode.

e Prin evaluari regulate, observatii in timpul lectiilor si discutii individuale

cu elevii, profesorii trebuie sa identifice zonele de dificultate ale elevilor

in intelegerea conceptelor matematice abstracte.
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e Pentru a facilita Intelegerea conceptelor abstracte, este important sa se
ofere exemple concrete si relevante din viata reald. Aceste exemple pot
ajuta elevii sa vada cum se aplicad matematica 1n diverse situatii practice.

e Folosirea activitiatilor practice si interactive poate fi o modalitate
eficientd de a consolida intelegerea conceptelor matematice. Aceste
activitati pot include jocuri de rol, experimente, simuldri si proiecte
practice care implica aplicarea conceptelor matematice in situatii reale.

e Integrarea matematicii in alte domenii (abordare interdisciplinara)
poate oferi contexte reale si conexe pentru invatarea matematicii. Acest
lucru poate ajuta elevii sd vada legéturile dintre matematica si alte domenii
si sd aplice cunostintele matematice Intr-un mod relevant si concret.

Prin identificarea lacunelor in intelegerea conceptelor matematice abstracte si
aplicarea lor 1n contexte reale, profesorii pot contribui la dezvoltarea unei intelegeri
mai profunde si mai aplicate a matematicii in randul elevilor. Aceastd abordare poate
spori motivatia si angajamentul elevilor in invéatare si poate pregdti drumul catre o
aplicare mai eficientd a cunostintelor matematice in viata lor de zi cu zi.

Un exemplu concret al abordarii interdisciplinare este integrarea materiilor
de matematica si geografie in cadrul procesului de invatare.

Abordarea similaritatilor intre structura matematica si fenomenele geografice
in clasa a V-a poate fi extrem de benefica pentru elevi, deoarece ii ajuta sd isi
dezvolte o intelegere mai profunda si concreta a ambelor domenii. Expunem céteva
moduri 1n care acest lucru poate fi realizat.

Geometrie si harti — elevii pot invata despre conceptele geometrice precum
linii, unghiuri si figuri geometrice plane intr-un context geografic. Ei pot utiliza
hartile pentru a identifica si a analiza diverse elemente geometrice, cum ar fi
directiile, distantele si unghiurile. Astfel, intelegerea conceptelor geometrice devine
mai tangibila si aplicabila in viata reala.

Procente si statistici demografice —elevii pot invata despre procente si fractii
in contextul analizei datelor demografice si a distributiei populatiei pe harti. Ei pot

explora, de exemplu, proportia populatiei din diferite regiuni sau tari si pot
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reprezenta aceste informatii sub forma de diagrame sau grafice. Acest lucru ii ajuta
sa inteleagd mai bine conceptele matematice si sa le aplice Intr-un context geografic
specific.

Raportarea timpului la fusurile orare — studierea conceptelor de timp si
fusuri orare poate fi conectatd cu fenomenele geografice, cum ar fi diferentele de
fus orar intre diferite tiri sau regiuni. Elevii pot intelege conceptele de orase
principale si de coordonate geografice in timp ce invata sa calculeze diferentele de
timp si sd interpreteze informatiile de pe harti.

Masuraitori si topografie — elevii pot aplica cunostintele lor despre
masuratori si unitati de masura in contextul topografiei si al reliefurilor geografice.
Ei pot invata, de exemplu, sd calculeze distantele pe harti sau sa interpreteze
altitudinile si relieful unor regiuni. Aceasta abordare le permite sa inteleaga mai bine
conceptele matematice si sd le aplice intr-un context geografic specific.

Prin integrarea conceptelor matematice si geografice in Invatare, elevii pot
obtine o perspectivd mai ampld si mai interconectatd asupra ambelor domenii.
Aceasta abordare nu numai cd promoveaza o invatare mai profunda si concreta, dar
ii ajuta pe elevi sa dezvolte si abilitati de gandire critica si de rezolvare a problemelor

intr-un mod integrat.

ITII. Prezentarea proiectului ,,Exploratori matematici: calatorind pe glob cu
numere si harta”

Scopul proiectului este de a integra materiile de matematica si geogratie
pentru a oferi elevilor o experientd educationald interdisciplinara captivanta si
relevanta.

Obiectivele proiectului includ:

o (intelegerea interconexiunilor. Elevii inviti si recunoascd
legéturile dintre matematica si geografie si modul in care aceste
doua domenii se completeaza reciproc in intelegerea lumii din

jurul lor.
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Dezvoltarea abilititilor matematice. Prin utilizarea conceptelor
matematice 1n contexte geografice, elevii 1isi consolideaza
cunostintele si abilitdtile matematice, cum ar fi calculele de
distanta, coordonatele geografice si interpretarea datelor statistice.
imbuniititirea competentelor geografice. Elevii exploreazi
diferite aspecte ale geografiei, cum ar fi hartile, regiunile
geografice si caracteristicile terenurilor, dezvoltand 1n acelasi timp
o intelegere mai profunda a lumii in care traiesc.

Promovarea gandirii critice si a rezolvarii de probleme. Elevii
sunt Tncurajati s gdndeasca critic si sd rezolve probleme in timp ce
utilizeaza matematica si geografia pentru a Intelege si a interpreta
diferite aspecte ale lumii fizice si umane.

Explorarea creativa si colaborativa. Prin intermediul proiectului,
elevii au oportunitatea de a explora si a lucra impreuna intr-un mod
creativ si colaborativ, utilizind matematica si geografia pentru a
crea proiecte si prezentdri care sd 1si demonstreze intelegerea si

descoperirile.

Tabelul 1. Tangente interdisciplinare

Legaturile

interdisciplinare

Subiecte de cercetat

Geografie

Notiuni: clementele hartii,

hartii

Elementele hartii
4 Scara
numerica

4 Scara
nominala

v Scara grafica

scara

Transformari in:
scari de proportie nominale,
scari de proportie numerice

Identificarea valorii unui segment
din scara grafica

In functie de scara numerica, si
realizeze: scara graficd si nominala.

Paralelele si
meridianele pe

Notiuni de paralele si meridiane.
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globul geografic si | Explicatii despre lungimile diferite

pe harta ale paralelelor, spre deosebire de

v Polul Nord meridiane, de pe globul geografic

v Polul Sud Notiunile refeaua de grade pe harta

v Ecuator geografica sau pe globul geografic

v Paralele

v Meridiane Calcularea distantei, in grade si

v Reteaua  de | kilometri, dintre doua puncte de pe

grade harta, aplicand reteaua de grade

Numere zecimale Operatii  cu numere zecimale,
rotunjiri

Matematica Elemente de

geometrie Recunoasterea figurilor geometrice
Determinarea lungimilor laturilor
acestora

Fixarea punctelor pe harta
Determinarea distantei dintre doua
puncte

Determinarea lungimii reale a unui
obiect, fiind data scara

Determinarea tipurilor de unghiuri
Unitati de masura Determinarea  dreptelor paralele,
concurente, perpendiculare
Transformarea unitatilor de masura
pentru lungime

IV. Implementarea si rezultatele proiectului
Desfasurarea proiectului ,,Exploratori matematici: calatorind pe glob cu
numere $i harta” in cadrul claselor a V-a implica o colaborare stransa intre profesorii
de matematica si geografie pentru a integra continuturile si abordarile acestor doua

domenii. [atd cum ar putea fi structurata desfasurarea proiectului:

‘_ Planificarea si colaborarea. Profesorii de matematica si geografie ar trebui
sa se intdlneascd pentru a planifica si a coordona detaliile proiectului.
Impreuna, ei ar trebui sa stabileasca obiectivele, sa dezvolte planurile de lectie si sa

identifice materialele si resursele necesare.
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Integrarea continutului. Profesorii identificd subiecte sau teme comune
care pot fi abordate din perspective atdt matematice, cat si geografice. De
exemplu, pot explora concepte precum coordonatele pe harti, masuratorile si
unitatile de distanta, proportiile si relatiile spatiale in diferite regiuni geografice.
Lectii si activititi interdisciplinare. Profesorii pot colabora pentru a
dezvolta lectii si activitati care integreazd matematica si geografia intr-un
mod semnificativ si relevant pentru elevi. Acestea pot include jocuri de rol,
probleme practice de rezolvat, experimente de teren sau utilizarea tehnologiei pentru
a explora conceptele matematice si geografice.
Evaluare si feedback. Profesorii pot lucra impreund pentru a dezvolta
criterii de evaluare si instrumente de evaluare care s reflecte integrarea
continutului matematic si geografic. Ei trebuie sd ofere feedback continuu elevilor
pentru a-i ajuta sa isi imbunatateasca intelegerea si abilitatile in ambele domenii.
‘_ Proiecte si prezentiari finale. La finalul proiectului, elevii pot lucra
impreund pentru a crea proiecte $i prezentdri In care sd 1si demonstreze
intelegerea si descoperirile 1n legatura cu subiectul explorat. Aceste proiecte sunt
prezentate colegilor de clasd sau chiar comunititii scolare pentru a evidentia
succesul colaborarii interdisciplinare intre matematica si geografie.
Proiectul ,,Exploratori matematici: calatorind pe glob cu numere si harta”
a) Crearea contextului si asigurarea resurselor informationale
Moment organizatoric. Prezentarea scopului, obiectivelor si etapelor
proiectului.
Se anunta etapele de realizare a proiectului.
Etapa I
e Alegerea subiectului (tema proiectului)
e Profilarea directiilor de dezvoltare a proiectului
e Crearea centrelor tematice, a echipelor
e Discutii cu persoanele implicate in realizarea proiectului
Etapa I1

e Activitatea de documentare si investigare
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e Integrarea activitatilor din cadrul proiectului
Etapa II1
e Pregatirea produsului
e Adaugarea detaliilor si atribuirea de functionalitati
e Prezentarea produsului
Etapa IV
e Evaluarea proiectului

e Reflectii

b) Realizarea explorarii in mod individual in raport cu datele contextului
precizat
Scara hartii
Echipele
1. Determind elementele hartii, identifica scarile de proportii, explica ce
tip de scara este.
2. Transformd in scari de proportie nominale scdrile de proportie
numerice, explica metoda.
3. Identifica ce valoare are segmentul din scara grafica. In functie de
scara numericd data, realizeaza scara grafica si cea nominala.
Paralele si meridiane
Echipele
1. Explicd de ce paralelele, spre deosebire de meridiane, au lungimi
diferite pe globul geografic.
2. Explica cum se modifica lungimea arcului de 1°pe paralele de la
Ecuator spre Nord si, respectiv, spre sud.
3. Explicd ce reprezinta reteaua de grade pe harta sau pe glob.
Rezolvari de probleme

Echipele rezolva urmatoarele probleme:
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Calculeaza distanta, in grade si kilometri, de la orasul Chigindu pana
la Ecuator, pe meridianul de 30° longitudine estica. Aplica reteaua de
grade.

Calculeaza desfasurarea Eurasiei, de la Nord la Sud, pe meridianul
105° longitudine esticd, in kilometri, aplicand doar scara hartii.
Calculeazi desfisurarea Africii, de la Nord la Sud, pe meridianul 30°

longitudine estica, in kilometri, aplicdnd doar scara hartii.

c) Colaborarea, comunicarea rezultatelor obtinute

Forma de prezentare a produsului — poster. Posterul trebuie sa contina:

1.

denumirea echipei, formata din notiuni, elemente din matematica si
geografie;

prezentarea echipei printr-un catren, care s contind elemente din
matematica si geografie;

harta;

sarcinile realizate, problemele rezolvate Tmpreuna cu justificarea

rezultatelor obtinute.

Fiecare membru al echipei isi prezinta partea sa de munca.

d) Formularea concluziilor

Ce legdturi interdisciplinare matematica — geografie ati intdlnit n timpul

realizarii proiectului?

Observatiile si feedback-ul de la elevi si cadrele didactice sunt cruciale pentru

evaluarea si Tmbundtatirea continud a explordrii interdisciplinare a matematicii si

geografiei in educatie. In Tabelul 2, sunt listate citeva aspecte pe care aceste

observatii si feedback-uri ar putea sa le acopere:
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Tabelul 2. Feedbackul

De la elevi:

De la cadrele didactice:

I. Nivelul de angajament si
interes. Este important si se
observe daca elevii sunt implicati
si interesati de activitdtile
interdisciplinare. Feedbackul
elevilor poate oferi indicii despre
ce aspecte ale proiectului 11 atrag
cel mai mult si cum ar putea fi

-----

1. Eficienta

planificarii si
implementarii lectiilor. Feedbackul
oferit de catre cadrele didactice poate
evalua modul in care au fost
planificate  si  livrate lectiile
interdisciplinare, inclusiv modul in
care au fost integrate materiile de
matematica si geografie.

2. Intelegerea continutului.
Observatiile si feedbackul pot
evidentia nivelul de intelegere a
conceptelor =~ matematice  si
geografice si capacitatea elevilor
de a le aplica 1n contexte reale sau
in probleme complexe.

. Nivelul de implicare si sprijin.

Observatiile pot identifica modul in
care cadrele didactice 1isi sprijina
elevii  in  timpul  proiectelor
interdisciplinare i nivelul de
disponibilitate pentru a raspunde la
intrebarile si nevoile acestora.

3. Abilitati de colaborare si
comunicare. Elevii pot oferi
feedback cu privire la modul in
care au lucrat 1n echipa cu colegii
lor si la eficacitatea comunicarii
in cadrul proiectului
interdisciplinar. Aceste abilitati
sunt esentiale si  pot fi
imbunatatite cu ajutorul
feedbackului.

. Rezultatele si realizarile elevilor.

Prin feedback pot fi evaluate
rezultatele si realizdrile elevilor in
cadrul proiectului interdisciplinar,
inclusiv dacd au atins obiectivele si
daca au dobandit cunostinte si abilitati
relevante In matematica si geografie.

Pe baza observatiilor si a feedbackului colectat de la elevi si cadrele didactice,
se pot face ajustdri si imbunatatiri la proiectele interdisciplinare, asigurdndu-se ca

acestea sunt mai eficiente si mai relevante pentru nevoile si interesele elevilor.

V. Impactul si implicatiile proiectului
Proiectul ,,Explorarea interdisciplinard a matematicii si geografiei in educatia
timpurie” are o importantd deosebitd in dezvoltarea gandirii critice si a abilitatilor de
rezolvare a problemelor pentru elevii din clasa a 5-a. Prin integrarea matematicii si
geografiei Intr-un context interdisciplinar, proiectul oferd elevilor oportunitati unice de

a dezvolta abilitdti esentiale pentru gandirea critica si rezolvarea problemelor.
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In primul rand, proiectul incurajeazi elevii sa faca conexiuni intre diferitele
concepte si principii din matematica si geografie, ceea ce le permite sa vada legaturi
intre diverse domenii si sa Inteleagd mai bine modul in care acestea interactioneaza
in lumea reald. Acest proces stimuleaza gandirea critica si capacitatea de analiza a
elevilor, ajutandu-i sa inteleagd mai bine problemele complexe si sa propuna solutii
creative.

In al doilea rand, proiectul implica elevii in activitati practice si experimente,
care le ofera oportunititi de a aplica cunostintele matematice si geografice in
contexte relevante si provocatoare. Aceste activitdti 1i Tncurajeazd sid gandeasca
critic si sa abordeze problemele din perspective diferite, dezvoltandu-si astfel
abilitatile de rezolvare a problemelor si capacitatea de a lua decizii informate.

Beneficiile pe termen lung ale unei educatii interdisciplinare si aplicate pentru
elevi sunt multiple si esentiale pentru dezvoltarea lor globala si succesul in viata.
Prin integrarea mai multor discipline n procesul de Invatare, elevii dobandesc o
intelegere mai profunda si mai complexa a materiei, ceea ce ii pregiteste mai bine
pentru provocdrile reale ale lumii. Aceastd abordare ii Incurajeazd sd-si dezvolte
gandirea criticd, capacitatea de rezolvare a problemelor si abilitdtile de comunicare,
toate esentiale pentru succesul in orice domeniu.

De asemenea, o educatie interdisciplinara si aplicatd ofera elevilor oportunitati
unice de a aplica cunostintele teoretice in situatii practice si relevante pentru viata
reald. Acest lucru 11 ajutd sa-si consolideze invdtarea si sd-si dezvolte abilitatile
practice necesare in lumea profesionald. Prin implicarea in proiecte si activitti
practice, elevii devin mai motivati si mai angajati in procesul de invatare, ceea ce
contribuie la cresterea performantelor lor academice si la dezvoltarea unei atitudini
pozitive fatd de invatare pe tot parcursul vietii.

In plus, o educatie interdisciplinari si aplicati pregiteste elevii pentru
cerintele unui mediu de lucru in continua schimbare, in care abilitdtile de adaptare
si flexibilitatea sunt tot mai importante. Prin dobandirea unei intelegeri mai largi si
mai holistice a lumii din jurul lor, elevii devin mai bine pregatiti sd-si gestioneze

viitorul si sa facd fata provocarilor complexe ale secolului XXI.
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VI. Concluzii si perspective

e Explorarea interdisciplinard a matematicii si geografiei In educatie aduce
numeroase avantaje semnificative pentru elevi. Prezentdam un scurt rezumat
al acestor avantaje:

e Integrarea matematicii si geografiei permite elevilor s facd conexiuni mai
clare intre aceste doud domenii si sd inteleagd mai bine modul in care
conceptele dintr-o materie se aplica Intr-un context geografic si invers. Acest
lucru contribuie la dezvoltarea unei perspective mai holistice si mai profunde
asupra lumii inconjuratoare.

e Prin explorarea interdisciplinard, elevii isi pot da seama de relevanta
matematicii si geografiei in viata lor de zi cu zi si in cadrul altor domenii de
studiu. Ei pot vedea cum conceptele matematice sunt aplicate in analiza
datelor geografice, in cartografierea terenurilor si In intelegerea proceselor
geografice.

e Abordarea interdisciplinard incurajeazd gandirea criticd si rezolvarea
problemelor intr-un mod integrat. Elevii trebuie sd facd conexiuni intre
diferite concepte si sa utilizeze abilitdti matematice si geografice pentru a
rezolva probleme complexe si pentru a lua decizii informate.

e Integrarea matematicii si geografiei permite elevilor sd exploreze aspecte
complexe ale lumii inconjuratoare si sa inteleagd interconexiunile si relatiile
dintre diferite fenomene geografice si aspectele lor matematice asociate.

e Proiectele interdisciplinare incurajeaza colaborarea si comunicarea intre
elevi, deoarece acestia trebuie sa lucreze Tmpreund pentru a rezolva
problemele si sa-si prezinte descoperirile. Aceasta abilitate de a lucra in
echipd si de a comunica eficient este esentiald pentru succesul invatarii si

pentru dezvoltarea abilitatilor sociale.
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Abstract. Scientific authorship is an avenue for professional validation and
professional credit. Unethical behavior is the cause of the reduction of the scientific quality
of publications and the deterioration and devaluation of research. In the beginning, most
scientific publications were signed by a single author. The number of authors per manuscript
in peer-reviewed medical journals has increased substantially over the past few decades.
Despite all efforts by the ICMJE and journal editors to reduce the number of inadequate
authors for a publication, author inflation is increasing. There are different factors that
contribute to the increase in pluralism in scientific authorship.
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Introduction

Scientific authorship is a very important topic for various disciplines, and for
most scientists, the publication of scientific manuscripts is closely linked to their
authorship and avoiding potential ethical problems [1]. This process can be altered

by publications that have purposes other than true research [2].

Definition and criteria for scientific authorship

An author is a person who has contributed substantially to a work [3].
Scientific authorship is an avenue for professional validation and professional credit,
but it can also be blamed in certain research contexts [4].

The International Committee of Medical Journal Editors (ICMJE) defines
authorship through four criteria [5]:

a. Contributions to the conception of the work, analysis, interpretation of data

- personal contribution;

b. Editing the paper or revising it critically for important intellectual content;

c. Agreement for the final version of publication;

d. Work Responsibility Agreement.

Scientific authorship and unethical behaviors

Research integrity and publication ethics are interdependent with authorship,
which provides assurance of research results and quality credit, but which also has
an important impact on academic careers; in certain contexts influenced by complex
and competing interests, authorship has been shown to be inappropriate [6].

In such situations, the integrity of the research process can be seriously
affected [7]. An example of this is the manipulation and distortion of data in human
embryonic stem cell research, from private industry, or data fabrication in federally
funded science [4].

Unethical behavior is the cause of the reduction of the scientific quality of
publications and the deterioration and devaluation of research; it is possible that the
phrase "public or perish" is behind such attitudes of some authors, more frequently

found in countries with scientific power in the process of development [8].
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Previous studies have highlighted several problems in scientific authorship,

namely:

a.

c o @

i

unethical practices include various forms of fraud, such as plagiarism, unethical
conflicts of interest, fabricating data etc. [9]

difficult credit allocation can lead to a variety of situations, such as coercion of
authorship, mutual support of authorship, gifts of authorship, ghostwriting,

duplicate production of authorship, and attribution and ordering of authorship [10].
In another study, four common problems of authorship were identified [5], [7]:

author perceptions, definitions and practices,
defining the order of authors,
ethical and unethical authoring practices,

authorship issues related to student/non-researcher-supervisor collaboration.

But this type of unethical behavior can be prevented by existing platforms

where authors' works are registered and monitored and by recommendations made

by editors to authors for submitting manuscripts [11]. Thus, in order to reduce the

ethical problems they faced, most editors developed guidelines regarding

publications, comments and editorials [1]. In the same sense, in a study several

directions were formulated by which ethical deficiencies could be prevented [10]:

a.

b.

the need for controlled studies on the author's problems;

greater awareness and acceptance of opinions from non-editorial groups —
managers, authors, scientific reviewers, society;

solving authors' dilemmas, which could also be solved by the greater

understanding and flexibility of publishers.

Number of authors per publication
Scientific monism

In the beginning, most scientific publications were signed by a single author,

as collaborative research was not as common as it is today [12]. Scientific monism

refers to a single, universal scientific account of the natural world [13]. When there

was only one author, full responsibility rested with him [14].
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Scientific pluralism

Scientific pluralism holds that the natural world cannot be fully explained by
a single ordered account and that the multiplicity of approaches in scientific fields
is important; there are several aspects of scientific pluralism: epistemic,
methodological, eliminativist [13]. The number of authors per manuscript in peer-
reviewed medical journals has increased substantially over the past few decades
[15]. Over time, although there has been adjustment of authors to the topic, size and
visibility of a study, the number of authors per publication has increased, for both
randomized and non-randomized studies [16].

The ethics of scientific transparency requires that the authors of a publication
jointly establish the contribution of each and announce this aspect to the readers, a
requirement adopted as a standard by the International Committee of Medical
Journal Editors; thus, in the case of multiple authors, the responsibility for
publication rests with all authors [14].

The presence of a larger number of authors and, implicitly, the division of the
scientific contribution for the publication among them, could induce the false idea
that the originality of individual contributions is affected; in addition, in the case of
multi-authored publications, it could be interpreted that the work done is more
laborious and the overall conclusions are more significant [12]. In recent decades,
both the total number of papers published by early career researchers and the
average number of co-authors have increased. However, counting the papers
published as first author did not increase, therefore it is not an increase in
productivity [17].

Reasons for the increase in scientific authorship

Despite all efforts by the ICMJE and journal editors to reduce the number of
inadequate authors for a publication, author inflation is increasing. Among the
reasons that could explain the increase in authorship are [15]:

a. increased pressures for funding and promotion;

b. increased collaboration of researchers;

c. the idea that including senior authors facilitates publication;
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d. increasing the complexity of medical research;

e. insufficient encouragement of reducing the number of authors for a
publication;

f. the increased pressure in academic circles to publish, which leads to a real
"inflation" of authors.

In a recent study it was shown that there are at least six different factors that
contribute to the increase in pluralism in scientific authorship [12]:

a. the methodology and technology of contemporary science have become
very complex;

b. technical roles that justify author status are increasingly important as well
as recognition;

c. more diverse project groups require a larger number of international
researchers from various fields, project coordinators, supervisors, project managers
and principal investigators;

d. academic and research institutions exert important pressure for publication,
through performance evaluation criteria and the force to increase the number of
institutional publications;

e. most personal and professional goals in academia, as well as the acquisition
of funding, allocation of resources, tenure, promotions, salary increases, and
improvements in academic status depend on publications achieved;

f. attributing authorship to those who do not have a contribution, as well as
mentioning in the acknowledgment section those who do not meet the criteria, is an

unethical practice.

Teaching about scientific authorship

Three main sources of guidance and policies regarding scientific authority
have been named [18]: a) publishers; b) scientific societies; c¢) associations and
editorial committees. The National Institutes of Health emphasizes the importance
of education about authorship in science [19]. The Scientific Societies' Guidelines
are useful in teaching authorship and publishing practices. For example, the
publication guide of the American Chemical Society [20]. (20) contain sections on
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the ethical obligations of: a) editors of scientific journals; b) the authors; c)
manuscript reviewers and d) scientists who publish outside the scientific literature.
The use in the scientific community of various forms of education, in order to

create an ethical environment, especially for young researchers and students, is one
of the most effective ways to prevent the occurrence of dishonesty and scientific and
publication fraud [21]. Guidelines for authors and official publication policies are
often interconnected, covering similar topics in varying degrees of detail [18].
Education in this field is necessary to raise awareness of the importance and
necessity of knowing the principles of scientific communication, the fair allocation
of an author's position in a publication, the ethics of research and the publication of
results [21].

Conclusion

The publication of scientific manuscripts is based on the observance of basic
ethical principles and represents the main method for the dissemination of advanced

scientific research.
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Abstract. The emotional experience that accompanies us in experiencing life has
caused numerous controversies due to the subjectivity of this experience, so that currently
there is no scientific consensus on the place it occupies in psychic life, its nature, as well as
the mechanism of production. Affective neuroscience has sought and provided an answer
to these challenges by outlining a theory of personality from a bottom-up perspective,
identifying seven primary emotional systems specific to the mammalian brain that originate
in subcortical structures. The identification of these emotional systems was possible through
the use of electrical stimulation techniques, pharmacological manipulation as well as
studying the lesions caused at the animal brain level. The proposed vision in which emotion
is seen from a categorical perspective, is a monistic one of the classic brain-mind duality,
intending a new perspective in which the intrinsic aspect of the brain in certain mental
contents is taken into account. This article provides an overview of this paradigm in which
emotions originate in primary emotional systems determined by the process of evolution
with a role for survival.

Keywords: emotion, affective neuroscience, emotional system.

Introduction

Emotion is an essential construct in psychology which, as Mihai Golu [1] tells
us, has provoked numerous controversies due to its nature, place and mode of
production. As we find in Elaine Fox's fairly recent work [2], there is still no
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scientific consensus on the nature of emotion. There are two fundamental
approaches to this construct, namely a perspective where emotion is seen as basal,
evolutionarily determined, and a perspective where emotion is seen as evaluative in
nature and originating from cortical activity. The perspective proposed by the
affective neuroscience positions itself towards a paradigm in which emotion is basal,
categorical and argues for the neural constitution of emotions. A picture of basal
emotional systems that have a biological basis is put forward. These being located
in subcortical areas, reinforcing this evolutionary perspective of the brain, it brings
novelty through its bottom-up character. In this sense, looking hierarchically,
through the prism of affective neuroscience, emotion precedes cognition. This
monistic perspective of brain-mind duality is given a dynamic role in which
emotional experiences program neocortical functions. Given the important
implications of this perspective in various research areas, it is also the motivation
for the choice of the topic of this article. This theory has experienced and is
experiencing criticism, but the article aims to provide an overview of this theory and
its applications, starting from the definition of emotion and the two scientific
directions through which emotion is approached.

The subjective experience of emotional experiences brings with it a difficulty
in dealing objectively with this process. According to Shields and Zawadzki [3]
researchers have distinguished emotion from mood and affect, viewing affect as an
automatic positive or negative general emotional state when interpreting the world,
and mood as a general background emotional state that has no object. As for
emotion, it is defined as "a constellation of high-intensity responses involving
typical expressive, physiological and subjective manifestations" [4, p. 411], a
"fundamental affective phenomenon that develops either as a spontaneous and
primary reaction, in the form of primary emotion or affect, or as more complex
processes, linked to a secondary motivation and representing, according to our
systematization of the emotions proper" [5, p. 231], a "complex pattern of reaction,
involving experiential, behavioural and physiological elements, by which the

individual attempts to cope with a personally significant problem or event" [6,
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p. 197], an ability to experience in a subjective manner the states of our nervous
system [7]. The definitions associated with emotion make it possible to understand
the essential role it plays in the dynamics of mental life, thus making it necessary to
understand its nature, purpose, content and trigger mechanism. The literature
outlines two fundamental theoretical perspectives in the scientific study of emotion,
namely a categorical perspective in which emotions represent biologically
constituted action plans in interaction with the world [2], emotions being "basal" [§]
and a dimensional perspective in which emotions are explained by their "evaluative"
character [3]. Emotion is a common theme in the writings of philosophers and
writers, often linking it to thought and how emotion can be controlled [3]. According
to Gendron and Feldman Barrett [8] the debut of the scientific approach to emotion
is given by Charles Darwin in 1872 who in his paper "The Expression of the Emotion
in Man and Animals" [8, p. 316] advances a view that humans and animals exhibit
similar bodily stereotypic expressions. The same article reports that in 1884 a
critique followed from the psychologist-philosopher William James, who in his
paper "What is an emotion?" [8, p. 316] he points out that in fact emotion is produced
by bodily activity and not vice versa. This perspective regards cognitive
interpretation as responsible for somatic changes [9]. As Sheila Hayward [10]
reports, in the same period, although they had a separate investigative path,
psychologist Carl Lange launched a similar theory, which is why the theory is called
James-Lange. Gendron and Feldman Barrett [8] point out that this theory too was
criticized by Walter Cannon in 1927 in his article "The James-Lange Theory of
Emotion: A Critical Examination and an Alternative Theory" [8, p. 316], in which
it is shown that bodily reaction cannot generate emotions because of the ambiguity
of the senses and because visceral changes are too slow. This was followed by a 40-
year period of the "Dark Ages" [8] dominated by behaviorism and in which the
emotion dimension was no longer addressed, with the paradigm of behaviorism
becoming dominant in experimental psychology in the USA [3]. According to
Atkinson et al [11], the founder of behaviorism John B. Watson stopped any

introspection process, behavior became the main source of information in the
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analysis, removing claims about consciousness. During this period the emphasis was
placed on objectivity by quantifying the stimulus-effect equation, removing aspects
of subjective experience. The work of Gendron and Feldman Barrett [8] shows that
this was manifest until 1960 when Magda Arnold published her paper "Emotion and
Personality" [8, p. 316], followed by Sylvan Tomkins with his paper "Affect,
Imagery, Consciousness" [8, p. 316] and Stanley Schachter and Jerome Singer's
"Cognitive, Social, and Physiological Determinants of an Emotional States" [8,
p. 316], which brought the emotion dimension back into focus. These directions
currently constitute the fundamental paradigms in the scientific approach to
emotion. Shields and Zawadzki [3] show that Magda Arnold is seen as the proponent
of the dimensional perspective of emotion being followed by Richard Lazarus,
George Mandler, Nico Frijda and others, and Sylvan Tomkins as the modern
inspiration for the categorical perspective in which emotions are basal, being

followed by researchers such as Izard, Ekman and Panksepp.

About Jaak Panksepp's affective neuroscience

According to Montag et al. [12], Jaak Panksepp introduced the term affective
neuroscience in 1992 and is the founder of one of the most prominent theories in the
science of emotion. He was born in Estonia in 1942 in Tartu [13] but, as Davis and
Montag [14] report, the situation due to the Second World War led his family to
move with him to the United States where Jaak Panksepp ended up studying
engineering for a short time at the University of Pittsburgh, quickly changing his
field to clinical psychology. The two authors point out that during this period of
study he worked with psychiatric patients in a psychiatric hospital where it dawned
on him that understanding psychopathology requires understanding emotions,
which is also why he switched from clinical psychology to neuroscience, as we call
it today. He completed his master's degree at the University of Pittsburgh in 1967,
and in 1969 received his PhD in neuroscience from the University of Massachusetts
[13]. According to Davis and Montag [14], he realizes that the way to understand
human emotions is to use experimental research on the animal brain thus helping to

remove the speculative approach found in clinical theory. Thus, by means of
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electrical stimulation of the brains of mice he sought to identify the neural
constitution of emotions following in the footsteps of Walter Rudof Hess [14].
Focusing on the hypothalamus, he identified two types of aggression in mice, which
were later shown to be in response to stimulation of the FURY system and the
FIGHT system, respectively [14]. Arriving in 1972 at Bowling Green State
University [13] he began to outline his own hypothesis regarding a role for opioids
in modulating behavior and social emotions and in the formation of social
attachment [15]. It then identifies the PLAY system demonstrating that decortication
of newborn mice does not produce a loss of the need to play [14]. As Davis and
Montag [15] point out, in 1998 Jaak Panksepp presents in his paper "Affective
Neuroscience: The Foundation of Human and Animal Emotions" [15, p. 2] seven
primary emotional systems specific to the mammalian brain that originate in
subcortical structures, namely the systems of SEEKING, FEAR, SADNESS,
ANGER, LUST, CARE and PLAY. In his paper, Jaak Panksepp [7] points out that
this picture of emotional systems may be an incomplete one and that there may be
several primary emotion systems controlling different types of distinct behaviours.
The proposed theory actually adopts a bottom-up perspective, from the archaic
subcortical areas to the neocortex, with the subcortical areas seen as the foundation
for these primary emotional systems [16]. As Montag et al. [12] report, their
identification required the use of electrical stimulation techniques, pharmacological
manipulation as well as studies of brain damage. In order to understand brain
functioning, affective neuroscience proposes the solution of psycho-neuro-
ethological triangulation, which studies both animal brains and specific subjective
mental states as well as emotional instinctual behaviours [16, 17]. As Panksepp and
Biven [16] point out, the proposed view is a monistic one of the classical brain-mind
duality with the intention of a new perspective that takes into account the intrinsic
aspect of the brain in certain mental contents. In this view of affective neuroscience,
emotional experiences represent the expression of the dynamics of the variety of
emotional systems of the brain that generate instinctual emotional behavior [17].

Thus, as presented in the works of Panksepp [17] and Panksepp and Biven [16], the
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issue of consciousness is brought to the fore, with two types of consciousness being
indicated, namely an affective one as an intrinsic function more specific to
subcortical areas and which has its onset in the dynamics of the variety of emotional
systems and a cognitive one more specific to the neocortex. Unlike the
"dimensional" paradigm of emotion in which emotion originates from cortical
activity, from cognitive reflection, emotional experiences originate in subcortical
areas, namely in instinctual action systems, in the emotional action apparatus that
determines unconditioned emotional behavior and programs neocortical functions
[16, 17]. According to Panksepp and Biven [16], animal studies show that the
neurochemistry and neuroanatomy of these systems show more similarities than
differences concluding that the basic biological values of the mammalian brain
follow the same pattern. Three levels of control in the emotional-affective brain are
proposed, namely a primary process level specific to emotional, homeostatic and
sensory affect, a secondary process level of emotion comprising learning through
conditioning and behavioral and emotional habits, and a tertiary affect level
comprising thoughts about experience [16]. A specific word was used for the system
names using the lettering of each system to emphasize their scientific meaning rather
than their common meaning [7, 12, 15]. From the perspective of affective
neuroscience, as presented by Jaak Panksepp [17], emotion includes affective,
cognitive, behavioral, and physiological changes, affect is the component of
subjective experiential feeling, and emotional affect is related to internal brain
action states triggered by environmental events. The specific brain regions with
primary emotion generation indicated by affective neuroscience start from the
midbrain especially the periapeductal gray matter (PAG) to the hypothalamus and
medial thalamus, to the limbic system including the amygdala, basal ganglia,
cingulate cortex, insular cortex, hippocampus and septal area, and to frontal, medial
and ventral cortical brain regions [16]. As presented by Montag et al. (2021),
depending on the valence of the emotion generated these primary emotional systems
are divided into primary emotional systems that generate positive emotions

SEEKING, LUST, CARE and PLAY and those that generate negative emotions
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ANGER, FEAR and SADNESS. Basically, the type of these emotions guide
behavior as well as learning based on the pleasure principle. In this sense, emotions
determine the positive or negative valence of situations encountered with
implications for learning [12]. According to the work of Jaak Panksepp [7], Davis
and Montag [14, 15], Montag et al. [12], Solms [18] who present the seven primary
emotional systems, it appears that a first emotional system called the SEEKING
system determines intense exploration behavior being accompanied by euphoric
curiosity, enthusiasm, excitement in anticipation, having an important role in
survival. According to Jaak Panksepp [7] this circuit has been narrowed down to its
broad meaning by assigning it the role of reward learning. Another identified system
called the ANGER system evokes the experience of frustration and anger when the
mammal is constrained from action with the purpose of defense and guidance for
survival [7, 12, 14, 15]. The FEAR system is responsible for determining flight or
locking behavior in order to avoid destruction, avoid danger to bodily integrity [7,
12, 14, 15]. The PANIC system is activated by separation anxiety [7, 12, 14, 15],
and according to Solms [18] it is specific to the stereotypical sequence of rebellious
behavior followed by desperate behavior. It is a system that ensures social
dependence and dependence on parents [7]. The LUST system determines the
emergence of the need to mate which unanticipatedly involves the survival of the
family genes and thus the species through the satisfaction of pleasure [7, 12, 14, 15,
18]. The CARE system, when activated, generates caring behaviors towards the
young in need [7, 12, 14, 15] but also towards family and friends [14]. The PLAY
system causes the emergence of the need for play, which through social interaction
leads to learning boundaries and hierarchies, learning the rules of interacting with

others [7, 12, 14, 15], but which may also contribute to cortical regulation [12].

Applications of affective neuroscience theory

The bottom-up perspective brought by affective neuroscience on emotional
experiences, which are grounded in subcortical areas with implications in neocortex
programming, shows its usefulness in various areas of interest. There is a significant

range of research fields investigating the theory of affective neuroscience, which
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shows the important character of the theory by proposing primary emotional systems
as the physiological foundation of human personality [19]. A moment of research
expansion using the theory of affective neuroscience was the appearance of an
evaluation tool for primary emotion systems. Thus, Davis et al. [19] published a
paper in which they proposed an evaluation tool for basic psychic emotions called
Affective Neuroscience Personality Scale [19] to identify personality variability
given by these primary emotion systems and in which the relationship identified
between the ANPS dimensions and the five major personality traits is presented. An
instrument appears that allows the identification of these primary emotion systems,
however, it renounces the LUST system due to the bias that the responses to items
specific to this dimension can cause [12]. Although it is an indirect assessment of
emotional experiences, the instrument currently knows several variants as well as a
series of translations, these being used in numerous studies on the emotional nature
in different contexts [14]. By the prediction it proposes, namely that the process of
primary emotions represents the "psychobiological foundation of personality" [15,
p. 7], the theory of affective neuroscience shows its importance in the study of
personality. In this sense, the studies carried out have highlighted a link between
primary emotional systems and the five major personality traits, but also with the 6-
factor model called HEXACO [12], the affective personality profiles showing
stability over time [20]. Understanding personality also involves promoting well-
being [21]. Thus, the theory of affective neuroscience is also approached in the
clinical field in the study of endophenotypes proposed by theory in order to identify
markers that can explain the etiology of mental illness [22], in the study of
depression [21], in the study of anxiety regarding coping style [23], in attention
deficit hyperactivity disorder (ADHD) [12]. Moreover, it is also found in the field
of work by creating an application to identify possible areas for intervention [24],
in the field of education regarding, for example, the choice of the educational field

[25], as well as in biological validation studies [12].
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Discussions

From the perspective of the research interest of this theory, the importance of
its possible validation is understood, offering a new perspective on emotion, the role
of the affective process that is related to the cognitive process and not against it [2].
Considering that the affective experience is present in the subjective experience of
contact with the environment, the perspective of using this theory becomes very
comprehensive.

Maybe the cognitive effort to look towards what emotion represents, as well
as its importance, requires a dethroning of cortical fallacy and an acceptance

regarding function and not position.
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Abstract. This paper examines the significance of Task-Based Learning (TBL) as a
versatile pedagogical approach applicable across various disciplines, including language
education, Zoology, and Art. It elucidates how TBL integrates real-world tasks into the
curriculum, fostering active learning, critical thinking, and collaboration among students.
Drawing on interdisciplinary principles, the paper presents a task-based lesson plan
incorporating stages tailored for language courses and extracurricular activities. Through
pre-visit preparation, during-visit execution, and post-visit reflection, students engage in
authentic tasks that bridge multiple subjects, thereby enhancing language proficiency and
deepening understanding of diverse topics. The paper highlights the importance of TBL in
promoting holistic learning experiences that transcend traditional disciplinary boundaries,
preparing students for the complexities of the modern world.

Keywords: task-based language learning, task-based lesson plan, interdisciplinary,

active learning, extracurricular activities.

There are many approaches to language learning, each with its strengths and
focus. Among these, Task-Based Language Learning (TBL) stands out as
particularly important because it integrates language instruction with real-world
communication, making the learning experience more relevant and engaging. By
centering on practical tasks that students might face outside the classroom, TBL

enhances practical language skills, aiding better retention and practical application
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of knowledge. This approach promotes active learning, critical thinking, and
problem-solving as students collaboratively work on tasks. Additionally, TBL
supports differentiated learning, allowing students to participate at their level and
pace, thereby boosting motivation and confidence. Ultimately, TBL fosters a
dynamic, interactive environment that encourages authentic language use and
equips students for real-world communication challenges.

In the field of education, employing teaching methods customized for specific
disciplines is crucial for cultivating a profound and meaningful comprehension of
diverse subjects. [2] In Zoology, students gain a deeper understanding of animal life
through Field Studies, Animal Behavior Observation, and Comparative Anatomy.
These methods allow students to study animals in their natural habitats, observe their
behaviors firsthand, and compare the anatomical structures of different species,
promoting a comprehensive understanding of biodiversity and evolutionary
relationships. Additionally, engaging in Conservation Projects helps students
appreciate the importance of preserving wildlife and their ecosystems. In the Arts,
education thrives through Studio Work, Art History Analysis, and Creative Projects.
Studio Work focuses on developing drawing skills, enabling students to accurately
reproduce reality in their pictures. Students enhance their technical abilities and
artistic expression by analyzing photographs and practicing realistic depictions.

While these discipline-specific approaches are crucial, there are also
overarching methods that prove effective across various fields. Strategies such as
Project-Based Learning, Collaborative Learning, Integration of Technology, and
Task-Based Learning (TBL) can be universally applied, fostering a dynamic and
holistic learning environment that transcends specific subject boundaries [5, 6, 7].

A new feature for school classes is the introduction of interdisciplinary
activities, which use flexible approaches to encourage positive interaction,
motivation, and student involvement in their educational process, including learning
beyond the classroom through outdoor education. Interdisciplinarity integrates
concepts and methods from diverse disciplines to address complex research

problems, breaking down academic barriers and fostering collaboration among
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experts. By transferring knowledge across disciplines, it fuses diverse perspectives
and expertise, promoting a creative and holistic problem-solving process. This
collaborative exchange leverages the complementary strengths of various fields,
enabling more nuanced and effective solutions.

Task-Based Learning (TBL) is a widespread pedagogical approach used in
both language education and interdisciplinary contexts, emphasizing tasks as the
core of curriculum planning and instruction. Instead of relying on rote memorization
or isolated drills, TBL engages learners in meaningful activities that reflect real-
world situations. This method fosters a dynamic learning environment that promotes
active participation, problem-solving, and collaboration. As a result, TBL not only
enhances language proficiency but also cultivates critical thinking skills and a
deeper understanding of subjects across various disciplines.

Task-based learning differs from traditional teaching methods primarily in its
approach to activities, emphasizing greater student engagement and reducing direct
instruction. While the teaching techniques may be similar to conventional methods,
the key distinction lies in how activities are arranged and prioritized. Task-based
learning places a higher volume of student-driven tasks at the forefront, reducing
the emphasis on direct teaching and encouraging active participation and problem-
solving among students.

The task-based lesson plan for a language course has three principal stages:
the pre-task stage, the task cycle, and the post-task stage. [1] When discussing an
extracurricular activity with an interdisciplinary approach, the task-based plan
includes three principal stages: the pre-visit stage, the during-visit stage, and the
post-visit stage.

Pre-Visit Stage: This stage aims to prepare learners for the main task by
providing clear instructions and presenting the topic. Mini-tasks are used to enhance
lexical, grammar, or digital skills, making the process engaging. For lower-level
proficiency, the teacher reviews key lexical or grammatical patterns and may present

a task model. Students take notes and prepare for the task.
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During Visit Stage: During the task stage, students perform the task in pairs
or small groups, promoting a student-centered approach. The teacher observes or
counsels. Learners enhance both digital and language skills with teacher guidance.
After completing the task, students prepare and present a report to the class,
receiving feedback from both peers and the teacher, serving as a form of assessment.

Post-Visit Stage: The teacher selects language areas based on student needs,
proposing consolidation exercises. Learners, having experienced language in use,
engage in practice activities to boost confidence. Homework is assigned for time
efficiency in working on exercises.

The Stages of an Interdisciplinary Task-Based Approach

As an example, the stages of a task-based lesson plan designed to incorporate
an interdisciplinary approach and encompass three disciplines—English Language,

Zoology, and Art courses — are shown in Figure 1.
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Figure 1. Interdisciplinary Approach: The Stages of a Task-Based Unit
157



Students could collaborate in small groups on creating a multimedia
presentation about a different animal species they observe during a zoo excursion.
This task would involve researching the animal's characteristics, behavior, and
habitat (Zoology), practicing English language skills by preparing a narration for
the presentation (English), and incorporating artistic elements such as drawings,
photographs, or other digital media to enhance the visual appeal of the presentation
(Arts). The final product would be a comprehensive and engaging multimedia
presentation integrating knowledge from multiple disciplines.

During the pre-visit stage, students engage in various activities aimed at
enhancing their skills and knowledge in preparation for the upcoming zoo excursion.

In English class, vocabulary development is emphasized, with a focus on both
zoology and arts-related terms. Through interactive exercises like word walls and
vocabulary games, students expand their understanding and usage of terminology
pertinent to animal habitats, behaviors, artistic techniques, and mediums.

Grammar skill development is another key objective during this stage, with
exercises related to zoology and arts contexts. Students participate in grammar
review worksheets and role-plays, honing their ability to construct grammatically
accurate sentences when describing animal characteristics or artistic creations.
These activities foster a deeper comprehension of language structures and their
application in diverse scenarios.

In zoology class, students are equipped with essential research skills essential
for gathering information about animal habitats, diets, behaviors, and conservation
statuses. Through workshops and guided research sessions, they learn how to
navigate credible sources, take effective notes, and organize their findings
cohesively. Additionally, students delve into the fascinating world of scientific
(Latin) names, conducting investigations to uncover and present the scientific
classifications of various zoo animals.

In art class, students are immersed in activities designed to cultivate their

artistic talents and creative expression. They receive instruction on photography
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basics, exploring concepts such as composition, lighting, and perspective to prepare
them for capturing captivating images during the zoo visit. Furthermore, students
partake in guided sketching sessions, where they practice drawing different animals
using fundamental shapes and lines, honing their observational and artistic skills.

Finally, digital skills development is integrated into the pre-visit stage to equip
students with the necessary technological competencies for effectively engaging
with digital resources during the excursion. Through tutorials and hands-on practice,
students learn how to utilize digital note-taking tools and optimize digital
photography techniques, ensuring they are well-prepared to document their zoo
experience digitally and engage with technology-enhanced learning opportunities.

In the second stage, the During-Visit Stage, students engage in a structured
sequence comprising task execution, planning, and reporting. Collaborative group
work in the classroom fosters collaborative learning, cultivates diverse perspectives,
enhances communication skills, promotes problem-solving abilities, allows for the
division of labor, encourages peer learning, facilitates conflict resolution, and
ultimately leads to increased engagement among students.

When presenting their reports to the class, students gain valuable advantages,
including the development of public speaking skills, confidence building, honing
communication skills, fostering preparation and organization abilities, mastering
time management, achieving subject proficiency, acquiring persuasion and
influence techniques, and experiencing enhanced memory retention.

During the Post-visit stage, students participate in post-task activities, which
involve discussing the results and providing feedback. Engaging in round table
discussions, students actively partake in open dialogue, promote collaboration,
enhance listening skills, exhibit flexibility and adaptability, resolve conflicts,
establish relationships, make informed decisions, and learn from peers—all while
maintaining a focused approach to the content being considered.

In conclusion, Task-Based Learning (TBL) emerges as a powerful
pedagogical tool, not only within language education but also in interdisciplinary
contexts. By prioritizing authentic tasks that mirror real-world scenarios, TBL
fosters active engagement, critical thinking, and collaboration among students across

diverse subjects. This approach not only enhances language proficiency but also
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deepens understanding and application of knowledge in fields such as Zoology and Att.
Through structured stages encompassing preparation, execution, and reflection,
students embark on a journey of discovery, leveraging their skills in language, research,
creativity, and technology. As education continues to evolve towards more dynamic
and integrated approaches, Task-Based Learning stands as a beacon, illuminating
pathways to meaningful learning experiences that transcend disciplinary boundaries and

prepare students for the complexities of the modern world.
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Abstract. This study investigates the impact of different leadership styles on
organizational effectiveness in the field of education, focusing on the integration of an
interdisciplinary approach. By using a mixed-methods research design, we aim to assess
teachers' and students' perceptions of school leadership styles and identify their
relationships with satisfaction levels. Preliminary findings reveal a significant correlation
between certain leadership styles and the satisfaction levels of both teachers and students,
as well as an association with aspects of organizational climate and student academic
performance. This research provides valuable insights into the importance of effective
management in educational institutions and the adaptation of leadership styles to enhance
organizational outcomes.

Keywords: leadership, educational management organizational effectiveness

leadership styles organizational climate.

The theoretical framework

Educational management is a broad field of study involving the
management of educational resources and processes in an efficient and effective
manner. Within this field, leadership occupies a central place and is considered to
be a determining factor in the success and development of educational institutions.
Leadership theory provides a useful perspective in understanding different
leadership styles and their impact on organisations (Leadership styles and
organizational climate - Reference: Fullan, M. (2001). "Leading in a culture of

change." John Wiley & Sons. Page 88, paragraph 1, chapter 5.). In the context of
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education, different models of leadership have been identified and studied in
research, including trait theory (7rait theory in leadership — Reference: Bass, B.
M. & Avolio, B. J. (1994). "Improving organizational effectiveness through
transformational leadership." Sage Publications. Page 34, paragraph 2, chapter
2), behavioural theory (Behavioral theory in leadership — Reference: Sergiovanni,
T. J. (1992). "Moral leadership: Getting to the heart of school improvement."
Jossey-Bass. Page 76, paragraph 3, chapter 6) and transactional-transformational
leadership theory (Transformational and transactional leadership theory -
Reference: Leithwood, K. & Jantzi, D. (1990). "Transformational leadership:
How principals can help reform school cultures.” School Effectiveness and School
Improvement 1(4), 249-280. Page 270, paragraph I). Trait theory focuses on the
individual characteristics of leaders and how these influence their behaviour and
performance in leadership positions. Behavioural theory focuses on leaders'
observable behaviours and how they affect relationships with subordinates and
organisational outcomes. In contrast, transactional-transformational theory
focuses on the relationship between leaders and followers and how this can be
used to motivate and inspire positive change in the organisation. In addition to
leadership theory, concepts such as organisational culture (Organizational culture
and innovation in education - Reference: Fullan, M. (2001). "Leading in a culture
of change." John Wiley & Sons. Page 150, paragraph 2, chapter 9), change and
innovation play a crucial role in understanding how educational organizations can

be effectively managed and developed.

Research questions and objectives
This research aims to answer the following questions and meet the following
objectives:
- What are teachers' and students' perceptions of different leadership
styles in educational institutions?
- What is the impact of leadership styles on teacher and student satisfaction levels?
- How do leadership styles influence students' academic performance and

organizational climate in educational institutions?
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Our objectives include assessing and analyzing perceptions and relationships

between different leadership styles and relevant organizational issues.

Research methodology

This research will use a mixed methods approach, combining both
qualitative and quantitative methods to gain a comprehensive understanding of
the impact of leadership styles on organisational effectiveness in the context of
education. We will recruit a representative sample of teachers and students from
a variety of educational institutions and use questionnaires and interviews to
collect relevant data. We will also analyse institutional documents and reports to
assess academic performance and organizational climate. Data will be analysed
using statistical techniques and qualitative analysis methods to identify significant
patterns and relationships between the variables studied.

Research results

Preliminary research results indicate a significant association between
certain leadership styles and satisfaction levels of teachers and students. A
positive correlation was also observed between certain aspects of organizational
climate and student academic performance. These results suggest that leadership
styles play a crucial role in determining organizational effectiveness and academic

performance in educational institutions.

Conclusions

In conclusion, this research highlights the importance of understanding and
applying leadership styles correctly in the effective management of educational
institutions. The perceptions and relationships between different leadership
styles and organizational issues highlighted in this study can provide a sound

basis for the development of leadership and management practices in education.

163



Bibliographic references:

. BASS, B.M., AVOLIO, B.J. Improving organizational effectiveness through
transformational leadership. Sage Publications. 1994.

. FULLAN, M. Leading in a culture of change. John Wiley & Sons, 2001.

. HARGREAVES, A., FINK, D. Sustaining leadership. Phi Delta Kappa International,
2003.

. LEITHWOOD, K., JANTZI, D. Transformational leadership: How principals can help
reform school cultures. In: School Effectiveness and School Improvement. 1990, nr. 1(4),
pp- 249- 280.

. SERGIOVANNI, T.J. Moral leadership: Getting to the heart of school improvement.
Jossey-Bass, 1992.

164



INTERDISCIPLINARY MODELS, METHODS AND APPLICATIONS
OF MATHEMATICS IN SCIENCES

MODELE, METODE SI APLICATII INTERDISCIPLINARE ALE
MATEMATICII N STIINTE

Aniela AMIHALACHIOAE,
Colegiul National Militar ,,A.I. Cuza”, Constanta, Roméania
ORCID ID: 0009-0005-0161-0737

E-mail: aamihalachioae@gmail.com

CZU: 37.02:51
DOI: 10.46727/¢.25-04-2024.p165-178

MOTTO:

Matematica este ca urcusul la munte. Efortul este rasplatit de
privelisti marete. Ca §i pe munte, ascensiunile in matematica sunt
frumoase daca nu esti obsedat doar de locul unde vrei sa ajungi si
daca esti in stare sa savurezi tot ceea ce intdlnesti pe parcurs.
(Solomon Marcus, ,,Socul matematicii’)

Abstract. This article aims to exemplify some practical ways of using mathematics
in various disciplines and to modify or reorganize the teaching part so that it also capitalizes
on the practical side in several other fields.

Keywords: interdisciplinarity, mathematical modeling, fields of application of

mathematics, interdisciplinary applications.

Rezumat. Articolul de fata isi propune sa exemplifice cateva modalitati practice de
utilizare a matematicii 1n diverse discipline si de modificare sau reorganizare a partii de
predare, asa incat aceasta sa valorifice si latura practica in alte cateva domentii.

Cuvinte-cheie: interdisciplinaritate, modelare matematicd, domenii de aplicare ale

matematicii, aplicatii interdisciplinare.
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Introducere

Competitia continua, precum si ritmul alert al vietii ne impune o gandire
rapida, analiticd si cat mai exactd, care sd se plieze pe nevoile actuale. Gandirea
precisa inseamnd matematizarea psihicului si aducerea acestuia la o forma in care
sd imbindm partea practicd a lucrurilor cu partea teoretica si cu functionalitatea.
Nevoia de dezvoltare, de imbinare a necesarului cu logicul, s-a cristalizat ca stiinta
deschisa, cu un progres uimitor, devenind ,,matematica practica”. Aceasta serveste
nevoilor curente ale omului, deoarece are o vasta deschidere, in orice sector de
activitate, atat in sensul aplicarii principiilor sale, cat si ca valorificare a laturii
abstracte Tn partea de modelare. Stefan Barsanescu afirma: ,,Intrarea in tara
cunoasterii se face pe podul matematicii”, ceea ce denotd faptul ca unul dintre
scopurile matematicii este de a pune intrebdri si de a cduta mereu raspunsuri
adecvate situatiei. Una dintre caracteristicele importante ale acestui domeniu este
invatarea continud, imbinata cu vointa, spiritul de investigatie, tenacitatea, gandirea
logica cu tendinta de abstractizare, capacitatea de sintezd si inventivitatea, cu
modelarea intuitivd. Judecata matematica, spre deosebire de celelalte, are o parte
independentd, care se construieste individual, prin lucru continuu, rezolvare de
probleme, problematizarea situatiilor nou-aparute si analiza in profunzime, dar si o
latura care necesita suport din partea profesorului pentru canalizarea Intr-o directie
corectd, spre un rationament optim, si 0 motivatie puternica spre descoperire.

,,La orice nivel de educatie, matematica trebuie privitd In totalitatea ei, cu
cele doua laturi ale sale, care se intrepatrund si se potenteaza reciproc: latura formala
(stiintificd) — ce cuprinde intregul aparat abstract (teoreme, leme, axiome, formule
matematice, algoritmi) si latura non-formala (culturald, spirituald) — care se refera
la aspectele istorice, filosofice, la functia de modelare, cunoastere si intelegere a
diferitelor fenomene reale, precum si la rolul important pe care il are aceasta in viata
realad.” [10]

Raportat la beneficiile matematicii, distingem, dupd unii autori (D. Brinzei,
R. Brinzei, Boncu, Bélan), doua planuri: psihomotor si afectiv-cognitiv.

In plan psihomotor, se axeaza pe logica gandirii, acuratete, capacitate de

analizd si sinteza, rigoarea demonstratiilor si perfectarea tehnicii argumentarii, se
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formeaza deprinderi de rezolvare a problemelor, de optimizare a unui model sau
calcul, de punerea intrebarilor si gésirea celor mai rapide si corecte solutii, cresterea
puterii de concentrare si de memorare, se amplifica dorinta pentru frumos.

In plan afectiv-cognitiv, aceasta favorizeazi o intelegere a lumii in care traim
prin modelarea unor fenomene reale, din celelalte stiinte: fizica, chimie, biologie,
economie, constructii, arhitecturd, astronomie, medicind s.a., intensifica capacitati
intelectuale care ne ajuta pentru o mai buna intelegere a vietii, cultiva unele trasaturi
fundamentale de personalitate, mareste ,,forta” de autoinstruire si autocritica,
seriozitatea, demnitatea, inclinatia spre cercetarea stiintifica [10].

Din perspectiva psihologilor, se poarta discutii cu privire la exigentele fata
de personalitatea umana in sensul ca se doreste situarea pe primul loc a gandirii
creatoare, ceea ce poate fi usor format si stimulat de matematica. Este materia care,
prin insasi esenta ei — ,,de stiintd a structurilor”, creatoare de ,,modele si limbaje
stiintifice ale realitatii” — poate crea acest tip de gandire prin metodele si modul de
cercetare. N. Oprescu afirma: ,,Deci, matematica inseamna gandire, gandire bine
organizatd, In ultima perioada extinsd, prelungitd cu ajutorul calculatoarelor
electronice”, lucru care denota faptul cd ea se invatd pentru a sti sa folosim, nu
pentru a sti doar la nivel teoretic. Din nefericire, ultima perioadd marcheaza o
scadere continud a interesului pentru matematicd si pentru toatd aceasta
aplicabilitate a ei, neglijarea studiului elevilor vine cu incurajarea parintilor prin
simplul fapt c@ pare un drum lung si anevoios din perioada scolaritdtii, iar tot ceea
ce este lipsit de matematica, pare facil.

In anii 70 ai secolului XX, Mircea Malita si Cornel Zidaroiu s-au ocupat de
organizarea optimald a sistemului educational, ardtand ca ,,instrumentul principal al
pedagogiei sistemelor, sau al macropedagogiei, limbajul ei de lucru este acela al
teoriei sistemelor, al modelelor matematice sau economice. Utilizarea acestui
instrument scoate de sub imperiul speculatiei verbale si al intuitiei chestiuni delicate
care comporta utilizarea unor mari resurse umane si orientarea destinelor a milioane
de oameni. Existenta unui model permite organizatorului ca la orice moment sa
poatd avea variantele posibile in legdtura cu adoptarea unei decizii, ca si modificarile

implicate 1n intreg sistemul de modificare a unuia sau altuia din parametrii sai” [39].
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In lucrarea Modele matematice ale sistemului educational, autorii prezinta
modele matematice pentru organizarea invatdmantului, acest lucru fiind
exemplificat In prefatd de catre profesorul Miron Constantinescu: ,,Modelele
prezentate se ocupa de rezolvarea unor probleme importante, cum ar fi, de exemplu:
calculul si prognoza efectivelor scolare si a resurselor, determinarea necesarului de
cadre didactice sau optimizarea dezvoltirii invatamantului. In rezolvarea acestor
probleme, aparatul matematizat este variat, incluzand ecuatii recursive, modele de
programare matematica si teoria lanturilor Markov” [39].

Acesta este unul dintre putinele exemple 1n care matematica are un rol de
,furnizor” de instrumente statistice, modele de organizare si planificari optimale ale
sistemului de Tnvataimant. ,,Aceasta permite folosirea metodelor matematice ale
teoriei informatiei pentru studiul fazei de transmitere a informatiei, teoria
algoritmilor i logica matematicd pentru etapa de prelucrare a informatiei si
metodele de optimizare pentru analiza luarii deciziilor optime pe baza rezultatelor
prelucrarii informatiilor.” [39]

Aplicarea matematicii in domenii conexe

Pentru a avea o imagine de ansamblu, sub forma de modele, trebuie sa avem
in vedere evolutia interdisciplinaritdtii sau evolutia partii practice a acesteia. Spre
sfarsitul secolului al XIX-lea, a inceput procesul prin care se exploateaza relatia in
care masinile ajutd oamenii, conform unor competente riguros definite, astfel
folosind timpul si toate celelalte resurse procedurale la cote maxime. Spre deosebire
de scoala modernad, cea clasicd are meritul de a incepe acest anevoios proces de
abordare stiintifica din mai multe puncte de vedere, ceea ce face practic
interdisciplinaritatea, si de a cauta punti de legatura intre discipline, chiar daca
acestea s-au perfectat in scoala moderna actuala ele au cdpatat idei in cea ,,veche”,
doar ci nu erau explicate cu acest sens. In educatia traditionals, ceea ce este acum
explicat ca interdisciplinar atunci era considerat practic, se Invata pentru a se aplica,
pentru a fi util in calculul a..., pentru a fi folosit la masinaria..., pentru a se utiliza In
fabrica etc., acum acestea capdtd numele de modele stiintifice ce prelucreaza

informatia teoreticd. In deceniul al saselea, ca o reactie impotriva excesului de
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teoretizare, s-a dezvoltat scoala neoclasica, care are drept obiectiv reintoarcerea la
practica, vdazand ca doar partea teoreticd nu ajutd in sedimentarea cunostintelor
elevilor. Datoritd complexitatii altor materii, se stabilesc adesea circuite
informationale paralele si redundante, in care, in afara fluxurilor formale, se
dezvolta si cele non-formale si informale, cu caracter local sau global.

Exista discipline care nu pot fi studiate individual, fard cunostinte
interdisciplinare, cum ar fi astronomia, mecanica, biofizica etc. In studiul lor sunt
necesare notiuni din matematica, fizica, chimie, biologie si chiar geografie. De
asemenea, matematica poate fi privita si din latura transdisciplinara, cu valorificare
in numeroase domenii, doar ca toate acestea vin sa intdreasca sustinerea ca, practic,
orice din realitate poate fi explicat sau i se poate construi un model matematic, acesta
din urma putand suporta modificari si optimizari, care tind spre limita perfectiunii.
Asadar, in intreaga sferd stiintificd putem descoperi elemente matematice sau
combinatii ale acesteia:

e monitorizarea, controlul si optimizarea unor sisteme dinamice atit
din economie, cét si din alte domenii, implica matematica;

e strategiile de marketing modern, analiza si programarea optimald a
productiei, constructia hartilor meteo, planificarea urbana (pe baza
teoriei grafurilor), navigatia pe baza GPS-ului, telefonia mobild,
algoritmii cu care opereaza calculatoarele si tabletele;

e studiul sistemelor biologice, a ADN-ului, studii de genetica,
raspandirea epidemiilor, studii ale segmentului virusologic, modele
statistice populationale, recunoasterea formelor utilizate in
tomografie, neurofiziologie, care aplica ecuatiile diferentiale;

e proiectarea in roboticd, automatica si constructie pe baza unor
algoritmi foarte avansati;

e teoria jocurilor a devenit, Tn 1944, un instrument util in strategia
militard, fiind utilizatd in criptografie, In teoria codurilor, astfel
aparand masinaria Turing, din dorinta de a descifra codurile
germanilor [10];
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e aplicatii importante sunt si 1n arhitectura: curbe importante cum ar
fi strofoidele, cisoidele, foliul lui Decartes, concoida lui Nicomede,
versiera, cardioida, ovalele lui Cassini, lemniscata lui Bernoulli,
spirala, cicloida etc.” [10];

e _scara Pitagora a fost modificata, obtinandu-se tonalitdti mai
armonioase. Astfel, folosind ecuatiile cu derivate partiale,
Goncearov a obtinut acorduri inedite, care pot conduce la constructia
unor noi instrumente muzicale” [10, p. 16];

e criminalistica: principiile matematice care sunt indispensabile in
analiza probelor, precum si calcularea traiectoriei sangelui sau a
glontului, locul de impact al armei sau pozitia victimei;

e astronautii folosesc calculul traiectoriilor stelare si satelitare, a
curbelor si a suprafetelor, ecuatiile diferentiale, mecanica
cereasca s.a.

Partea interdisciplinara a matematicii face ca tineretul sd o priveasca ceva
mai obiectiv si sd Incerce sd se apropie mai mult de ea, cu toatd convingerea ca
fundamentul culturii moderne 1l constituie aceasta stiinta. Privind din alt punct de
vedere, are o importantd deosebitd pentru societate, imbunatatind calitatea vietii,
prin creativitate, stimularea curiozitatii si omniprezenta.

Issac Newton afirma: ,,Am vazut atat de departe, pentru ca am stat pe umerii
unor giganti”, asadar, acest prim secol XXI al mileniului III este considerat secolul
informatiet, al vitezei, stimuland inovatia, tehnica si mai ales accesul la notiuni deja
cunoscute, ceea ce impune o permanenta preocupare pentru perfectionarea continua
a metodelor si a mijloacelor de invatdmant in scopul realizarii unei educatii
matematice, cu implicare interdisciplinara, serioasd, in evolutia tineretului si
formarea sa pentru a fi util societatii din care face parte. Epoca aceasta are nevoie
de specialisti foarte bine pregatiti, cu inteligentd creatoare, cu o gandire
independenti si o perspectiva de lunga durati, asa cum mentiona si Jean Piaget: ,,in
societatea contemporand Insdsi conditia de existentd a omului se concentreaza tot

mai mult catre inteligenta si creativitate, adica inteligenta activa”.
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Modelarea matematica este o abordare prin care se pot utiliza metode,
concepte si tehnici specifice domeniului pentru intelegerea si rezolvarea
problemelor din alte domenii diferite sau pentru a simula cazuri naturale. Acest lucru
implicd transformarea unei situatii reale, naturale, intr-un model matematic care
poate fi analizat, simulat pentru o continuitate extrema, asa incat s conduca la
solutii optime.

In fizica:

e Calculul diferential si integral — se utilizeaza pentru a descrie schimbari
sau relatii diverse in fizicd, cum ar fi: viteza, acceleratia, forte si alte
marimi fizice.

e Ecuatiile diferentiale — descriu relatiile intre o variabila si ratele sale de
schimbare, se utilizeaza pentru rezolvarea problemelor legate de miscare,
circuit electric, oscilatii, unde s.a.

e Geometrie si trigonometrie — sunt folosite pentru a descrie fenomene fizice
sau configuratii geometrice (calculul unghiurilor, al distantelor, al
traiectoriilor, oscilatiilor 1n grafice) din alte domenii (mecanica,
oscilatorica, fizica cuantica, optica s.a.).

e Matrici si algebra liniard — ajuta la rezolvarea problemelor care implica
sisteme de ecuatii liniare sau pentru descrierea transformarilor si a
proprietdtilor care implica vectori. Sunt necesare in studiul campurilor de
forte, opticd geometrica sau mecanica cuantica.

In stiinte naturale:

e Modelul lui Newton — descrie forta gravitationala si distanta intre doua
obiecte care au mase diferite. Se foloseste n astronomie si fizicd, pentru
calcularea traiectoriilor planetelor, a satelitilor sau a altor obiecte lansate
pe orbite sau nu din spatiu.

e Ecuatiile lui Maxwell pentru magnetism — descriu comportamentul
campului electromagnetic (cel electric si cel magnetic), fiind
fundamentale pentru fizica si pentru ingineria electricd, deoarece
modeleaza undele electromagnetice si propagarea luminii.

171



Modelul matematic al cresterii populatiilor — este un model utilizat in
stiintele biologice sau n ecologie si descrie modalitatea in care o populatie
prolifereaza in functie de diversi factori precum: rata nasterii, migratia,
decesul, numarul rapitorilor etc. Un exemplu este modelul logistic, care
tine cont de capacitatea limitatd a mediului de a sustine o anumita
populatie.

Modelul matematic al difuziei — face referire la raspandirea substantelor
in medii omogene si neomogene si are utilizare in fizicd, chimie si
biologie. Ecuatia difuziei permite calcularea modului de propagare a unei
substante intr-un mediu dat, in functie de anumiti parametri, cum sunt
diferenta de concentratie sau alti factori.

Modelul logistic — descrie cresterea si diminuarea populatiilor in biologie.
Se utilizeaza pentru a vedea perpetuarea speciei sau schimbarea numarului
indivizilor dintr-o anumitd populatie, in functie de anumiti factori:
reproducerea, interactiunile dintre indivizi sau capacitatea arealului de
sustinere.

Modelul diferential — acesta utilizeazd ecuatiile diferentiale pentru a
analiza si descrie schimbdrile care au loc in cadrul unui sistem biologic
sau intr-un proces stiintific. Spre exemplu, poate fi folosit pentru a studia
modalitatea de raspandire a unei boli intr-o anumita populatie saau pentru
analiza cineticd a unei reactii biochimice.

Modelul geometric — este utilizat in biologie pentru studiul si
reprezentarea structurilor biologice. Un exemplu relevant ar fi cel care
studiazd forma si distributia structural-celulara sau pentru analiza
proprietatilor unui ecosistem.

Modelul de retea — face referire la utilizarea grafurilor sau a altor concepte
de retea pentru reprezentarea interactiunilor unor elemente din cadrul unui
sistem biologic (pentru analiza fluxurilor de energie si materie in cadrul
ecosistemelor) sau pentru studiul interactiunilor intre proteine in biologia
moleculara.
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e Modelul Hodgkin-Huxley — descrie transmiterea semnalelor electrice
interneuronale si detaliaza schimburile ionice care au loc la nivelul

membranei neuronale pentru a intelege modalitatea In care acestia

genereazad impulsurile nervoase si transmit semnale electrice.

e Ecuatiile Iui Newton — descriu miscarea corpurilor in baza actiunilor
fortelor exterioare acestora. Sunt fundamentale in mecanica clasica si sunt

utilizate 1n special pentru a modela miscarea obiectelor sub actiunea

acceleratiei, a masei sau a altor forte aplicate.

in 2017 apare manualul, in cea de-a doua editie, a lui Robert Froderman,
unde, in cadrul celor 46 de capitole, sunt abordate diverse probleme, de la finante la

pedagogie etc., autorul sustinand ca ,,interdisciplinaritatea este puntea dintre sofistii

academicieni (disciplinari) si restul societatii”. [14, p. 7]

Cateva exemple uzuale de aplicatii interdisciplinare ale matematicii ar fi:

1. S& se calculeze cantitatea de deseuri organice produse de o fermd in

decursul a 50 de zile consecutive, avand inregistrarile:

Cantitatea de deseu Numarul de zile n Frecventa
produs zilnic care s-a produs cantitatea | relativa
X de deseu n
i 50
0 3
1 6
2 2
3 4
4 7
5 11
6 12
7 5
a) sad se completeze coloana frecventelor relative;
b) sd se deseneze diagrama asociata datelor din tabel;
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c) sd se calculeze indicatorii de pozitie (media, mediana, modul) si
dispersia.

01234567)
50 50 50 50 50 50 50 50

Pentru subpunctul a)A=<3 6 2 4 7 1112 5

Pentru b) vom avea urmatoarea diagrama:

valorile seriei

ml
m2
m3
m4
ms
o6

=7

¢) indicatorii de pozitie sunt:
0:3+1:6+2:2+34+47+511+6'12+7'5
50

-mediaa = =4.24;

- mediana se calculeaza tinand cont de cei 50 de termeni din serie. Daca

scriem termenii seriei an ordine crescatoare, repetandu-i de atdtea ori cat indica

5 . 5+5
frecventa absolutd, a»s = azs = 5. Deci, me (A) = % _5

- modul este m, (A) = 6 pentru ca aceastd valoare apare de cele mai multe

ori.
. . 3:0246:12+222+432+742+11-52+12-62+5-72
- dispersia d? = ” - 1797 =
6+8+36+56+275+432+245 1058
-17.97=——-17.97=21.16 —17.97 = 3.16.
50 50
2. Care ar trebui sa fie lungimea laturii bazei unui vas in forma de

piramida patrulatera regulata, al cdrui muchie laterald este de 2 dm, asa incat
volumul acestuia sa fie maxim.
Observatie: forma vasului poate fi orice corp regulat sau neregulat, pentru

care putem calcula volumul si asocia o functie de volum v(x).
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Rezolvare
d

. . . . X .
Notez cu x latura bazei, obtinem astfel apotema bazei ca fiind a, = > lar—=

% = %E, unde d este diagonala bazei piramidei. Luam triunghiul dreptunghic

8—x2
2

VOC, cu misura unghiului O de 90° si avem: VO? = VC? - 0C? = VO =

2. 8—x2
2

N Aph .
Stiind ca volumul este egal cu bT =>V= Avem astfel definitd o

. x?- B?fz x% -V8—x2 N . ,
functie de x, V(x) = 3 = e Derivand, obtinem: V'(x) =

1 .
342
x-(16—3-x2)

V8—x2

2:4/2). Pentru V'(x) = 0, avem tabelul de semn:

. Conditia de existenta a acestei functii este ca 8-x% > 0 = x € (-2-V/2,

4'\="§ ‘?'\c’l
x |-oo 'EI'JE . 3 0 3 242 oo
i L L
4 T 1 ) )
I R e O+++ttttttt+++
165-3x2] - Db bbb bees 0 ______
(16 - 3:x7) Rt Il o kR | RO
~4+/3 443 )
v |22 3 0 3 V2
V(x) R Rl 1 R (R
Vi(x) /7[\[‘& /‘M\I
m
3. Probleme 1n care ne este ceruta valoarea minima sau maxima a unei

expresii sau a unei marimi. Aceasta poate fi studiatd cu ajutorul variatiei unei functii
asociate marimii sau expresiei respective. Pentru aceasta sunt necesari niste pasi:
- Se alege convenabil un parametru si se exprimd marimile din problema
prin el.
- Pentru marimea care trebuie sd atingd un minim sau un maxim, se defineste
o functie dependenta de acea variabila.
- Se alcatuieste tabelul de variatie al functiei mai sus definite si se gasesc

punctele critice.
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Observatii
a) Dacd intervalul este deschis si pe acest interval functia are un numar finit de
puncte de extrem, atunci valoarea cea mai mare sau cea mai mica o atinge
functia Intr-un punct de maxim, respectiv de minim.
b) Notatia variabilei depinde in mod general de autor si de convenabilitatea

problemei.
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Abstract. This article highlights the importance of psychological safety for
adolescents, focusing on the protection of the individual's mental health. Recent decades
have marked a rapid development in this area, with various programmes aimed at ensuring
psychological safety in social contexts, particularly in education. Although the level of
physical security has increased, today's society feels an increased need for security due to
threats such as international conflicts and environmental issues, which can affect
psychological well-being.

In this article the authors explored the concept of psychological security which
involves a sense of trust and protection, facilitating personal growth and effective social
interactions. The results of a study of adolescents studying in vocational schools are
presented. The relationship between anxiety and psychological security is explored, finding
that higher levels of anxiety correlate with lower psychological security. This study, which
involved 110 adolescents, used various scales to measure anxiety and psychological safety,

revealing significant negative correlations. Factors such as peer relationships, teachers and
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classroom environment play crucial roles in enhancing adolescents' psychological security.
Findings highlight that an enhanced sense of psychological security in an environment can
increase adaptability and resilience in new and challenging contexts, such as moving from
rural to urban settings. Overall, psychological security is a protective factor that supports
well-being and adaptability during significant life transitions.

Keywords: psychological security, anxiety, adolescents, vocational school.

Rezumat. Acest articol evidentiazd importanta securitatii psihologice a
adolescentilor, concentrandu-se pe protectia sanatatii mintale a individului. Ultimele
decenii au marcat o dezvoltare rapida in acest domeniu, cu diverse programe menite sa
asigure securitatea psihologicad in contexte sociale, in special in educatie. Desi nivelul de
securitate fizicd a crescut, societatea actuala resimte o nevoie sporitad de siguranta din cauza
amenintarilor, precum conflictele internationale si problemele de mediu, care pot afecta
starea subiectivad de bine.

In acest articol, autorii au explorat conceptul de securitate psihologica ce implica un
sentiment de Incredere si protectie, facilitdnd cresterea personald si interactiunile sociale
eficiente. Sunt prezentate rezultatele unui studiu asupra adolescentilor ce isi fac studiile n
scoli profesionale. Este exploratd relatia dintre anxietate si securitatea psihologica,
descoperind ca nivelurile mai ridicate de anxietate coreleaza cu o securitatea psihologica
mai scazutd. Acest studiu, care a implicat 110 adolescenti, a folosit diverse scale pentru a
masura anxietatea si securitatea psihologica, relevand corelatii negative semnificative.
Factori precum relatiile cu colegii, profesorii si mediul de clasa joaca roluri cruciale in
consolidarea securitatii psihologice a adolescentilor. Constatéarile subliniaza ca un sentiment
consolidat de securitate psihologica intr-un mediu poate spori adaptabilitatea si rezilienta in
contexte noi si provocatoare, cum ar fi trecerea de la mediul rural la cel urban. in general,
securitatea psihologica este un factor de protectie care sprijina bunéstarea si adaptabilitatea
in timpul tranzitiilor semnificative din viata.

Cuvinte-cheie: securitate psihologica, anxietate, adolescenti, scoald profesionala.

Introduction
The concept of psychological safety is at the heart of modern research and is
often defined as a state of protection of an individual's consciousness. A new area of

rapid development in safety psychology has been observed during the last decades

180



of the 20™ century, with numerous theoretical and practical programmes
implemented to ensure psychological security in various social contexts, including
educational institutions.

Today's society differs from previous generations in terms of the level of
security, which in all essential respects, such as the likelihood of exposure to
violence or hygiene standards, is generally higher. However, in today's society,
people feel an increased need for security and are concerned about monitoring
various potential dangers and threats in the social environment. Events such as
international conflicts, the danger of nuclear war and environmental threats generate
feelings of fear, uncertainty and can sometimes cause a sense of purposelessness in
life. When an individual experiences instability in their environment, their
psychological well-being can be negatively affected and they become more

vulnerable [1].

Literature Review

The etymology of the term security comes from Latin, where the prefix "se"
indicates separation or removal, and the root comes from "cura," meaning care or
concern. Therefore, the origin of the word "security" is identified in the Latin terms
"securitatis" and "securitas," denoting carelessness and absence of fear of harm [2].

The concept of personal security, has been a subject of interest since ancient
times, explored by thinkers such as Lao Zi and Confucius in ancient China (6th
century BC), as well as by the great Greek philosophers such as Plato and Aristotle
(4th century BC), and by Cicero, known as the "universal man" (2™ century BC). In
Roman mythology, there was also the goddess Securitas, who represented the safety
and security of the Roman Empire, ensuring its protection and prosperity. This
goddess was associated with a medallion issued during the reign of Hostilian in 251
AD, inscribed "freedom from threat" [3].

The glossary of terms "Religion and Security in 21st Century Europe" states
that security "means the situation in which a person, a group of persons, a state, an
alliance, as a result of specific measures taken individually or in concert with other

actors, is assured that their existence, integrity and fundamental interests are not
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endangered". These and many other similar meanings reveal the objective and
subjective meaning of the notion of security, as explained in one of the best-known
and oldest definitions by A. Wolfers: "security is a value"; "in an objective sense, it
measures the absence of threats to acquired values, and in a subjective sense, the
absence of fear that such values will be attacked" [4].

According to the Explanatory Dictionary of the Romanian Language (DEX),
security refers to the fact of being safe from any danger; the feeling of security,
confidence and peace of mind that the absence of any danger gives to someone [5].

Paul Popescu-Neveanu's dictionary of psychology defines the term security
as a balanced psychological state, motivated by the absence of factors that
endanger life, health, social and professional status, fair appreciation, etc. It is a
fundamental condition of normal existence and progress. In the same dictionary
we find the notion of insecurity, which is considered to be at the root of many
mental disorders [6].

In the American Psychological Association (APA) dictionary, the term
security is associated with a sense of safety, confidence and freedom from fear. The
same dictionary defines the term safety psychology, a subdiscipline of applied
psychology that involves the study of behavioural aspects of hazardous situations in
human-environment systems, especially in occupational contexts [7].

In the Larousse psychology dictionary, we find the term security associated
with the belief that the individual has nothing to fear. It is one of man's fundamental
needs, an essential condition of his mental health. The child finds security in the
serene and affectionate presence of his parents, in the stability of his living
conditions, in the regular discipline of his upbringing. In his environment thus
defined, he rehearses his position early on, settles into his role and, feeling protected,
moves forward confidently in life. The adolescent feels more insecure because,
being neither child nor adult, he has no precise status. In men, the means of
preserving security is social conformity; many people keep up with fashion, for
example, in order not to be conspicuous. He who has reached psychological maturity
1s not afraid to assert his individuality [8].

In the American Journal of Sociology, reference is made to the terms security
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and insecurity, which have recently been accepted by many behavioral researchers
and professionals in the field. In other words, in 1954, these terms began to be
widely used by specialists in various fields, including psychology. These terms, in
general, became present in the literature of social psychology and other related
disciplines, such as sociology, psychiatry, abnormal or clinical psychology, and
social work. The same publication notes that the concepts of security and insecurity
were pioneered by W.I. Thomas and A. Adler [7].

The Canadian psychologist W. Blatz among the first scientists, defined
emotional security, as the feeling in which man feels safe, perceives himself out of
danger, being a subjective feeling. W. Blatz, stated that all behaviors of the
individual's life, can be interpreted in terms of security, and it involves two
components:

1. adequate experience with which the individual feels able to control the
situation;

2. asense of adequacy to cope with future situations, which manifests itself in
the ability to anticipate and predict consequences [3].

In the field of psychology, the concept of "safety" has been used since the 1920s.
In line with the ideas of humanistic psychology promoted by A. Maslow, C. Rogers and
other thinkers, they considered the desire for safety as one of the fundamental human
needs. A. Maslow places the need for safety in the hierarchy of human needs, placing it
immediately after basic physiological needs. This need incorporates concepts such as
stability, belonging, protection, freedom from fear, anxiety and chaos, structure, order,
law and boundaries, along with other human needs [63].

A. Maslow defined psychological security as a feeling of confidence, security
and freedom, of satisfaction of needs in the present and future that is separate from
fear and anxiety [Ibidem].

The socio-psychological nature of the need for security is highlighted by T.
Williams, who points out that "security reflects both social circumstances and
constant personality characteristics. The insecurity of the individual is directly

influenced by the presence of psychological insecurity, which is the result of
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personality traits, existing external conditions and, to a large extent, the individual's
early experiences" [1].

Socio-psychological security is based on long-term interaction and affinity of
common interests and aspirations, which gives rise to a socio-psychological
community characterised by mutual understanding, solidarity and trust. This
community context serves as both a precondition and an outcome of effective
communication, and in order to interact successfully with diverse parts of the world,
a person needs to feel trust based on a sense of security in these interactions [10].

E.A. Bott, in 1939, stated that the term "security" derives from the Latin word

nmn nmn

"securum," which means "without worry," "without anxiety," "without fear," and
"free from uncertainty" [3].

K. Horney, has emphasized the importance of psychological and emotional
security in personality development. She brought into discussion the concept of
security based on healthy and balanced interpersonal relationships. K. Horney
pointed out that emotional security derives from a genuine connection with others,
especially in childhood. She emphasised parental influences on children's
development and stressed the importance of providing a safe and supportive
environment. When children feel loved, accepted and properly supported by their
parents, they develop a sense of emotional security which contributes to the
formation of a secure attachment, which positively influences personality
development. K. Horney introduced concepts such as 'core neurosis' and explored
how individuals develop psychological defence strategies to cope with anxiety and
insecurity. She argued that the need to acquire a sense of emotional and
psychological safety is an essential aspect of an individual's psychological
development [11].

Another aspect of psychological safety research in educational settings
focuses on human interaction with reality, a topic with a long tradition in
psychological research. The work of authors such as N.A. baesa, M.P. butsHoBa,

H.B. Ipysnesa, B.M. IlanoB explore modeling and designing an educational

environment in which participants feel safe and satisfy their basic needs [apud 3].
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Psychological safety is often discussed in the context of social exchange
theory, in which trust between members of a group contributes to a long period of
collaboration and satisfaction. This is crucial in educational settings, where
psychological safety refers to people's comfort with the consequences of
interpersonal risks. According to social exchange theory, trust is closely related to
psychological safety and refers to the environment in which people feel comfortable
about the consequences of interpersonal risks.

Even though psychological safety is closely related to trust, some
characteristics of psychological safety differentiate it from trust. Trust is a belief
based on mutual expectations, whereas psychological safety belongs to the
individual. Trust in the organisational setting assumes that employees anticipate
each other's actions and that these actions will have positive consequences for each
of them. However, psychological safety is an individual matter and does not require
reciprocity [12].

Kahn (1990) stated that psychological safety is a necessary condition for
people to feel connected and involved in their roles at work. He defined
psychological safety as ,,the feeling of being able to show and use one's self without
fear of negative consequences to self-image, status or career" [13].

B.B. beapuna, A.B. Jluuytun consider that the concept of psychological
safety should also be examined in relation to the concept of psychological culture.
Without such a framework of "psychological vision", the problem of psychological
safety cannot be addressed. B.B. benpuna, A.B.; JluuyTtusn, define psychological
culture as the ability to clearly diagnose, at any given moment, the psychological
aspects of a communicative interaction, the behaviour of the student, teacher and
parent, the complex set of relationships between them, and the threats and risks

associated with these relationships, both in the present and in the future [14].

Methodology
The aim of the research was to establish the relationship between anxiety and

psychological security in adolescents
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Research hypothesis: There is a relationship between: psychological safety
and anxiety in adolescents.

Research sample: Taking into account the hypothesis we put forward, we
selected a sample of 110 subjects, adolescents from professional schools, aged
between 16 and 18 years, divided by gender, urban/rural area, family/household
residence. The distribution of the sample by gender was 32.40% of the selected
subjects are girls and 67.60% are boys.

Measuring scales: Taylor Anxiety Scale; Philips School Anxiety Scale;
Psychological Security Questionnaire (developed by S. Sanduleac and C. Perjan)
[15]; URPS Psychological Security of Urban Residents Scale [15].

Findings/Results

At first, we studied the interrelationship between anxiety/general school
anxiety and URPS urban psychological safety according to the Pearson linear
correlation coefficient.

Adolescents with high levels of anxiety have low levels of psychological
security. The sources of psychological security in adolescents are relationships with
peers, with teachers and parents, the atmosphere in the classroom, in the family.
Here we can mention that many adolescents have difficulties in relating to others,
as well as negative judgements about their own traits, characteristics, emotions and
feelings. These adolescents show low psychological security which also leads to
high anxiety. We will look at each of these correlations in turn. There is a negative
correlation between anxiety and URPS urban psychological security (r=-0.212,
p<0.05) Adolescents with high levels of anxiety show lower levels of urban
psychological security. This may be related to difficulties in relating to others and
negative appraisals of their own traits, emotions and feelings. Urbanity can add
additional pressures, contributing to anxiety. The significant negative correlation
between general school anxiety and URPS (r=-0.305, p<0.05) indicates that
adolescents with higher general school anxiety have lower levels of urban
psychological safety. Academic pressures, relationships in the school environment,
and increased expectations may contribute to school anxiety and thus lower urban
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psychological security especially for adolescents who have recently changed
residence and migrated from rural to urban areas.

Therefore, we confirmed the hypothesis that there is a correlation between
anxiety, general school anxiety, urban psychological security and psychological
security developed by S. Sanduleac and C. Perjan.

The study of the correlation between anxiety / school anxiety / psychological
security / URPS according to Pearson revealed the following results.

Pearson correlation coefficients indicate significant associations between the
level of psychological security and various aspects of adolescents' psychological
state and school environment. Thus, significant negative correlations are observed
between psychological security and school anxiety (r=-0.633), fear of not meeting
expectations (r=-0.383), psychological resistance to stress (r=-0.512), fear of self-
injury (r=-0.430), fear of checking knowledge (r=-0.504), and general anxiety (r=-
0.404). These results indicate that lower psychological security is associated with
higher levels of these factors of school anxiety. In addition, a negative but weaker
correlation is also observed between psychological security and need frustration (r=-
0.366), as well as problems in relationships with teachers (r=-0.171), suggesting that
lower psychological security is also associated with difficulties in adapting and
relating to the school and social environment. The Pearson correlation coefficient
(r=0.235) indicates a significant positive correlation between psychological safety
and urban psychological safety.

So, we can say that we have confirmed the hypothesis that there is a

relationship between psychological safety and anxiety.

Conclusions

The level of psychological security that an adolescent feel in one environment
can be transferable and felt in other environments. If an adolescent feels safe and
secure in a particular context, this sense of psychological security can be generalised
to other situations. This can be explained by the enhanced sense of self-efficacy and

self-confidence they acquire in a given environment. Moreover, an environment that
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provides a positive experience and encourages a sense of security can also foster an
ability to adapt and be resilient in other contexts. Thus, an adolescent who feels safe
in a rural environment, for example, may have a tendency to transfer this sense of
safety to urban environments or other complex social situations. This idea highlights
the importance of positive experiences and building a sense of safety in an
environment for the development of general psychological safety, which has a
positive impact on adolescents' well-being and adaptability in different contexts.
Moving from a rural to an urban environment involves a number of major changes
in an adolescent's life, such as moving house, leaving home, new relationships,
friendships, a new daily routine and household responsibilities that they have to take
on in the absence of adults. In addition, adapting to the specific challenges of the
urban environment, such as noisy pollution, heavy traffic and other aspects of urban
life, can be extremely demanding. However, the results suggest that adolescents who
have migrated from rural to urban environments and who exhibit a high level of
psychological security in urban environments seem to have been able to maintain
this sense of security and self-confidence despite changes and challenges. This can
be attributed to their capacity for adaptation and resilience, as well as their ability to
find resources and support in their new environment. Clearly, this underlines the
importance of the individual's ability to cope with change and adversity and suggests
that high levels of psychological safety are a protective factor even in the face of

major transitions and urban challenges.
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Abstract. In the present paper, the correlation between metacognition, attitude and
the academic success of 7" grade students in physics is analyzed. For this purpose, the
academic success was measured through assessment tests, and attitude and metacognition
through a 30-item questionnaire completed by students. The structure of this questionnaire
and the statistical analysis of the results of the questioning and the assessment tests are
presented. It was obtained that the value of the linear regression coefficient for the
correlation between metacognition —academic success is 0.256, attitude — academic success
is 0.234, for metacognition — attitude is 0.534. This means that if we achieve an increase in
metacognition by one unit on the Likert scale, then we could achieve an increase in
academic success by a fourth, that is, a student graded with ”eight” mark will become a ten
mark student. Similarly, a one-unit increase in attitude on the Likert scale will translate into
a 23% increase in academic achievement. Also, metacognition and attitude influence each
other quite strongly — over 50% of one dimension is influenced by the other dimension.

Keywords: metacognition, attitude, academic success, assessment.
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Rezumat. In lucrarea de fati este analizati corelatia dintre metacognitie, atitudine si
succesul academic al elevilor de clasa a VII-a, la fizica. In acest scop s-a misurat succesul
academic prin teste de evaluare, iar atitudinea si metacognitia — printr-un chestionar din 30
de itemi, completat de elevi. Este ardtata structura acestui chestionar si analiza statistica a
rezultatelor chestionarii si a testelor de la evaluare. S-au obtinut urméatoarele rezultate:
valoarea coeficientului regresiei liniare pentru corelatia metacognitie — succesul academic
este 0,256, pentru corelatia atitudine — succesul academic: 0,234, iar pentru metacognitie —
atitudine: 0,534. Aceasta inseamna ca dacd vom reusi o crestere a metacognitiei cu o unitate
pe scara Likert, atunci am putea obtine o crestere a succesului academic cu o patrime, adica
un elev de nota opt va deveni unul de nota zece. in mod similar, o crestere a atitudinii cu o
unitate pe scara Likert se va transforma intr-o crestere de 23% a rezultatelor academice. De
asemenea, metacognitia si atitudinea se influenteaza reciproc destul de puternic — peste 50%
dintr-o marime este influentata de cealaltd marime.

Cuvinte-cheie: metacognitie, atitudine, succes academic, evaluare.

I. Introducere

Scopul scolii este, In primul rand, de a forma cetateni alfabetizati din punct de
vedere stiintific si care au competente de invatare pe tot parcursul vietii (LLL —
lifelong learning). In acest context, metacognitia este 0 componenti importanti a
invatarii, deoarece ajuta atat la intelegerea conceptuala a fizicii, cat si la formarea
competentelor LLL. De asemenea, metacognitia este baza Invatarii autoghidate [1].

Problema masurdrii nivelului metacognitiei este tot mai des intalnitd in
literatura stiintificd internationald. De exemplu, in lucrarile [2, 3] este prezentat un
formular pentru a masura metacognitia elevilor la rezolvarea problemelor de fizica.
Autorii au considerat ca la rezolvarea problemelor de fizica lucreaza sase
componente ale metacognitiei elevilor: 1) intelegerea cognitiei proprii; 2)
planificarea, 3) monitorizarea si 4) evaluarea invatarii proprii; 5) corectarea sau
ajustarea propriei invatari si 6) managementul informatiilor.

Un formular cu 50 de intrebari pentru evaluarea cunoasterii declarative,
procedurale si conditionale si a abilitatilor de planificare a invatarii, strategiilor de

management a informatiei, de monitorizare a intelegerii proprii, de structurare si
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ierarhizare a cunostintelor este prezentat in lucrarea [4]. In acest studiu s-au dedus
relatiile directe si indirecte semnificative Intre metacognitie, cunoastere epistemica,
increderea in propriile capacitati, recunoastere si interes.

Mentiondm ca diferite grupuri de cercetatori structureazd metacognitia in mod
diferit. De exemplu in lucrarea [5] s-au identificat opt factori ai metacognitiei care
contribuie la rezolvarea problemelor de fizicd, cum ar fi: 1) cunostinte declarative,
2) cunostinte procedurale, 3) cunostinte conditionale, 4) planificare, 5) monitorizare,
6) evaluare, 7) depanare si 8) gestionarea informatiilor. In acest caz, inainte de a
raspunde la chestionar, studentii au rezolvat doua probleme de fizica.

Intelegerea de citre elevi a metodelor de invitare este masurata in cadrul
studiului European Training Foundation, desfasurat in Muntenegru [6], unde este
aratat ca:

o 28% elevi nu inteleg materialul pe care-1 studiaza;

o 40% elevi nu se gandesc ce ar mai trebui de Tnvatat la tema data;

o 20% elevi nu depun niciun efort sd inteleagd materialul nou, sa-1 conecteze cu
cel deja cunoscut, nu trec materialul inca o data daca nu l-au inteles;

. Y elevi nu-si fac notite cand invata;

. 1/3 elevi nu subliniaza principalul, nu trec materialul de mai multe ori, nu
invata pe de rost definitiile, notiunile noi.

o 1/3 elevi nu sunt sistematici in efortul de invatare, invata in ultimul moment

sau copiaza de la colegi.

In lucrarea de fati ne punem problema misuririi corelatiei intre metacognitie,
cunoasterea axiologica (atitudine) si succesul academic al elevilor. Astfel, seturile
de date referitoare la metacognitie si atitudine vor fi interpretate ca variabile
dependente, iar rezultatele evaludrilor sumative — ca variabile independente.

S-au considerat trei componente ale metacognitiei: cunoasterea cognitiva,
reglarea cognitiva, aplicarea strategiilor metacognitive si trei componente ale
cunoasterii axiologice: atitudinea fata de invatarea fizicii, valorile fundamentale in

invatarea fizicii, etica In invatarea fizicii.
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Componentele metacognitiei au fost structurate in:

Cunoasterea cognitivid. Aceasta presupune intelegerea de catre elev a
propriei gandiri si a proceselor cognitive. Acest aspect implicd constientizarea
asupra modului in care elevul proceseaza informatia, ia decizii si rezolva probleme.
Cunoasterea cognitiva permite elevului sd recunoasca strategiile pe care le foloseste
in diferite situatii si s evalueze eficienta strategiilor aplicate in procesul sau de
invatare.

Reglarea cognitiva. Este capacitatea de a controla si ajusta procesele
cognitive pentru a imbunatdti performanta. Reglarea cognitivd implica
monitorizarea atentd a progresului, evaluarea strategiilor utilizate si, dacd este
necesar, ajustarea acestora la obiectivele propuse. Aceastd componentd implica, de
asemenea, autocontrolul si autoreglarea in timpul activitatilor cognitive.

Aplicarea strategiilor metacognitive. Are in vedere utilizarea constienta a
diferitor strategii pentru a imbunatati procesele cognitive. Aceasta include alegerea
si aplicarea strategicd a tehnicii de invatare sau a unui set de reguli in functie de
cerintele unei sarcini specifice. Exemple de strategii metacognitive includ
planificarea, monitorizarea, evaluarea si ajustarea de catre elevi a propriei invatari.

Astfel, prin dezvoltarea acestor trei componente, elevii devin capabili sa-si
optimizeze procesele de invatare, sd-si Imbunatiteascd performanta in rezolvarea
problemelor si sd devina mai eficienti in gestionarea sarcinilor cognitive.
Metacognitia este esentiald pentru invatare si autoreglare, contribuind la dezvoltarea
abilitatilor de gandire criticd si la atingerea succesului academic si personal pe
termen lung.

Componentele cunoasterii axiologice au fost structurate in:

Atitudinea fata de invatarea fizicii: elevii au o atitudine pozitiva si deschisa
fata de studiul fizicii, ei recunosc importanta si relevanta acestei discipline in viata
de zi cu zi si pentru Intelegerea lumii inconjuratoare.

Valorile fundamentale in invatarea fizicii: elevii manifesta, se identifica si
sustin astfel de valori fundamentale, precum curiozitatea, perseverenta, colaborarea
st respectul in contextul procesului de invatare a fizicii. Aceste valori formeaza baza

unei conduite pozitive In invatarea fizicii.
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Etica in Invatarea fizicii: intelegerea si promovarea evaludrii etice in studiul
fizicii, incluzand constientizarea impactului etic al cercetarii, respectarea drepturilor
colegilor de clasa si constientizarea responsabilitatii sociale asociate cu cunoasterea
stiintifica.

Aceste componente sunt esentiale pentru a asigura nu doar o intelegere
adecvata a continutului stiintific, ci si pentru a forma atitudini si valori care sa
sustina dezvoltarea continud in domeniul fizicii si sd promoveze o implicare pozitiva

si responsabild in procesul de invatare.

II. Metodologie

Pentru a vedea daca exista o corelatie dintre metacognitie, atitudine si succesul
academic al elevilor de clasa a 7-a la fizica, s-a pus problema de a masura succesul
academic prin teste de evaluare elaborate conform referentialului de evaluare a
competentelor specifice disciplinei si standardelor de eficientd a invatarii [7, 8].
Pentru masurarea nivelului de atitudine si metacognitie, s-a elaborat un chestionar
la care au raspuns elevii. In acest scop, patru clase de a 7-a din IPLT ,Mihai
Eminescu”, mun. Ungheni, au realizat doua teste de evaluare sumativd in urma
studierii capitolelor ,,Miscarea si repausul” (test realizat la 12.10.2023) si
»Interactiuni” (test realizat la 14.12.2023) [9, 10]. Chestionarul pentru evaluarea
nivelului de metacognitie si atitudine a fost completat de aceiasi elevi la 13.11.2023.
Asa cum unii elevi au lipsit sau la evaluare, sau la chestionare, s-au procesat datele
colectate de la elevii prezenti, adica de la 110 elevi de clasa a 7-a, dintre care 55 de
baieti s1 55 de fete.

Chestionarul propus este structurat in 30 de Intrebari, dintre care 15 despre 3
componente ale metacognitiei si 15 despre 3 componente ale atitudinii. Fiecarei
componente 11 corespund céte 5 intrebari. Fiecare intrebare are 5 optiuni de raspuns,
dupa scara Likert, unde elevul putea sd aleaga doar una din cinci. De exemplu, doua
intrebdri pentru evaluarea constientizarii cognitive sunt:

Pot singur sa identific si sa depasesc dificultatile intdmpinate la intelegerea

unei teme noi la fizica?
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Cu greu | In micd masurd | Ocazional | In mare masurd | Cu usurintd

Atunci cand rezolvi o problema la fizica, esti constient de modul in care

gandesti?

Deloc Putin Partial | In mare misurd | Pe deplin

Mentiondm cd variantele de raspuns difera, in functie de intrebare.
Raspunsurile sunt notate de la stAnga spre dreapta, respectiv cu 1, 2, 3, 4 si 5 dupa
scara Likert.

De asemenea, au fost 5 intrebari pentru componenta ,,Controlul cognitiv”. lata

doua dintre ele:

Imi setez singur obiective clare pentru a-mi gestiona invatarea la fizica?

Nu imi setez obiective | Rareori | Ocazional | Deseori | Intotdeauna

Pentru a-mi imbunatati rezultatele la fizica, imi evaluez singur cunostintele?

Deloc Rareori | Ocazional | Deseori | Intotdeauna

Pentru evaluarea gradului de utilizare a strategiilor cognitive, de asemenea, au
fost 5 intrebari. Prezentdm doud exemple cu optiuni de raspuns identice:

Aleg si folosesc intentionat diverse strategii de rezolvare a problemelor de
fizica?

Inteleg modul in care folosesc anumite metode de memorare?

Deloc Putin Partial Foarte | Complet

Pentru evaluarea componentei atitudinii elevilor fatd de invatarea fizicii, au
fost 5 intrebari. Prezentam doua exemple:
Imi place sa invat lucruri noi si sa rezolv probleme la lectiile de fizica?

Intelegerea fizicii imi poate fi utila in viata mea de zi cu zi?
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Pentru evaluarea componentei atitudinii care se referda la valorile
fundamentale in invatarea fizicii, au fost propuse 5 intrebari. Prezentdm un exemplu:

Apreciez astfel de calitati precum curiozitatea si dorinta de a intelege lucruri
noi la lectia de fizica?

Pentru componenta de eticd in invatarea fizicii, au fost propuse 5 intrebari de
tipul:

Cred ca e important sa nu trisezi la lucrarile de laborator?

Ipoteza de cercetare

Ipoteza nuld H,: rezultatele academice ale elevilor nu sunt influentate de
nivelul lor de metacognitie si atitudine (cunoastere axiologica).

Ipoteza alternativa H;: rezultatele academice ale elevilor sunt influentate

pozitiv de nivelul lor de metacognitie si atitudine (cunoastere axiologica).

ITII. Rezultatele analizei statistice

In Tabelul 1 sunt prezentate rezultatele statisticii descriptive. Au participat
acelasi numar de baieti si fete — 55. Media punctajului pentru nivelul de metacognitie
este aceeasi la baieti si la fete; media pentru nivelul atitudinii la fete este mai mare
decat la baieti; rezultatele evaludrii sunt mai inalte la fete decat la baieti. Devierea
standard vorbeste despre gradul de dispersie a rezultatelor individuale fata de medie.
Asa cum pentru toate cazurile (metacognitie, atitudine, evaluare) atat la baieti, cat
si la fete rezultatele testului Shapiro-Wilk sunt mai mari decét valoarea de referinta,
nu putem concluziona cd datele nu provin dintr-o distributie normald. Aceasta
inseamnd ca analizele care presupun o distributie normald sunt adecvate pentru

aceste seturi de date.
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Tabelul 1. Statistica descriptiva pentru metacognitie, atitudine si succesul

academic

Metacognitie Atitudine Evaluare

B G B G B G

Nr. elevi 55 55 55 55 55 55
Modulul 2.967 | 3.012 | 3.082 | 3.728 | 5.502 | 6.407
Mediana 3.100 | 3.100 | 3.300 | 3.600 | 6.000 | 6.500
Media 3.182 | 3.262 | 3.395 | 3.558 | 6.118 | 6.409
Devierea Std 0.474 | 0.611 | 0.558 | 0.551 | 1.475 | 1.316

Shapiro-Wilk test 0.974 | 0958 | 0.973 | 0.948 | 0.939 | 0.982
P-value of Shapiro- | 7¢1 1 0 050 | 0.249 | 0.019 | 0.008 | 0.589

Wilk
Minimum 2.300 | 2.000 | 2.300 | 2.700 | 4.000 | 3.500
Maximum 4.300 | 4.900 | 4.700 | 4.700 | 10.000 | 10.000

Caracterul normal al distributiei datelor este confirmat si de graficele
distributiei elevilor dupad nivelul metacognitiei (vezi Figura 1), atitudinii (vezi

Figura 2) si rezultatele evaluarilor (vezi Figura 3).
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Figura 1. Distributia elevilor dupa nivelul de metacognitie
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Figura 2. Distributia elevilor dupa nivelul atitudinii
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Figura 3. Distributia elevilor dupa rezultatele evaluarii

In Tabelul 2 sunt prezentate rezultatele calculirii coeficientilor de corelatie
intre metacognitie, atitudine si succesul academic. Valorile coeficientilor de
corelatie r — Pearson si p — Spearman indicd ca exista o corelatie pozitivd moderata
intre nivelul de metacognitie si succesul academic al elevilor, nivelul de atitudine si
succesul academic, cat si intre metacognitie si atitudine. Este interesant de mentionat
ca 1n cadrul acestor trei perechi, cea mai puternica corelare este intre metacognitie
st atitudine — o intelegere mai profunda a propriei invatari se transforma in atitudine
pozitiva fatd de obiect, in cazul dat — fizica. Acest lucru se poate vizualiza si grafic
(vezi Figurile 4-6). Subliniem ca rezultatele noastre referitor la coeficientii de
corelare intre metacognitie, succesul academic si atitudine corespund calitativ si
cantitativ rezultatelor altor cercetari. De exemplu, atunci cand studiaza corelarea
dintre cele 5 dimensiuni ale competentei de a Tnvata — cognitiva, metacognitiva,
afectivd, sociald si eticd — grupul spaniol Fran J. Garcia-Garcia et al. de la
Universitatea din Valencia a obtinut astfel de valori pentru coeficientul Spearman:
Metacognitie — Atitudine: 0,611; Cognitie — Metacognitie: 0,631 [11].

Tabelul 2. Corelarea intre metacognitie, atitudine si succesul academic

Pearson Spearman
r p rho p
Metacognitie — Succesul academic | 0.506 <.001 0.547 <.001
Atitudine — Succesul academic 0.483 <.001 0.499 <.001
Metacognitie — Atitudine 0.731 <.001 0.674 <.001
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In Figura 4 este prezentati grafic corelatia intre metacognitie si succesul
academic (sau rezultatele evaluarii). Este interesant de mentionat c notele cele mai
mari ((= 9) le au elevii cu un nivel de metacognitie mediu (5 elevi) si doar un singur

elev de nota 9 isi apreciaza intelegerea propriei invatari cu 4 din 5 dupa scara Likert.
10
g —

o r=0.506

60 oo : p=0.547

Evaluation
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Figura 4. Corelatia intre metacognitie si succesul academic

In Figura 5 este prezentati grafic corelatia intre atitudine si rezultatele

evaluarii. Se vede ca o dispersie mai mare a datelor diminueaza coeficientul de

corelatie.
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p = 0.499

Evaluation

| I I [ ] I 1
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Figura 5. Corelatia intre atitudine si rezultatele evaluarii

In Figura 6 este prezentati grafic corelatia intre atitudine si metacognitie. Se
vede ci o densitate mai mare a datelor determini o corelatie mai puternici. In mod
corespunzitor, dreapta de corelatie este inclinatd mai mult. In concluzie, din Figurile
4-6 se observa clar ca cu cat valorile lui Pearsonr si Spearman p sunt mai

aproape de unitate, cu atat corelatia este mai pronuntata.
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r=0.731

Attitude

p =0.674

| | | | |
20 25 3.0 35 4.0 45 50
Metacognition
Figura 6. Corelatia intre atitudine si metacognitie

In Tabelul 3 sunt prezentate rezultatele analizei regresiei liniare, efectuate in
scopul verificarii ipotezelor de cercetare. Din datele acestui tabel se vede ca ipoteza
nuld H, despre inexistenta corelatiei intre metacognitie, atitudine si succesul
academic nu se confirmd, dar se confirma ipoteza alternativa H; R(H,) =
0; 0<R(Hy) <1

Tabelul 3. Analiza regresiei liniare

Model R R? | Adjusted R?
Ho 0.000 | 0.000 0.000
Hi 0.506 | 0.256 0.249
Ho 0.000 | 0.000 0.000
Hi 0.483 | 0.234 0.227
Ho 0.000 | 0.000 0.000
H, 0.731 | 0.534 0.530

Succesul academic vs metacognitie

Succesul academic vs atitudine

Metacognitie vs atitudine

IV.  Concluzii

In primul rdnd, nu s-a confirmat ipoteza nuld despre inexistenta corelatiei in
atitudine, metacognitie si succesul academic, coeficientul de regresie R pentru
modelul H, fiind egal cu zero.

In al doilea rdnd, s-a confirmat ipoteza alternativa ,,succesul academic al
elevilor este influentat pozitiv de nivelul de metacognitie si atitudine”, valoarea
coeficientului de regresie fiind R > 0.

In al treilea rdnd, asa cum in cazul succesul academic vs metacognitie

R(H,) = 0,256, circa 25% din rezultatele evaludrii sunt determinate de
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metacognitie; in cazul succesul academic vs atitudine R(H;) = 0,234 si cca 23% -
de nivelul atitudinii. Aceasta inseamna ca daca vom reusi sa obtinem o crestere a
metacognitiei cu o unitate pe scara Likert, atunci am putea obtine o crestere a
succesului academic cu o patrime, adica un elev de nota opt va deveni unul de nota
zece. In mod similar, o crestere a atitudinii cu o unitate pe scara Likert se va
transforma intr-o crestere de 23% a rezultatelor academice.

In al patrulea rdnd, metacognitia si atitudinea se influenteaza reciproc destul
de puternic: R(H;) = 0,534 — peste 50% dintr-o marime este influentata de cealalta
marime.

In al cincilea rdnd, daci examinam graficele din Figurile 4-5, observam ca
existd elevi cu un nivel relativ ridicat de metacognitie si atitudine, dar care au note
joase la evaludri. Aici pot fi multiple cauze: de la nivelul de stres din timpul
evaluarii, metode didactice ineficiente care nu pun in valoare potentialul elevului,

diferiti factori sociali extrascolari etc.
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PROMOTING THE IMAGE OF THE SCHOOL THROUGH PROSOCIAL
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Abstract. In an increasingly competitive and interconnected world, promoting a
positive image of the school becomes essential for attracting and retaining talented students,
maintaining community support, and ensuring the resources necessary for a quality
education. A school with a solid reputation will more easily attract the attention of families
seeking trustworthy institutions, benefit from financial support and community
involvement, develop educational partnerships, and strengthen cohesion and morale among
students and staff. Promoting a positive school image not only contributes to its long-term
success but also enhances the quality of education and the student experience.

Keywords: promotion, positive image, talented students, community support,

resources, quality education.

Rezumat. Intr-o lume tot mai competitiva si interconectati, promovarea unei imagini
pozitive a scolii devine esentiald pentru atragerea si retinerea elevilor talentati, mentinerea
sprijinului comunitatii si asigurarea resurselor necesare pentru o educatie de calitate. O
scoald cu o reputatie solida va atrage mai usor atentia familiilor in cautare de institutii de
incredere, va beneficia de sprijinul financiar si implicarea comunitatii locale, va dezvolta
parteneriate educationale si va consolida coeziunea si moralul in randul elevilor si al
personalului. Promovarea unei imagini pozitive a scolii nu numai ca contribuie la succesul
sau pe termen lung, dar si la cresterea calitatii educatiei si a experientei elevilor.

Cuvinte-cheie: promovare, imagine pozitiva, elevi talentati, sprijinul comunitatii,

resurse, educatie de calitate.
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Promovarea unei imagini pozitive a scolii este esentialda In contextul unei
societdti din ce in ce mai competitive si interconectate. In primul rand, intr-o era in
care accesul la informatii este la indeméana tuturor, parintii si elevii au o gama larga
de optiuni educationale din care sa aleaga.

In acest sens, o imagine solidi si pozitiva a unei scoli devine un factor crucial
in procesul de decizie al familiilor in ceea ce priveste educatia copiilor lor. O scoala
cu o reputatie stralucitoare va atrage cu sigurantd atentia parintilor care cautd o
institutie de Incredere si de inalta calitate pentru educatia copiilor lor.

In al doilea rand, intr-o societate in care colaborarea si sprijinul comunitar sunt
tot mai importante, o imagine pozitiva a scolii poate contribui la cresterea nivelului
de implicare si sprijin din partea comunitatii locale. Comunitatea este mai dispusa
sa se implice si sa sprijine financiar scoala atunci cand are incredere in calitatea
educatiei oferite si in misiunea institutiei. Aceastd implicare a comunitatii poate
aduce beneficii semnificative, cum ar fi resurse suplimentare, parteneriate
educationale si oportunitati de dezvoltare pentru elevi.

In plus, promovarea unei imagini pozitive a scolii poate consolida relatiile cu
alte institutii educationale, organizatii non-profit si companii locale. Prin
colaborarea cu aceste entitati, scoala poate accesa resurse suplimentare, poate oferi
experiente educationale diverse si relevante si poate crea o retea de suport extinsa
pentru elevi.

Tabelul 1. Activitati de promovare a imaginii scolii

Activitate de Mod de Scop Rezultate
promovare a realizare
imaginii scolii

Construirea unei  Definirea Stabilirea unei identitati Consolidarea unei culturi
identitati puternice viziunii, misiunii puternice si a unei culturi institutionale puternice si

si valorilor clare organizationale coezive coezive
Comunicare Utilizarea Transmiterea informatiilor ~ Cresterea gradului de
eficienta diverselor canale despre realizari, programe  constientizare si implicare in

de comunicare  educationale, evenimente  viata scolii
catre parinti, elevi, personal
si comunitatea locala
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Activitate de

promovare a

imaginii scolii
Implicarea
parintilor si a
comunitatii

Utilizarea
tehnologiei

Recompensarea si
recunoasterea

Programarea
evenimentelor de
deschidere

Participarea 1n
competitii si
proiecte
comunitare

Solicitarea
feedback-ului si
imbunatatirea
constanta

Mod de
realizare

Organizarea
evenimentelor si
parteneriate

Dezvoltarea unei
prezente online

Celebrarea
succeselor

Organizarea
evenimentelor
deschise

Implicarea in
diverse
competitii si
proiecte
Colectarea si

analizarea
feedbackului

Scop

Sporirea implicarii si a
sprijinului comunitétii fata
de scoala

Distribuirea informatiilor
prin intermediul site-ului
web, retelelor sociale,
platformelor digitale

Consolidarea unei culturi a
realizarilor si evidentierea
aspectelor pozitive ale vietii
scolare

Prezentarea facilitatilor si
programelor educationale
ale scolii

Cresterea vizibilitatii si a
prestigiului scolii in
comunitate

Identificarea punctelor forte
si slabe pentru imbunatatirea
continua

Rezultate

Dezvoltarea unei comunitati
scolare puternice si angajate

informatiilor si interactiunii
online

Motivarea si incurajarea
elevilor si a personalului

Atragerea i captarea
atentiei potentialilor elevi si
parinti

Demonstrarea excelentei si a
angajamentului scolii

Cresterea calitdtii serviciilor
si programelor educationale

Promovarea imaginii scolii 1si gaseste justificarea in contextul actual al educatiei,
in care este din ce In ce mai importantd dezvoltarea unei identitati scolare puternice si a
unei culturi organizationale pozitive. Este esential ca scolile sa adopte strategii eficiente
pentru promovarea imaginii lor, iar implicarea elevilor de varsta primara in activitéti de
comportament prosocial poate juca un rol crucial in acest sens.

Prin implementarea activitatilor de comportament prosocial, precum
voluntariatul in comunitate, proiectele de responsabilitate sociald sau programele de
mentorat intre elevii mai mari si cei mai mici, scolile pot contribui la formarea unor
cetateni responsabili si empatici, incurajand dezvoltarea abilitatilor sociale si a unui
comportament pozitiv in randul elevilor de varsta primara.

Aceste activitati nu numai contribuie la promovarea imaginii pozitive a scolii,
dar au si un impact profund asupra formadrii caracterului si dezvoltarii personale a

elevilor mici.
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Beneficiile aduse elevilor mici prin astfel de activitati includ dezvoltarea

empatiei, a spiritului civic si a abilitdtilor de colaborare si comunicare. In plus,

promovarea unei imagini pozitive a scolii poate consolida legéturile dintre scoala si

comunitatea locald, sprijinind astfel dezvoltarea educatiei si a serviciilor

educationale Tn ansamblul sau.

Tabelul 2. Promovarea imaginii scolii prin activitati de comportament

Activitate de
promovare a
imaginii scolii
Implementarea
programelor
de educatie
pentru
comportament
prosocial

Organizarea
de evenimente
si proiecte
caritabile

Promovarea
unui climat

prosocial la elevii de varsta primara

Idei si
argumente

Argument:
dezvoltarea
abilitatilor
sociale si
promovarea
valorilor
precum
empatia si
respectul
reciproc
contribuie la
crearea unei
imagini
pozitive a
scolii.

Argument:
implicarea in
activitati de
responsabilitate
sociald
consolideaza
imaginea scolii
ca o institutie
preocupata de
binele
comunitatii.

Argument: un
mediu scolar

Desfasurarea
activitatilor

- Planificarea si
implementarea
programelor de
educatie pentru
comportament
prosocial

- Integrarea
temelor precum
empatia si
altruismul in
curriculum

- Organizarea de
activitati practice
si jocuri
interactive pentru
dezvoltarea
abilitatilor sociale

- Identificarea
nevoilor
comunitatii si a
proiectelor

Obiective

- Dezvoltarea
abilitatilor sociale
la elevi

- Reducerea
conflictelor si
imbunatatirea
relatiilor
interpersonale

- Sprijinirea
comunitatii locale
- Promovarea
valorilor de

caritabile potrivite altruism si

- Planificarea si
organizarea
evenimentelor si
proiectelor
caritabile

- Implicarea
elevilor in
activitati de
voluntariat si de
responsabilitate
sociald

- Implementarea
unui set de reguli

solidaritate

- Cresterea
sentimentului de

Scop

Consolidarea
unei culturi a
respectului si a
compasiunii in
scoald

Consolidarea
legaturilor
intre scoala si
comunitate

Cresterea
coeziunii si a

Rezultate

Elevi mai
implicati, relatii
mai sdndtoase
intre elevi si o
atmosfera scolara
mai pozitiva

O comunitate mai
implicata si mai
apropiata de
scoald, elevi mai
constienti social
si cu un sentiment
de apartenenta
mai puternic

Elevi mai fericiti
si mai motivati,
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Activitate de Idei si Desfasurarea Obiective Scop Rezultate

promovarea  argumente activitatilor

imaginii scolii

scolar pozitiv ~ sigur si si standarde siguranta si spiritului de ~ reducerea

si incluziv prietenos pentru apartenenta in apartenentd in absenteismului si
contribuie la ~ promovarea randul elevilor scoala a
formarea unei respectului si a - Promovarea comportamentelor
imagini diversitatii valorilor de respect problematice
pozitive a - Organizarea de  si diversitate
scolii. ateliere si sesiuni

de sensibilizare
pentru elevi si
personal

- Crearea unui
mecanism eficient
de gestionare a
conflictelor

Expertii educationali, precum Philip Hallinger, Michael Fullan, Deborah L.
Floyd si Alan H. Spector, au evidentiat importanta promovarii unei imagini pozitive
a scolii si beneficiile aduse de aceasta elevilor mici si comunitatii. Philip Hallinger
subliniaza ca reputatia scolii este cruciald in atragerea si mentinerea elevilor talentati
si in obtinerea sprijinului comunitatii [10]. Michael Fullan evidentiazd ca o
identitate scolard puternica poate genera un sentiment de mandrie si apartenentd in
randul elevilor [11], In timp ce Deborah L. Floyd si Alan H. Spector accentueaza ca
promovarea imaginii scolii este esentiald pentru atragerea de resurse si parteneriate

educationale benefice [5].

Tabelul 3. Promovarea imaginii scolii prin activitati de comportament
prosocial la elevii de varsta primara in viziunea expertilor Ph. Hallinger,
M. Fullan, D.L. Floyd si A.H. Spector

Expert
educational Argument Citat
»Reputatia unei scoli este o
moneda puternica in economia
Promovarea imaginii pozitive a educationald. Aceasta poate determina
unei scoli este esentiald pentru atragerea si fluxul si refluxul elevilor si poate influenta
Philip mentinerea elevilor talentati, precum si nivelul de sprijin pe care il primeste din
Hallinger pentru sprijinul comunitétii locale. partea comunitatii locale.”
O scoala cu o identitate puternica ,,O scoald care comunica in mod
si o culturd organizata corespunzitor poate eficient si promoveaza cu incredere valorile
Michael Fullan genera un sentiment de mandrie si sirealizérile sale poate crea un mediu in care
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Expert
educational Argument Citat

apartenentd In comunitatea scolara. elevii se simt conectati si inspirati sa fsi
atingd potentialul maxim.”

,O scoald cu o reputatie solida si
o prezentd online activd are mai multe sanse

Deborah L. Promovarea imaginii scolii este o sa atraga fonduri, parteneriate si oportunitati
Floyd si Alan parte integrantd a managementului scolar si a educationale, consolidandu-si astfel pozitia
H. Spector dezvoltarii organizationale. in comunitatea sa.”

In contextul educational actual, promovarea unei imagini pozitive a scolii
reprezintd un aspect esential in construirea unei comunitdti scolare sdnatoase si
prospere. Pentru a atinge acest obiectiv, este necesara implementarea unui set de
strategii si metode care sa dezvolte comportamentele prosociale la elevii de varsta
primara. In acest sens, integrarea in curriculum, formarea cadrelor didactice,
promovarea relatiilor pozitive, organizarea activitatilor extracurriculare, furnizarea
de consiliere si interventii, precum si colaborarea cu comunitatea locald sunt
aspecte-cheie ce merita atentie.

Integrarea 1n curriculum a educatiei pentru comportament prosocial este
primul pas esential in promovarea imaginii pozitive a scolii. Prin introducerea
materialelor si lectiilor dedicate, care sa dezvolte competente sociale si emotionale,
elevii sunt incurajati sd isi imbunatateascd abilitatile de comunicare, colaborare si
rezolvare a conflictelor. Astfel, ei devin mai constienti de importanta empatiei,
respectului reciproc si a responsabilitatii sociale, contribuind la crearea unui mediu
scolar mai armonios i prietenos.

Formarea si suportul pentru cadrele didactice reprezintd o altd componenta
cruciala in procesul de promovare a comportamentului prosocial la elevii de varsta
primara. Prin furnizarea de instruire si suport adecvat, profesorii sunt pregatiti sa
implementeze practici eficiente de gestionare a comportamentului si de promovare
a colaborarii si empatiei in clasa. Astfel, ei devin modele de comportament prosocial
pentru elevi si i1 incurajeaza sa 1si dezvolte abilitatile sociale intr-un mediu sigur si
stimulativ.

Promovarea relatiilor pozitive intre elevi si cadrele didactice reprezintd un alt

pilon esential In construirea unei comunitdti scolare prospere. Prin intermediul
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programelor de mentorat, a activitatilor de cooperare si a proiectelor de colaborare,
se creeaza o atmosferd de incredere si respect in scoald, favorizand dezvoltarea
relatiilor interpersonale si stimuland implicarea elevilor in viata scolara.

Organizarea activitatilor extracurriculare este o modalitate eficienta de
promovare a comportamentului prosocial la elevii de varsta primara. Prin cluburi de
bunatate, actiuni de voluntariat sau programe de educatie civica, elevii au
oportunitatea de a-si valorifica potentialul si de a se implica 1n activitdti care sa
contribuie la binele comun. Astfel, ei isi dezvolta spiritul civic si responsabilitatea
sociald, contribuind la imaginea pozitiva a scolii in comunitate.

Furnizarea de servicii de consiliere si interventii este esentiald pentru elevii
care au nevoie de sprijin suplimentar in dezvoltarea abilitdtilor sociale si emotionale.
Prin consiliere individuala si de grup, elevii sunt Indrumati sa-si gestioneze emotiile
si sd-si rezolve conflictele intr-un mod constructiv, contribuind la imbunatatirea
climatului gcolar si la promovarea unei imagini pozitive a scolii.

Colaborarea cu comunitatea locala este o alta strategie eficienta de promovare
a imaginii scolii prin activititi de comportament prosocial. Prin programe de
mentorat, proiecte de responsabilitate sociald si implicarea in evenimente
comunitare, scoala devine un partener activ in comunitate, consolidand legaturile
dintre scoald, familie si societate si contribuind la cresterea sprijinului si
recunoasterii din partea comunitatii.

In final, implementarea acestor strategii si metode constituie un cadru esential
pentru promovarea imaginii scolii prin activitati de comportament prosocial la elevii
de varstd primara, prin crearea unui mediu scolar stimulativ si sigur, in care sa fie

incurajatd empatia, toleranta si cooperarea.

Tabelul 4. Strategii si metode pentru promovarea imaginii scolii prin
activitati de comportament prosocial la elevii de varsta primara

‘ Strategii si metode Descriere

Integrarea in curriculum Introducerea educatiei pentru comportament prosocial in curriculumul
scolar prin materiale si lectii dedicate

Dezvoltarea competentelor sociale si emotionale prin activitati si resurse
educationale specifice
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Strategii si metode Descriere

Formare si suport pentru Furnizarea de instruire si suport pentru profesori pentru implementarea
cadrele didactice practicilor de comportament prosocial in clasa
Instruire privind tehnicile de gestionare a comportamentului, promovarea
colaborarii si a empatiei in randul elevilor
Promovarea relatiilor Crearea unui mediu scolar care sa incurajeze relatiile pozitive intre elevi
pozitive si intre elevi si cadrele didactice
Implementarea programelor de mentorat, a activitatilor de cooperare si a
proiectelor de colaborare intre elevi
Activitati extracurriculare Organizarea de evenimente si activitati extracurriculare care sa

promoveze comportamentele prosociale

Cluburi de bunatate, actiuni de voluntariat, programe de educatie
civica pentru a dezvolta spiritul civic al elevilor

Consiliere si interventii Furnizarea de servicii de consiliere si interventii pentru elevii care
au nevoie de sprijin suplimentar

Sesiuni de consiliere individuala sau de grup, interventii pentru
dezvoltarea abilitatilor sociale si emotionale

Parteneriate cu Colaborarea cu organizatiile si comunitatea locala pentru a oferi
comunitatea oportunitati de implicare si sprijin suplimentar

Programe de mentorat, proiecte de responsabilitate sociala,
colaborare 1n proiecte comunitare

Este crucial sa subliniem importanta deosebita a activitatilor de promovare a
imaginii scolii prin comportamentul prosocial al elevilor de scoala primara. Aceste
activitdti nu doar contribuie la dezvoltarea abilitatilor sociale si emotionale ale
elevilor, ci si la consolidarea identitatii si reputatiei pozitive a scolii Tn comunitate.
Prin integrarea in curriculum, formarea cadrelor didactice, promovarea relatiilor
pozitive, organizarea de activitati extracurriculare, furnizarea de consiliere si
interventii, precum si prin colaborarea cu comunitatea, scolile pot crea un mediu
propice pentru cultivarea comportamentelor prosociale la elevii de varsta primara.
Acest lucru contribuie la succesul academic si social al elevilor, dar si la
consolidarea legaturii dintre scoald si comunitate, ceea ce este esential pentru
crearea unei culturi scolare sanatoase si pentru asigurarea unui viitor prosper pentru
toti cei implicati. Prin urmare, investitia in aceste activitati este si o necesitate, si un

pas crucial cdtre construirea unei scoli vibrante si respectate in cadrul comunitatii.
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Tabelul 5. Asemanarile si diferentele dintre promovarea imaginii scolii prin
activitati de comportament prosocial la elevii de varsta primara in mediul
educational actual si mediul traditional

Aspect
Asemanari

Curriculum

Suport pentru cadrele

didactice

Relatii pozitive

Diferente

Flexibilitate

Integrare tehnologica

Abordare comunitara

Mediul educational actual

Integrarea comportamentului prosocial in
curriculum prin materiale si activitati

educationale dedicate dezvoltarii
abilitatilor sociale si emotionale.

Furnizarea de formare si suport pentru
cadrele didactice pentru implementarea

practicilor de comportament prosocial in
clasa.

Promovarea relatiilor pozitive intre elevi si
intre elevi si cadrele didactice

prin intermediul programelor de mentorat,
activitatilor de cooperare si proiectelor

de colaborare.

Mediul actual poate oferi mai multa
flexibilitate in adaptarea activitatilor la

nevoile specifice ale elevilor si ale
comunitatii.

Utilizarea tehnologiei pentru a sprijini si a
imbunatati activitatile de

comportament prosocial, cum ar fi

platformele online pentru educatie si

comunicarea prin intermediul retelelor
sociale.

Colaborarea stransa cu comunitatea pentru
a oferi sprijin si implicare

suplimentara pentru elevi prin programe de
mentorat si proiecte de responsabilitate
sociala.

Mediul educational traditional

Curriculumul traditional poate include,
de asemenea, aspecte de educatie morala
si

comportament, dar este posibil sa nu fie
atat de explicit integrate in curriculum.

In unele cazuri, cadrele didactice pot
primi si in mediul traditional formare si

suport pentru gestionarea
comportamentului, dar poate nu fi la fel
de accentuat pe

dezvoltarea abilitatilor prosociale.

n mod similar, mediul traditional poate
incuraja relatiile pozitive, dar poate fi

mai putin focalizat pe aceste aspecte
decat mediul actual.

n mediul traditional, existd adesea mai
putin spatiu pentru adaptabilitate si

inovatie, iar activitatile pot fi mai rigide
si mai standardizate.

Tehnologia nu este la fel de integrata in
mediul traditional, ceea ce poate duce la

0 mai mica varietate de resurse si metode
disponibile pentru promovarea imaginii

scolii si a comportamentului prosocial.

Implicarea comunitatii poate fi prezenta
si In mediul traditional, dar poate fi

mai putin accentuatd sau mai putin
integrata in activitatile scolare.

Aceste comparatii sunt adaptate conform argumentelor si observatiilor
exprimate de cercetatori si pedagogi in domeniul educatiei, care evidentiaza evolutia
st schimbdrile semnificative din mediul educational actual fata de cel traditional in
ceea ce priveste promovarea imaginii scolii prin comportament prosocial la elevii

de varsta primara.
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Abstract. The work has a theoretical-practical specificity, through which the
analysis and synthesis of the literature in the field of speech therapy is carried out,
regarding the evolution and development of language in children, reflections on
language disorders, and finally we studied dysarthria, as an exponent of language
disorders found in preschool age. The clinical and speech therapy symptoms
encountered in dysarthria are described, the psychological and clinical characteristics of
children with dysarthria are specified. Also presented is the mini-psycho-speech
investigation of two categories of preschoolers, with dysarthria and typical development
of 5-6 years; the purpose, the hypothesis, the research methods and the results of the
assessed children. The purpose of the investigation consists in: evaluating the language
disorder in preschool children 5-6 years old, detecting children with dysarthria disorder,
evaluating the level of development of thinking and memory, compared to preschoolers
with typical development. The screening method was applied to identify children with
dysarthria and methods to evaluate memory and thinking. The scores of preschoolers
with dysarthria show the insufficiency of the development of language, memory and

thinking, compared to the development of these aspects in typical preschoolers.
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Introduction

Language development includes several specific features depending on the
period of the child's development. The most important period for a child with a
predisposition to dysarthria is the preverbal period. MactiokoBa E. [9] highlights
the moments of language development in the preverbal period:

- lack in the emergence of the revival process,

- lack or delay of cooing;

- appearance of foreign, shrill, roaring, screaming sounds;

- dysregulation of the breathing rhythm and the tendency to emit sounds
during inspiration.

Gradually, during the development of language, some imperfections
caused by muscle paretics appear, which is dangerous if these disorders are
overlapped with various somatic diseases. Consequently, the language does not
develop within the limits of normality corresponding to the age and,
subsequently, lead to the installation of language disorders, but also to
disturbances in the development of mental processes with extension during the
school period.

In speech therapy practice, language disorders have a high frequency in the
preschool period, and dysarthria due to its varied typology and symptoms
requires complex, often interdisciplinary intervention, the pseudobulbar form of
dysarthria being highlighted in most cases. From a neurological point of view,
children's pseudobulbar dysarthria has a complex pathogenesis: together with the
central spastic paralysis of the muscles of the speech apparatus, as a rule,
extrapyramidal disorders of muscle tone, various hyperkinesis and other motor
disorders appear. Pseudobulbar dysarthria can be observed in children without
pronounced motor disorders who were under the influence of various adverse

factors of prenatal, natal and early postnatal development, such as toxicosis of
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pregnancy, acute and chronic diseases of the mother during pregnancy, mild
asphyxia, birth injuries, Rh-conflict situations, acute infectious diseases of
children at a very young age, etc.

In the anamnesis of the child with symptoms of pseudobulbar dysarthria,
excessive motor restlessness, constant and unreasonable crying, persistent sleep
disturbances, weakness of crying, refusal of the breast, difficulty in grasping and
holding the nipple, lethargy of the act of suggestion, frequent states of
suffocation, abundant regurgitation and rapid fatigue, somatic weakness are
mentioned, sometimes the convulsive syndrome is specific. Indicators of
children's psychomotor development vary from normal to severe delay.

In a significant number of children with dysarthria, language and
communication development develops slowly, with long speech delays. The first
words appear at the age of 1.5-2 years, expression through sentences at 2-3 years,
sometimes at 4 years, with serious phonetic disorders. In parallel, neurological
symptoms are present, which are detected during special examination using
functional techniques. The presence of an organic lesion of the central nervous
system is the main criterion in the diagnosis of pseudobulbar dysarthria.

The gross/gross motor range of children with dysarthria is characterized by
slow, awkward, constrained, undifferentiated, unproductive and aimless
movements. Children suffer limitations of movements in the upper and lower
extremities, synkinesis, muscle tone disorders, which signify extrapyramidal
insufficiency [9]. The Romberg position is positive — the increase in muscle tone
of the hands when they are raised, a slight tremor of the fingers, the movement
of the tongue towards the affected side and a slight hyperkinesia of the tongue
are recorded/witnessed. The insufficiency of general motor skills, in preschool
children with dysarthria, is evident when complex motor acts are performed,
demanding exact self-control of the movements performed by involving certain
muscle groups and in the spatial and temporal organization of the movements.
Fine motor disorders are also characteristic, manifested by disturbances in the

precision, speed and coordination of movements. Since the kinesthetic memory
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of movements is reduced, exercises involving the fingers are very difficult to
perform. A significant correlation was established between the level of
underdevelopment of manual and articulatory mobility. The articulatory and
facial muscles in children with dysarthria undergo changes in tone, accompanied
by hyperkinesia, paresis.

All the described symptoms, present in pseudobulbar dysarthria, can
appear in a non-accentuated form, if in children there are no diseases of the
musculoskeletal system. All the characteristics of verbal motor skills in preschool
children with dysarthria are due to insufficient functioning of the motor nerves
involved in articulation [13]. Due to the injury of the hypoglossal nerve, the
movements of the tongue are limited to the side, up, forward, the root of the
tongue is passive, the back of the tongue is tense, the weakness of one half of the
tongue can be observed, the tongue is restless, tense, the movements are
uncoordinated, of a reduced amplitude, the increase in fatigue of the tongue
muscle is characteristic, as well as the increase in salivation. Damage to the
glossopharyngeal and vagus nerve leads to insufficiency in the contraction of the
soft palate, a lateral deviation of the tongue, with a slight paresis of the palatine
veil on the opposite side. The insufficiency of the innervation of the articulatory
organs affects not only the separate articulation of sounds, but also the possibility
of switching the articulatory movements necessary for each sound. For the same
reason, the muscles of the lower jaw cannot contract to close the mouth, it
remains slightly open.

The asymmetry of the facial nerves causes the slight smoothing of the
nasolabial fold on both sides, conditioning the swelling on one side of the cheek
[12]. Often, there are difficulties in raising the eyebrows and alternate closing of
the eyes (simultaneous closing of both eyes or closing of only the right eye),
which is associated with damage to the facial nerve; the differentiated
movements of the lips, the tip and the back of the tongue are disturbed, because
the rigidity of the movements is highlighted, the impossibility of performing

complex movements, or due to motor restlessness, hyperkinesis of the tongue and
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facial muscles, the difficulty or impossibility of finding and maintaining the
position/posture/place of sound articulation, synkinesis when opening the mouth:
drooping of the eyelids; movements of the lower jaw when lifting the tongue up,
etc.). The switching speed of the articulatory movement’s changes, because the
perception of the series of articulatory movements is disturbed, which leads to
the appearance of perseverations and chaotic permutations [4]. Thus, the
movements of the facial muscles and the articulatory apparatus are characterized
by rapid exhaustion, low quality, imprecision, slowness, low effort. In the case
of dysarthria, in children, not only the motor aspect of the verbal system suffers:
the kinesthetic perception of the articulatory positions is disturbed, the
kinesthetic afferent is deregulated by delaying the integration of the various
functional systems that are directly related to the speech process (the motor-
kinesthetic, auditory and visual).

Verbal motor disorders are the main pathological link in pseudobulbar
dysarthria [2, 3]. The extended motor condition causes serious disturbances in
the phonetic side of language and communication: articulation, voice and other
prosodic components of language suffer, and it worsens in spontaneous speech.
Verbal breathing is closely related to voice formation, therefore melodic
intonation disorders caused by respiratory insufficiency are the most persistent
symptom of dysarthria. These disorders affect the intelligibility and emotional
expressiveness of speech along with mild paresis of the muscles of the tongue,
lips, soft palate, vocal cords, laryngeal muscles, changes in muscle tone, and
mobility restrictions. The voice also undergoes changes, such as the strength or
intensity of the voice is weakened and may progress to disappearance during
speech), there are deviations in the timbre of the voice (deaf, unmodulated,
hoarse, monotonous, strained, intermittent, etc.), the absence or the insufficiency
of voice modulation, of the intonational structure of the sentence; disturbances
occur in the coordination of breathing, phonation and articulation.

Simultaneously with the pathology of language and communication, in the

child with dysarthria, psychological disturbances were recorded at the level of
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attention, memory, the emotional-volitional sphere and delays in the
development of higher cortical processes: spatial gnosis, phonetic analysis,
constructive praxis, the appearance of the phenomenon of fatigue psychic,
expressed by rapid exhaustion (fatigue) of nervous processes. Children's
attention is characterized by a low level of stability and switching, the
impossibility of concentrating for a long period of time, of distributing attention
to a certain object [5]. Significant deviations were found in auditory and visual
memory. Difficulties in memorizing individual words, logical and semantic
memorization of the text are noted. Among the characteristics of the emotional -
volitional sphere of children with dysarthria is a slight excitability, instability
of mood, which often leads to behavioral problems. Some children have
emotional outbursts. In the diagnosis of dysarthria, some difficulties also
arise, therefore it is necessary to resort to the differential diagnosis between
language disorders. Differentiation of speech disorders allows for a thorough
and in-depth examination of children, taking into account not only all
components of verbal activity, but also a number of non-verbal functions, as
well as physical, neurological and psycho-pedagogical condition. In addition
to the state of the motor analyzer, the motor function of the articulatory
apparatus and its anatomical structure, speech therapy examination of
children is supplemented by methods for determining the general psycho-
physical state and neurological state.

The analysis of the symptomatic manifestations in dysarthria, in order to
distinguish it from similar speech disorders, especially in the mild forms of
dysarthria (which is deleted), highlighted that the key difficulty, in the category
given by children, are phonetic-phonemic and phonation disorders.

The phonetic (production) side of language resides in a close interaction
between phoneme pronunciation and voice prosody. A variety of phonetic means
(tempo, rhythm, stress, intonation) interact, determining both the semantic
content and the speaker’s attitude towards the content. In children with dysarthria,

the mentioned disorders affect the intelligibility and emotional aspect of speech,
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displaying monotony and inexpressiveness, and in most cases, they hardly
reproduce the main types of intonation: interrogative, narrative, exclamatory.
The timbre of the voice is closely related to the emotional state of the child, and
in cases with a predominance of the inhibition process, the timbre is low, the
voice is quiet or muffled, unmodulated, and in the situation of excitement, the
timbre is high, the voice is loud, crackling, breaks into falsetto. Likewise, the
pace of speech is specific, for some it is accelerated, for others it is slow. In both
cases, the sonority of a consonant or vowel in the syllable changes significantly.
In a fast rhythm, the vowels may disappear completely, and in a slow rhythm, the
syllable is lengthened due to the extension / stretching of the vowel. All this, in
one way or another, affects the speech, which becomes either too hurried,
accelerated, or extended, monotonous [17]. The rhythm of speech is irregular,
changeable, the emphasis in words is placed incorrectly. Some children do not
notice that they pronounce certain sounds incorrectly, but pay attention to similar
defects in someone else's speech, as well as in their own speech, reproduced by
the tape recorder, others do not notice distorted pronounced sounds either in their
speech or in the speech of others. This phenomenon depends on the sounds
affected, disturbed and the origin of the sound disturbance [15, 18].

Thus, we can conclude that some pronunciation disorders may be based on
disorders of auditory and phonetic perception of a secondary nature. This is very
clearly manifested in children with pseudobulbar dysarthria, the severity of the
sound pronunciation disturbance in this case depends on the severity of the
dysarthria itself.

1. Dysarthria is a language and communication disorder, characterized by
a combination of disorders of verbal components: articulation, diction, voice,
breathing, mimicry, melodicity, intonation.

2. Dysarthria is identified during the preschool period of development and
induces difficulty in differential diagnosis and corrective intervention.

3. Dysarthria is characterized by the presence of symptoms of organic
damage to the central nervous system: insufficient innervation of the articulatory

organs, impaired muscle tone in the form of erased paresis.
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4. Dysarthria often represents a comorbidity of Infantile Cerebral Palsy
(ICP), and in such a situation the differential diagnosis is paramount. Dysarthria
is often the secondary defect of paralysis [7, 8,9,10], in which the limitation of
the amplitude of movements, spasticity and muscle stiffness, and mental
imperfections of the order of borderline intellect, in happy cases, are attested.

In this sense, we started the psycho-logopedic investigation of preschool

children with language disorders.

Research objectives

The purpose of the investigation consists in: evaluating the language
disorder in preschool children 5-6 years old, detecting children with dysarthria
disorder, evaluating the level of development of thinking and memory, compared
to preschoolers with typical development.

Research objectives:

- the theoretical-analytical study of specialized literature;

- selection of psychological and speech therapy examination methods;

- selection of subjects;

- mathematical processing of experimental results.

Hypothesis: we believe that through screening we will identify
preschoolers who have dysarthria among those with language disorders, and the
comparative evaluation of the thinking and memory of preschoolers aged 5-6 will
provide useful information about the level of development of these processes and
the existing differences between categories of preschoolers.

Participating subjects: 16 preschool children 5-6 years old with language
disorder, from which we selected 6 preschoolers with dysarthria; 6 preschoolers
with typical development.

Research methodology:

»  Screening method (detection of children with dysarthria)

a) identifying the specifics of the language development of 5-6-year-old
preschoolers with dysarthria and with typical development:

* Independent speaking
»  Assessment methods for preschool children with dysarthria:
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b) methods for evaluating mental processes: memory and thinking

* Visual memory and auditory memory assessment tests

I. Visual memory assessment test

Purpose: highlight memory processes: fixation, retention, updating

II. Auditory memory evaluation test (digits)

Purpose: assessment of auditory memory

* Methods of evaluation of thinking

Purpose: highlighting the ability to conserve quantity; highlighting the
possibilities of abstraction (thinking) of concrete thinking operations (analysis,
synthesis, comparison)

I. Conservation of quantity.

II. The ability to abstract — thinking operation.

III. The ability to generalize — thinking operation.

The results of the independent speaking screening method

Aim: to identify children with dysarthria language disorder.

Method Independent speaking 1is achieved by using the educational
material The Alphabet in Pictures. The analysis of the results of the 16 children
with language disorders helped us to identify the children who have dysarthria-
like language disorders. Out of 16 children with a language disorder, we detected
6 children with pronounced disorders. Convincing and helpful signs were:
defective pronunciation and articulation of sounds and component words,
impossibility of maintaining the sound articulation position, incorrect and
strained coordination of the articulatory apparatus, facial muscles (of the round
muscle of the mouth) tense, strained; shallow and arrhythmic breathing,
salivation. Thus, we detected 6 children who we assume have dysarthria. I talked
to the parents and recommended to the parents a visit to the neurologist and an
electroencephalogram investigation.

In the table below we indicate the problems in the pronunciation of sounds

encountered by children with dysarthria.
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Table 1. Screening of children with specific manifestations of dysarthria

Children / initial medial final
sound position

1 st child R S S T:S: S
T.D

2" child C, G D, R S D H RS S
R H

3 child L P R, LR L RS
S

4" child T: Z; Ci, TS Z
Gi

5™ child RS S R:S; S R ZS
Z F

6™ child L G J L G J G J
S

Using the Alphabet in pictures method, problem sounds were identified in
the pronunciation of each examined child. Most do not pronounce, or substitute
the sound R, S, S. Children do not pronounce the T sounds; Ci, R; S, S, Z, F.
Some children distort the pronunciation of the sounds C, G, D, R, H, Others
change the place of the sound in the word. Afterwards, the children were asked
to make up a story with a picture from the Picture Alphabet. All six examined
children narrated using short sentences, with distortions of sounds and abundant
agrammatism (impossibility of grammatical agreement in gender, number, case).
The sentences focus on naming what he sees in the picture.

Importantly, all children detected by screening have a multitude of

symptoms, already listed, that confirm dysarthria disorder.

Results on methods for assessing mental processes: memory and thinking
* Visual memory and auditory memory assessment tests
» Visual memory evaluation test. Purpose: assessment of memory

processes: fixation, retention, updating
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» Auditory memory assessment test (digits): Purpose: assessment of
auditory memory

Visual memory test results.

The children were shown cards on which familiar objects were drawn.
From one object to 10 was drawn on the cards. The assessment was carried out
individually.

Here's how preschoolers with dysarthria (PD) and typically developing
preschoolers (TP) scored on this sample.

Table 2. Preschoolers' scores on the Visual Memory test

Ist 2 3 4 5 6
Presch | Presch | Presch | Presch | Presch | Average
Presch per
group
8 7 8 9
TP |9 10 8.5
5 4 4 3 3 4
PD 3.8

Preschoolers with Dysarthria had difficulty naming the object drawn on the
picture for several reasons. Some did not recognize the object, although they were
ordinary, everyday objects, and others pronounced the name incorrectly; and
another cause was that they did not memorize drawn objects. On the cards with
a smaller number of pictures, the preschoolers memorized the objects visually
and presented them verbally, but with the increase in the number of drawn
pictures, the reproduction difficulties were increasing. The total number of
objects on the card shown, reproduced by preschoolers with dysarthria was 5
(preschooler with no. 1), among preschoolers with typical development, 3

children stood out, naming 9 and 10 images.
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Figure 1. Preschoolers' scores on the Visual Memory test
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The figure illustrates very clearly the differences between the results of

preschoolers with dysarthria and preschoolers with typical development. The gap

between the results is obvious. PDs named a maximum of 5 images, and TPs

named 10 images, which tells about the level of visual memory.

Results of the auditory memory evaluation test (figures)

Children were individually and orally presented with a string of numbers

then had to reproduce the memorized numbers.

The reproduction of the string of numbers was very diverse.

Table 3. Preschoolers' scores on the Auditory Memory test

starting with 2 to 8 digits. The child listened to them, tried to memorize them and

Average
Presch Presch Presch Presch Presch Presch per
1 2 3 4 5 6 group
TP 8 7 8 8 8 7 7.7
PD 4 5 4 4 5 6 4.7

Again, we have a visible difference between the preschool groups.

Intragroup differences are not essential.
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The average of the results between the two groups of preschoolers is
impressive, M-TP = 7.7 points, and M PD= 4.7 points - a difference of 3 points.
There is a gap between the maximum and minimum score: from 8 numbers
maximum, obtained by those with typical development and 4 numbers named by
preschoolers with dysarthria. Next, in figure 2, we show the difference between

the two groups of preschoolers.
Auditory memory test

Presc 6 O 7
PresC 5 e e— §
presc4 e 8
presc 3 [ e— 8
presc2 e 7
presc 1 e e—— g

EPD ETP

Figure 2. Auditory Memory, TP and PD, test results

The difference in the average results for preschoolers with typical
development and preschoolers with dysarthria, in the Visual Memory and

Auditory Memory methods, is illustrated in Figure 3.

Media : Visual/auditory memory
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8,5 7’7
4,7
0 m
TP PD

M Visual Memory B Auditory Memory

Figure 3. Mean results in Visual Memory and Auditory Memory methods,
PD/TP
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Obviously, the results are informative, they show us what we have to do to
develop preschoolers with dysarthria, primarily in order to overcome, improve
the language disorder and develop other mental processes such as auditory and

visual memory, without which it is difficult to have results in language.

Results in Methods of assessment of thinking

Thinking was evaluated from the perspective of Conservation of Quantity,
the ability to abstract, the ability to generalize.

To begin with, we present the children's Results for the Conservation of
Quantity subtest.

This subsample contains 3 items where we use red square tokens and blue
round tokens. We assessed preschoolers individually. We received the results

shown in the table below.

Table 4. Results on subsample Conservation of Quantity

PD TP

Conservation score Conservation of | score
preschoolers | of Quantity Quantity
/

items

a |b|c a b c
1 + + 2 + + |+ |3
2 -+ |- 1 + + |+ |3
3 + |+ 2 + + + 3
4 + |+ 2 + + |+ |3
5 + + 2 + + |+ |3
6 + 1 + + |+ |3
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Subsample Conservation of quantity

3,5 3 3 3 3 3 3
2,5 2 2 2 2
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Figure 4. Results of the Conservation of Quantity subsample

Children's results on Capacity of abstraction subtest
The subsample also contains 3 items. It is carried out individually. The
condition is for the children to group the figures according to criteria — from one

criterion to three criteria (shape, color, size).

Table 5. Results on Abstraction capacity subtest

PD TP

Abstraction score Abstraction score
Preschooler | capacity capacity -A
s/

items

a |b |c a b c
1 + + 2 + + + 3
2 + | + 2 + + 2
3 + 1 + + + 3
4 + |+ |+ 3 + + + 3
5 + 1 + 1
6 + + 2 + + + 3
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The subsample was performed with several difficulties, especially
observed in preschoolers with dysarthria. Item 3 also caused impediments in

preschoolers with typical development, but they were insignificant.

subtest Capacity to abstract

3 3 33 3
3
2 2 2 2
I II : T I
O i |

prescl ptresc2 presc3 presc4 presc5 presc6

N

=

mPD mTP
Figure 5. Results of the abstraction capacity subtest
We continue with the presentation of the data for the generalization

subsample, for both categories of preschoolers: PD and TP.

Table 6. Results for the Generalization Capacity subtest, TP

Generalization Capacity -G; TP score
Preschoo
lers/
items

a |b|c |d|e [f |g|h i
1 - + |+ |+ |+ |- + | + 7
2 + |+ |+ |+ |+ |+ |- + | + 8
3 + |1+ |+ |+ |+ |+ |+ |+ |+ 9
4 + |+ |+ |+ |+ |+ |- + | + 8
5 - - + |+ |- + |+ |+ |+ 7
6 - + |+ |+ |- + |+ |+ |+ 7
Total 3|56 |6 |45 6 |6
score
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Preschoolers with PD succeeded on most items. This proves that they have
well-developed generalization ability. Generalization is an operation of thinking,
and thinking according to Vygotsky and Piaget, is closely related to language.

Results of 7 points and above place them on the high score line.

Table 7. Results of the subsample Generalization ability, PD

Generalization Capacity -G; PD score
Preschoo
lers/
items

a |b|c |d|e [f |g|h|i
1 + + + + 4
2 + |+ + + 4
3 - - + |+ + 5
4 + + + + 4
5 + + |+ + 4
6 + + + + 4
Total 3 (3|1 (3 (2 (|43 ]2
score

Preschoolers with dysarthria demonstrate average generalization ability.

If we analyze from the perspective of the complexity of the items, we state
that the item "a", "e", "g" was complicated for both categories of students, but
the difference in results leans towards preschoolers with dysarthria.

We illustrate the results in terms of item scores for PD and TP.

Generalization ability
o 33 53 65 63 45 53 45 64

0 — | | | - | - |

itema itemb itemc itemd iteme itemg itemh itemi

mPD mTP

Figure 6. The difference between PD and TP results, on the items of
Generalization Capacity subsample
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Generalization Capacity subsample

8 2 8
7 7 7
5
I4 I4 I I4 I4 I4

presc1 presc 2 presc 3 presc4 presc 5 presc 6

=
o

o N B OO

ETP mPD
Figure 7. Results on the Generalization Capacity subtest

The analysis of preschoolers' scores for each item of the generalization
subsample, then the comparison of preschoolers' results of both groups, allows
us to conclude about the difficulty of solving tasks for preschoolers with
dysarthria. Any deviation from the norm leads to difficulties on all dimensions
of personality — cognition, emotionality, psychomotricity, which we identified in

our study.

Final conclusions

A mini-investigation of the language disorder - dysarthria was carried out,
on the theoretical and applied dimensions, with the aim of analyzing and
synthesizing the scientific information related to dysarthria, on the one hand,
checking through psychological and speech therapy methods the situation of
language development and mental processes.

Dysarthria is a neurological language disorder, with a complicated etio-
pathology, diverse in symptoms, the depth of neurological damage, the
typological variety of forms of dysarthria, but also in the individual psycho-
physical peculiarities of the subject. It can be found alone but also in comorbidity
with other pathologies (disabilities).

An experiment was carried out, which had a purpose, objective, hypothesis
and a research methodology.

The study started by screening preschoolers with dysarthria among
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preschoolers with various language disorders; and had a comparative nature,
preschool subjects aged 5-6 years with dysarthria and with typical development.

The scores obtained in the tests administered revealed the way language is
constituted and the organization of mental processes, memory and thinking in
two categories of preschoolers, with dysarthria and mental development. The
results confirmed the existing results in scientific research about the insufficiency
of the development of mental processes assessed in preschoolers with dysarthria
compared to preschoolers with typical development.

The results obtained and processed mathematically, helped us to achieve

the goal and objective and confirmed the launched hypothesis.
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THE IMPACT OF LAB WORK ON SUMMATIVE
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Abstract. The paper studies the correlation between the way of performing the
laboratory work and the academic success of the students when studying Electrokinetics in
the 8th grade. According to the obtained results, the score obtained in the laboratory work
is positively correlated with the results of summative evaluation in physics. Approximately
one third of the assessment mark is explained by the laboratory work score, thus underlining
the importance of laboratory work in studying physics. It was also observed that girls
performed better than boys in both laboratory work and summative evaluation.

Keywords: constructivist methods, laboratory work, evaluation.

233


https://orcid.org/0000-0002-3905-4781
mailto:calalb.mihai@upsc.md
https://orcid.org/0000-0003-1719-4932
mailto:ira.tirigan@gmail.com

Rezumat. In lucrare se studiaza corelatia intre modul realizarii lucrarii de laborator
si succesul academic al elevilor la studierea electrocineticii in clasa a VIII-a. Conform
rezultatelor cercetdrii, punctajul obtinut la lucrarea de laborator este corelat pozitiv cu nota
finald de la evaluarea sumativa la fizica. Aproximativ o treime din nota de la evaluare este
explicata prin punctajul de la lucrarea de laborator, subliniind astfel importanta lucrarilor
de laborator in studierea fizicii. De asemenea, s-a observat ca fetele au obtinut rezultate mai
bune decat baietii, atat la lucrarea de laborator, cat si la evaluare.

Cuvinte-cheie: metode constructiviste, lucrare de laborator, evaluare.

Introducere

In predarea fizicii, metodele constructiviste pun accent pe implicarea activa a
elevilor si pe construirea cunostintelor prin experiente directe si de colaborare [1].
Trei metode constructiviste — clasa inversata, Invatarea prin investigatie si invatarea
prin colaborare in grupuri mici — sunt deosebit de eficiente In acest domeniu.

Clasa inversata (Flipped Classroom)

Clasa inversata reprezintd o abordare pedagogicd in care elevii studiaza
materialele teoretice acasd, folosind resurse digitale, si participd la activitéti
interactive si de colaborare in clasd, sub iIndrumarea profesorului. Aceastd metoda
permite utilizarea timpului de clasd pentru aplicarea practicd a conceptelor si
rezolvarea problemelor.

Lilia Gomez-Lanier subliniazd ca, in cadrul lectiilor de fizica, perceptia
elevilor asupra colabordrii in echipa devine mai pozitivd datoritd varietdtii
activitatilor si interactiunii sporite intre colegi [2]. Desi unii elevi percep clasa
inversata ca fiind dezorganizatd, combinatia dintre pedagogiile traditionale si cele
inversate faciliteazd rezolvarea prin colaborare a problemelor si dezvoltarea
abilitatilor de comunicare necesare in mediul de lucru actual.

Invitarea prin investigatie (Inquiry-Based Learning)

Invdtarea prin investigatie incurajeaza elevii si-si dezvolte propriile intrebiri,
sa colecteze date si sa analizeze rezultatele pentru a construi intelegerea conceptelor
fizice. Aceastd metoda stimuleaza curiozitatea si gandirea critica, fiind deosebit de
eficienta in laboratoarele de fizica. S-a demonstrat ca laboratoarele axate pe
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dezvoltarea abilitdtilor experimentale Imbunatitesc semnificativ abilitdtile de
gandire critica si perceptia elevilor asupra experimentarii [3]. Activitdtile care sustin
luarea deciziilor si comunicarea contribuie substantial la dezvoltarea acestor
abilitati, In timp ce laboratoarele traditionale care doar intaresc conceptele teoretice
nu au acelasi impact.

Invitarea prin colaborare in grupuri mici (Small Group Collaborative

Learning)

Invatarea prin colaborare in grupuri mici implica elevii in discutii si activitati

interactive care faciliteaza construirea cunostintelor prin colaborare si schimb de
idei [4]. Aceasta metoda este eficienta in cresterea intelegerii conceptuale a fizicii
si in motivarea elevilor pentru invatare. Elevii care lucreaza in grupuri mici in mod
regulat in cadrul lectiilor de fizica obtin progrese semnificative in intelegerea
conceptuald comparativ cu cei din clasele traditionale. Elevii din clasele cu predare
traditionala au avut de 1,5 ori mai multe sanse de a esua decat cei implicati n
invatarea activa [5]. Lucrul in echipe mici contribuie la cresterea sentimentului de
autonomie si a Increderii in sine a elevilor, elemente esentiale pentru motivare si
incredere in propriile abilitati. Aceste metode promoveaza implicarea activa,
colaborarea si construirea cunostintelor intr-un mod care pregateste elevii pentru
provocarile academice si profesionale ale viitorului [6].

Modalitati de efectuare a lucrarilor de laborator la fizica si impactul lor
asupra reusitei

Lucrdrile de laborator reprezintd un element esential in predarea fizicii,
oferind elevilor oportunitatea de a aplica conceptele teoretice Intr-un context practic
si de a-si dezvolta abilitétile experimentale [ 7]. Studiile recente au evidentiat diverse
modalitati de organizare a lucrdrilor de laborator si impactul lor asupra succesului
academic al elevilor. Mai jos sunt descrise trei modalitati principale de efectuare a
lucrarilor de laborator la fizica si impactul acestora asupra reusitei elevilor.

Conform studiului realizat de Cole Walsh si colaboratorii sdi [5],
laboratoarele care pun accent pe dezvoltarea abilitdtilor experimentale au un impact

semnificativ asupra dezvoltarii abilitatilor de gandire critica a elevilor. Activitatile
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care sustin luarea deciziilor si comunicarea contribuie substantial la aceste
imbunatatiri, In timp ce laboratoarele traditionale, axate doar pe consolidarea
conceptiilor teoretice, nu au acelasi impact. In concluzie, aceste laboratoare conduc
la o intelegere mai profunda a conceptelor fizice si la dezvoltarea competentelor
esentiale pentru succesul academic.

Lucrarile de laborator cu invatare prin investigatie le permit elevilor sa ia
decizii si sa-si gestioneze propriile experimente, duc la o implicare mai mare si la
dezvoltarea unui sentiment de proprietate asupra procesului de invatare. Elevii
devin mai angajati, 1si dezvoltd increderea si simtul proprietatii in investigatiile lor,
ceea ce contribuie la o intelegere mai profunda si la succes academic sporit [8].

Laboratoarele care incurajeaza invdatarea activa si colaborarea intre elevi
utilizeaza activitdti interactive, cum ar fi discutiile de grup si rezolvarea prin
colaborare a problemelor, pentru a facilita construirea cunostintelor. Aceste
laboratoare promoveazd implicarea elevilor si dezvoltarea competentelor de
comunicare si cooperare [5].

Modalitatile de organizare a lucrarilor de laborator au un impact semnificativ
asupra reusitei academice a elevilor la fizica. Laboratoarele axate pe dezvoltarea
abilitatilor experimentale, invatarea prin investigatie si colaborarea activa in grupuri
mici au demonstrat cd imbunatatesc intelegerea conceptuald si abilitatile de gandire
critica a elevilor. Prin implementarea acestor metode, profesorii pot crea un mediu
de iInvatare care sd promoveze implicarea activa, dezvoltarea competentelor
esentiale si succesul academic [9].

Subiectul de cercetare

Reiesind din cele expuse mai sus, sa vedem cum se reflecta rezultatul lucrarii
de laborator asupra succesului academic al elevilor prin analiza rezultatelor
evaludrii sumative efectuate dupa lucrarea de laborator. In acest sens, am formulat
ipoteza nula si ipoteza alternativa.

Scopul cercetdrii este de a analiza corelatia intre lucrarea de laborator si
succesul academic al elevilor.

Ipoteza nula HO: ,Lucrarea de laborator nu influenteaza rezultatele evaludrii

cunostintelor elevilor”.
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Ipoteza alternativa HI: ,Rezultatele evaluarii cunostintelor elevilor sunt
influentate de activitatea acestora in timpul lucrarii de laborator”.

Metodologia cercetarii

In lucrarea de fata s-a analizat impactul (influenta) lucrrii de laborator (in
special, concluzia finald) ,,Determinarea puterii unui bec electric” asupra evaluarii
sumative la capitolul ,,Fenomene electrice” in clasa a 8-a. Cercetarea a fost efectuata
pe un esantion de 98 de elevi, dintre care 58 de fete si 40 de baieti. Evaluarea
sumativa si lucrarea de laborator s-a realizat intr-un mod traditional, conform
cerintelor metodologice. Evaluarea a fost scrisd individual de cétre fiecare elev,
repartizati in doud variante, care contin itemi ce verificd Intelegerea teoriei si
abilitatile de rezolvare a problemelor la capitolul dat. Lucrarea de laborator s-a
desfasurat in cabinetul de fizica, dotat cu tot necesarul pentru aceasta lucrare, partea
experimentald s-a realizat in grupuri a cate 5 elevi pentru colectarea datelor
experimentale directe, dupa care fiecare elev calculeaza individual datele indirecte,
erorile si scrie concluzia finala.

Acordarea punctajului pentru concluzia din lucrarea de laborator s-a realizat
in felul urmator:

0 puncte — concluzia in cadrul lucrarii de laborator n-a fost scrisa;

1 punct — concluzia contine doar subiectul referitor la scopul lucrarii;

2 puncte — elevul a descris independent partea experimentald (majoritatea au
descris detaliat ceea ce au realizat in lucrare);

3 puncte — elevul a interpretat independent rezultatul final si erorile obtinute.

Notarea elevilor a fost realizata conform referentialului de evaluare la fizica.
(https://mecc.gov.md/sites/default/files/referentialul.pdf).

Tabelul 1 furnizeaza date despre frecventa notelor obtinute la lucrarea de
laborator in functie de punctajul acordat pentru concluzia din lucrare. Frecventa este
exprimatd atat in valori absolute, cat si in procente, se face si o reprezentare a

procentului cumulativ pentru fiecare nota acordata.
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Tabelul 1. Frecventa notelor obtinute la lucrarea de laborator

Nota Punctaj Frecventa Nota Punctaj Frecventa
evaluare | laborator punctaj evaluare | laborator punctaj
laborator laborator
5 0 13 8 0 0
1 5 1 2
2 7 2 7
3 0 3 1
6 0 3 9 0 0
1 8 1 1
2 17 2 4
3 0 3 1
7 0 1 10 0 0
1 9 1 1
2 15 2 0
3 1 3 3

Aceste date permit o analiza detaliatd a modului in care nota acordata
pentru concluzia lucrarii de laborator influenteaza nota finala obtinuta de elevi
in evaluarea sumativa la capitolul ,,Fenomene electrice”. De exemplu, se poate
observa ca elevii care au obtinut note mai mari pentru lucrarea de laborator au
avut, in general, si note mai mari n evaluarea sumativa. De asemenea, se poate
examina daca exista o corelatie intre nivelul detaliilor din concluzia lucrarii de
laborator si performanta generala a elevilor in acest domeniu.

Tabelul 2 prezinta statistica descriptiva pentru notele obtinute la lucrarea
de laborator, grupate in functie de nota finald la evaluarea sumativa (5, 6, 7, 8,
9, 10). Aceste statistici furnizeaza informatii despre modul in care sunt
distribuite notele de la evaluare in functie de punctajul obtinut la lucrarea de

laborator.

Tabelul 2. Statistica descriptiva pentru punctajul de la lucrarea de laborator

Nota la evaluare 5 6 7 8 9 10
Nr. elevi 25 28 26 10 6 4
Modul 0.024 1.996 1.998 1.999 2.000, 3.000
Mediana 0.000 2.000 | 2.000{ 2.000, 2.000; 3.000
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Media 0.760 1.500 1.615] 1.900] 2.000; 2.500
Devierea std. 0.879 0.694 | 0.637| 0.568 0.632] 1.000
Testul Shapiro-Wilk|0.731 0.702 | 0.786[ 0.752] 0.827/0.630

Valoarea lui p <0.00 | <0.0
pentruShapiro-Wilk<O'001 1 01 0.004; 0.101} 0.001

Nota minima la lab. |0.000 0.000 | 0.000{ 1.000[ 1.000, 1.000
Nota maxima la lab.|2.000 2.000 | 3.000] 3.000, 3.000{ 3.000

Modul: modul reprezinti valoarea care apare cel mai des intr-o distributie. in
acest caz, modul este exprimat in functie de nota acordata la lucrarea de laborator.

Mediana: mediana reprezintd valoarea care Imparte distributia in doua parti
egale, avand jumatate din valorile sub ea si jumatate deasupra. Pentru fiecare
categorie de evaluare, mediana indica nota la care se afld elevul situat in mijlocul
distributiei.

Media: media aritmeticd a notelor obtinute pentru fiecare categorie de
evaluare.

Deviatia standard (Standard Deviation): deviatia standard masoara dispersia
datelor in jurul mediei. Cu cat este mai mare deviatia standard, cu atat mai mare
este dispersia datelor.

Din Tabelul 2 rezulta ca valoarea lui p din testul Shapiro-Wilk este mult mai
mare decat nivelul de semnificatie. Astfel, nu putem respinge ipoteza ca nu avem o
distributie normala a datelor.

Testul Shapiro-Wilk: Testul Shapiro-Wilk este un test de normalitate utilizat
pentru a determina dacd o anumitd variabild aleatorie provine dintr-o distributie
normala sau nu. Valoarea lui p asociata acestui test este utilizata pentru a evalua
daca distributia datelor este normald sau nu. Daca valoarea lui p este mai mare decat
nivelul de semnificatie (de obicei 0,05), nu putem respinge ipoteza nuld ca datele
provin dintr-o distributie normala.

Nota minima si maxima la laborator: aceste valori indicd cea mai mica si cea
mai mare notd acordata la lucrarea de laborator pentru fiecare nota de la evaluare.

Rezultatele testului Shapiro-Wilk arata ca pentru toate categoriile de evaluare
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datele sunt distribuite normal (valoarea lui p asociatd este sub nivelul de
semnificatie de 0,05). Acest lucru inseamnd cd putem trage concluzii despre
existenta corelatiei intre variabilele analizate: punctajul de la laborator ca variabila
independenta si nota de la evaluare ca variabila dependenta.

Figura I prezintd grafic corelatia intre notele obtinute la evaluarea sumativa
la capitolul ,Fenomene electrice” si punctajul de la lucrarea de laborator

,Determinarea puterii unui bec electric”.

10 4

Eval

Lab

Figura 1. Corelarea intre notele de la evaluare si punctajul de la laborator

In Figura 2 este prezentati corelarea de gen (biieti — fete) pentru rezultatele
evaluarii sumative, unde media la baieti a fost de 6,325, iar la fete — 6,724, adica cu

6,3% mai mult decat la baieti.

7.2

Nota evaluare

5.8

Gen

Figura 2. Corelarea de gen pentru notele obtinute la evaluare
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In Tabelul 3 este prezentata corelarea de gen pentru notele de la laborator si
evaluare. Din acest tabel se vede ca rezultatele fetelor sunt mai bune decat cele ale
baietilor, atat la laborator, cét si la evaluare. Punctajul mediu la laborator este mai
inalt la fete decat la baieti cu 26,9%. Intr-adevir, daca luam raportul dintre notele
fetelor si baietilor, obtinem ca la laborator media notelor fetelor este cu 26,88% mai

mare decét cea a baietilor, iar la evaluare — doar cu 6,31%.

Tabelul 3. Corelarea de gen pentru notele de la laborator si evaluare

Laborator Evaluare

Baieti Fete Baieti Fete
Nr. elevi 40 58 40 58
Media 1.250 1.586 6.325 6.724
Devierea std. |0.899 0.795 1.269 1.399
Nota minima |0.000 0.000 5.000 5.000
Nota maxima |3.000 3.000 9.000 10.000

In Figura 3 este prezentati corelarea de gen (biieti — fete) pentru punctajul de
la laborator. Daca comparam Figura 3 cu Figura 2, atunci putem observa ca panta
graficului corelatiei de gen la laborator este mai accentuatd decat corelatia de gen in

cazul evaluarii. Intr-adevar, panta in Figura 3 este de 0,27, iar in Figura 2 — 0,06.

1.8 1

Nota laborator

0.8

Gen

Figura 3. Corelarea de gen pentru notele obtinute la lucrarea de laborator

In Tabelul 4 este efectuati analiza descriptiva pentru notele de la evaluare
corelate cu punctajul de la laborator. Prin analiza acestor date, putem intelege cum

sunt distribuite notele la laborator si care este gradul de dispersie al acestora fata de
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media aritmeticd. De exemplu, un coeficient de variatie mai mic, cum este in cazul
nostru, indicd o dispersie mai micd a notelor in jurul mediei aritmetice. Cu cat

dispersia este mai mica, cu atat legitatea este mai evidenta.

Tabelul 4. Statistica descriptiva pentru notele de la evaluare

aborator €] e | DS | S e
0 17 5.294 0.588 10.143 |0.111
1 26 6.577 1.238 |0.243  |0.188
2 50 6.680 1.133  |0.160 |0.170
3 6 9.000 1.265 10.516 |0.141

In Tabelul 5, cu ajutorul regresiei liniare, comparim veridicitatea a doua
ipoteze: ipoteza nuld sau modelul H,, despre inexistenta relatiei intre notele de la
evaluare si cele de la laborator, si ipoteza alternativd sau modelul H;, despre
existenta unei astfel de relatii. Asa cum coeficientul de corelatie R = 0, rezulta ca
nu se confirma ipoteza nuld. Valoarea lui R = 0,597 in cazul modelului H; indica
o corelatie pozitiva intre aceste doua seturi de variabile (punctajul de la laborator si
notele de la evaluare). Valoarea coeficientului de determinare R? = 0,357 indica
ca aproximativ 35,7% din nota de la evaluare este explicata prin nota de la laborator.
Aceasta cifrd poate fi interpretata si ca factorul de impact al lucrdrii de laborator
asupra notelor de la evaluarea de la sfarsitul capitolului. Valoarea lui R? ajustat
confirmad cd o treime din nota de la evaluare este determinatd de lucrarea de
laborator. Celelalte doud treimi — de alti factori ce urmeaza a fi luati in considerare
si cuantificati.

Tabelul 5. Analiza regresiei liniare

Modelul |R R? R? ajustat
Ho 0.000 0.000 0.000
H, 0.597 0.357 0.337
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Concluzie. Putem afirma cd ipoteza nula nu s-a confirmat, dar s-a confirmat
ipoteza alternativda, despre existenta unei corelatii pozitive intre lucrarea de
laborator si evaluare, 1/3 din nota de la evaluare este determinatd de punctajul de la
laborator. Aici subliniem faptul ca in programa scolara, pentru lucrarile de laborator
sunt rezervate doar 1/9 din orele academice alocate capitolului ,,Fenomene
electrice”.

De asemenea, un rezultat important al acestei cercetari este faptul ca fetele au
rezultate mai bune decat baietii la lucrarea de laborator, cu 27%, iar la evaluare —

cu 6%.
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AnHoTtamusi. Dusuka SBISETCS HEOTHEMIIEMOW YaCThl0 00pa30oBaTEIbHBIX
MporpaMM, HadWHAas C [IKOJNGHOTO YPOBHA H 3aKaHYWMBAas BBICIIUMH Y4YeOHBIMH
3aBelieHUsIMH. V3ydyeHue (U3MUECKUX TOHATHA W CIUHHUII H3MEpPeHHs (DU3MYSCKUX
BEJIMYMH UTPAET BAXHYIO POJb JUJIS IOHUMaHUs U OMKMCAHUSA MUpPa BOKPYT Hac, a Takke
MO3BOJISIET MNPAKTUYECKOE TMPUMEHEHHWE B TOBCEAHEBHOW MXW3HU. B JaHHOW cTaTbe
paccMaTpuBaeTCs IpoIece U MeTo bl (POPMUPOBAHUS (PU3UUCCKUX TMOHATHH y yUaIIuXCs
pa3jMuHBIX CTyNeHed o0Opa3oBaHMs, TaK Kak 0€3 yCBOSHHS (U3UYCCKUX TMOHSATHHA U
BEJIMYMH HEBO3MOXEH AaJbHEHIIUH mporece oOydyeHus ¢usuke. OAHUM M3 Ba)KHBIX
aCIleKTOB SIBJSIETCS TO, YTO 0c000€ BHHMAaHHE HEOOXOIUMO VICIHUTh H3yUYCHUIO
COIepKaHUS U MPEICTABICHUN COBPEMEHHBIX YUYECHUKOB O (PM3MUSCKHUX BEITHUMHAX U UX
CBOMCTBaX B ©CTECTBEHHOHAYYHOM MHPE W HMX BIWAHUSA Ha (HOPMHUpPOBAHHUE
€CTEeCTBCHHOHAYYHOH KapTUHBI MHpa, a TaKke, HEOOXOJAMMOCTh ITOBBIIICHHS
€CTeCTBEHHOHAYYHOH IPaMOTHOCTH YYalTUXCs Ha YpoKax (pu3uKy.

KaroueBslie ciaoBa: npormecc (GopMUpOBaHUS (PU3NUECKUX NOHATUH, QuU3nUecKas

BCJIMYMHA, CIUHUIIA U3MCPCHUS q)HSquCKOﬁ BCJIIMYMHBI.

245


https://orcid.org/0000-0002-3905-4781
mailto:calalb.mihai@upsc.md

Abstract. Physics is an integral part of educational programs, starting from the
school level and continuing through higher education institutions. The study of physical
concepts and units of measurement plays a crucial role in understanding and describing the
world around us, as well as allowing for practical applications in everyday life. This article
examines the process and methods of forming physical concepts in students at various
educational levels, as the learning of physical concepts and quantities is essential for further
progress in physics education. One important aspect is the need to pay special attention to
studying the content and perceptions of modern students regarding physical quantities and
their properties in the scientific world, as well as their influence on the formation of a
scientific worldview. Additionally, there is a necessity to improve students' scientific
literacy in physics lessons.

Keywords: the process of forming physical concepts, physical quantity, unit of

measurement of a physical quantity.

Teopernveckasi 4acThb

[TepBblif 1mar B mo3HaHMM (U3UKU — 3TO BBIABICHHME PA3IMUUS MEXIY
00BbeKTaMH  (U3UYECKOTO MHUpA. OTOT MpoIecC TO3BOJISIET  IPOBECTH
uAeHTU(PUKAIMIO 00beKTOB M3yueHus. Crenyroomuil 3tan — cpaBHeHue. OJHaKo
CpaBHEHHE BO3MOXHO TOJIBKO Ha OCHOBAaHMM HEKOTOPOHl  OOIIHOCTH.
CrnenoBarenbHO, HEOOXOAMMO HaWTH oOIllee B pazIM4YHOM, TO €CTh, oOliee U
PA3IMYHOC BLICTYIIAOT B JUAJICKTUYCCKOM CIMHCTBE.

KauecTBeHHOE cpaBHEHHE HeceT B cebe Mano mHpopmanuu. Hanpumep:
Macca nepBoro Teya 0oJiblie, 4eM BTOPOTO M TPEThEro, HO JaHHas HHPOpMaLUs
HE J1aeT BO3MOXKHOCTH CJieJlaTh BBIBOJI O TOM, Macca Kakoro Tteja Oosblie,
BTOpPOIro HJIIM TPETHEroO. HOBTOMY MOABJIACTCA 3adada BbIPpa3WTb pPEIYJIbTAT
CpaBHCHHUA TCJI B TaKOM BHJC, 4TOOBI CTAJI0 BO3MOYKHBLIM caciaaTrb BBIBOIO O
CpPaBHEHUHU BTOPOTO U TPETHETO Tel MexAy co0oil. Dra 3ajgaua pemraercs
UCIIOJIb3Ys IPOLECC U3MEPEHUS, B PE3YIIBTATE KOTOPOT'O UCCIENYEMOE CBOWCTBO
XapakTepU3yloT MPHU MOMOIIH YHCIIA.

U3mepenneM (QuU3MYECKUX CBOWCTB HA3bIBAlOT IMPOLIECC YCTaHOBKU

COOTBCTCTBUA MCKIAY CBOMCTBOM H YUCJIOM, MPUYCM TakK, YTOOBI CpaBHCHUC
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CBOMCTB MOXKHO OBUIO OBl CIeNaTh MPH MOMOIIM cpaBHEHUs yucel. OgHUM U3
CBOMCTB TeN SABJISIETCS UX NPOTSKEHHOCTh. PacCMOTpHUM MpOTSHKEHHOCTH Tena B
OJIHOM HalpaBJIEHUH, TO €CThb PACCMOTPUM UIMHY Tena. [lycTh Tena, KoTopble MBI
paccmarpuBaeMm, OyayT JnuHeWku. [l cpaBHEHHS JJIMHBI JIMHEEK UX
MPHUKIAIBIBAIOT IPYT APYTY TaK, YTOOBI OJJUH U3 KOHIIOB MEPBOM JTMHEUKHN COBIA C
KOHIIOM BTOPO# JIMHEHKU. BTOphIe KOHIIBI JTMHEEK JIMOO coBNaayT, TnO0 HeT. [Tpu
COBIIQJICHUU BCEX KOHLIOB JINHEEK OHU paBHbI MO JIUHE. [Ipu n3mepennn kaxaoi
JUHENKE MPUITHUCHIBAETCS HEKOTOPOE YHUCIIO, KOTOPOE OJHO3HAYHO OMpEIEIsieT ee
MPOTSHKEHHOCTh. [Ipu 3TOM 4KCII0 O3BOJIET BEIOPATH U3 BCEX JIMHEEK OJTHO3HAUYHO
Takue, JJIUHAa KOTOPBIX OINpeAensieTcss OSTUM uuciIoM. Takum oOpazom
XapaKTepu3yeMoe CBOMCTBO, Ha3bIBalOT (u3nueckoit BenuuuHO. [Ipu 3TOM
MPOIECC HAXOXKJCHUS YHUCIIA, XapaKTepU3yIomero (U3HYECKOe CBOWCTBO,
Ha3bIBAIOT U3MepeHueM [1].

IIpu n3MepeHusIX HEKOTOPbIX BEJIMYKH, HAIIpUMEp, TAKUX KakK, Macca, Bpems,
JUIMHA, WCIONB3YIOT TPHUEM CpPaBHEHUS C OTAJOHOM (STAJIOHHBIM TEJIOM).
Hamnpumep, mpoiiecc n3MepeHus AJIUHBI CBOAUTCS K CPABHEHUIO MPOTSIKEHHOCTH
TeJIa ¢ HEKOTOPOU JITIMHOM MPUHATON 32 EUHUILY.

[ToaTomy, IIsi M3MEpEeHHs Kakoro-Tubo CBOWCTBA HEOOXOIUMO BHIOPAThH
eANHUILY WU3MEpEHUus, TO €CTh OlpeleleHHOe (PU3nYeckoe CBOWCTBO, KOTOPOMY
MPUIHMCHIBAETCS €IWHUIA (Yucio oauH). M3 3Toro ciemyer, 4yTo H3MepeHHue
CBOJIUTCSI K CPABHEHUIO U3MEPSEMBIX CBOMCTB CO CBOMCTBOM, KOTOPOE TIPUHSTO 32
SIMHUILY.

Eme no Hamel »pbl JNIOAM CTaJIKUBAIMCH C TpoOIeMaMu H3MEpEeHHUS
paccTosSHUM, IUIOMIAJiell 3eMEeNbHBIX YYacTKOB, BBICOTHI 3MaHUA U OOBEMOB
pa3InuHbIX Benied. CBOWCTBA U KaY€CTBA, C KOTOPBIMU MPUXOIUTCS UMETh JEJI0 B
¢bu3mKe, Ha3BIBAIOT (PU3UIECKUMHU BEIMUMHAMH. B 3TOM ciiydae 1menbro u3MepeHus
SBIISIETCS HAXOXJCHHWE 3HaueHus (Qu3nueckoil BenuuuHbl. KonmuecTBeHHAs
BeIMYMHA (U3NYECKOTO TMapaMeTpa, MPUHATOTO 3a €IUHUILY, TIO OIpPEACTICHHIO

pPaBHO OJHOMY.
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du3mKa uccienyeT MHOKECTBO (pU3MUecKuX BenuurH. Kaxas u3 Hux MoxxeT
U3MEPATHCS TOJIBKO B CBOMX COOCTBEHHBIX enuHumax. V3 storo cnempyer, 4ro
KOJIMYECTBO E€JMHMII H3MEPEeHus paBHO uHcay ¢(usnueckux BenuuuH. Ho,
¢u3nUecKkre BEIWYMHBI HE SBISIOTCS HE3aBUCUMBIMHU BEIMYMHAMH, MEXKITYy HUMHU
CYUIECTBYIOT CBSI3H, KOTOPbIE H3y4aeT Gpu3uka. Mcrnomab3ys 3TH CBSI3U MOKHO OJHU
¢u3nyeckrue BEIMYMHBI BBIpAaXaThb 4epe3 JApyrue, a 3TO, B CBOIO OYepellb, JaeT
BO3MOXHOCTb OIPaHMYUTHCS MAaJIbIM KOJMYECTBOM (U3NYECKUX BEIMYMH, MPU
IOMOIIN E€IUHMI] U3MEPEHMSI KOTOPBIX, MOKHO BBIPaKaThb OCTaJIbHbIE. JlaHHbBIE
€MHMIIBI U3MEPEHUS] Ha3bIBAlOT OCHOBHBIMU, UX COBOKYITHOCTb HOCUT Ha3BaHHUE
«CHCTEMBI EJUHULD).

dusnueckas BeJIMYUHA COACPKUT B ce0€ KOJIMYECTBEHHYIO XapaKTEPUCTHKY
pa3sTUYHBIX (PU3UYCCKUX SBICHUH, BEIIECTB U CBOMCTB Tei. Kaxknmas dusmdeckas
BEJIMYMHA UMEET CUMBOJINYECKOE 0003HAYEHHE, YMCIOBOE 3HAYEHHE U EAUHUILY
U3MEpEHMUS.

Panblie equHMIBI BEJIWYMH BBIOMPANINUCh BO BCEX CTpaHaX I0-pa3HOMY.
Hampumep, eauHuIIBI AJMHBI YacTO MPUBSA3BIBAINCH K pa3MepaM yacTed Tena
yesioBeKa: Ha PycH MCosib30BaIuCh JIOKOTbh, apIlIMH U CaK€Hb, a B AHIVIMU — QYT.

Be10op ¢pu3nueckux BeJIWYMH, KOTOPbIE IPUHUMAIOT 3a OCHOBHBIE SIBIISETCS
IIPOU3BOJIBHBIM. B mpuHIMIIE BCe CUCTEMBI €UHUL] U3MEPEHMSI paBHOLEHHBI. [Ipu
BBIOOpE CHCTEMBl €IUHMII M3MEpPEHHMsS OpHUEHTHPYIOTCI Ha YyA0OCTBO HX
IPUMEHEHHUS B T€X WM UHBIX YCIOBUSX, TPAJAULUU pa3/ena HayKH WIH CTPaHbl U
T.4. [lonb3oBaTbcsi TAKUMHM €IMHULIAMHU OBLIO HEYIOOHO, OCOOEHHO B TOPIOBIIE
MEXy pa3sHbIMU rocyaapcrsaMu. CraHaapTu3anus pa3HbIX €IUHULl U3MEPEHUS
IIPOXOMIIA JIOJITO U UTHIIACh He 0/1MH BeK. B 1889 r. o pemennto MexnyHapoaHoin
KoH(pepeHMu Mep U BecoB B Ilapuxke Obuta coznana MexnyHapoanas Cucrema
Mep, ocHoBanHas Ha wmerpe. B 1960 r. Ha e€ ocHoBe Obula BBeIeHA
Mexnynapoanast Cuctema Equnnn (cokp. CU — Cucrtema MHTepHAIIMOHATBHAS).
B Hacrosiiee Bpemsi TOCTUTHYTO COIVIALIEHWE O MPUHATUU B Ka4€CTBE OCHOBHOM

Mexnaynapoanyto Cuctemy Enunun (¢hp. Le Systeme International d'Unités (SI))
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— CHCTeMa eMHUI] (PU3MUECKUX BEIMYUH, COBPEMEHHBIM BapHAHT METPUUECKOM
cucreMbl. Ceifyac e€ UCTIONB3YIOT B OOJIBITMHCTBE CTpaH [2].

CH onpenensier ceMb OCHOBHBIX W IPOU3BOJHBIC €IUHUIIBI (DU3HUECKUX
BEJIMYMH, a TaK)Ke HaOOp MPUCTABOK. Y CTAHOBIEHBI CTaHJAPTHBIE COKpAIEHHBIE
0003HaYeHU AJId CAUMHUIL U ITpaBUJIa 3allMCU ITPOU3BOAHBIX CIMHUILI.

OcHOBHBIE €IMHUIIBI: KWJIOTPaMM, METpP, CeKyHJa, aMIiep, KeIbBUH, MOJIb U
KaHJIena.

Beanunaa oCHOBHBIX CANHUL] U3MCPCHUA B CUCTCMC CHu YCTAHOBJICHLEI B
paMKax MeXIyHapOAHOTO COTJIALICHUs, 3a(pUKCHPOBAaHBI OHU MpPU TOMOIIU
STAJIOHOB WM (UKCAIUEH YMCIECHHBIX BEIMYMH (PyHIAMEHTAIbHBIX (DU3HUECKUX
KoHCTaHT. Kaxnasa ¢uznyeckas BeTUYMHA U3MEPSETCS BCEr/la B CBOMX €AMHHIIAX,
HO YUYUTBIBAasA CBA3HW MCXKIAY BCIWMYHMHAMU, CAUHHUIIBI OJHUX BCIUYUH MOTYT OBITH
BBIDAKEHBI 4epe3 €IMHMIBI M3MEpEeHMUs Apyrux. M3mepeHune BennuuH Bceraa
JOJI’KHO COCTOSITh B CPABHEHUU BEJIIMYUH OJJHOU MPUPOJIBI.

KpaTHble enuHUIBI — €UHUIIBI, KOTOPbIE B IEJI0€ YUCIO pa3 MPEBBIIIAIOT
OCHOBHYIO €IMHUILY U3MEPEHUSI HEKOTOPOH (PU3UUECKON BETHYNHBI.

JlonpHBIE €IMHULBI  COCTaBISIOT ONPEAENEHHYI0 JO0JI0  (4acTb) OT
YCTAHOBJICHHOMN €IMHMIIbI H3MEPEHUSI HEKOTOPOU BEINUMHBI.

KoHTposnb 1 olleHnBaHHE — OCHOBHBIE COCTABJIAIONIUE Mpolecca 00yueHHs.
OHM TpOBOJATCS Ha Pa3IMUYHBIX dTanax oO0y4deHMs, paziauyaroTcs mo Qopme u
conepxkanuto. ConeprkaHue KOHTPOJIS OIpENessieTcsl ColepKaHueM OO0yuyeHus,
KOTOPOC MOKCT OLITH MnNpeaACTaBJICHO, KaK COBOKYIMHOCTb OTACJIBHBIX 3JICMCHTOB
cucrteMsl. [Ipu mpoBeneHMHM KOHTPOJsS, HEOOXOIUMO YETKO IMPEJCTaBIATh, YTO
KOHTPOJHMPOBATh, KAaK KOHTPOJIMPOBATH U Kak OIleHUBaTh. PU3MKa KaKk HAyKa U KaK
NpeaAMET HM3YUCHHUA OIMMUPACTCA Ha OCHOBHBLIC ITOJOXKCHUA. CpC}II/I (1)I/ISI/IT-IGCKI/IX
MMOHATHH BBIACIIAIOT ITOHATHUA, UMCIOINUE KOJIMYECCTBECHHBIC XapaKTCPUCTUKU. Taxue
MOHATHUS Ha3bIBAalOTCS (PU3MYECKMMHU BeIMuMHaMu. be3 ycBoeHus (uznyeckux
MOHATHUI U BEJIMYMH HEBO3MOXKEH JaibHEUIMiA mporecc ooyuenus. [lostomy npu

MIPOBECHUHN KOHTPOJIS PE3yIbTATOB OOYYEHHUSI KOHTPOJIIO YCBOCHHS (HU3MIECKUX
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MOHATHI TOJDKHO yAENAThCs Oonbiioe BHUMaHue. C 3TOH LETbIo 1eIecoo0pa3Ho
yYaIuMcst 1aTh 00IIHe MpeCTaBISHUs 10 TaHHOMY Bompocy [3].

[Tpouecc QopmupoBanuss (U3MUECKUX TOHATUI MpeArnoaraeT aHaiu3
NOHATHUS, €ro ompeneneHue u (GopmynupoBky. B ¢usuke npu ompenenenuun
NOHATUI HCIONB3YIOTCSA TPU OCHOBHBIX MeETOAa, (OPMHUPOBAHMUSA TOHATHI:
MaTeMaTUYeCKUn (ocHOBaHHBIN HAa  JEAYKIHH); SMIUPUYECKO —
Hatyppmiocohckuii  (MHAYKTUBHBIM),  T'yMaHUTapHBIA  (MHIUBUIYaJTbHO-
aHaJIUTUYEeCKuil) [4].

®du3nka, B KOHEYHOM CYeTe JaeT KapTUHY Mupa. «Jlroboe 3HaHue mo croei
IPUPOJIE CUCTEMHO, TO €CTh COCTOMT W3 OMPEIENICHHBIX AJIIEMEHTOB, CBSI3aHO C
IPYTMMH SJEMEHTaMU 3HaHHUs, CHOCOOHO pa3BuUBaThcs M T.J. HauBbiciiee
BBIpOKEHUE JTa CHCTEMa HAXOAWUT B (u3ndeckoi Tteopun. OTIMUUTETHHBIM
NPU3HAKOM (U3NYECKOH TEOpHH SIBIISICTCS 3aMKHYTOCTH CHCTEM TIOHSITHIA,
MCYEPIBIBAIOIIE OMUCHIBAIOIINUX OMpeAeNeHHbI Kpyr sBieHuid. Kaxmgas Teopus
uMeeT crhenu@uueckue HCXOIHBIE  TOHATHS,  ONpEACNCHUs, aKCHOMBI,
MaTeMaTUYECKHI anmnapar U Ueu, CBA3aHHbIC C MHTEpIpeTalueii Teopun.» [3]

[Tpobnema GpopMHUpOBaHUS NMOHATHI PAacCMAaTPUBACTCS NMPAKTUYECKH BCEMHU
aBTOpaMu y4eOHUKOB U y4eOHbIX ocoOuii mo ¢usuke. [Ipu BBenenun puznyeckux
MOHATHUH U BEJIMYMH BaXXHO YUUTHIBATh UX CIEYIOLINE PEKOMEH IAIUH.

e JloHATHS M BEJWYMHBI, BBOJATCS TOJBKO IPH HEOOXOTUMOCTH, JUIS
OTpa’KeHHsI, KaKOro-1100 CBOMCTBA, OOBEKTa WM SBICHMS; sl TIOHATHHA
SBIISIOMIMXCST (PU3MYECKIMH BEIMYMHAMHU JIOJDKEH OBITh YKa3aH CII0CO0
HU3MEpEHUsI.

e JIoHATHS OTHOCAT K HCTOPUYECKOW KaTErOpUM, OHHM HU3MEHSIOTCS |

pa3BUBAIOTCS, [0 MEPE Pa3BUTHS PUINUECKON HAYKH.

Bonpocel wucciegoBanus. l3yueHue coxpepxkaHus U INPEACTaBICHUUN
COBPEMEHHBIX YUYEHUKOB pa3HBIX BO3PAaCTOB O (UINYECKUX BEIUYMHAX M HX
CBOICTBaX B €CTECTBEHHOHAYYHOM MHpE M HUX BIUSHUS Ha (QOpMHUpPOBaHUE

€CTECTBEHHOHAYUYHOU KapTUHBI MUpa.
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[Tpouecc hopmupoBanws GU3MUESCKUX MOHITHIA, KOHTPOIb U OIICHUBAHUE KaK

OCHOBHBIE COCTaBJISIOIINE TIpoIiecca 00y4IeHusI.

MeTonos0orust uccjaea0BaHUSA

Jlyist onipeieNieHrst CTENICHN YCBOCHHSI U 3aIIOMUHAHUS (PU3NYCCKUX BEITUUHH,
ux 0003HAYeHWH W €IUHUI] W3MEpPEHUs, MPOBOAWIACH pabdoTa C ydauuMmucs 8
knacca — 18 genosek m 10 ximacca — 22 denoBeka, mo teme «KoiebaTeabpHoe
JIBUKCHHUE B MPUPOJIC M TEXHUKE. BeTHMUMHBI, XapaKTepU3yIOIIe KojlebaTeabHoe
JIBUKCHUECY.

AJIMHUHUCTPUPOBAHUE JUCUUTLINHBI COTJIaCHO Haunonansaomy
KyppuKyaymy, Beimyck 2019 r. [6, 7], 8 kinacc (Ion Botgros, Viorel Bocancea.
Qusuxa. Yueonuk ons VIII kracca. Editia a IV-a. Chisinau, Cartier, 2019), 10
kiacc (Mihai Marinciuc, Spiridon Rusu. Qusuxa. Yueonuk ons X xnacca. Editia

a II-a. Chisindu, Stiinta, 2012).

Enunuiet Kiace K-Bo IToBrope | IlpenomaBanue | OueHu- JIab.
comep KaHus 4acoB -HHe -00ydeHue BaHIHE paboTsI
KoneGanus 8 12 2 8 1 1
Y BOJIHBI 10 14 1 11 1 1

VYyamumces ObIII0 MPeI0KEHO BBIOJHUTD CIEAYyIOIIee 3aJaHHe: 3al0JIHUTh
tabmuiy (Tadaunmal. XapakTepucTuky KojaeOaTeTbHOrO JBMKEHUS ), OIHY U TY XKe,
C HEeJOoCTaIoLMMHU JaHHBIMU 110 TeMe «KonebaTenbHoe ABMKEHHE B MPUPOJIE U
TeXHUKE. BenmnuuHbl, XapakTepusywollue KojebaTtenbHOoe HBIKEHHE» [8].
Heo6x01MuMo OTMETHUTh, YTO y4alllMecs BHIMOIHSIN 33JaHHe Ha BTOPOM ypOKe IO
NOPSJKY, COIVIACHO KaJeHJapHO-TEMaTHUECKOMY IUIAHUPOBaHWIO. Pasnnuune
COCTOSJIO B TOM, YTO y4aIluecs 8 Kjiacca TOJIBKO MO3HAKOMUJIUCH C JAHHOW TEMOH,
MHOTHME TIOHATHS CIbIIIAIN BliepBble. Yyamuecs 10 kimacca ¢ TeMon yke 3HaKOMBI
(HaumHas ¢ § Kiacca, Gpu3NYecKre BETMYMHBI 110 TaHHON TeMe BcTpedaroTces v B 10
KJjacce B I1aBe «KnHematnka», Mpu U3y4e€HUU KPUBOJIMHEWHOTO ABM)KEHHUS), HO B

Kkypce 10 knacca, cmycrs 2 roja, TeMa U3y4aeTcsi BHOBb.
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Tadaunua 1. Xapakmepucmuxu xonebamenbHo2o 08UHCeHUS

HazBanue O06o3Ha4YeHNE Cn dopmyna
[Tleu=1c

Yacrora

Macca
n

Bpewmst
A

JnuHa MasTHHUKA

g

Tabéauua 2. Boinoanenue pabomul (6e3 ouubok)
25,00%
20,00%

15,00%

10,00% -
5,00% I
0,00%

Ma/Ib4UKU AeBOYKU

M 8knacc M 10 knacc

[Ipoananu3upoBas pabOTHI yuanuxcs, ObUIN MOTYYEHbI CIEAYIONINE JaHHbIE!

» 3ajaHue JaHHOTO THIA OTHOCUTCS K 0a30BOMY YPOBHIO CIIOKHOCTH.
YHUKaM HEe0oOXOMMO ObUIO MOKa3aTh, YCBOMJIM JIM OHU TEOPETHUYECKYIO
uHpOpMalnio, pa3ouparoTcs M B (PU3MUECKUX BEIMYMHAX U YMEIOT JIH
BBIBOJUTH (DOPMYJIBL.

» Ilpu BemonHeHnu padotel, 11% neBouek m 14% manpunkoB 8 Kiacca He
JIOITYCTUJIA HU €TUHOM OIINOKH.

» llpu BemonHeHuH padoThl, 9% neBouek U 23% manpuukoB 10 Kimacca He

JOTTYCTHJIA HU €MHOU OIITHOKH.
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A.H. JleonTheB, pa3MbIluisis 0 OPMUPOBAHUN HAYUHBIX MOHATHI, TOBOPUI:

«ITpomuecc oBnageHus y4allMMHCSl CHCTEMOW HAYyUHBIX OHSATUM ONPEAEAETCs ... C

IICUXOJIOTHYESCKON CTOPOHBI IPEXKAC BCETO TEM, B KaKOro poga ACATCIBHOCTH

ydalierocs BKJIrodaercs 3ot Mmatepuan» [5]. CnenoBatenbHo, yuamuecs 10 kiacca

0o1ee 0CO3HAHHO IMOHMUMAKOT, I'/IC U KaK UM MPUTOAATCA JAHHBIC ITIOHATUSA, U TAC, U

JJIA 94€T0 UX MOKHO 6yz[eT IIPUMCHUTD.

Taxoke H606XOI[I/IMO OTMCTHUTB, UYTO:

I[Ipn  3amonHeHWW  TaOJNWIBI, MaKCUMAJIbHOE  KOJHUYECTBO
MpaBWIbHBIX OTBETOB — 24. Cpeau ydammxcs 8 Kiacca, HOJTHOCThIO
CIPaBUJIUCH C paboToii 3 yenoBeka, B 10 — 7 yenoBexk.

B 10 xmacce kimacce HET YyYalIuxcs, KOTOPbIC MOIYYHIH
OTpHULaTeNIbHbIE OLIEHKH, B 8 Kiacce — 1 ywamuiics ¢ paboToil He
CIIPaBHJICSI.

BonbminHcTBO yuammxcss B o0oux kiaccax HaOpamu 15 u Gonee
MPaBWJIbHBIX OTBETOB, UTO CBUAETEILCTBYET O TOM, uTo Oosee 50%
MaTepuasa Ko BTOpPOMY YPOKY HOBOH TJIaBbl OCBOEHO.

[TosrydeHHBIE J@aHHBIE TOBOPAT O TOM, YTO OOyYarONIUeCs
CIPaBUIIUCH C 33J]aHHEM, CXOJHBIM C TEM, KOTOPOE BBIMOIHSIIN Ha
MpeabIyIIeM ypoKe, M B paMKax JHUAarHOCTUKHA OCYIICCTBHIIN
nefcTBHE 110 00pasiry.

[TonydyeHHble NaHHBIE MOJDKHBI OPUEHTHPOBATh TeAarora Ha TO,
9TOOBI KaK MOJYKHO 4Yallle CO3/aBaTh B KJAacce TaKWe CUTYalluH, B
KOTOPBIX yYalllhecs UCTOIb3YIOT HE TOJbKO MEXaHU3MBbI TaMsTH, HO

" NPpOAYKTHBHOC MBIIIJICHUC.
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Tabauna 3. % npasunvrvlx omeemos no 3a0aHHbIM NAPamempam —
MATLYUKU

80%
70%
60%
50%

40%

30%
20%
-~ I |I -
0% — — — —

Ha3BaHue o0603HaueHune dopmyna

B ManbyMKK,8 Knacc M manbyumkm,10 Knacc

Tabauua 4. %onpasunvrvix omeemos no 3a0aHHbLIM NAPAMEMPam — 0e60UKU
30,00%

25,00%

20,00%
15,00%
10,00%
- II II
0,00% — — — — — —

Ha3BaHue 0603HayeHne dopmyna

B feBOYKN,8 Knacc M geBoYkn,10 Knacc

»  Tlo maHHBIM JuarpaMm, MOXKHO CIIeNIaTh BBIBOJIBI, O TOM, 4TO yuamuecs 10
KJIacca B IMPOLIEHTHOM COOTHOILIEHUH CIIPaBUIIMCH C 33IaHUEM JIy4llle. DTO CBS3aHO
C TeM, YTO JECATHKIACCHUKH paHee YK€ ObUIM 3HAaKOMBI C MaTepuaioM, U
BOCCTAaHOBUTH MH(OPMAILIUIO B MaMSATH UM OBLIO Jierde, YeM BOCHMHKIACCHUKAM
OCBOWTH HOBBIN MaTepuall.
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Taéauuna 5. Paboma c eounuyamu usmepenusi 8 CH

W 8 Knacc M 10 Knacc

BKA 2-3 OWMBKN4-5 OWNBOK6-7 OWLUNBOK

31,80%

27,70%
27,20%
27,70%

5%

I 5%
0%

27,70%
O I 16,60%
I 31,80%

=

HET 1
OWWMBOK

L

» OpnuH U3 BaXHBIX MapaMETPOB MPH M3YyYeHUU (DU3UKUA — EAUHUIIBI
U3MepeHuil (GU3NYEeCKUX BEIMYMH, MX Ha3BaHUs, (opma 3amucu, a
TaKKe 3HAaHUE  MaTeMaTHYeCKUX  COOTHOIIEHHUI, KOTOpoe
MIPUMEHSIETCS [IPU PELIEHUH 3a]1a4.

» VYuammecs 8 wum 10 kjacca yCBOWIM JaHHBIA — MaTepHal
NPUOINU3UTENBHO 0IMHAKOBO (28 1 32% COOTBETCTBEHHO).

» U3 8 mpeyioXeHHBIX eAMHUIl U3MEPEHHs, C TpeMs (Macca, UIMHa,
BpeMs) yuyaliMecs 3HAaKOMbl HE TOJIbKO U3 Kypca (U3HKH
MpenbIIyIIUX TOJ0B OOy4YeHHs, HO MU U3 Kypca MaTeMaTHKH.
ITosTOoMy, MOMTyYEHHBIN pe3ybTaT AOCTATOYHO CIA0bI, U Tpedyer

BHHUMAHMHA.

BriBoabI
- B Xome aHanMTHYECKOTO HCCIENOBaHHS OBLTHM HW3Y4YeHBI PabOTHI
yuamuxces 8 u 10 kmacca mo teme «KonebGaTenbHOe NBH)KEHHE B
MIPUPOJIE U TEXHHUKE. BeTnInHbI, XapakTepu3yronme KojaedareabHoe
JIBIDKEHHUE).
- IlomyuyeHHble pe3ynbTaThl CBUAECTENBCTBYIOT O TOM, UYTO y YHAILIUXCS

HYXHO ITOBBIIIATH €CTCCTBCHHOHAYYHYIO I'PAMOTHOCTD. I[.TISI 9TOro
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HE0O0X0IMMO MM Tpeasarat paboTy ¢ HayYHBIM TEKCTOM, IPUEMBI
BU3yalIM3alliil MH(QOPMAIMU MOTYT TOBBICUTH PE3YJIbTAaTHBHOCTD
€CTeCTBEHHOHAYYHOH TPaMOTHOCTH YYalIMXCS Ha 3aHATHAX I10
dusuke.

- Hcnonp3oBath Ha ypoKax CIEAYIOIIME MPUEMBI paOOTHI: TAOJIHIIB,
rpaduKHu, CXEMBbI, THarpaMMBbl, pUCYHKH M TIPE3CHTAINN, HHTEIUICKT-
KapThl, nHporpadrka, CKpaliOMHT, CKPUTITHI.

- Ypes3BbIYaiiHO BaKHO OOPATUTHCS K POOIEMe OCBOCHHS (PU3MYECKHIX
NOHATUH U aHATTN3y JOMYIIEHHBIX OIIHOOK.

- Y4uTBIBaTH MEHTAJIIbHYIO CTOPOHY — HOBasi HH(MOpMAIIHsI BKIFOYAETCS
B YK€ UMEIONIYIOCS 0a3y 3HAHHUI yUCHHKA.

- Ocoboe BHMMaHHE HEOOXOAUMO YAEIUTh U3YUYEHUIO COJIEp)KaHUS U
NPECTaBICHUN COBPEMEHHBIX YUEHUKOB O (DU3MUYECKUX BEIIMUMHAX U
UX CBOMCTBax B E€CTCCTBEHHOHAyYHOM MHUPE W WX BIMSHUS Ha
(dopMHpOBaHUE €CTECTBCHHOHAYYHOW KaPTHHBI MUDA.

- AccuMUIMPOBATh OIBIT 3apyOEKHBIX KOJIJIET IO JAHHOW TEME.
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