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Abstract

A financial and economic security system is one of the most important conditions for the effective
functioning and development of both business and government activity in the country. The financial and
economic security of economic entities and the state is a complex system, encompassing a set of internal
and external indicators aimed at the efficient use of resources. Currently, the management of financial
resources and the optimization of their use, as well as the use of financial instruments aimed at ensuring
stable and efficient financial and economic processes, are becoming increasingly important. This article
examines financial security at the micro and macro levels. It identifies factors influencing financial
security that must be considered in the financial and economic activities of economic entities and the
implementation of state financial policy.

Keywords: financial security, budget-tax system, financial policy, globalization process, financial
markets, state budget, budget funds, budget policy, inflation.

Introduction

The integration of the Azerbaijani economy into the world economy, the change in the balance of
power in the world, and the increase in competition in the global market make the problems of ensuring
economic security even more urgent. One of the most important components of the country's economic
security is financial security. Without the stable functioning of the country's financial system and
financial market, it is impossible to expand the economic and scientific potential necessary to ensure
Azerbaijan's worthy place in the world economy.

In recent years, the globalization process in the world has begun to have an increasingly strong
impact on the stability of the national financial system and financial market in many countries, including
Azerbaijan. As a result of the globalization process, the world financial market has grown progressively
and the mobility of production factors has increased significantly. As a result, the financial sector is
beginning to play a more important role in economic development than before, which poses a potential
threat to macroeconomic stability and the stability of national financial systems.

The increasing interconnection and interdependence of national financial markets and the
emergence of new financial instruments have led to an increase in the speed of financial flows between
countries. As a result of the activities of transnational financial institutions, which are beyond the control
of national governments, the volume of financial resources moving has begun to increase significantly.
Opportunities for speculative operations unrelated to real production are increasing. Economic
operations are increasingly becoming global in nature, which expands the possibilities for tax evasion and
money laundering.

With the increasing integration of Azerbaijan into the world economy, the threats to the
sustainable functioning of the national financial system created by globalization are increasing due to
the weakness of the national banking system, significant imbalances in the development of individual
sectors of the stock market, insufficient development of financial infrastructure, insufficient level of
economic and financial legislation, and the increase in the "intellectualization” of financial crimes. The
Azerbaijani economy, which has not yet completed its modernization with its increased openness to the
world market, is becoming more vulnerable to various types of financial threats, and their identification,
prediction, prevention and neutralization are becoming an important state task. Without addressing
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these threats, it is impossible to ensure the sustainable development of the country and strengthen its
economic security.

Thus, ensuring financial security is of critical importance for the economic and social development
of every country, which aims to protect the health of financial systems, ensure economic stability, and
increase the overall well-being of the country.

Discussion

One of the most important components of ensuring the economic security of the state is the
formation of financial security, which determines not only the current well-being of the state, but also
its long-term development prospects.

Financial security contributes to the preservation and stabilization of statehood as a whole, the
determination of priority directions of state policy and sovereignty.

Today, we are witnessing fundamental changes both in the Azerbaijani economy and in the global
financial and economic system as a whole. Large-scale changes are taking place in the direction of trade
flows, global financial and payment systems are taking on a new shape under the influence of new digital
technologies, and transformations in energy, transport, as well as many other economic sectors are
becoming inevitable. At the same time, after a period of rapid globalization, regionalization and
localization have intensified, especially in the areas of important goods and technologies, food and
energy. In general, governments have become increasingly aware of the importance of their
independence and non-dependence in making economic decisions.

The changes taking place in the world economy also affect the Azerbaijani economy, and this
prompts us to carefully analyze the emerging difficulties and opportunities, to find adequate responses
to current challenges. Numerous negative social, political and economic events require states to have an
effective financial strategy and ensure financial security. Fiscal and financial policy plays a key role in
this area by creating the necessary conditions and incentives for sustainable socio-economic
development in the changes taking place.

One of the priority tasks of the state's economic development is to ensure financial stability,
prosperity of the population and a high standard of living. It is through the use of budget regulation
mechanisms, investments and other extra-budgetary sources that the state can regulate the activities of
economic entities, ensure the solution of socio-political problems and support the well-being of citizens.

On the one hand, the state budget is an instrument for implementing state policy in the field of
financial security, and on the other hand, it reflects the main directions of the state's financial and
economic development. By planning and allocating the main resources, the state determines the
directions of spending funds, the characteristics of the implementation of monetary funds in the process
of determining priorities, and creates the necessary conditions for sustainable economic development.

Proper allocation and use of budget funds allows the state to ensure the stability of the economy,
social protection, infrastructure development, scientific and technical progress and other areas of
development.

The state budget of each country plays an important role in supporting the country's economic
growth and financial security, since it is through the budget that the state invests in various sectors of
the economy, infrastructure, scientific and research work and other priority areas. The state budget helps
to maintain economic stability, create conditions for growth and innovation, and at the same time, the
state apparatus and local self-government bodies, exercising their powers to form centralized funds
(budget funds) of public legal entities, distribute and use resources, and act as the main subject of
ensuring financial security.

In our opinion, the functions of the state budget are reflected in the following aspects:

- the ability to plan and regulate income and expenses by specifying and redistributing the sources
of budget revenues for various budget items and areas of activity of the state. In this context, it becomes
possible to efficiently distribute and receive state budget funds, study budget funds and areas of their
allocation;

- the state budget is a financial control mechanism and a mechanism for ensuring transparency in
the distribution of funds between regions, expenditure items, and economic entities. The process of
controlling the implementation of the budget is necessary to prevent financial violations, including
corruption, as well as to ensure the responsible use of state funds.

- the maximum importance of the size of the budget is in the areas of social protection, culture,
education and healthcare. It is through the state budget that the distribution of state revenues is carried
out for the implementation of social projects and programs, social and pension provision, culture, sports,
education and youth policy. The state budget funds are directed to financing the provision of basic areas
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of life in order to assist and support low-income and needy segments of the population.

The size and adequacy of the state budget help determine the level of welfare of the budgetary
sphere and the prospects for economic development. The same The current situation, globalization and
various negative socio-economic and political events significantly affect the formation of the state
budget, as well as ensuring the financial security of the state. This necessitates the development of
mechanisms that ensure the financial security of the state and budget distribution tools.

One of the most important directions of state policy in ensuring the financial security and stability
of the state, in addition to budget financing, is the development and implementation of investment
projects and programs aimed at supporting various areas of industry, production, science. This creates
maximum opportunities for low-income economic entities and non-profit organizations to operate stably,
to assist their development and provide high-quality services and to sell essential goods. This, in turn,
makes these products as accessible as possible to low-income and needy groups of the population, and
at the same time creates conditions for the functioning of important social institutions such as the family,
educational institutions, and healthcare institutions. All this is an integral part of ensuring the national
security of the state and a decent standard of living for the population.

One of the important issues at the present time is to determine the role of the budget policy of
Azerbaijan in ensuring the financial and technological sovereignty of the country within the framework
of the modern economic model.

The budget policy of Azerbaijan is determined by the Constitution of the Republic of Azerbaijan
and the Budget Code of the Republic of Azerbaijan (a set of laws defining the functions and legislative
acts of individual bodies in the budget process).

Budget policy should solve the following tasks:

- determining the sources of income of the state budget;

- ensuring the conditions for the formation of all possible financial sources;

- determining the appropriate distribution and use of financial resources;

- determining the structure of the consumption part of the budget;

- determining the amount of expenses that are allocated between budgets of different levels;

- forming, regulating and stimulating economic and social processes through financial methods;

- determining the specific weight of the state budget in the general consolidated budget;

- determining the goals of public debt management;

- determining the budget deficit or surplus;

- establishing a financial mechanism and developing it in accordance with changing goals and
objectives.

The budget system in the Republic of Azerbaijan consists of the state budget of the Republic of
Azerbaijan, the budget of the Nakhchivan Autonomous Republic, and local budgets.

Budget system of the
Republic of Azerbaijan

Budget of the

Nakhchivan

Autonomous
Republic

State budget

Local budgets

Budget of cities
under republican
subordination

Budget of the
regions

Municipal budget

Scheme 1. State budget system of the Republic of Azerbaijan
Source: compiled by the author.

The purpose of the state budget system of the Republic of Azerbaijan is to solve economic, social
and other strategic goals and problems in accordance with the procedure established by law and to
ensure the accumulation and use of financial resources for the implementation of state functions.

The state budget system of the Republic of Azerbaijan consists of centralized revenues and
expenditures, local revenues and expenditures

The budget system of the Nakhchivan Autonomous Republic is determined by the Constitutions of
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the Republic of Azerbaijan and the Nakhchivan Autonomous Republic, as well as legislative acts. The
budget of the Nakhchivan Autonomous Republic is formed at the expense of state taxes, other payments,
interest and penalties calculated on these taxes and payments, as well as other income established by
the Tax Code of the Republic of Azerbaijan. The funds of the budget of the Nakhchivan Autonomous
Republic are directed to financing measures related to the socio-economic development of the
Autonomous Republic and improving the well-being of the population.

The local budget is a financial resource formed and used in accordance with the status of a local
self-government body to implement the principles of self-government and exercise the powers
established by the Constitution and laws of the Republic of Azerbaijan. The preparation and execution of
the local budget is carried out in accordance with the general principles of the budget system and the
budget classification applied in the Republic of Azerbaijan.

The budget system of the Republic of Azerbaijan has recently undergone a serious stress test in
connection with the coronavirus pandemic, which required significant efforts to strengthen the
healthcare system and support the economy. During this period, the stability of state finances was
maintained, and the growth of state debt was very low compared to other major economies. In the last
two years, the importance of the budget has increased in ensuring the defense of the state, along with
maintaining macroeconomic stability and creating favorable conditions for economic and social
development.

Throughout the modern history of Azerbaijan, the country's economy has reqularly developed in
conditions of fluctuations in world markets, which required adequate responses from the country's
budget system. Back in 2004, budget rules regulating the use of oil and gas revenues were introduced
and the State Oil Fund was established. This structure was intended to accumulate budget reserves for
use in unfavorable economic conditions during periods of high energy prices. Thus, in general, this
mechanism, established twenty years ago, remains the cornerstone of Azerbaijan's budget policy. Just a
few years after its creation, during the global financial crisis of 2008-2009, it convincingly demonstrated
its effectiveness.

After the fluctuations in the world economy associated with the financial crisis of 2008, global
structural changes began to occur. Thus, in 2014, the Azerbaijani economy faced several external shocks.
Against the background of the “Shale Revolution” in the United States, the rapid increase in global oil
supply on the world energy market led to a rapid decline in oil prices, which created major risks for
Azerbaijan's budget revenues.

In response to these challenges, a number of fiscal and tax reforms were implemented in a short
period of time. These reforms, in addition to overcoming the difficulties of the period, also supported
structural changes in the economy and laid the foundation for the efficient and stress-resistant budget
system that exists today.

The first stage of these reforms began in the five-year period from 2014 to 2019, during which the
country implemented a package of anti-crisis measures, consolidated the budget system, and ensured
the financing of strategically important national development goals, fully adapted to the changed
conditions. It should be noted that in 2014, the price of “Brand” crude oil, which balanced the state
budget, was slightly below S 100 per barrel. This meant that the volume of obligations assumed in the
favorable commodity market conditions observed in the previous period would continue. However, the
situation turned out to be completely different. During this period, the price of a barrel of branded crude
oil in the global energy market almost halved, from S 105 in January 2014 to 5 42 in January 2015, and
as a result, our country's budget revenues decreased sharply. There were significant decreases in the
volume of foreign currency from energy exports, which led to a sharp depreciation of the manat. Thus,
as a result of the decline in oil prices on the world market in 2014, as mentioned above, the decrease in
oil revenues sharply reduced the inflow of foreign currency into our country, and the manat exchange
rate depreciated due to the demand for dollars exceeding the supply in the country's economy. The
pressure on the country's currency has increased significantly. As a result, in 2015, in order to regulate
the situation in the domestic currency market, the stability of the country's balance of payments and
international solvency, the manat was devalued twice. After these developments in the financial sector,
a decrease in activity began to be observed in the country's banking sector.

2015-2016 was a period of active adaptation to new budget conditions, primarily to hydrocarbon
prices. The fiscal policy implemented to support economic activity was of a stimulating nature (in 2015
and 2018, the consolidated budget deficit was 7.9% and 2.6% of GDP, respectively, compared to 1.1%
of GDP in 2014). The funds accumulated in the Oil Fund made it possible to maintain a soft fiscal policy
in a period of declining budget revenues. At the same time, efforts were made to recapitalize the banking
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system using credit bonds in order to maintain financial stability.

In response to these challenges, a number of fiscal reforms were implemented in a short period of
time, and in 2016, the main Strategic Roadmap for the National Economy of the Republic of Azerbaijan
was adopted. As a result of the reforms, the main goal of the state was to reduce allocations from the
State Oil Fund during the formation of the state budget and create mechanisms for the effective use of
budget expenditures. These reforms not only helped to overcome the difficulties of that time, but also
supported structural changes in the economy and laid the foundation for the efficient and crisis-resistant
budget system that exists today.

The next important step was the implementation of the budget consolidation program, which
began in 2017 and whose structure was to ensure the long-term sustainability of economic growth. In
the course of the budget consolidation program, measures to increase the efficiency of expenditures,
which is the main factor in reducing the non-oil and gas budget deficit, were given an important role. In
addition, improved tax administration allowed for an increase in budget revenues without revising the
base taxes.

During this period, the government implemented a number of measures related to both the
management of budget revenues and increasing the efficiency of budget expenditures.

It is important to analyze the steps taken in recent years to improve the budget policy of Azerbaijan
and identify the main results achieved. To achieve these goals, the following tasks should be solved in
the budget system:

- achieving sustainability and balance in the state budget system;,

- increasing the efficiency of budget expenditures;

- combating abuse and embezzlement of state funds, corruption, the shadow and criminal
economy, and improving financial discipline.

In terms of ensuring financial security, such features of the budget system as sustainability, balance
and efficient use of budget funds are of great importance. Let us pay attention to the characteristics of
the Budget system formed under the influence of external factors (Table 1).

Table 1. Characteristics of the budget system

Budget system sustainability The ability to take into account the changing conditions of objective reality and respond
to changes in the environment without changing the basic characteristics and
parameters through mechanisms for redistributing financial resources.

Balancing the volume of Taking into account all necessary conditions and objective needs while maintaining the
revenues and expenditures of principles of priority. Balancing income and expenditure volumes ensures the solvency
the budget system of state institutions.

Budget system effectiveness Achieving target indicators based on the country's socio-economic priorities

Source: compiled by the author.

The budget system plays a decisive role in ensuring economic security. Therefore, a sufficiently
efficient system for the distribution of state budget funds should be developed. In our research, the
importance of the budget system in ensuring financial security is analyzed, the economic security goals
solved within the budget system are determined, the levels of the budget system are determined, and
priority financing directions are determined in accordance with the national interests of Azerbaijan. The
objectives of the research are to determine the importance of the budget system in ensuring financial
security.

The budget system performs important functions such as economic, legal, socio-political, social
categories, and ensures stability in the implementation of economic and social programs. The main
functions of the state budget system are as follows:

- financing social and economic programs;

- ensuring the independence of financial and economic activities;

- strategic planning of socio-economic development;

- supporting the stable development of priority sectors of the economy.

The main mechanism for ensuring economic security is economic growth, and the budget system
plays a leading role in creating conditions for this. The state budget system provides financial resources
for the development of priority economic sectors and support for economic growth based on the
determination of national priorities. The principle of targeted financing of the budget system operates in
the field of ensuring economic security through national projects. At the same time, systematic projects
are being implemented in the country to support the economy and stimulate economic growth: small and
medium-sized businesses, support for individual entrepreneurial initiatives, digital economy, support for
labor productivity and employment, international cooperation and export.
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The state of the financial system is an important component of economic security and is able to
provide the economic system with the necessary resources for economic growth. The budget system, as
the primary form of regulation of state budget relations, forms socio-economic relations and performs
important regulatory functions of the state's domestic policy, requlates the financial activities of budget
institutions, banking institutions, controls the payment of benefits and wages, financial discipline and
the implementation of targeted financing.

The adopted new budget rule has had a significant impact on strengthening macroeconomic
stability through several channels. First of all, it improved the countercyclical properties of the budget
policy, so that despite fluctuations in oil prices, the level of budget expenditures should remain stable and
predictable. In addition, the impact of the oil price on the manat exchange rate was significantly reduced
through the mechanism of buying and selling foreign exchange assets during deviations between the
actual price and the base price. Finally, by choosing a conservative cut-off for the base price of oil, the
dependence of the budget system on oil and gas revenues was reduced.

The second important goal of budget consolidation was to increase non-oil and gas budget
revenues without increasing the tax burden on taxpayers. To achieve this, it was necessary to improve
the quality of tax administration and remove potential taxpayers from the shadows, as a result of which
the collection of value-added tax significantly increased.

Thus, on the one hand, the convenience and quality of tax services increased, and on the other
hand, control over taxpayers was strengthened through the use of information technologies. The main
goal of the reforms was to ensure a fair distribution of the tax burden among economic participants.

In addition to the reforms discussed above, work has been carried out in many other areas of
budget and tax policy. As a result of the reforms implemented, a consolidated budget surplus was created
in 2022, which amounted to 3.0% of GDP. The non-oil and gas budget deficit increased from a specific
weight of 16% of GDP in 2010 to 29%. During this period, public debt increased from 12% in 2010 to
20% of GDP in 2024 (table 2).

Table 2. Parameters of the economy and budget in 2010-2024

Indicators 2010 | 2015 | 2020 | 2022 | 2024
Brand crude oil price (USD/barrel) 80 50 42 90 78
Consolidated budget: deficit (-) / surplus (+) (percentage of GDP) | -1.5 | -7.9 | -9.8 +3 +3.2
Non-oil and gas balance (% of GDP) 16 20 25 28 29
Public debt (percentage of GDP) 12 22 24 22 20

Source: State Statistical Committee of the Republic of Azerbaijan, 2024. - http;//stat.gov.az/

Thus, not only were the difficulties associated with structural transformation overcome and
effective budget consolidation achieved, but also the fiscal space was significantly expanded and
financing mechanisms for strategically important development goals were modernized.

The crisis that arose during the COVID-19 pandemic differed from previous ones in the nature of
the shocks it caused. We can cite as examples the forced restrictions on the activities of enterprises in
most sectors of the industry, the decline in aggregate external and domestic demand, the need for a
sharp increase in healthcare spending, and the fall in oil prices (in March-April 2020, the price of oil fell
to S 15 per barrel). In such conditions, most countries allocated record budget funds to combat the crisis,
which significantly exceeded the volume of anti-crisis packages during the international financial crisis
of 2008-2009.

Countries that adopted large-scale anti-crisis programs, of course, paid for it with a sharp increase
in public debt. For example, in the United States, public debt increased by about 18 percentage points of
GDP in 2020-2021, exceeding 126% of GDP. In developed countries as a whole, the level of public debt
increased by about the same percentage point of GDP. In Azerbaijan, the increase in this indicator
increased by 4 percentage points from 20% of GDP in 2018 to 24% of GDP. An unexpected result that
can be obtained by comparing the scale of budget support with GDP losses is that in a number of
countries, government efforts do not always yield noticeable results. The right column of Table 3 shows
the deviation of actual GDP in 2020-2021 from the level expected before the start of the pandemic. The
presented calculations show that, for example, in the UK and Italy, despite the exceptionally large-scale
budget injections into the economy, GDP losses significantly exceeded the average for comparable
countries. The same applies to India.

The reason for this situation seems to be that the specific nature of the shocks during the pandemic
makes it difficult to use standard anti-crisis policy approaches. As a result, the simple logic of “the more
support the economy receives, the better” did not apply in this case, and the effectiveness of anti-crisis
policy was determined not by the volume of budget support, but by the correct choice of its form and
direction.
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Table 3. Volume of budget support and economic consequences of shocks in 2020-2021

The volume of anti-crisis support Total debt of governments at
. during the pandemic all levels In production volumes in
Indicators - . kil
directly indirectly By the end Changes in 2020-2021 itkiter
of 2021 2020-2021
GDP-2020in % GDPin % GDP %
Developed countries that are members of the G20
England 19.3 16.7 105.2 20.7 -10.2
Italy 10.9 35.3 149.9 15.7 -6.5
USA 25.5 2.4 126.4 17.7 2.7
Average for a group 15.3 15.7 118.4 14.8 4.3
of countries
Emerging markets in the G20
Brazil 9.2 6.2 90.1 3.0 -4.1
India 4.1 6.2 90.1 3.0 -4.1
Saudi Arabia 2.6 1.0 28.8 7.3 -5.3
Average for a group 50 3.7 16.5 2.7 238
of countries
Azerbaijan

Source: Compiled by the author based on World Bank data.

Despite the relatively modest scale of the anti-crisis package in Azerbaijan, GDP losses were among
the smallest among developing countries.

When assessing the implementation of budgetary policy in the context of successive shocks, we
can point to the approaches that played an important role in managing this extremely turbulent period.

Along with additional anti-crisis measures, budgetary policy in Azerbaijan is aimed at financing
medium-term priorities aimed at achieving national development goals that contribute to increasing
economic potential and the quality of life of citizens.

Inflation remains one of the most pressing problems of the modern global economy. Inflation
should be understood as a long-term and sustained trend towards an increase in the average price level
and a corresponding depreciation of money. When prices rise significantly and persistently, inflation is
most likely caused by high growth rates of the money supply. As Milton Friedman wrote, “Inflation is
always and everywhere a monetary phenomenon”[39, p. 129]. The level of inflation acts as an indicator
of the stability and balance of the country's economy and its money supply.

The most important element of state regulation is anti-inflationary policy, in which the tax-budget
component plays a special role.

In the modern world, the trend typical for most countries is a continuous increase in prices.
Regardless of the phases of the economic cycle, prices rarely fall, and inflation is observed even during
recessions. \arious factors can cause price increases, but not every price increase is inflation. Inflation
can be defined as an imbalance between aggregate demand and aggregate supply.

As inflation deepens, it seriously intensifies economic and social tensions in society, becoming an
obstacle to reproduction [40, p. 325]. Therefore, the goal of government regulation policy is to achieve
disinflation (a decrease in the rate of price growth), gradually turning into deflation (a steady downward
trend in average prices). Unlike inflation, which occurs as a result of an increase in the amount of money
relative to the mass of goods and services, deflation begins when the demand for money lags behind the
actual supply.

When choosing a specific anti-inflation policy model, the government should take into account the
entire spectrum of specific circumstances characteristic of a particular country. This fact leads to the
widespread use of two approaches to solving this problem in international practice:

- a tough fight against inflation at the state level.

Inflation processes, including in the Azerbaijani economy, depend on the characteristics of fiscal
policy. Studies by local analysts show that inflation in Azerbaijan is associated with certain parameters
of the budget system (Table 4). Inflation, in turn, affects the fiscal balance.Thus, inflation and fiscal
imbalance are mutually reinforcing phenomena.

At the same time, both the imbalance of the state budget and high inflation necessitate changes
in the state'’s fiscal policy.
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Table 4. Characteristics of the interaction between inflation and the state’s fiscal system

Implementation of a number of adjustment measures. The
impact of state budget system parameters on inflation

The impact of inflation on the fiscal balance

However, increased government
spending is appropriate only when
its effectiveness exceeds private
spending (wWhich is usually
observed in the long run). In
conditions of economic growth, a
faster increase in budget revenues
can be viewed as an automatic

calculation of taxes,
budget revenues, and
government
expenditures (Oliver-
Tanzi effect)

Budget system Mechanism of action Impact effect Mechanism of action
parameters
Structure of state The excess of budget system Amortization of tax High inflation reduces the real
budget revenues and expenditures over revenues leads | revenues is the time value of tax revenues to the
expenditures to budget deficits and inflation. lag between the state budget, which negatively

affects the state's fiscal balance.
At the same time, high inflation
encourages taxpayers to delay
tax payments.

The Oliver-Tanzi effect is
strengthened when government
spending is dominated by actual
purchases of goods and services

maliyyslesdirilmasi
dsullar

vigilmis ehtiyatlardan istifads
etmekle ve ya vergileri
artirmagqla maliyyslesdirmak
olar. Heddinden artiq hallarda,
pul emissiyasi ile maliyyslasdirile
biler.

Istanilon maliyyalasdirma tsulu
ile biidce kesiri inflyasiyanin
artmasina gatirib ¢ixarir (teleb
inflyasiyasini tetikler).

uygun olaraq blidceye
nominal vergi
daxilolmalarinin
artmasi (D. Patinkin

effekti)

stabilizer ("tax brake"). . at market prices.
Blidce kesirinin hacmi Blidce kasirini daxili ve xarici Igtisadiyyatda nominal | Sabit nominal biidce édenisleri
ve onun bazarlardan borc almagla, golirin artmasi ve buna | ils fiskal balansin

tekmillasdirilmesi. D. Patinkin
effekti o halda artir ki, dévist
xarclerinds dévlet sektorunda
calisan iscilerin emak haqqi
Gdanislari ve indeksasiyasi tam
olmayan diger oxsar édanisler
Ustdnlik taskil edir,
inflyasiyadan geri gqalir ve ya
yerina yetirilmir.

implementation of
countercyclical fiscal
policy

In the absence of adequate
government measures,
institutional factors act as a
permanent and significant source
of structural distortions and
inflation.

Dynamics of the share Investing state budget funds only | The impact of Inflation is accompanied by an
of the public sector in in the development of public disproportionate increase in taxpayers' incomes
the economy sector enterprises in the long taxation arising from a | and their transfer to groups with
term has a positive impact on the | progressive tax system | higher tax rates, which leads to
state budget balance and the an increase in nominal budget
growth rate of inflation, revenues and reduces fiscal
respectively. imbalances..
The existence and For example, price collusion plays | The impact of curbing | Significant and poorly
effectiveness of a significant role in the pricing economic growth predictable changes in the price
stabilizing institutions process, necessitating the structure create uncertainty,
that allow for the activation of antitrust authorities. impair balancing and planning

capabilities, and reduce
investment activity. High
inflation leads to economic
recession and negatively affects
the fiscal balance of the budget.

Reduction in public
debt servicing costs as

positive impact on the fiscal
balance (in conditions of high

a result of lower real inflation, the debt is devalued,
interest rates which leads to a decrease in real
costs of debt service with a fixed
nominal interest rate)
Inefficiency of budget | Increases fiscal imbalance (real
lending interest rates fall, making any

lending inefficient)

Source: compiled by the author.

Along with the development in the global economy after the pandemic, the excess of demand over
supply in the world market and the shortages in the supply process have led to increased inflationary
pressures on the economy. The war that began between Ukraine and Russia in 2022 has had a serious
impact on the international economic and political situation and has further increased inflationary
trends worldwide.

It should be noted that. despite the increase in global inflation levels worldwide, a decrease in
inflation levels has been observed in our country as a result of the influence of external and internal
factors.

Financial security is one of the important conditions for the country's macroeconomic stability and
economic development. This security is mainly ensured by maintaining price stability and keeping
inflation under control. Budgetary policy and budget strategies are the main tools in shaping the
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country's economic and financial security and play an important role, in particular, in the fight against
inflation.

The components and principles of the budget strategy and anti-inflation policy implemented in our
country are as follows:
- Budget strategy: A set of basic plans and measures designed to manage financial resources in
accordance with the macroeconomic security and development goals of the state.
- Anti-inflation policy: A system of monetary, fiscal and structural measures and tools that ensure price
stability and low inflation.
- Basic principles: Aligning the budget with economic structure and demand, limiting the deficit,
supporting monetary policy and maintaining macroeconomic stability.
- Anti-inflation measures taken as a result of the budget policy implemented in our country in recent
times have had a positive impact on the country's economic and financial security. As a result of the anti-
inflation measures taken, inflation has been brought under control (Table 5).

Table 5. Anti-inflation and budget measures implemented to ensure financial security between 2010

and 2024

Years Event and mechanism Note and explanation Impact on results and points
2010- Structural budget and Optimization of spending on energy and Price and inflation levels are low and
2014 economic policy infrastructure projects. stable, the market is protected.
2015- Measures in currency Management of foreign exchange reserves, Price increases and inflation are
2018 and monetary policy maintaining a stable exchange rate of the limited, and the risk level is low.

manat.
2020- Risk prediction and Stress tests, risk modeling and analytics Protection against global and
2024 transparency tools. regional risks and economic security.
2021- Structural and Expansion and diversification of the energy Strengthening foreign exchange
2024 diversification measures | and non-oil sectors. reserves and macroeconomic
security.

Source: compiled by the author.

As can be seen from the data in Table 5, the measures taken during 2010-2024 have shown their
effectiveness. Economic security and price stability in Azerbaijan are the main priorities for long-term
macroeconomic security and macroeconomic risk management. Anti-inflationary measures implemented
in budget strategies and budget policy are the main mechanisms of protection against energy price
volatility, external and internal economic risks and have been constantly strengthened through
structural changes and process reforms during 2010-2024.

2010-2014 was the first stage of stability and structural changes, and extensive measures were
implemented to structure and optimize expenditures aimed at energy and infrastructure projects,
manage external and internal risks with minimal risk, balance budget revenues and expenditures, pay
special attention to non-oil and social expenditures, and manage currency and inflation risks. As a result
of the measures taken during this period, prices and inflation levels were low and stable, foreign
exchange reserves were high and at a safe level, and economic security was ensured as risks were
managed normally and sustainably.

2015-2018: Measures taken to address the sharp decline in energy prices and strengthen
protection mechanisms include a reduction in the budget deficit and foreign exchange reserves due to
the decline in energy prices, fiscal and monetary measures, including the optimization of the structure of
expenditures and revenues, strict management of savings and budget deficits, and strengthening of
foreign exchange policy and external risk management mechanisms in order to reduce price increases
and inflation. As a result of the measures taken, economic and financial security was further
strengthened by maintaining low prices and inflation, and the budget and macroeconomic balance was
preserved despite the decline in energy markets and energy revenues.

In 2018-2020, measures were taken to strengthen security through structural and policy reform,
such as diversifying the budget structure, developing and diversifying the non-oil sector, protecting
foreign exchange reserves and optimizing the structure of external debt, analyzing and shaping
macroeconomic policy and budget measures to better manage prices and inflation, and as a result of
these measures, the structure of foreign exchange reserves and the budget was optimized, and security
mechanisms were strengthened.

After 2020: further optimization of the structure of budget expenditures related to protecting
financial security in the context of the pandemic and enerqgy market uncertainty and protection against
uncertain risks of enerqgy markets, strengthening the structure of foreign exchange reserves and external
debt, and prevention of external and internal risks were implemented.
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Table 6. Annual percentage change in economic and social indicators of the Republic of Azerbaijan in
2010-2024 (compared to the previous year)

Indicators 2010 | 2015 | 2018 | 2020 | 2022 | 2024
GDP (billion manat) 425 | 544 | 80.1 | 72.6 | 134.0 | 126.3
GDP growth rate (%) 2.2 -1.0 3.5 -4.9 4.2 5.5
Fixed capital investment (%) 8.5 6.0 7.2 4.0 9.0 11.0
Real income of the population (%) 3.5 1.0 2.2 -0.5 3.0 4.2
Inflation (%) 8.5 123 ] 29 12.5 3.4 3.8
State budget revenues (billion manat) 114 | 175 | 244 | 24.7 | 30.7 | 372
State budget expenditures (billion manat) 11.8 | 178 | 22.7 | 264 | 32.1 | 37.7
General budget deficit or surplus (as a percentageof GDP) | +1.2 | -3.5 | +0.4 | -3.0 | +0.8 | +1.2

Source: State Statistical Committee of the Republic of Azerbaijan, 2024. - http.//stat.gov.az/

Table 6 shows the dynamics of economic and social indicators of the Republic of Azerbaijan in
2010-2024. As can be seen from the data in the table, as a result of the measures taken between 2010-
2024, GDP increased from 42.5 billion manat to 126.3 billion manat. During this period, state budget
revenues increased by 11.8 billion manat to 37.2 billion manat. During 2010-2024, state budget
expenditures increased from 11.8 billion manat to 37.7 billion manat. Despite the increase in inflationary
pressures in the world economy during this period, the inflation rate in our country decreased from 8.5%
to 3.8%. The decrease in the inflation rate was influenced by a well-implemented budget strategy. Thus,
during this period, the budget revenues and expenditures were adjusted to structural and interest
indicators, the structures of the energy and non-oil sectors were optimized, and long-term and
sustainable regulation of civil service and social expenditures was carried out, which formed a sustainable
budget balance and reduced the deficit. During this period, the structure of currency and foreign
exchange reserves was strengthened, the ratio of foreign exchange reserves to GDP was maintained
within the norm, risks were reduced through restructuring and structural changes of external debts, the
Central Bank adjusted interest rates and monetary policy in line with inflation, and price stability was
ensured through currency and macroeconomic structural adjustments. The process of forecasting
inflation and managing inflation expectations was implemented within the budget strateqy (Table 7).

Table 7. Economic indicators of the Republic of Azerbaijan in 2010-2024

Indicators 2010 | 2015 | 2018 | 2020 | 2022 | 2024
Brand oil price (USD/barrel) 80 50 70 42 90 78
GDP (billion manat) 42.5 | 544 | 80.1 | 72.6 | 134.0 | 126.3
State budget revenues (billion manat) 114 | 175 | 244 | 24.7 | 30.7 | 37.2
GDP % 20 22 20 19 22 23.5
State budget expenditures (billion manat) | 11.8 | 17.8 | 22.7 | 264 | 32.1 | 37.7
GDP % 19 25 22 24 20
Inflation % 8.5 12.3 2.9 12.5 3.4 3.8
External debt (USD billions) 2.4 3.8 4.7 4.7 5.0 5.4
Including: % of GDP 4.4 7.5 9.7 9.8 8.6 8.0
Foreign exchange reserves (billion USD) 5.8 9.5 14.2 | 14.8 | 16.5 18.0
Including: % of GDP 10.5 | 18.7 | 29.1 | 30.7 | 282 | 27.7

Source: State Statistical Committee of the Republic of Azerbaijan, 2024. - http.//stat.gov.az,

In response to the challenges of 2014-2015, successive budget reforms, intensified and aimed at
eliminating external constraints and dependence on global hydrocarbon markets, have, in our opinion,
strengthened the stabilizing features of macroeconomic policy, which are the basis of the country's
financial sovereignty. Positive structural changes in budget revenues, compliance with fiscal rules,
flexibility and efficiency of budget decisions have allowed us to maintain the sustainability of public
finances in crisis situations, including during the pandemic and the radical transformation of recent
years, to implement large-scale economic and social support programs.

Conclusion

As a result of our research, we can say that the State budget system is an important component
and basis of national economic security. The budget system ensures the activities of administrative-
territorial units and the fulfillment of obligations of public law entities. The mechanisms of the budget
system are aimed at developing the necessary tools to strengthen control over the targeted use of budget
funds. The mechanisms of the budget system create conditions for economic growth, improving the living
standards of citizens, import substitution, increasing labor productivity, implementing investment
projects, achieving independence of energy infrastructure (energy security), increasing the
competitiveness of local producers, creating reserve potential and necessary resource reserves.

In the context of our research, we determined that the volume and distribution of financing from
the budget are closely related to the well-being of the population and the activities of state sector
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enterprises, which directly affects the national security of the country.

As aresult of the research, we determined that the role of the state budget in ensuring the financial
security of the Azerbaijani state consists in forming the basis for the activities of strategically important
areas of the state and civil society.

We have implemented the following research questions:

- We have identified the content and features of the formation of the state budget of the Republic
of Azerbaijan, including the insufficient amount and diversity of budget funds. This is due to changes in
the profitability of international enterprises and companies due to restrictions and sanctions;

- We have defined the concept of state financial security in the context of its uncertainty and
multifacetedness. We have determined that it includes both ensuring stable conditions for the
development of the Azerbaijani economy and the absence of external threats to the stability of the state's
activities;

- The role of the budget in ensuring financial security, which reflects the importance of attracting
the maximum number of sources and equal, rational distribution of budget funds, is determined.

The main conclusion is the confirmation of the importance of the state budget in ensuring national
security, especially financial security, and the need to develop strategies for the efficient use of financial
resources.
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Abstract

In Georgia, the state-subsidized agricultural insurance program has been in operation since 2014
and covers risks such as hail, storms, excessive precipitation, and early autumn frost. The state-subsidized
program implemented since 2014 has made a significant contribution to the establishment of a risk
management system in the sector and to raising farmers’ awareness.

The main challenges remain the low coverage of the program, the insufficient number of
meteorological stations, and the geographical concentration of insured land plots in high-risk regions.
This trend creates the risk of adverse selection and limits the even nationwide dissemination of the
agricultural insurance program.

Overcoming these challenges requires close cooperation between the public and private sectors,
the harmonization of agricultural insurance policy and practice, the introduction of a unified damage
assessment methodology, and the strengthening of farmer awareness and information. In addition, it is
aadvisable to develop new insurance products and financial incentives, taking regional specificities into
account, which would encourage the involvement of small and medium-sized farmers in low-risk regions
as well.

Keywords: insurance, agricultural insurance, risk agriculture, state, private sector.

In Georgia, a subsidized agricultural insurance program based on cooperation between the public
and private sectors has been in operation since 2014 and aims to ensure farmers’ financial stability and
the sustainability of agriculture.

Due to the specific geographical location of Georgia’s territory and its complex relief, various types
of natural hydrometeorological processes frequently occur, among which hail is particularly significant.
In this regard, the Kakheti region stands out, where hail often causes damage to the region. The damage
caused by hail amounts to millions of GEL annually. Accordingly, it is natural that among the named risks
covered under the agricultural insurance program, hail represents one of the most important types of
coverage. It should be noted that more than half of the insured plots are concentrated in the Kakheti
region. According to 2024 data, within the framework of the agricultural insurance program, 79% of
insured land plots are insured in Kakheti, while 69% of insured plots are vineyards.

Within the framework of the program, insurance coverage, in addition to hail, includes such major
risks as storms, excessive precipitation, and early autumn frost (only for citrus crops).

Based on the program’s outcomes, its conditions are refined and clarified, and changes are
implemented almost every year. The definition of the deductible (franchise) has been clarified; a unified
damage assessment standard (for certain crops) has been developed for all insurance companies
participating in the project; reporting procedures and deadlines have been improved; normative yields,
tariffs, and the co-financing percentage have been reviewed and specified; and three-year insurance for
perennial crops has become possible. In addition, continuous video recording and audio recording using
body-worn cameras during the process of describing an insured event have been made mandatory.

Despite the progress achieved, the agricultural insurance system continues to face significant
challenges. Although the share of agricultural insurance in the insurance market has been increasing
from year to year, it remains very small and in 2024 accounted for only 1.57% of the total insurance
market.

Low coverage remains one of the main challenges of Georgia’s agricultural insurance system and
significantly limits the effectiveness of the program. Despite the fact that the state-subsidized
agricultural insurance program has been operating since 2014 and provides farmers with the opportunity
to protect their crops against various types of risks, its geographical and sectorial coverage remains
limited. The number of insured plots constitutes only a small share of the country’s total agricultural
land, indicating both a lack of information and low farmer motivation to participate in the program. One
of the reasons for low coverage is the insufficient meteorological infrastructure—specifically, the limited
number of meteorological stations—and issues related to the accuracy of the data obtained from them.
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Accurate meteorological data form the foundation of the agricultural insurance system, as damage
assessment directly depends on such data. From the launch of the program through 2024, the number
of insured plots is distributed as follows.

Diagram N@1.
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The amendment implemented in 2018, according to which only land plots registered with the
National Agency of Public Registry were eligible for insurance, resulted in a 45% decrease in the number

of insured land plots.
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Adverse selection remains a significant challenge. One of the most illustrative examples of adverse
selection in Georgia’s agricultural insurance program is the uneven geographical distribution of insured
plots. According to available data, more than half of the insured plots are concentrated in only three
regions—Kakheti, Shida Kartli, and Kvemo Kartli—out of Georgia’s 12 regions. This fact clearly indicates
that interest in agricultural insurance is predominantly expressed by farmers operating in high-risk areas,
where hail, strong winds, and excessive precipitation are frequent and the probability of crop damage is
high. Consequently, in lower-risk regions, such as Imereti, farmers’ interest in insurance is significantly
lower, which disrupts the spatial balance of the program and increases the risk of adverse selection. This
trend underscores the need for the state and the private sector, through close cooperation, to develop
additional incentives and mechanisms that would encourage farmers in low-risk regions to participate in
the agricultural insurance system as well, thereby ensuring geographical diversification of the program
and promoting the sustainable development of the sector.

Since the inception of the program and up to 2024, insurance companies have compensated losses
totaling over 92 million lari, while aggregate gross premiums during the same period exceeded 135
million (ari.
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Diagram N@3.
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Agricultural insurance in Georgia represents one of the key mechanisms for ensuring the
sustainable development of agriculture, the financial stability of farmers, and social protection. The
agricultural insurance program, introduced by the state in 2014, has played a significant role in
establishing a risk management system within the agricultural sector and raising farmers’ awareness.
Despite the results achieved, the program is still in a developmental stage and requires improvement at
administrative, technical, and institutional levels. One of the main challenges remains low coverage and
the limited number of meteorological stations. In addition, insured plots are primarily concentrated in a
few high-risk regions, particularly Kakheti, where hail and other natural disasters are frequent. Such
geographical imbalance has increased the risk of adverse selection—farmers in low-risk regions show
less interest in insurance, which disrupts the equitable and effective distribution of the program
nationwide. In this context, it is advisable, taking regional specificities into account, to develop new
insurance products and mechanisms, which requires close cooperation between the public and private
sectors. It also necessitates strengthening informational, technological, and financial mechanisms. Only
through these measures will it be possible to enhance the agricultural insurance system, ensure farmers’
economic protection, and increase the competitiveness of the agricultural sector in the face of global
climatic and economic changes, which, ultimately, forms the foundation for the country’s economic
sustainability.
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Abstract

It is generally accepted that the effectiveness of management activities depends on the authority
of the manager. The view that a person automatically acquires authority as a result of being appointed
to a certain position is truly erroneous.

Authority is the influence a person has on a work group/team through his own labor. Authority is
created by a combination of organizational skills, professional knowledge, and skills in working with
people. Authority is the deserved trust that a manager enjoys among his employees, superiors, and
colleagues. Authority is the recognition of a person; it is the team's assessment of the compliance of the
manager's subjective qualities with objective requirements. Authority can be considered as a system of
human relationships, values, and work results. Therefore, a manager must combine management and
leadership functions in himself in order for positional authority to correspond to personal authority.
Leadership is a process of psychological influence based on free relationships, mutual understanding and
voluntary subordination. The power of influence over an employee is directly related to the authority of
the Manager.

Keywords: Manager, Authority, Modern, Innovative, Company.

Management is the process of legitimate influence exercised by a manager on the basis of the
power granted to him by society or a collective/team. Power attitudes, decree, social control, the use of
disciplinary practices are the very principles on which leadership is based. The authority of a manager has
two sources:

@,

% Personal, which is manifested in the skills and leadership influences of the individual;
% Public, which is manifested in the possession of official prestige and the power of the manager.

Authority is formed on the basis of respect, the will and conscious execution of the instructions of
the manager by employees. It is also necessary to take into account that caring for the authority of a
manager is not only his personal business, but also the business of higher management and especially of
any employee, who must protect, elevate and strengthen this authority. They should take from him an
example of conscientious attitude to work/business, organization, honesty and restraint. Authority can
be considered as a factor that facilitates management and increases its effectiveness.

Authority depends on the psychological state of a person. A manager who is not confident in his
own abilities and actions will never become an authority for his talents; however, unfounded self-
confidence will not increase his authority among employees either. The corresponding psychological
state is always created as a result of awareness of one's own abilities and competence, which is
confirmed by real facts; by understanding what others demand from the manager; by understanding the
importance of one's rights and duties, privileges and activities. Quite often, managers associate their
authority with personal value. As a result, the growth of authority is perceived by them as a personal
victory, while its loss turns into a personal tragedy. It can be said that this assumption is partly true. Any
manager must possess authority, otherwise he is automatically considered a bad leader/manager.
However, even an authoritative manager can make mistakes. Psychologists advise that if the manager’s
authority has been violated/decreased among employees for some reason, there is no need to perceive
this as tragic. In such a case, it is necessary for the manager to change the forms of management and
interpersonal relations (sometimes even cardinally). The relationships between the manager and human
resources determine his authority, which is formed on the basis of what Management style the Manager
uses in a particular situation.

The unconditional support of employees is the basis of effective management. Positive
relationships with talents already mean good management. The human resources that a manager
manages have a true idea of his management style. The success and failure of a manager also explains
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how he looks in the eyes of his employees. They perfectly understand the difference between bad and
good management. Under the conditions of a good manager, the work of human capital becomes more
interesting, and the achieved successes are reinforced by a sense of professional pride. With ineffective
management, the employee loses interest in the work and, accordingly, labor productivity decreases.

A high culture of relationships, which is expressed in the norms of professional ethics, affects the
authority of the manager. The culture of relationships includes: the manager's democracy with talents,
colleagues, attentiveness, accuracy, creation of an atmosphere of trust, politeness, organization and
clarity. The manager's authority and the degree of trust in the work team increase due to his constant
relationship with employees.

Thereis also a false authority that is created by the manager using artificial methods. For example:

Aloofness/Distance Authority - the manager is sure that if he keeps himself away from his
employees and is extremely formal, his authority will increase.

Kindness Authority - the manager believes that in order to increase his authority, he must always
be kind in his relations with Human Resources. Often, such kindness reduces demandingness and leads
to negative results.

Pedantry Authority - in this case, the manager cares about the little things and strictly defines all
stages of the task, thereby stifling the initiative and creativity of talents.

Arrogance Authority - the manager is extremely ambitious and always looks "from above":
constantly boasts of his own achievements and merits; tries to attract the attention of employees and is
sure that such behavior ensures his authority.

Insulting authority - quite often the manager instills fear in his own talents and uses intimidation
methods. He mistakenly thinks that such an attitude will strengthen his authority; however, this can
become the reason for the loss of self-confidence and initiative in human resources, which logically
results in distortion of relationships, negative emotions, unhealthy confrontation and differences of
opinion.

In general, caring for the authority of a manager is not only his personal business, but, first of all,
the superior leadership. Therefore, we should consider authority as a factor that will facilitate
management and increase its effectiveness.

Conclusion: Thus, gaining authority in a team, as well as management, can be compared to some
level of art. Perhaps this is the reason why researchers have not been able to develop a unified theory of
“gaining authority” to date. The main thing for a manager is to choose a more or less acceptable
management style, one that matches his personal characteristics and dispositions. The style of a
Manager is directly related to the work situation. The authoritative style of a manager, in any case, should
become a flexible tool for effective Management of the organization.
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Introduction

In the contemporary global business environment, organizations operate in conditions
characterized by uncertainty, volatility, and increasing complexity. Economic instability, technological
disruption, globalization, and regulatory pressures create numerous risks that may affect organizational
stability and performance. As a result, risk management has become a fundamental component of
strategic management and corporate governance.

Risk management refers to a structured and systematic process of identifying, assessing, and
responding to uncertainties that may affect the achievement of organizational objectives. Modern
approaches emphasize that risk management should not only focus on preventing losses but also on
enhancing opportunities and supporting informed decision-making processes. According to international
standards, risk management aims to create and protect value by improving organizational performance
and supporting strategic objectives (Purdy, 2010).

In recent decades, organizations have increasingly adopted integrated risk management
approaches such as Enterprise Risk Management (ERM), which address risks across the entire
organization rather than within isolated departments. ERM frameworks enable organizations to
integrate risk considerations into strategic planning, operational management, and decision-making
processes (Lam, 2014).

This thesis examines the key features of risk management in organizations. It focuses on the
conceptual foundations of risk management, its strategic role in modern organizations, and the major
characteristics that determine the effectiveness of risk management systems.

Conceptual Foundations of Risk Management

Risk management has evolved significantly over time. Traditional risk management approaches
focused mainly on financial risks, insurance, and loss prevention. However, contemporary organizations
face more complex risks that include operational, technological, reputational, environmental, and
strategic risks. Consequently, modern risk management frameworks emphasize a holistic and integrated
approach.

Enterprise Risk Management (ERM) is one of the most widely adopted frameworks for managing
organizational risks. ERM integrates risk management practices across organizational functions and
aligns them with strategic objectives. The Committee of Sponsoring Organizations of the Treadway
Commission (COSO) defines ERM as a process effected by an entity’s board of directors, management,
and other personnel, applied in strategy setting and across the enterprise to identify potential events
that may affect the organization (COSO, 2017).

Another influential framework in risk management is the ISO 31000 standard developed by the
International Organization for Standardization. This standard provides internationally recognized
guidelines for implementing risk management systems across different sectors and organizations. ISO
31000 emphasizes that risk management should be integrated into all organizational processes and
should support decision-making at every level of management.

The ISO 31000 framework is built on three major components: principles, framework, and process.
These components ensure that risk management activities are structured, systematic, and embedded
within organizational governance and operational activities.

The adoption of structured frameworks enables organizations to manage uncertainties more
effectively, improve governance, and strengthen their resilience against potential disruptions.

Key Features of Risk Management in Organizations

Strategic Integration of Risk Management

One of the most important characteristics of effective risk management is its integration with
organizational strategy. Risk management should not function as an isolated activity performed only by
compliance departments. Instead, it must be embedded within the strategic planning and decision-
making processes of the organization.

Strategic integration ensures that managers evaluate potential risks when formulating
organizational strategies. By identifying uncertainties in advance, organizations can allocate resources
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more effectively and avoid strategic failures. Research shows that organizations that integrate risk
management into strategic planning are better prepared to address market volatility and environmental
uncertainty (Hillson, 2017).

Moreover, strategic risk management supports long-term organizational sustainability by enabling
organizations to balance risk and opportunity in their decision-making processes.

Systematic Identification and Assessment of Risks

Another essential feature of risk management is the systematic identification and assessment of
risks. Organizations face a wide range of risks including financial risks, operational risks, reputational
risks, technological risks, and legal risks.

The process of risk identification involves detecting potential events that may negatively or
positively affect organizational objectives. Once risks are identified, they must be analyzed in terms of
their probability and potential impact. This assessment allows organizations to prioritize risks and focus
their attention on the most significant threats.

International standards emphasize that risk management should be structured and systematic in
order to ensure consistency and comparability in risk evaluation processes.

Various analytical tools are used in this process, including risk matrices, probability-impact analysis,
scenario analysis, and simulation models.

Establishment of a Risk Management Framework

An effective risk management system requires the establishment of a comprehensive
organizational framework. The framework defines policies, responsibilities, procedures, and reporting
mechanisms for risk management activities.

According to ISO 31000, the framework should support the integration of risk management into
governance structures, organizational culture, and management systems.

Leadership commitment plays a critical role in this process. Senior management and boards of
directors must actively support risk management initiatives and ensure that adequate resources are
allocated for their implementation.

Furthermore, risk management frameworks must be tailored to the specific context of the
organization. Different industries and sectors face different types of risks; therefore, frameworks must
be flexible and adaptable to organizational needs.

Continuous Monitoring and Improvement

Risk management is a dynamic process that requires continuous monitoring and evaluation.
Organizational environments are constantly changing due to technological innovation, economic shifts,
regulatory developments, and global events.

Continuous monitoring allows organizations to detect emerging risks and respond promptly.
Regular reviews of risk management processes help organizations evaluate the effectiveness of risk
mitigation strategies and improve their risk management systems.

International standards highlight continuous improvement as a key principle of risk management.
Organizations are encouraged to learn from previous experiences, identify weaknesses in risk
management practices, and adapt their systems accordingly.

Through continuous improvement, organizations can maintain the relevance and effectiveness of
their risk management processes.

Organizational Culture and Risk Awareness

Risk management effectiveness largely depends on the organizational culture. A strong risk culture
encourages employees at all levels to recognize potential risks and report them openly.

Organizations with well-developed risk cultures promote transparency, accountability, and
responsible decision-making. Employees are encouraged to communicate risks without fear of negative
consequences.

Human and cultural factors are recognized as critical components of effective risk management
systems. Organizational behavior, leadership attitudes, and employee awareness significantly influence
how risks are perceived and managed.

Therefore, organizations must invest in training programs and awareness initiatives that
strengthen employees’ understanding of risk management principles.

Stakeholder Engagement and Communication

Effective risk management also requires the involvement of multiple stakeholders. Stakeholders
such as employees, investors, regulators, suppliers, and customers can provide valuable insights into
potential risks.
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Transparent communication ensures that risk information is shared effectively across the
organization. This communication supports collaboration and improves the quality of decision-making
processes.

Inclusive risk management processes enable organizations to benefit from diverse perspectives and
reduce the likelihood of overlooking important risks. According to international standards, stakeholder
participation enhances the relevance and effectiveness of risk management systems.

Use of Data and Analytical Technologies

In recent years, digital technologies have significantly transformed risk management practices.
Organizations increasingly rely on data analytics, artificial intelligence, and predictive modeling to
identify and evaluate risks.

These technologies allow organizations to process large volumes of data, identify patterns, and
forecast potential risks more accurately. Data-driven risk management improves decision-making
processes and enhances organizational resilience.

Advanced analytical tools also enable organizations to perform scenario analysis and stress
testing, which help evaluate potential outcomes under different conditions.

Benefits of Effective Risk Management

Organizations that implement effective risk management systems experience numerous benefits.
First, risk management improves strategic decision-making by providing managers with better
information about uncertainties and potential consequences.

Second, risk management enhances organizational resilience by enabling organizations to
anticipate potential disruptions and develop appropriate response strategies.

Third, effective risk management strengthens corporate governance and compliance with
regulatory requirements. It also improves stakeholder confidence and organizational reputation.

Finally, risk management contributes to sustainable organizational growth by helping
organizations balance risks and opportunities.

Conclusion

Risk management has become an essential element of modern organizational management. In an
environment characterized by uncertainty and rapid change, organizations must adopt systematic
approaches to identify, evaluate, and manage risks that may affect their objectives.

The key features of effective risk management include strategic integration, systematic risk
identification and assessment, establishment of structured frameworks, continuous monitoring and
improvement, development of strong risk cultures, stakeholder engagement, and the use of data-driven
analytical tools.

Organizations that successfully implement these features are better equipped to manage
uncertainty, protect their assets, and achieve sustainable competitive advantages. As global risks
continue to evolve, the importance of comprehensive risk management systems will continue to increase
in both private and public sector organizations.
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Abstract

The article examines the main aspects of sustainable development of agritourism as a sector of the
economy that plays an important role in the sustainable growth of the world economy and is one of the
most powerful drivers. Today, travel and tourism have grown significantly both economically and socially
and have become the fastest growing economic sector in most developed and developing countries. The
positive role of the tourism industry in the economy is especially important in terms of employment and
attracting investment. Tourism is one of the leading industries in the world, which consistently creates
Jobs every year. However, it is also possible that:

e Many developing countries have limited choice of development sectors, and often tourism is one
of the few opportunities for development;

e Many developing countries lack sufficient capital to develop tourism and need to import capital;

e Import "flows" are very high in many developing countries. Tourism offers many opportunities to
reduce these "flows" in areas such as food supply, construction, souvenir production and others;

e Not all countries can benefit from tourism, but those with potential should care about the quality
of tourism growth and its sustainability. In addition to the above, it is necessary to involve local
authorities and increase public participation, requlate land use and zoning, protect the environment, etc.
Given all this, tourism can become an important source of growth with a serious impact on the economy.

Keywords: agritourism, sustainability, sustainable economy, diversification, dynamics

In different countries of the world, tourism, unlike other sectors, is constantly expanding and
diversifying, becoming one of the most dynamic and rapidly developing economic sectors, so experts
recognize it as an economic phenomenon of our time. In particular, carefully planned and regulated
tourism activities can make a significant contribution to improving all three components of sustainable
development (economic, social and environmental). This ensures the creation of jobs, the expansion of
opportunities in the field of trade and the attraction of foreign currency to countries. The main goal of
the 2012 UN Conference on Sustainable Development and the 2017 UN Assembly is precisely the
development of the tourism sector as one of the powerful tools for implementing strategic goals. Its role
in the development of community between the peoples of countries and acquaintance with various
civilizations is great, since a huge number of tourists annually cross state borders, giving this activity a
global character.

In recent years, agritourism has become an important area for the development of ties, as well as
tourism potential, as agritourism associations have intensified in many European countries. Among the
reasons for active development are economic and social factors. In the economic sphere, agritourism
contributes to additional income. Its main goal is to provide a tourist with the opportunity to live in the
countryside for a while, like a local resident. Namely, to work in the fields, cultivate the land, relax in a
quiet and calm environment and engage in agritourism. The attractiveness of agritourism is determined
by a number of advantages:

a) the opportunity to fully get acquainted with a certain region in terms of its historical features;

b) the ability to spend more time resting due to social status.

In Europe, agritourism is well developed. Even the economic crisis does not weaken this sector.
Agritourism is also interesting and beneficial because it is not hindered by the change of seasons. Often
agritourist farms are created near historical and cultural monuments. You can organize such tourist and
entertainment events as horse riding, winemaking, climbing churches, visiting museums, etc. This is what
attracts the tourist, because he himself is involved in the process.

In terms of increasing sustainable development of tourism potential, agritourism is one of the most
attractive destinations. All countries are aware of the growing attractiveness of agritourism: Italy, Spain,
Poland, Norway, Belarus. What agritourism has to offer: hospitality, local traditions, natural resources
and adequate accommodation. Tourism is one of the most powerful drivers of sustainable economic
growth. With appropriate investment, it will be an ever-growing sector for at least the next decade and
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contribute to employment development and economic growth. This encourages society to pay attention
to the preservation of natural, historical and cultural values. This problem affects the whole world, but
the rapid development of tourism and mass visits can have negative consequences, since improper
management can lead to higher prices and economic instability.

Samtskhe-Javakheti region is located in the southern part of Georgia and includes six
administrative-territorial units with an area of 6413 square meters. km and a population of 160,504
people. This is a pronounced agrarian region, where the share of agriculture in the total value added is
the largest (32%,). Most of the human resources are employed in this sector. Agriculture in the region is
represented by households and trading farms. More than 90% of production is concentrated in small
households. 73% of households produce agricultural products mainly for their own consumption, and for
the remaining 27%, agriculture is a source of income. The level of agricultural commercialization in the
Samtskhe-Javakheti region is high across the country in both crop and livestock production. Based on the
above, the region is agrarian, and, accordingly, the development of tourism in this direction will
significantly increase both economic growth and attractiveness for foreign tourists.

Agricultural tourism is the production of food by locals in rural areas, the management of tourist
sites, which creates jobs and provides direct economic benefits from tourist spending. Successful
development of rural tourism does not require large investments, although the local population must
undergo special training to maintain facilities. In particular, to obtain technical advice, small loans and,
most importantly, to maintain an optimal level, so as not to create environmental and social problems.
If necessary, build new objects. Agritourism in Spain reacted very quickly to the desire of tourists.
Throughout the country, residential areas, hotels have been transformed, village owners offer tourists
historical and local legends, sights, folklore, traditional holidays. Income from agritourism in France
exceeded millions of dollars. In particular, the program includes various types of recreation. Income is
received from visiting castles, wine cellars, horseback riding.

To analyze the prospects for agritourism in Georgia and the state of the industry as a whole, let's
consider the tourism potential of our country. Georgia has a fairly large tourist potential: 102 resorts,
182 resort towns, 2,400 mineral springs, 12,000 historical and architectural monuments, 3 of which are
included in the UNESCO World Heritage List, 11 national parks, 41 natural monuments, 2 protected
landscapes, etc. Based on the existing resource potential, the development of agritourism in our country
will be promising. Currently, agritourism in Georgia is at the development stage. In recent years, foreign
tourists come to Georgia mainly to relax in mountain and sea resorts, visit historical and cultural
monuments, although Georgia, as a country with rich agricultural traditions, has opportunities for the
development of agritourism here. Agritourism is already firmly established in our country. Hopefully more
tourists will come in the future to see the diverse nature, culture and attractions. However, we also have
weaknesses in this area. The main one is the lack of appropriate infrastructure in rural areas.
Nevertheless, if agritourism develops, small farmers can benefit and turn small farms into profitable
commercial enterprises. Several travel companies and guest houses already offer agritourism to foreign
and local tourists, which includes participation in grape harvesting, grape pressing, churchkhele
harvesting, cheese and honey production. The historical region of Samtskhe-Javakheti has many terraced
villages. In particular, in the village of Chobareti, a local resident restored a three-hundred-year-old ode,
which currently receives an average of 400 visitors a month, delighted with the local cuisine. Tourists can
also take a tour and take part in baking traditional Meskhetian bread, making cheese and baking kadi.
The company employs 15 people. A cheese factory is under construction, which was funded by a grant
project in the amount of 28 thousand. There are many such small but promising entrepreneurs in the
region who play an important role in the development of agritourism. However, in my opinion,
agritourism in our country can be developed more broadly, which will also contribute to the development
of agriculture.

In recent years, tourism and the development of tourism infrastructure have become very relevant
for attracting investors. Based on the above, the municipalities of Samtskhe-Javakheti region have a
fairly significant resource for investors interested in the tourism business. The region is distinguished by
its ancient and richest history. The region is rich in historical and cultural monuments, among which it is
worth mentioning the restored Akhaltsikhe-Rabati fortress, the Vardzia monastery complex, the Tmogvi,
Khertvisi, Rabati fortresses, the Zarzmi and Sapar monasteries, as well as several popular resort areas,
the Borjomi-Kharagauli national park and the protected areas of Javakheti. Currently, the region is
developing mainly cultural, recreational and adventure tourism. This is just a small list of those that can
attract quite large investments. The number of entities currently active in tourism in Georgia (Diagram
N1), including Samtskhe-Javakheti, is as follows:
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Diagram N1
The number of registered active tourists in Georgia and Samtskhe-Javakheti by number as of
January 1, 2025.
232316
48017
758 7 3256 73 9377 e
Large Medium Small Unknown
H Total Georgia 758 3256 232316 48017
W Samtskhe-Javakheti 7 73 9377 1498

M Total Georgia M Samtskhe-Javakheti

Source: National Bureau of Statistics of Georgia 2025

Over the past 5 years, according to Geostat, the number of hotels and other accommodation
facilities in the Samtskhe-Javakheti region has increased by 40%. The number of tourists in the region
also increased by 45%. At the moment, 138 hotels are registered in the region, of which 78 are family-
type. Ifin 2010 the total turnover of hotels in the region amounted to 7.3 million GEL, then in 2024 this
figure increased both in the number of tourists and in the number of excursion trips (903.2 million GEL).
Accordingly, income also increased: the income of tourists in the region amounted to 1354.8 thousand.
GEL, of which 3.6% is in the Samtskhe-Javakheti region. Foreign tourists in the region come mainly from
Armenia, Russia, Germany, Israel and the United States. In 2011, 27,850 tourists visited Samtskhe-
Javakheti, of which 8,415 were foreigners. In 2024, this figure amounted to 16,354.8 thousand US
dollars. And in 2025 it increased to US $4.6 billion, representing an annual increase of 4.9%. The bulk of
this income comes from income from Iranian tourists. The growth rate may decrease, since at this stage
the tourism sector will be affected by the unstable political situation in Iran. An equally significant share
of the income belongs to tourists from Russia, who spent about 700 million US dollars in Georgia,
although this is 18% less than in previous years. Traveller revenues from European Union countries
increased by almost 16% to US 5660 million. Based on the above, the decline in income was mainly due
to the pandemic, to which disorganized infrastructure was added, although Georgia is probably the only
country where prices for goods and services are low, which is acceptable for any tourist with a limited
budget.

Agritourism will become the leading sector of the region, since there are recreation and recreation
areas, but it is already important to introduce tourist service facilities, information centers, since tourists
visiting the region need to provide high-quality services with qualified personnel. It is equally important
to provide infrastructure, create safe conditions for vacationers and improve the ecological condition of
recreation areas and forests. The region has such key strategic development potential as the offer of
innovative tourist packages to consumers. In particular, this is the opening of high-quality catering
enterprises, trade in crafts, mountaineering, sailing, fishing, the organization of extreme tourism in the
Trialeti gorge, the use of the potential of the protected area of Javakheti, the launch of a balneological
resort in Akhaltsikhe. In general, the development of agritourism, with proper planning and
management, can become a powerful tool for improving the prospects for employment and well-being
of the local population, preserving the cultural and natural heritage of society and the territory.

Stable growth in tourism and, therefore, agritourism means not only an increasing dependence on
financial income, but also the need to strengthen infrastructure, improve the quality of services and long-
term strategic planning. However, at this stage, the country still faces a choice: how to maintain
environmental balance and ensure the sustainable development of the region against the backdrop of
rapid growth. However, the effectiveness of the tourism sector will depend on how much the country can
maintain positive dynamics through innovation, quality improvement and integration of regional
diversity.
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Abstract

A Green Economy is one of the foundations of sustainable development. The primary goal of a
green economy is to improve the well-being of current and future generations through the most efficient
use of existing non-renewable resources, their replacement with environmentally friendly resources, and
the preservation and development of natural capital. A Green Economy is one that improves long-term
human well-being and reduces inequality so that future generations can avoid significant environmental
risks and environmental degradation. The definition of a green economy places a primary emphasis on
improving Human well-being, as the preservation, protection and improvement of nature contribute to
increased Human well-being.

Keywords: Natural Resources, Ecological Economics; Green Architecture; Environmentally Friendly
Products.

Sustainable development is a system of social development that, while taking into account
Economic development and environmental protection, ensures human well-being, an improved quality of
life, and the right of future generations to enjoy natural resources and the environment, protected to the
maximum extent possible from irreversible quantitative and qualitative changes.

Sustainable development implies a form of Economic growth that ensures the well-being of society
in the short, medium, and, most importantly, long term. It is based on the principle that today's needs
must be met without compromising the well-being of future generations. Sustainable development
implies creating conditions for long-term economic development with maximum consideration for
environmental protection.

The world faces serious challenges: on the one hand, it must meet growing consumption, while on
the other, it must care for its planet. We may think of the Earth on one side of the scale, and a growing
population on the other. However, such ideas are misguided; in reality, the scales do not exist. There is a
simple path that eliminates this choice: sustainable development. By adhering to the principles of
sustainable development, we can produce more energy, food resources, and so on, while simultaneously
minimizing our harmful impact on the environment. The development of a green economy, one of the
foundations of sustainable development, also plays a vital role in achieving this goal.

A Green Economy is a model of Economic development that places particular emphasis on
minimizing the risks of environmental problems. A green economy is one that improves long-term human
well-being and reduces inequality so that future generations can avoid significant environmental risks
and impoverishment. The definition of a green economy places a primary emphasis on improving human
well-being, as preserving, protecting, and enhancing nature contributes to improving human well-being.

Sustainable development equally encompasses the economic, environmental, and social spheres.
A green economy encompasses all three, but its primary focus is on the efficient use of resources and the
conservation and development of nature. In this context, the greatest role in improving Human well-
being is played by the challenges of living and working in an environmentally sound environment, both
now and in the future. The primary goal of a green economy is to improve the well-being of current and
future generations through the most efficient use of existing non-renewable resources, their replacement
with environmentally friendly resources, and the preservation and development of natural capital. The
green economy encompasses six key sectors: renewable energy, clean transportation, water
management, waste management, green construction, and land use. The development of each sector is
crucial in addressing environmental challenges.

The main advantage of renewable energy is its inexhaustibility, unlike fossil fuels (oil, coal, etc.).
Furthermore, renewable energy production is less harmful to the environment, making it possible to meet
growing energy demand with minimal environmental impact. Renewable energy sources include:
hydropower; wave energy; solar enerqy; wind energy; geothermal energy; and biomass energy.
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There is not a single country in the world that does not face waste management challenges.
Particularly in large countries with large populations, household and industrial waste reaches enormous
volumes. Landfills occupy vast areas, polluting the soil, atmosphere, and water resources, often causing
various diseases and epidemics. A proper approach to waste management is essential to avoiding many
problems. In 2005, the 3R (reduce, reuse, recycle) concept emerged in Japan, with the primary goal of
proper waste management. The 3Rs are a combination of the first letters of three words: Reduce, Reuse,
and Recycle. In modern literature, two more principles have been added to the 3Rs, making them even
more comprehensive: the first is Energy Recovery, which processes waste using specialized technologies
to recover enerqy; the second is Disposal, which involves disposing of waste on the earth's surface under
special control.

Green architecture is a conceptual approach to construction that reduces the harmful impact of
construction on human health and the environment. The goal of ecological architecture is to minimize
the negative impact on the environment. Furthermore, green architecture allows for more efficient use
of resources in terms of enerqy consumption. For example, such buildings are designed to better retain
heat, as well as cool the building in hot summer weather, etc. Improving energy efficiency in the housing
and utilities sector is achieved primarily through the use of innovative energy-efficient technologies.

Energy savings in the transport sector are achieved by encouraging the public to purchase fuel-
efficient vehicles, upgrading aircraft and rail locomotive fleets, and switching to innovative electric
vehicles. The European Commission has proposed banning the use of gasoline-powered cars in cities by
2050. Some European countries have already adopted this ban as early as 2030.

Innovation plays a crucial role in the development of a green economy. Today, 40% of global
innovation is related to the green economy, 50% of which is related to enerqy conservation and energy
efficiency, key factors in a green economy. Furthermore, in developed countries, innovation currently
encompasses not only the creation and improvement of new products but also the development of new
technological complexes (i.e., the creation of new production facilities altogether), as well as the
rebuilding of existing but temporarily lost (primarily in post-Soviet countries) production facilities on a
new technological basis, and much more. All of this is implemented through the use of national
innovation systems and economic mechanisms (R&D, technology transfer, innovation commercialization,
public and private financing of innovation, etc.). In this regard, the "green" economy can be considered
an integral part of the innovation economy, gradually occupying an increasingly important place within
it. The following general key areas for the development of the "green" economy can be identified:

1. General ecosystem Management — waste Management, water and air pollution control, land
(soil) restoration and rational use, reforestation and reforestation;

2. Implementation of renewable Energy sources;

3. Reducing the energy intensity of GDP and increasing energy efficiency (construction of buildings
and structures, housing and utilities, industry, transport, agriculture);

4. Development of electric transport;

5. Organic farming in agriculture;

6. Development of Ecotourism.

Conclusion: A Green Economy is a way of life that embraces environmental stewardship and
protection, as well as shared responsibility, resulting in clean air, clean water, and high-quality food.
Ultimately, this means a healthy environment and a strong, competitive Economy.
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Abstract

The aim of this study is to investigate changes in key climate characteristics at two meteorological
stations in the Kabardino-Balkarian Republic (Nalchik and Prokhladnaya) during the cold season of 1961-
2024. The Kabardino-Balkarian Republic is located in the southern part of the temperate climate zone,
shielded from the south and southwest by the Greater Caucasus Mountains and exposed to the north
and northwest by cold air masses from the Arctic. To assess climate change, three key meteorological
factors were analyzed: average air temperature, total precipitation, and relative humidity for the months
of the cold season at two meteorological stations located in different climatic zones of the republic.

Data analysis revealed that the average temperature at both meteorological stations does not
exceed the climatic norm, with the exception of November. Precipitation totals also do not exceed the
climatic norm in all months of the cold season, except for January and February in Nalchik. Relative
humidity exceeded the climatic norm in all months except January.

The study revealed a statistically significant increase in average monthly air temperature from
January to March at both weather stations. Precipitation showed both statistically insignificant positive
and negative trends. The linear trend coefficient for relative humidity was statistically significant only in
February and March at both weather stations.

Keywords: average temperature, precipitation, relative humidity, cold period, climatic norm, linear
trend.

In recent decades, climate change due to global warming has become one of the most pressing and
debated topics. It is an undeniable fact that the average global surface temperature is rising. This fact
has been noted previously and is currently confirmed in numerous studies by Russian and international
scientists [1-6]. Researchers, citing the results of the Intergovernmental Panel on Climate Change (IPCC),
note that the observed warming will lead to an increase in the frequency of extreme natural events,
increased precipitation intensity, sharp fluctuations in air temperature, and an increase in the number of
droughts [7-8].

Climate change is a global phenomenon that is felt everywhere, affecting every corner of the Earth
and influencing our daily lives. Understanding these processes requires detailed study both globally and
at the level of individual regions. Global warming is particularly noticeable in Russia: between 1900 and
2010, temperatures in the country increased by 1.2°C, significantly exceeding the global average of
0.74°C. Increases in average annual air temperature have been recorded in all Russian regions. However,
given the country's vast size and the diversity of its natural zones, climate shifts manifest themselves
differently depending on the specific territory and time of year.

Climate change studies conducted in the North Caucasus region, and in particular the Kabardino-
Balkarian Republic (KBR), have shown a statistically significant increase in average annual temperatures,
against a background of a statistically insignificant decrease in annual precipitation [9, 10].

Annual and seasonal values of climate variables are most often used to analyze climate change,
but for some applications, the seasonal division of meteorological parameters into warm and cold periods
is of interest rather than the seasonal division. This paper presents an analysis of climate indicators for
the cold period (CP) (november-march) in the period from 1961 to 2024 at two meteorological stations
(MS) of the KBR.

The Nalchik weather station is located in the foothills at an altitude of 500 meters above sea level,
between the Pastbishchny and Tersky mountain ranges. The station, with WMO index 37212, has been
operating since 1892. Its coordinates are 43°22" north latitude, 43°24" east longitude.



XIX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 10-11.03.2026

The Prokhladnaya weather station is located in the flatlands at an altitude of 198 meters above
sea level, at the junction of the Tersko-Kuma Lowland and the Tersky mountain range. The station, with
WMO index 37144, has been observing since 1873. Its coordinates are 43°74' north latitude, 44°06' east
longitude.

The average, maximum, and minimum values of average temperature (°C), precipitation (mm), and
relative humidity (%) for five months of the cold period (November—March) were analyzed, along with
the slope coefficient of the linear trend (SCLT), which indicates the rate of change in climate parameters.
The highest and lowest average values for meteorological stations over the entire period were
determined, along with the dates of their occurrence.

Climate change was also assessed using standard climate normals, which characterize average
values of climate parameters calculated over 30-year periods, consistent with recommendations of the
World Meteorological Organization (WMOQO). Climate normals are generally accepted criteria for
assessing climate anomalies, climate variability, and long-term climate change. A standard reference
period from 1991 to 2020 was used to analyze climate change trends.

The obtained quantitative data are presented in Table 1 and allow us to identify trends and
characteristics of climate processes in the study area during the cold period.

Table 1
Statistical characteristics of average temperature (°C), precipitation (mm) and relative humidity (%) for

the cold period 196 1-2024 based on data from Nalchik and Prokhladnaya stations

Characteristics Month
(period) November | December January February March
1961-2024
NALCHIK
Average temperature, °C /normal (1991- 4.3/4.0 -0.4/-0.3 -2.6/-1.8 -1.7/-1.1 3.2/4.1
2020), °C
Maximum of average, °C 8.7(2010) 4.5(2010) 2.3(2007) 5.2(2002) 8.6(2008)
Minimum of average, °C -5.5(1993) -7.2(2002) -12.5(1972) -9.9(1976) -2.8(1985)
SCLT, °C/10 years /D, % 0.1/0.5 0.27/6.0 0.58/16.0 0.58/10.0 0.58/18.0
Total precipitation, mm / 31.2/33.6 | 25.9/26.5 21.9/21.5 23.0/22.3 39.2/39.4
normal (1991-2020), mm
Maximum of average, mm 90.2(1992) | 79.0(2001) 54.0(1966) 59.1(1978) | 94.6(2018)
Minimum of average, mm 6.0(2010) 4.0(2011) 4.8(1999) 4.0(2017) 4.9(1979)
SCLT, mm/10 years /D, % 0.94/1.0 -1.27/3.0 -0.49/0.7 -0.69/1.3 0.43/0.2
Relative humidity, %/ 83.9/83.7 | 86.0/85.3 84.7/84.9 83.3/82.5 | 80.3/78.1
normal (1991-2020), %
Maximum of average, % 93.0(1968) | 94.0(1966) 94.0(1966. 1981. 93.0(2013) | 93.0(1987
1996)
Minimum of average, % 70.0(2015) | 74.0(2015) 68.0(2007) 70.0(1998. | 64.0(1990)
2002.
2017)
SCLT* %/10 years /D % -0.37/1.0 -0.29/1.0 -0.19/0.0 -0.82/6.0 -1.24/12.0
PROKHLADNAYA
Average temperature, °C /normal (1991- 4.4/4.0 -0.3/-0.3 -2.6/-1.8 -1.6/-1.0 3.9/4.8
2020), °C
Maximum of average, °C 8.0(2023) | 4.7(2017) 2.1(2005) 4.5(2002) | 10.2(2019)
Minimum of average, °C -5.3(1993) | -8.1(2002) -13.1(1972) -9.6(1976) | -2.5(1985)
SCLT, °C/10 years /D % 0.04/0.0 0.26/5.0 0.58/14.0 0.52/9.6 0.59/20.0
Total precipitation, mm / 27.2/30.5 | 25.9/26.6 20.7/22.8 21.0/22.4 30.6/33.8
normal (1991-2020), mm
Maximum of average, mm 87.0(1993) | 70.0(1992) 50.5(2016) 51.0(1992) | 88.6(2018)
Minimum of average, mm 3.0(1972) | 2.0(2011) 4.0(1999) 2.3(2017) 2.0(1986)
SCLT, mm/10 years /D, % 1.53/2.7 -0.54/0.5 0.57/1.1 0.27/0.2 1.14/1.5
Relative humidity, % / 87.3/87.2 88.9/88.0 86.7/87.2 85.3/84.4 80.4/78.6
normal (1991-2020), %
Maximum of average, % 95.0(1968) | 97.0(2020) 94.0(1981. 92.0(1962. | 90.0(1969.
2018) 2018) 1988)
Minimum of average, % 77.0(2015) | 77.0(2017) 60.0(1961) 73.0(2017) | 65.0(1990)
SCLT, %/10 years /D, % -0.12/0.0 -0.40/3.0 0.28/1.0 -0.78/12.0 | -1.19/17.0

An analysis of the temperature regime during the cold period showed that the average
temperature at Nalchik and Prokhladnaya meteorological stations was only above the climatic norm in
November, while in the remaining months (December through March) it did not exceed the norm. As can
be seen from Table 1, the maximum average temperatures were observed after 2000, and the minimum
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before 2000, with the exception of December, where the minimum values of -7.2°C and -8.1°C were
observed in 2002 at Nalchik and Prokhladnaya meteorological stations, respectively.

The slope coefficients of the linear trends demonstrate a consistent positive change in average
monthly temperatures in January, February, and March at both weather stations, with the largest
monthly increase noted in March at a rate of 0.58°C/10 years with a D of 18% at Nalchik meteorological
station and 0.59°C/10 years with a D of 20% at Prokhladnaya meteorological station.

Precipitation totals at Nalchik MS were above the climatic norm in January and February, while in
the remaining months of the period, they were below the climatic norm. At Prokhladny MS, all average
precipitation totals for the studied months were below the climatic norm. Analysis of changes in the SCLT
revealed both positive and negative SCLT values, but all were statistically insignificant.

With regard to humidity, the situation is different: humidity below the climatic norm was observed
only in January, and only slightly so—by 0.2% in Nalchik and by 0.5% in Prokhladny. The slope coefficients
of the linear trend at Nalchik MS are negative in all months of the period, but are statistically significant
only in March. At Prokhladny MS, there is one positive trend (January), but it is statistically insignificant.
Significant negative SCLT values were observed only in February and March, with values of -0.78%/10
years, with D=12%, and -1.19%/10 years, with D=17%, respectively.

Also of interest is an analysis of climate change over the entire cold period from 1961 to 2024. A
statistical analysis was conducted, and graphs of changes in these characteristics were plotted.

A statistical analysis of the climate characteristics during the cold period showed that, at the two
stations under consideration, the average temperature and precipitation for the cold period were below
the climatic norm, while the average relative humidity was above the norm. The results are presented in
Table 2.

Table 2
Statistical characteristics of the cold period
Ne Statistics Temperature, Precipitation, Humidity,
n/n °C mm %
NALCHIK
1 Mean (standard error), X 0.6 (0.2) °C 141.8(4.5) mm 83.7(0.377) %
2 Standard deviation, o 1.6°C 36.4mm 3.01%
3 Minimum, min -3.6°C(1972) 83 mm (1986) 76.6 % (2003)
4 | Maximum, max 3.5°C (2023) 246.9 mm (1992) 90.4 % (1987)
5 Range, R 7.1°C 164 mm 13%
6 Median 0.6 135 83
7 Confidence interval for the mean (lower-upper 0.168-0.944 132.7-150.9 82.9-84.4
bounds)

8 | Skewness, As -0.425(0.299) 0.747(0.299) 0.051(0.299)
9 Kurtosis, E -0.378(0.590) 0.170(0.590) -0.542(0.590)
10 | Normal distribution, P>0,05 0.103>0.05 0.090 >0.05 0.102 >0.05

normal normal normal
11 | Climate norm (1991-2020), N 1.0 °C 143.3 mm 82.9%
12 | T-test Sig. >0,05 0.026<0.05 0.740>0.05 0.049<0.05

are not equal equal are not equal
13 | Extremes no 1 extremum 2> no
247 mm in 1992
PROKHLADNAYA
1 Mean (standard error), X 0.8(0.2) °C 125.7(4.0) mm 85.7(0.314) %
2 Standard deviation, o 1.6°C 32.4mm 2.5%
3 Minimum, min -3.8°C(1972) 64 mm (1975) 81.2% (1961)
4 Maximum, max 3.5°C(2023) 227.2mm (2018) 90.6 % (2018)
5 Range, R 7.3°C 163 mm 10 %
6 Median 0.8 125.0 86.0
7 Confidence interval for the mean (lower-upper 0.372-1.149 117.6-133.8 85.11-86.36
bounds)

8 Skewness, As -0.491(0.299) 0.576(0.299) 0.150(0.299)
9 Kurtosis, E -0.035(0.590) 0.735(590) -0.769(0.590)
10 | Normal distribution, P>0,05 0.120>0.05 0.098>0.05 0.130>0.05

normal normal normal
11 | Climate norm (1991-2020), N 1.1°C 136.0 mm 85.1%
12 | T-testSig. >0,05 0.086>0.05 0.013<0.05 0.048<0.05

equal are not equal are not equal
13 | Extremes no 1 extremum 2> no

227mmin 2018
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Table 2 shows that the average temperature over the CP has a left-sided asymmetry with a
negative excess As=-0.425 and E=-0.378 for Nalchik meteorological station and As=-0.491 and E=-0.035
for Prokhladnaya meteorological station; therefore, there is a flat peak of the distribution curve. For the
amount of precipitation over the CP at Nalchik and Prokhladnaya meteorological stations, there is a
right-sided asymmetry (As=0.747 and As=0.735), positive excess (E=0.170 and E=0.735) and normal
distribution (0.09>0.05 and 0.098>0.05). For the relative humidity at Nalchik and Prokhladny
meteorological stations, there is a slight right-sided asymmetry As=0.051 and As=0.150 and a negative
excess E=-0.542 and E=-0.769. All climate characteristics exhibit a normal distribution with a P>0.05.

At the meteorological stations under consideration, only one extreme value was detected for
precipitation totals 2247 mm in 1992 in Nalchik and =227 mm in 2018 in Prokhladnaya.

Extreme values were also detected for each month of the period. It turns out that at the Nalchik
station there is 1 extreme average monthly temperature in November (< -5.5°C in 1993), December (< -
7.2°C in 2002) and February (1 extreme < -7.2°C in 2002) and 3 extreme values < -8.6°C in January (-
8.6°Cin 1969, -12.5°Cin 1972,-10.1°Cin 1977).

At the Prokhladny meteorological station, two extreme values < -0.3°C were recorded (-5.3°C in
1993, -0.3°Cin 2011), one extreme value < -8.1°C in December 2002, and six extreme values <-7.6°C in
January: -7.6°C in 1964, -8.1°Cin 1969, -13.1°Cin 1972, -7.8°Cin 1973,-10.7°Cin 1977, and -8.5°C in
2008.

In terms of precipitation, extreme values were recorded in all months at both meteorological
stations. At Nalchik MS, 10 extreme values of precipitation amounts were recorded: in November, 2
extremes =79 mm (79 mm in 1995 and 90 mm in 1992), in December, 2 cases =57 mm (57 mm in 1992
and 79 mm in 2001), in January, 1 extreme =54 mm (54 mm in 1966), in February, 2 extremes =53 mm
(59 mm in 1978 and 53 mm in 1992) and in March, 2 extreme values > 94 mm (94 mm in 1977 and 95
mm in 2018). Ten extreme precipitation totals were also recorded at Prokhladny MS: November had one
extreme > 87 mm (87 mm in 1993), December had two instances of exceeding the 68 mm threshold (71
mm in 1977 and 89 mm in 2018), and January and February were similar in their "extremeness,"” with
each month having two extremes > 49 mm (49 mm in January 2010 and February 1978, and 51 mm in
January 2016 and February 1992). March had the absolute highest number of extreme values, exceeding
the 71 mm mark three times: exactly 71 mm fellin 1977, 75 mm in 2002, and 89 mm in 2018. Regarding
relative humidity, the Nalchik weather station has recorded only two extreme values below the
threshold: < 68% in November 2007 and < 70% in December 1998. The situation is different at the
Prokhladnaya meteorological station. Here, extreme values of relative humidity below the threshold
(79%,) were observed more frequently: twice in November — 79% in 1978 and 77% in 2015, three times
in December—79%in 2013, 78%in 2015, and 77% in 2016, and one extreme in January (< 60% in 1961)
and March (< 65% in 1990). The only month without extreme values of relative humidity in Prokhladny
is February. Figure 1 shows the course of change in average temperature, precipitation and relative
humidity for the entire cold period (November-March) 196 1-2024 with linear trends.
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Figure 1. Average temperatures, precipitation totals, and relative humidity for the cold season

As Figure 1a and 1b show, the slope of the linear trend for average temperature during the cold
season at the Nalchik and Prokhladnaya weather stations is positive and statistically significant. The
increase rate was b=0.42°C/10 years, D=26%, and b=0.4°C/10 years, D=23%, respectively. This confirms
a significant and consistent upward trend in average temperature during the cold season. For
precipitation totals, the trends are statistically insignificant at both stations. Nalchik shows a slight
negative trend (b=1.08 mm/10 years, D=0.31%), while Prokhladnaya shows a positive trend (b = 3.0
mm/10 years, D=2.9%). Relative humidity at both stations showed a statistically significant decrease
(b=-0.58%/10 years, D=10%) at Nalchik MS (Fig. 1c) and (b=-0.88%/10 years, D=9%) at Prokhladny MS
(Fig. 1d).

Conclusion: This study identified trends and characteristics of climatic processes by month of the
cold period and for the entire period from 1961 to 2024 in the study area.

The average temperature at both MS does not exceed the climatic norm, with the exception of
November. An analysis of the maximum and minimum average temperatures shows that the maximums
occurred after 2000, while the minimums occurred before 2000, with the exception of December, where
the minimum at both stations occurred in 2002. Precipitation totals at Nalchik and Prokhladny stations
did not exceed the climatic norm in all months of the cold period, with the exception of January and
February in Nalchik. Relative humidity was slightly below the climatic norm in January, but exceeded the
norm in the remaining months of the cold period.

A study of changes in these climatic characteristics at Nalchik and Prokhladny stations revealed
an increase in average monthly air temperature at both stations, but this increase was statistically
significant only in January, February, and March. This was not the case for precipitation totals, where
statistically insignificant positive and negative linear trends were observed. For relative humidity,
significant SCLT were found only for February and March at both stations. For the average values of the
entire cold period, the slope of the linear trend in average temperature was found to be positive and
statistically significant at both meteorological stations. For precipitation totals, the trends were
statistically insignificant, with a slight negative trend in Nalchik and a positive trend in Prokhladnaya.
Changes in relative humidity showed a statistically significant decrease at the studied weather stations.
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Medical sciences
IMPETIGO HERPETIFORMIS IN A PREGNANT WOMAN WITH ICHTHYOSIS VULGARIS- CASE REPORT
Alert Xhaja
Entela Shkodrani

Dermatology Clinic, University Hospital Center,
“Mother Theresa”. Tirana, Albania.

Abstract

Introduction: Impetigo Herpetiformis (IH) is a rare pregnancy dermatosis considered to be a variant
of Pustular Psoriasis. It typically manifests in the third trimester with generalised pustules, serious
systemic alterations and placenta insufficiency, which can lead to maternal or fetal death. Differential
diagnosis comprises Subcorneal Pustulosis of Sneddon-Wilkinson, Acute Generalized Exanthematous
Pustulosis (AGEP), Pemphigoid Gestationes and Dermatitis Herpetiformis during pregnancy.

Case Report: We report the case of a 3 1-year-old female, 18 weeks pregnant. She was referred to
the dermatology department presenting these symptoms: high fever, chills, malaise, and a widespread
eruption consisting of erythematous, edematous plaques with innumerable non-follicular pustules
(distinct and confluent). In her childhood she was diagnosed with a rather severe form of Ichthyosis
Vulgaris, for which she had periodically undergone courses of systemic Acitretin. Based on clinical
findings, laboratory results, and histopathology the diagnoses of Impetigo Herpetiformis (IH) was
concluded. Corticosteroid therapy was started which was gradually tapered, along with systemic
antibiotics, parenteral fluids, antipyretics, topical antiseptics and emollient creams. At 29 weeks
gestation, the pregnancy ended in stillbirth and we concluded that IH might have potentially contributed
to the fatal outcome.

Conclusion: This case highlights the severity of IH during pregnancy and its potential to contribute
to poor pregnancy outcomes, including stillbirth. Early diagnosis, aggressive treatment, and
multidisciplinary management (dermatology, obstetrics, and neonatology teams) are critical in such
cases to optimize maternal and fatal outcomes.

Keywords: impetigo herpetiformis, pregnancy, ichtiosis vulgaris.
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Abstract

This scientific and analytical work systematizes the clinical applications of ultrasound diagnostics
for various thyroid diseases. Diffuse and focal changes, echogenicity variations, nodular and cystic
lesions, inflammatory changes, and neoplastic processes in this organ are covered in detail. It is
emphasized that ultrasound examination occupies a leading place both in the initial diagnosis and as part
of a comprehensive patient examination. The article presents a detailed and comprehensive review of
modern ultrasound diagnostic methods using various modes: B-mode only, Doppler techniques,
microangiographic technologies, elastography, contrast-enhanced ultrasound, and digital analysis
algorithms using artificial intelligence, as well as their features and informative value in the differential
and early diagnosis of thyroid pathological conditions. Current recommendations for ultrasound
diagnostic specialists in accordance with the TI-RADS standard are presented. The article presents clinical
protocols for the diagnosis and treatment of various thyroid pathologies, and also describes in detail
current international practices and trends in the field of oncological surveillance and early diagnosis of
thyroid cancer using ultrasound examination.

Keywords: thyroid gland, thyroid, thyroid lesions, radiology, ultrasound, ultrasound diagnostics,
region of interest, B-mode, color Doppler, ultra-microangiography, ultra-microvascular imaging
technology, elastography, contrast ultrasonography, computer-assisted diagnosis, artificial intelligence,
fine needle aspiration biopsy, oncology, thyroid cancer.

Today, ultrasound diagnostics of various thyroid gland pathologies, including diffuse changes,
decreased and increased echogenicity, nodular and cystic lesions, inflammatory changes, and thyroid
cancer, is a leading method for both primary diagnosis and comprehensive examination. According to
current protocols for the diagnosis and treatment of thyroid pathology in the Republic of Kazakhstan,
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ultrasound diagnostics occupies a leading position both in diagnostics and for monitoring [1-4].

As noted by Zhou H. et al. [5] thyroid cancer is one of the most common malignant tumors of the
endocrine system. Thyroid nodules in 5% ~ 15% thyroid cancer are malignant. The incidence rate of
thyroid cancer is increasing year by year. The incidence rate in women is generally higher than that in
men. Papillary thyroid carcinoma is the most common clinical feature of thyroid cancer. It has the
characteristics of high differentiation, low malignancy, good prognosis, and long survival. However, local
metastasis and distant metastasis can also occur. Studies have shown that the rate of lymph node
metastasis in papillary thyroid carcinoma is 84.7%, of which two-thirds have 70% lymph node metastases
to thyroid cancer, and the incidence rate of thyroid cancer ranges from 70% to 85%. Local invasion or
distant metastasis of thyroid cancer may increase the chance of postoperative recurrence. Therefore,
metastasis of thyroid cancer is one of the important factors affecting the prognosis of patients. Early
detection of thyroid cancer metastasis can help clinicians to estimate the surgical conditions. Ultrasound
is the most important imaging method for the diagnosis of thyroid cancer metastasis, which is not only
convenient but also accurate and reliable. With the continuous improvement of instrument performance,
high-frequency ultrasound can not only sensitively display the internal structure of lesions but also
provide blood flow information or judge the quality of lesions. In 2009, the American Thyroid Association
emphasized the significance of ultrasound in thyroid nodules in the diagnosis and treatment manual of
thyroid nodules and differentiated thyroid cancer and evaluated the ultrasonic thyroid examination as
Grade A. Ultrasound examination is of great significance for early detection of thyroid cancer metastasis,
early treatment, and improving the survival rate and quality of life of patients and has an important
impact on the prognosis of patients.

A very interesting study was conducted by Kennedy E. et al. [6]. Our colleagues investigated which
indications most commonly prompt referral for thyroid ultrasound and the diagnostic utility by
indication. Extractors categorized referral reasons into (1) suspected palpable nodule (SPN) on physical
examination; (2) chronic symptoms (CS) - e.g., globus sensation and dysphagia; (3) metabolic symptoms
(MS; e.g., fatigue, weight change, and heat intolerance); (4) screening due to high risk for thyroid cancer
(e.g., multiple endocrine neoplasia, Pendred syndrome, and family history of thyroid cancer); (5) follow-
up of incidental thyroid nodule detected on another imaging study; or (6) combination of aforementioned
factors. Suspected cases of goiter were included in the physical examination findings of a palpable thyroid
nodule or mass. Additional variables extracted included the date of ultrasound, maximum diameter of
largest nodule identified, if a biopsy was recommended by the interpreting radiologist, and if fine needle
aspiration biopsy (FNAB) was performed. Demographic variables extracted included patient age, sex,
race/ethnicity (White, Black, Asian, and Hispanic), insurance status (Medicaid, Medicare, private
insurance, and uninsured), and Charlson Comorbidity Index (CCl) - 0, 1, and 2+. The primary outcome of
interest was the percentage of thyroid ultrasounds performed that had an identifiable nodule for each
referral indication. The secondary outcome evaluated “biopsy-recommended” nodules specifically, which
were defined as nodules that the radiologist recommended for biopsy. Radiologists at institution
routinely utilize the Thyroid Imaging Reporting and Data System (TI-RADS), and recommendations for
biopsy are based on nodule size and TI-RADS category, however, specific TI-RADS scores were not
abstracted. The percentage of biopsy-recommended nodules among all ultrasounds performed was
compared among each referral indication.

In all, 3459 discrete neck ultrasounds were identified between 2017 and 2019. Of these, 1739
(50%) met inclusion criteria. The majority of patients were female (76%), White (86%), privately insured
(62%), and healthy (76% with CCl 0); the mean age was 53 years standard deviation (SD). The most
common indication for thyroid ultrasound referral was an SPN on physical examination (40% of all
ultrasounds performed). The next leading referral indication was follow-up of a nodule identified on
incidental imaging (28%). Referral for CS and MS made up 13% and 6% of ultrasounds, respectively. Only
2% of patients were referred for thyroid ultrasound due to high-risk factors. Patients referred for a
combined indications accounted for 11% of thyroid ultrasounds. The combined indication was most often
(45%) due to a patient presenting with CS and an SPN on examination. Among all ultrasounds performed,
62% identified a thyroid nodule. Patients referred for incidental findings had the highest percentage of
ultrasounds with thyroid nodules present at 94%. Several possible reasons exist for the 6% of incidental
findings that lacked a thyroid ultrasound correlate. For example, some were imaging “suggestive” of a
nodule, but not definitively a nodule. These findings typically derived from imaging that was not optimal
for the thyroid (e.g., chest or cervical spine computed tomography scan and nuclear imaging); and the
suggestive nodule was ultimately not detectable on dedicated thyroid ultrasound [6].

In comparison, patients referred because of an solid pseudopapillary neoplasm (SPN) on
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examination and for CS identified nodules on 55% and 39% of ultrasounds, respectively. Patients with
MS had a nodule on ultrasound 43% of the time. Among those referred for high-risk factors, 57% had a
nodule present. Patients referred for combined indications had nodules on 42% of ultrasounds. Analysis
of variance (ANOVA) indicated the difference in nodule detection rate between indications was
statistically significant (p <0.05). Only 27% of ultrasounds identified a thyroid nodule that was
recommended for biopsy. Those referred from incidental imaging had the highest percentage of biopsy-
recommended nodules (55%,). This was followed, in order, by patients referred for physical examination
of a palpable thyroid nodule (21%), high-risk factors (20%), combined indications (16%), MS (10%,), and
CS (6%). The overall mean maximum diameter of identified thyroid nodules was 1.9 cm (SD 1.3 cm). Of
note, 32 radiology reports identified a thyroid nodule but did not record size and were, therefore,
excluded from this specific analysis. Patients referred for incidentally found thyroid nodules had the
largest mean nodule size at 2.4 cm (SD 1.2 cm). All other groups had a mean nodule size between 1.2
and 1.8 cm. The difference in average size of nodule was statistically significant (p < 0.05). A logistic
regression model evaluated the association of patient age, sex, ethnicity, CCl, insurance status, and
referral indication with identification of a nodule on ultrasound. Compared with patients referred for an
SPN on examination, those with incidental nodules were over 10 times more likely to have a nodule found
on ultrasound (odds ratio [OR] = 10.6 [confidence interval (Cl) 7.0-16.0]). Conversely, patients referred
for CS were half as likely to have an identifiable nodule compared with those referred for physical
examination findings (OR = 0.5 [C1 0.4—0.7]). In addition, the odds of finding a nodule increased with age,
especially for those aged 65 years and above (vs. age <45 OR = 3.6 [Cl 2.2-5.9]). Finally, females were
twice as likely to have a nodule found on thyroid ultrasound (OR = 2.0 [CI 1.5-2.6]). Results were similar
when evaluating only biopsy-recommended nodules. Compared with patients referred for an SPN on
examination, those referred for incidental findings were significantly more likely to have a biopsy-
recommended nodule (OR = 4.7 [Cl 3.5-6.3]), while those referred for CS were significantly less likely to
have a biopsy-recommended nodule on ultrasound (OR = 0.3 [CI 0.1-0.5]. There was no difference in
identifying biopsy-recommended nodules between sexes (female vs. male OR = 1.2 [Cl 0.9-1.6]). In
conclusion, the authors emphasize that only a quarter of dedicated thyroid ultrasounds yielded a nodule
recommended for biopsy, and 39% did not have a nodule present at all. Moreover, only half of
ultrasounds performed to evaluate a suspected nodule on physical examination actually identified one.
Ultrasound referrals for symptoms had the lowest diagnostic yield, with fewer than 10% identifying a
biopsy-recommended nodule. These findings suggest that re-evaluation of guidelines on thyroid
ultrasound referral may be necessary to decrease the overutilization of thyroid ultrasound and the
downstream consequences of detection of small potentially irrelevant nodules [6].

Wu J. et al. [7] to study the application value of SMI technology (ultra-microvascular imaging
technology) and contrast-enhanced ultrasound in the differential diagnosis of thyroid benign and
malignant nodules. According to the authors, thyroid disease has always been a common and frequent
disease in clinical medicine, and its disease detection rate has been increasing year by year. Thyroid
diseases are mainly divided into two categories: thyroid diseases treated by medical treatment and
thyroid diseases treated by surgery. Thyroid cancer has also become one of the most common malignant
secretory tumor diseases today. Ultrasound examination is a commonly used method for diagnosing
thyroid diseases. During the diagnosis process, doctors need to observe the characteristics of ultrasound
images and combine professional knowledge and clinical experience to give the patient's disease status.

The thyroid is an important organ of the human body, and it plays an important role in maintaining
the health of the human endocrine system and the physical and mental health of the human body. With
the advancement of medical ultrasound technology, ultrasound examination has become one of the most
commonly used early detection methods for diseases due to its advantages such as low price, safety,
noninvasiveness, convenient use, and ability to reflect the actual situation of tissues. A thyroid nodule
refers to a mass in normal thyroid tissue that is different from normal glandular tissue. Thyroid nodules
can be divided into two categories according to their nature: benign nodules and malignant nodules.
Among them, benign nodules can be divided into nodular goiter, thyroid adenoma, and Hashimoto's
thyroiditis (HT); the main type of malignant nodules is thyroid papilloma, which is the most common
pathological type with the highest incidence of malignant thyroid nodules, while other pathological types
are relatively rare. Due to the superficial location of the thyroid, the boundary between the outer
envelope and surrounding soft tissues is clear, which provides favorable conditions for ultrasound
diagnosis. The self-regulation of thyroid function refers to the regulation of the secretion of thyroxine by
the amount of iodine supplied by the thyroid itself in the absence of thyroid-stimulating hormone (TSH)
or the concentration of TSH is unchanged. Therefore, for the identification and diagnosis of benign and



XIX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 10-11.03.2026

malignant thyroid nodules, ultrasound has always been one of the preferred imaging methods. With the
continuous improvement of the level of science and technology, ultrasound inspection technology has
also improved. When using ultrasound to diagnose thyroid diseases, thyroid neoplastic lesions can be
displayed more clearly on the ultrasound images, and the lesions can be found in time and medical
measures can be taken to control the condition. However, thyroid diseases are complex and changeable,
especially malignant thyroid nodules, which are difficult to diagnose and control. During an ultrasound
examination, benign and malignant nodules overlap on the two-dimensional sound image, which makes
the diagnosis more difficult. Especially when some nodules have both benign and malignant
characteristics, it is difficult to distinguish and qualitatively diagnose their nature based on the sonogram
alone, which directly affects the choice of clinical treatment and surgical methods. This puts forward
higher requirements for the initial qualitative diagnosis of lesion formation for ultrasound diagnosticians.
Therefore, medicine urgently needs more advanced ultrasound diagnostic technology to overcome the
difficulties encountered when using conventional ultrasound examination methods to diagnose thyroid
diseases so as to help clinicians better diagnose and treat thyroid diseases and protect the health of
patients. There is a clinical need for an intelligent diagnosis technology of thyroid diseases based on
ultrasound images, which can provide objective and reliable auxiliary diagnosis opinions for thyroid
diseases through the texture, shape, and other information of the images, freeing doctors from heavy
work [7].

The study states that SMI technology is a new ultrasound diagnostic imaging method proposed by
Canon in Japan in 2014. The principle basis of SMI technology is the motion suppression technology used
to isolate and eliminate clutter but retain the vulgar blood flow signal. It includes ultrasound diagnostics,
ultrasound therapy, and biomedical ultrasound engineering. Therefore, ultrasound medicine has the
characteristics of combining medicine, science, and engineering. It involves a wide range of contents and
has a high value in the prevention, diagnosis, and treatment of diseases. In the motion suppression
technology, the ultrasonic detection image subtracts the change of the structure position from one frame
to another, leaving only the color imaging part. SMI technology uses an adaptive wall wave to suppress
clutter noise and minimize the flash artifacts of the image. Ultrasound technology is a high-tech
developed in the 20th century. It is an emerging, interdisciplinary, and borderline science, which has
attracted extensive attention of scientific and technological workers in countries such as the United
States, Germany, Canada, Japan, and China. Contrast-enhanced ultrasound technology is a very
prominent technological development in the field of ultrasound imaging diagnostics in recent years, and
it can also be called the third leapfrogging revolution in the history of ultrasound imaging. Contrast-
enhanced ultrasound uses low mechanical index (MI0.2) pulse contrast sequence imaging technology for
ultrasound inspection, so it reduces the damage to microbubbles and greatly improves the signal-to-noise
ratio of the image. In the project of acquiring a dynamic image by contrast-enhanced ultrasound,
although the detected object can hold the breath for a short time, the slight movement of the organs
cannot be completely eliminated, and the organ movement may be more serious after the breath-hold is
over. In order to comprehensively use multiple imaging modes or co-modal changes to provide more
complete information, the ultrasound contrast motion correction algorithm often integrates all effective
information to make up for information deficiencies and better serve clinical diagnosis and treatment. In
the work of our colleagues, the experimental methods of this study are as follows: first, 40 cases of
benign and malignant thyroid nodules in China in 2018 were randomly selected. Among them, there
were 20 cases of benign and malignant nodules. The maximum diameter of the nodules was 0.6~3.9 cm,
with an average of 2.10.3 cm. The pathological results of all nodules were obtained through fine-needle
aspiration biopsy or surgical treatment. Then, according to the standard blood flow distribution pattern
of thyroid nodules, SMI technology and contrast-enhanced ultrasound were used to judge, and two
different selected nodule cases composed of 20 nodules in each group (10 benign and malignant nodules)
compared the distribution pattern of blood flow and the morphological characteristics of blood vessels.
According to the standard blood flow distribution pattern of thyroid nodules, in this experiment, SMI
technology was used to judge the blood flow distribution pattern of nodules 4 times. That the analysis of
the blood flow distribution pattern of SMI technical nodules in 20 cases of benign and malignant thyroid
nodules in this group showed that the number of central and mixed nodules was the same, and the
number of peripheral nodules was the least. After evaluation, through 4 repeated judgments, the blood
flow distribution pattern of the nodules under SMI technology is completely consistent with the actual
case. It shows that SMI technology has a high accuracy rate for displaying the blood flow distribution
pattern of thyroid nodules. SMI angiography showed that the vascular morphology of malignant nodules
was stump type and crab foot type, with more tortuous and chaotic directions, and more irreqular small
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branches, which was in line with the actual situation. This shows that SMI technology has a good imaging
effect on nodular blood vessels [7].

In conclusion, the authors come to the conclusion that with the improvement of medical
technology in today's society and the enhancement of people's health awareness, people's attention to
thyroid diseases continues to increase. However, thyroid diseases, such as malignant secretory tumor
diseases, are more complex and changeable, especially for malignant thyroid nodules, which are difficult
in clinical diagnosis and treatment. Conventional thyroid ultrasound examination methods also have
certain limitations, such as: for benign and malignant thyroid lesions, two-dimensional detection images
sometimes overlap, which can also lead to different images of the same disease, and the same frequency
of different diseases; at the same time, the blood flow with a low flow rate will not be displayed. And
usually, it can only clearly display the larger blood vessel images, but the new microvascular network of
the tumor cannot show its full picture, which means that thyroid cancer with less blood supply is easy to
be missed. These deficiencies in conventional ultrasound examinations will directly affect the clinical
treatment of thyroid diseases. Therefore, the medical field of thyroid diseases urgently needs more
advanced ultrasound diagnostic technology to overcome the difficulties encountered in the diagnosis of
thyroid diseases so as to help clinicians better diagnose and treat thyroid diseases and protect the health
of patients. With the improvement of science and technology, two more advanced ultrasound detection
technologies, SMI technology and contrast-enhanced ultrasound, have emerged in medicine. SMI
technology can detect very low blood flow in thyroid lesions and can noninvasively and truly reflect the
blood perfusion state of the nodules; contrast-enhanced ultrasound can continuously and dynamically
observe the vascular distribution and blood perfusion of thyroid nodules, showing that the possibility of
tumor neovascularization has also been improved. Therefore, SMI technology and contrast-enhanced
ultrasound technology can solve the current problems in the diagnosis and treatment of thyroid diseases
to a certain extent by virtue of their own advantages and have begun to be used in the identification and
diagnosis of thyroid benign and malignant nodules. The research in this article has proved through
experiments that SMI technology and contrast-enhanced ultrasound have high diagnostic sensitivity for
the identification and diagnosis of benign and malignant thyroid nodules, that is they have better
diagnostic efficiency and application value. And from the comparison of sensitivity, the diagnostic
sensitivity of SMI technology is slightly higher than that of contrast-enhanced ultrasound, which shows
that SMI technology has slightly better diagnostic performance and application value than contrast-
enhanced ultrasound. The findings of this article provide a meaningful reference for the medical
community to better apply SMI technology and contrast-enhanced ultrasound in the diagnosis and
treatment of thyroid diseases. The number of features extracted manually in the research of thyroid
nodular disease in this article is relatively small. In the future, more features can be added to study the
interaction between artificial features and neural network features to achieve better classification
results [7].

Jacome C.S. et al. [8] nposenu nosHasameibHoe ucciedoBaque, NOCBAWEHHOe 3¢pekmuBHOCMU
NasabNAamMopHO20 BbISIBICHUS Y3/108 B WUMOBUOHOU Xesiese U Koppesrsyuu 3mux pe3ysibmamos C
nocsedyrowuMu  YbMpPasBykKoBbIMU — ucciedoBaHusamu. The authors conducted a retrospective
observational study and identified adult patients (>18 years old) who underwent thyroid or neck
ultrasounds (TUS) for the first time between January 1, 2015, and September 30, 2017, from ultrasound
database. An initial search identified 5,938 patients with a TUS, from which our colleagues randomly
selected a cohort of 500 patients who had a TUS ordered for any reasons (e.g., screening, workup of
thyroid dysfunction). Of these, 327 patients were found to have both a TUS ordered and documented
physical examination of the thyroid, which was performed either as part of the thyroid-related workup
(e.g., thyroid function test abnormalities, personal or family history of thyroid cancer) or as a routine neck
examination. In all those instances, the TUS was ordered after the physical examination had been
conducted.

The researchers piloted and applied an extraction form to collect patient demographics and the
specialty of the clinician who conducted the physical exam. From the physical exam documentation, they
extracted the types of findings (solitary nodule, multinodular goiter, enlargement without nodularity,
normal thyroid, and an "other category"” for patients with indeterminate findings such as thyroid
asymmetry). Additionally, study's authors documented the precise locations (right lobe, left lobe, isthmus
or bilateral) where these findings were encountered, whenever the data was accessible. In a similar
fashion, researchers carefully extracted the TUS findings (solitary nodule, multinodular goiter,
enlargement without nodularity, no finding, and "other category" to group patients who had thyroiditis
without the presence of nodules or lymphadenopathy) and noted the corresponding locations of the
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described findings. When there was a nodular finding in the ultrasound, authors extracted the largest
diameter from the largest nodule. Given that the accuracy of thyroid physical exam may be affected by
previous knowledge of thyroid-related symptoms, our colleagues also documented whether there was
presence of symptoms associated with thyroid nodules or masses (e.g., neck fullness, dysphagia,
odynophagia, choking, etc). The authors summarized continuous variables using means and standard
deviations, and categorical variables using frequencies and percentages. Using the TUS findings as the
reference standard, they calculated the accuracy of the findings noted from the thyroid palpation. First,
our colleagues calculated the sensitivity, specificity, accuracy, and positive predictive value (PPV) and
negative predictive value (NPV) of the thyroid palpation in the identification of any abnormal thyroid
findings (any abnormality yes/no in thyroid palpation compared with any abnormality yes/no in thyroid
ultrasound). Then, study's authors estimated the accuracy of the physical exam in detecting thyroid
nodules (single thyroid nodule [yes/no] detected by thyroid palpation compared to thyroid nodule
[ves/no] detected on confirmatory thyroid ultrasound), and multinodular goiters (multiple nodules
[ves/no] found by thyroid palpation compared to multiple nodules [yes/no] identified on a thyroid
ultrasound). Additionally, they calculated the accuracy and PPV of the thyroid physical exam to
determine the location (e.g., right lobe, left lobe, isthmus or bilateral) of the thyroid findings when data
was available in the medical records. Finally, authors calculated the proportion of additionally findings
derived from a positive thyroid palpation as 1) the number of patients who had a solitary nodule palpated
and were found to have multiple nodules on the subsequent ultrasound, or 2) patients who had a thyroid
enlargement in the physical exam and found to have one or more thyroid nodules on the subsequent
ultrasound. When possible, researchers conducted subgroup analyses by patient sex, patient weight
(obese or overweight vs. normal weight based on body mass index (BMI) categories), size of the thyroid
nodule (<2 cm or >2cm), symptoms of nodular disease (yes and no), and by clinician specialty (primary
care vs. specialties). Scientific researchers conducted a test interaction to evaluate for statistically
significant subgroup differences [8].

Our colleagues included 327 patients, the majority were female (213/327, 65.1%) and white
(275/327, 84.1%) with a mean age [standard deviation — (SD)] of 50.8 years old (16.9). Most patients
were obese or overweight (225/327, 71.2%) and had the thyroid physical exam performed by a primary
care clinician (178/327, 54.4%). Additionally, most patients did not present any symptoms of thyroid
nodular disease (231/327, 70.6%). Regarding finding any thyroid abnormality, the thyroid physical exam
had a sensitivity of 71.8% (n= 189/263; 95% Cl 66%-72.2%,), specificity of 35.9% (n= 23/64; 95% CI
24.2%-49.9%), accuracy of 64.8% (212/327; 95% Cl 59.4%-70.0%), NPV 23.7% (23/97; 95% 17.5%-
31.3%) and PPV 82.1% (189/230; 95% Cl 79.1%-84.9%). When the diagnostic accuracy was estimated
by an individual thyroid palpation finding (thyroid nodule or multinodular goitre), the physical exam had
a sensitivity of 20.3% (n=12/59; 95% Cl 12.3%-36.2%), specificity of 79.1% (212/268; 95% C| 73.7%-
83.2%), accuracy of 68.5% (n=224/327; 95% Cl 59.4%-70.0%), NPV 81.8% (n=212/259; 95% 81.5%-
85.8%) and PPV 17.6% (n=12/68,95% Cl 11.1%-27.1%) in detecting a thyroid nodule; and a sensitivity
of 10.8% (n-=17/157; 95% Cl 6.4%-16.7%), specificity of 96.5% (n=164/170; 95% Cl 92.4%-98.7%),
accuracy of 55.4% (n=181/327; 95% Cl 49.78%-60.8%), NPV 53.9% (n=164/304; 95% 52.4%-55.4%)
and PPV 73.9% (n=17/23;, 95% Cl 53.4%-87.5%) in finding a multinodular goiter. Out of 327 patients,
60 physical exams included the side of the thyroid nodule. Among these, the overall accuracy, and the
PPV of the physical examination in identifying the location (e.g., right lobe, left lobe, isthmus, or bilateral)
of the thyroid finding were 46.6% and 37.5%, respectively. Physical exams among symptomatic patients
demonstrated superior performance than those conducted among asymptomatic patients, with higher
specificity (100% vs. 62%, p<0.01), accuracy (83% vs. 62%, p<0.01), and NPV (87% vs. 79%, p<0.01) for
detection of solitary nodules, as well as a higher NPV for detection of multinodular disease (6 1% vs. 51%;
p<0.01). In addition, higher PPV for detecting multinodular disease was observed when a specialist
conducted the physical exam compared to a primary care provider (100% vs. 60%; p<0.01) and when the
nodule detected by physical examination was greater than 2 cm (100% vs. 73% for nodules <2 cm;
p=0.026). The study's authors found that out of 68 solitary nodules palpated, 37 (54%) were found to
have additional findings such as, multinodular goiter on a subsequent TUS; similarly, out of 88 patients
for whom the physical exam identified an enlarged thyroid, 56 (64%) of these were subsequently found
to have a solitary nodule (16 cases) or a multinodular goiter (40 cases) on the TUS. The authors emphasize
that in this retrospective observational study, scientific researchers found that, while a thyroid physical
exam can detect thyroid abnormalities, these findings were rarely concordant with findings identified on
a subsequent thyroid ultrasound. Furthermore, the diagnostic accuracy of specific thyroid physical exam
findings was low, particularly for the PPV of solitary thyroid nodules. For instance, out of every 100
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patients with a physical exam consistent with a solitary thyroid nodule, approximately 18 had a thyroid
nodule, while out of every 100 patients with a physical exam consistent with multinodular goiter, about
74 had the same finding in the ultrasound. In the course of the study, the authors state that thyroid
physical exam has limited diagnostic performance and leads to additional findings when followed by a
thyroid ultrasound. As such, thyroid physical exams in asymptomatic patients may play an important role
in the overdiagnosis and overtreatment of thyroid cancer. To determine if any patient subgroups derive
some benefit from thyroid physical exams beyond their use as a diagnostic approach, further research is
necessary. Additionally, potential interventions should be explored to improve the accuracy of thyroid
physical exams [8].

Next, we consider a study aimed to examine the potential associations between Doppler
parameters and clinical characteristics of hypothyroid patients, such as the autoimmune nature of the
disease and adequacy of LT4 replacement [9]. Angelopoulos N. et al. in their work note that While
hormonal assays are commonly used for thyroid function assessment, Doppler sonography provides
valuable information on vascularization and blood flow.

A total of 400 consecutive patients with hypothyroidism attending an Endocrinology outpatient
clinic for annual follow-up visit were evaluated for eligibility. Autoimmune thyroiditis was considered the
underlying disease of hypothyroidism based on high serum concentrations of antithyroid antibodies
[thyroid peroxidase (anti-TPO) and/or thyroglobulin (anti-Tg) antibodies]. Exclusion criteria were history
of Graves’ disease or subacute thyroiditis, malignancies, pregnancy, previous use of medications that can
affect thyroid stiffness (amiodarone, tamoxifen, anti-neoplastic) and nodular abnormalities of the
thyroid gland (nodules > 3 mm detected by conventional B-mode ultrasound. A total of 338 patients
treated for hypothyroidism [females: n = 292 (86.4%); males: n = 46 (13.6%)] were enrolled in the study.
Demographic characteristics (age, sex, BMI), treatment parameters (LT4 daily dose) were recorded and
thyroid hormones [TSH, free thyroxin (fT4)] were measured. All included subjects were residents of a
geographical area of low-prevalence iodine deficiency disorders. The study protocol was conducted by
the tenets of the Declaration of Helsinki and all patients agreed to participate in the study, which was
approved by the Bioethics Committee of the Aristotle University of Thessaloniki, Greece. Conventional B-
mode thyroid ultrasound and strain elastography [(real-time elastography (RTE)] were performed on a
General Electric P9 machine (LOGIQ-P9, GE Medical Systems, Milwaukee, WI, USA) with an 8-12
multifrequency linear probe. Conventional grey-scale ultrasound was initially performed to measure
transverse (two dimensions) and longitudinal (one-dimension) diameters and thyroid volume. Three
linear dimensions were measured for each lobe: the length (L) was assessed on the sagittal view and the
anterior—posterior (A-P) and width (W) diameters of each lobe were assessed on the transverse view.
Given that the normal thyroid shape is ellipsoid, the volume of each lobe was automatically calculated
by recording the abovementioned three linear dimensions (ellipsoid equation with a correction factor: V
(ml) =L (cm) x A-P (cm) x W (cm) x 0.523). Thyroid vascularity was examined with color Doppler and
patients were classified into four patterns: Pattern | (normal thyroid vascularity, blood flow limited to
the peripheral thyroid arteries, absent parenchymal flow); Pattern Il (minimally increased thyroid
vascularity, mildly increased parenchymal flow); Pattern Il (increased blood flow with a diffuse
homogenous distribution, increased parenchymal flow with a diffuse homogenous distribution pattern)
and Pattern IV (markedly increased parenchymal flow with a homogenous distribution, including the
“thyroid inferno”). The probe was placed perpendicularly to the skin for RTE examination, and repetitive
light compression was applied in the longitudinal plane. The ideal pressure on the target lesion was
confirmed based on the cine-memory data. A cine-memory stores data obtained through the transmission
and reception of ultrasound. A cine-memory generally has a storage capacity allowing storage of multiple
numbers of frames obtained in time sequence. In a cine-memory, the newest input data overwrites the
oldest data which is already stored in the memory, and this process is repeated. The patients held their
breath while the images were obtained to avoid respiratory motion artifacts. The strain index
(elastography ratio, E2/E1) was used that represents the ratio of the strain of thyroid parenchyma (E2)
to that of sternocleidomastoid muscles (E1). Region of interest (ROI) for E2 was free-handed and
designed at the peripheral edge of the gland to include the whole longitudinal image of each lobe; RO/
for E1 was the sternocleidomastoid muscle in front of the ipsilateral thyroid parenchyma [9].

An endocrinologist with twenty years of experience in sonography, who was blinded to the clinical
status, performed all thyroid ultrasound examinations. The Doppler spectral analysis was of the right and
left inferior thyroid arteries in the transverse scanning, in which the vessels crossed the common carotid
arteries posteriorly, or in the longitudinal scanning of the ascending parts of the arteries, in which the
vessels lie parallel to the common carotid arteries for the superior thyroid arteries. The superior thyroid
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artery was assessed with the probe positioned in the oblique sagittal plane, close to the superior thyroid
pole. The inferior thyroid artery was assessed in the oblique transversal plane, close to the transition
between the mid and inferior third of the thyroid. The cursor for evaluating the inferior thyroid artery
was set close to the trachea to avoid artifacts from the common carotid artery and the internal jugular
vein. Parameters for color Doppler are frequency 4.4—6.6 MHz, Gn 40%, pulse-repetition frequency (PRF)
2-8 kHz and Wall Filter (WF) 25-80 Hz. The angle correction cursor was parallel to the flow direction
and the Doppler angle was kept at or below 60°. The sampling gate was set to 2 mm. The peak systolic
velocity (PSV), end-diastolic velocity (EDV), and pulsatility indices (Pl) and the resistive index (RI) values
in the superior and the inferior thyroid arteries were obtained in both thyroid lobes. The mean value of
the right and left lobes was used as the outcome parameter. Serum TSH and fT4 concentrations were
measured by the immunochemistry method with enzyme chemiluminescence immunoassay (reference
range: 0.27-4.5 mUl/ml and 0.8—1.5 ng/d|, respectively). Measurements were performed on the Cobas
8000 platform by Roche (Basel, Switzerland). Data were presented as mean * SD or range (min—max)).
The Kolmogorov-Smirnov test was used to evaluate data distribution. The Student’s t-test was used for
group comparisons of continuous variables with a normal distribution (age, BMI, weight) and Mann—
Whitney test was used for variables with a non-parametric distribution. Spearman and Pearson
correlation coefficients were used to investigate correlations between variables. The Chi-squared test
(x2-test) was used for group comparisons of categorical variables. Predictive models were compared
using Receiver Operating Characteristic (ROC) — Area Under the Curve (AUC) statistics. The optimal
threshold values were determined from the ROC curve analysis and the Youden Index and its associated
criterion values. The sensitivity, specificity, positive likelihood ratio and negative likelihood ratio values
were calculated. A p-value < 0.05 was considered statistically significant [9].

In total, 288 patients (85.2%) had autoimmune thyroiditis, while 50 (14.8%) had no history of
increased thyroid autoantibodies. A total of 68 patients (20.1%) had TSH concentrations =4 miU/l (50
with autoimmune thyroiditis and 10 without autoimmune disease) and were considered suboptimally
treated at the time of the enrolment, while 270 (79.9%) had TSH concentrations within the reference
range (< 4 mIU/|) and were considered optimally treated ( 230 with autoimmune disease and 40 without).
In patients with autoimmune thyroiditis, the L T4 dose (expressed as dose/weight) needed to achieve
optimal thyroid treatment was higher (1.1 # 0.4 vs. 0.8 + 0.4 mcg/kg, p < 0.001). The elastography ratio
was increased in patients with autoimmune thyroiditis (0.86 + 0.52 vs. 0.77 + 0.54, p = 0.026) compared
with patients without autoimmune thyroiditis. There was a positive association between autoimmune
thyroiditis and vascularity [x2(3) = 13.28, p = 0.004, Cramér’s /= 0.2]. In patients with no autoimmune
thyroiditis, the total thyroid volume was lower in those with suboptimal L T4 replacement (5.3 + 3.0 vs.
6.3+3.7 ml, p=0.032) compared with those with optimal replacement. There was no association
between suboptimal L T4 replacement and vascularity [x2(3)=2.11, p=0.551, Cramér’s V=0.08]. PSV
and EDV of the inferior thyroid artery were higher in patients with suboptimal LT4 replacement
compared with those with optimal replacement (PSV: 41.9 + 17.0 vs. 35.1+ 11.2, p=0.004 and EDV
18.5+9.0 vs. 14.7+6.0, p=0.004, respectively). Rl was lower in patients with suboptimal LT4
replacement compared with those with optimal replacement (0.63 # 0.08 vs. 0.66 + 0.09, p = 0.024). The
severity of hypothyroidism, as expressed by L T4 dose/BMI, was negatively correlated with thyroid volume
(r=-0.190, p<0.001) and EDV values of superior (r=—0.16, p=0.009) and inferior thyroid arteries
(r=-0.17, p=0.008). A weak positive correlation was found between L T4 dose/BMI with elastography
ratio (r=0.180, p < 0.001). This correlation was significant only in patients with autoimmune thyroiditis
(r=0.156, p=0.007) but not in those without it (r=0.255, p=0.07). A positive correlation was found
between dose/BMI and Pl and RI of both arteries (Pl superior: r = 0.130, p=0.031; Pl inferior: r = 0.140,
p=0.023; Rl superior:r=0.140, p = 0.024, Rl inferior: r = 0.150, p = 0.014). A backward stepwise logistic
regression analysis was performed to identify possible predictors of suboptimal LT4 replacement. All
ultrasound indices (PSV, EDV, PI, RI, elastography ratio) were included as independent variables. Only R/
and PSV of the inferior thyroid artery remained in the final model, [x2(2) = 14.93, df =2, p=0.001). ROC
curve analysis was performed for PSV of the inferior thyroid artery to define the optimal threshold for
predicting suboptimal LT4 replacement (defined as TSH > 4 or > 5 miU/ml). The AUC for TSH > 4 miU/ml
was 0.625 (p=0.002, Youden Index: 0.238, associated criterion: > 31.2, sensitivity 81.8%, specificity
42%,). For TSH > 5 mIU/m(, the corresponding AUC was 0.672 (p < 0.001, Youden Index: 0.305, associated
criterion: > 37.7, sensitivity 6 1.8%, specificity 67%) [9].

In conclusion, our colleagues state that this is the largest study to have applied the concurrent
evaluation of multiple ultrasound parameters of the thyroid gland in patients with hypothyroidism and
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the first to have used thyroid artery measurements to evaluate the therapeutic efficacy. Lymphocytic
infiltration in autoimmune thyroiditis affects tissue echogenicity and causes a diffuse increase in
parenchymal vascularization. In the natural history of the disease, as hypofunction gets severer,
elasticity, volume of the gland and blood flow are reduced, indicating a fibrotic degeneration process.
Effective monitoring and evaluation of LT4 supplementation are crucial to anticipate relapse of
hypothyroidism. The monitoring is mainly based on thyroid hormone measurements since clinical
symptoms may be absent in borderline TSH increases. However, in cases where blood tests are difficult
to obtain, a color Doppler ultrasound can be used as an alternative tool in estimating responses to
therapy and distinguishing those patients who should be further evaluated by hormonal examinations

[9].

In the work of Soltani K. et al. [10] the authors note that the diagnostic role of Doppler
ultrasonography regarding HT is not fully established. Our colleagues examined intraparenchymal Rl as
a Doppler parameter, thyroidal vascularity and other Gray-Scale findings in adults with HT in order to
evaluate the clinical feasibility of Rl in the diagnosis of this disease. This study is designed based on the
cross-sectional analysis of sonographic findings in newly diagnosed patients with HT. The target
population was selected from patients referred to the radiology department of Modarres Hospital from
the endocrinology clinics of Modarres and Loghman Hospitals between 2013 and 2014. Subclinical
hypothyroid patients were identified based on the clinical assessment of an endocrinologist. Exact
laboratory data (TSH, FT4) were not available. Newly diagnosed patients without any history of receiving
treatment for HT, who were either euthyroid or sub-clinically hypothyroid at the time of sonography,
were included. Forty-eight females recently diagnosed with HT aging between 20 and 50. All the
participants underwent Gray-scale (determining gland size, volume, and echogenicity) and color Doppler
(evaluating vascularity and calculating RI of each lobe in 2 points) sonography by 1 radiology resident
using a Medison X8 sonography device with a 7 MHz probe. Thyromegaly in females was defined as
thyroid gland volume exceeding 15 mL. Gray-scale findings were classified into 4 grades (1-4) using the
classification system introduced by Sostre and Reyes (Sostre S., Reyes M.M., 1991). Color Doppler findings
were divided into 4 patterns (0—1ll) based on a visual scale provided by Schulz et al., 2003. The settings of
the ultrasound equipment (gain and PRF) were calibrated such that aliasing of the carotid artery and
Jugular vein could not be seen. The RI (minimum PRF and maximum gain) of both upper and lower poles
of each thyroid lobe were calculated by the ultrasound device using the formula below and the mean RI
measured from both lobes was considered as the total RI of the thyroid gland. In addition, 45 controls
aged between 20 and 70 years with normal thyroid laboratory results and without any prior history of
thyroid disease were examined sonographically and the Rl of those participants whose Gray-scale results
proved to be normal was measured in 3 different points in each lobe. The mean RI of each participant
from each of these 2 groups was calculated and compared to the mean Rl of the control group.

Based on the definition provided by the World Health Organization, out of every 48 patients with
HT, 30 (62.5%) had a normal thyroid gland volume (thyroid gland volume < 15mL) and 18 had
thyromegaly (thyroid gland volume > 15mL). Based on the Gray-scale grading, 13 patients (27.08%) were
classified as grade 1, 12 patients (25.00%) as grade 2, 18 patients (37.50%) as grade 3, and 5 patients
(10.42%) as grade 4. The parenchymal vascularity of the thyroid gland (color Doppler appearance)
presented as pattern 0 in 22 patients (45.83%), pattern | in 15 patients (31.25%), pattern Il in 6 patients
(12.5%), and pattern lll in in 5 patients (10.42%). The RI ranged between 0.50 and 0.70 in the patient
group and 0.47 and 0.70 in the control group. The average Rl in the patient group was 0.5733 #
0.05012and 0.5453 + 0.05061 in the control group. Independent t-testing of the average Rl showed a
statistically significant difference between the patient and control groups (P = 0.009). The highest
average Rl was seen in Grade 1 (0.5808 + 0.04173) and the lowest in Grade 4 (0.5500 + 0.03808). One-
way ANOVA of the average RI between different Gray-scale grading groups showed no statistically
significant difference (P =0.352). Furthermore, participants with grade 1 Gray-scale findings were
considered as part of the normal or near-normal group and those with grades 2, 3, and 4 as part of the
substantial Gray-scale changes group. The average RI of the normal or near-normal group was 0.5808 +
0.04173 and 0.5706 + 0.05319 in the substantial Gray-scale changes group. Independent t-testing
showed no statistically significant difference in average Rl when comparing the normal or near-normal
with the substantial Gray-scale changes group (P = 0.537). The highest Rl was seen in pattern 0 of color
Doppler findings (0.5845 + 0.04828) and the lowest in pattern Il (0.5300 + 0.04817). ANOVA results
showed no statistically significant difference in average Rl among different groups of color Doppler
findings (P =0.109). Results of Kruskal-Wallis test followed by pairwise comparisons showed a
statistically significant relationship in terms of average Rl between the grade 1 patient group and control
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group (P =0.010) and between the grade 3 patient group and control group (P = 0.015). But the same
comparison showed no statistically significant relationship between the grade 2 patient group and
control group (P = .406) and between the grade 4 patient group and control group (P = 0.752). Results
of Kruskal-Wallis test followed by pairwise comparisons showed a statistically significant relationship in
terms of average Rl between the pattern 0 patient group and control group (P = 0.003) and between the
pattern | patient group and control group (P = 0.034). But the same comparison showed no statistically
significant relationship between the pattern Il patient group and control group (P =.418) and between
the pattern lll patient group and control group (P = 0.381). Summarizing the study, the authors state that
the results of this study show that, regardless of gray-scale views and color Doppler patterns, the
intraparenchymal RI of patients diagnosed with HT was higher compared to normal controls and, thus,
this sonographic parameter may be a useful yet noninvasive modality in the diagnosis of HT [10].

It is impossible to ignore technological developments and the increasingly active development of
thyroid ultrasound examination using artificial intelligence (Al).

In the clinical trial by Edstrém A.B. et al. [11] it was examined how the articifial intelligence (Al)-
based diagnostics system S-Detect (this is a built-in Al feature in ultrasound machines that helps the
doctor analyze the detected formations) for Thyroid influences the ultrasound diagnostic work-up of
thyroid ultrasound performed by different ultrasound users in clinical practice and how different
ultrasound users influences the diagnostic accuracy of S-Detect. The researchers conducted a clinical
trial with 20 participants, including medical students, ultrasound novice physicians, and ultrasound
experienced physicians. Five patients with thyroid nodules (one malignant and four benign) volunteered
to undergo a thyroid ultrasound scan performed by all 20 participants using the same ultrasound systems
with S-Detect installed. Participants performed a focused thyroid ultrasound on each patient case and
made a nodule classification according to the European Thyroid Imaging Reporting And Data System (EU-
TIRADS) [12]. They then performed a S-Detect analysis of the same nodule and were asked to re-evaluate
their EU-TIRADS reporting. From the EU-TIRADS assessments by participants, authors derived a biopsy
recommendation outcome of whether FNAB was recommended.

In this clinical trial, our colleagues observed that using S-Detect did not improve the thyroid
diagnostic work-up of thyroid nodules among novice and intermediate ultrasound operators.
Furthermore, they observed that the operator had a strong impact on the Al-generated ultrasound
diagnosis, with a variation in diagnostic accuracy ranging from 40 to 100%, even though the same
patients and ultrasound machines were used in the trial. A strength of this study is the controlled
experimental setup, including participants with different ultrasound experiences who used S-Detect on
the same ultrasound equipment and patient cases. In this way, we could measure the impact of the
ultrasound operator’s influence on the diagnostic accuracy of Al-assisted thyroid nodule diagnosis and
how Al influenced the operator’s assessments. Another strength is that we had a cytological/histological
diagnosis on all the patients, and three experts were used to define the reference standard for the
ultrasound characteristics. The authors believe that for Al-assisted ultrasound diagnosis to be
successfully implemented in clinical settings, the technology should be developed with a clear purpose as
a tool for the clinician in mind. Future research should focus more on how Al-assisted tools are affected
by the image quality obtained by the ultrasound operator and how they affect the diagnostic process,
including time use and patient outcomes. In conclusion, they observed that using S-Detect did not
enhance the diagnostic accuracy of thyroid nodule evaluation among novice and intermediate ultrasound
operators. The operator significantly influenced the Al-generated ultrasound diagnosis, with diagnostic
accuracy ranging from 40 to 100%, despite the same patients and ultrasound machines used. While Al
systems like S-Detect have the potential to improve the diagnostic work-up of thyroid nodules, more
research is needed to ensure how it should be used in the diagnostic process to save time and improve
final patient outcomes [11].

A fundamental study concerning multimodal imaging of solid thyroid lesions was conducted by
Jung E.M. et al. [13]. Goal of the study was the assessment of Al-assisted diagnosis of solid thyroid foci
with multimodal modern ultrasound imaging. 50 patients (26-81 years, 54.7+13.1 years) were included
in the study. Multimodal ultrasound imaging by means of B-mode with linear probe (4—12MHz) with
option of automated documentation of findings by means of Al with supplementary ultra-
microangiography (UMA) was used. Macrovascularisation was assessed by dynamic contrast
ultrasonography (CEUS) with parametric evaluation and perfusion analysis, and microvascularization
was assessed by combined strain and shear wave elastography on a novel high-performance ultrasound
system (Resona R9/Mindray) by an experienced examiner with independent reading. The evaluation was
performed according to TI-RADS IlI-V. Inclusion criterion was preparation for immediate surgery by
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indication through interdisciplinary case conferences with endocrinologic, nuclear medicine, and surgical
evaluation. All examinations with CEUS were performed after written consent. The evaluation of the
examinations was performed retrospectively with the approval of the local ethics committee. The
examinations were requested after preliminary examinations by special outpatient clinics with the
question of the assessment of solid thyroid lesions that had been noticed in out-of-town preliminary
examinations. An evaluation according to TI-RADS ll-V had to be performed and it had to be decided to
what extent a histological clarification was necessary or whether a follow-up should be performed. All
examinations were performed by an experienced investigator (more than 3000 examinations per year,
over more than 20 years) using a linear multifrequency probe (L 4-12MHz) on high-performance
ultrasound equipment with digital image documentation. This allowed independent subsequent
evaluation by experienced readers. According to the predefined scheme of an Al image evaluation
program, both thyroid lobes were measured in longitudinal and transverse axis with length, depth and
width, the volume was calculated, the echogenicity was evaluated as homogeneous, discrete
inhomogeneous or inhomogeneous and the echo pattern was judged as echo-complex or echo-normal.
The ultrasound elastography techniques available in parallel mode as strain or shear wave elastography
were used to assess compaction of thyroid tissue and solid foci. The pulsatile region of a carotid artery
was bypassed as much as possible to avoid artifacts. Image quality could be assessed automatically,
optimally with 5 green stars. False colors informed about homogeneous or inhomogeneous compaction.
Measured values over individually adjusted ROI could be recorded in m/s or kPA, with values>2.5m/s
or>30 kPA considered suspicious for possible malignant lesions.

Detectable solid lesions were also measured by Al in three planes, and the rim contour was
bypassed for volumetric detection. Then, marginal contour had to be assessed as regular, lobulated or
irregular, rim as complete or incomplete, or absent, growth axis, parallel or directed in depth, shape as
oval or roundish, and possible macro- or microcalcifications and entered into a predetermined scheme.
After localization of the suspicious lesion, the evaluation according to TI-RADS IlI-\VV was then color-coded
in a final scheme with topogram. This then also considers a possible tumor vascularization, as irreqular
malignancy-suspicious, or as reqular marginal benign. UMA was used to assess the vascularization of
tumor foci in as much detail as possible with velocity ranges< 10cmy/s. Vascular patterns were recorded
dynamically in short cine loops up to 10s. This also captured possible conspicuous lymph nodes with
regular benign vascularization from the hilus or malignancy-typical from the margin.
Macrovascularization of thyroid lobes and foci was classified as normal, enhanced, or decreased, and
that of foci as regular or irregular. Color-coded duplex sonography, flow with glazing flow, and UMA
were used for this purpose. The criterion for benign findings was a reqular vascular pattern, especially a
marginal vascularization, for example in adenomas. Irreqular vascularization was considered suspicious
for malignancy. This was then additionally investigated with CEUS to determine the extent to which
irregular arterial hypervascularization with delayed wash out occurs, which is evaluated as a malignancy
criterion. CEUS after bolus administration of 1 to 1.5ml of sulphuhexafluoride microbubbles with 10 ml
of saline solution cubital, if possible, was used to assess dynamic microvascularization of the suspicious
solid lesions. When possible, cine loops of incipient arterial vascularization after 10 to 15s up to one
minute were then evaluated parametrically and by time intensity curve using the High-End Devices
internal perfusion program. ROl were individually matched, in the center, at the edge of the lesion to be
assessed compared with surrounding thyroid tissue. Parametric color maps were fitted to the
corresponding perfusion parameters such as time to peak, peak, mean transit time, wash in area under
the curve (wash in AUC) and tabulated at the end [13].

50 cases (26-81 years, mean age: 4347 years) were examined with multimodal imaging consisting
of B-mode, UMA, elastography and CEUS with parametric and perfusion analysis with good to very good
image quality in all cases, according to the internal evaluation mode especially in the shear wave
elastography technique with clearly>85% or 5 green stars. The volume of the thyroid lobes on both sides
averaged 39ml+5ml (27 to 69ml). All echo-poor, irregularly vascularized, inhomogeneously indurated
lesion > 1cm were identified as highly suspicious for malignancy with early wash out kinetics and were
also confirmed surgically. The 13 cases of histologically confirmed thyroid carcinoma (8 papillary, 2
medullary, 2 microfollicular, 1 anaplastic carcinoma) with a mean size of 15mm+6mm (9-21mm) were
correctly evaluated by TI-RADS IV based on irregular shape, induration>2.5m/s or>30kPA and
appositional wash-out kinetics using CEUS (TI-RADS V). Tumor lymph nodes could be correctly detected
preoperatively only in one case of medullary carcinoma according to the surgical findings, based on
irregular vascularization with UMA in roundish shape with cortex>4mm with a transverse diameter up
to 117mm. In 25 cases of inhomogeneous nodular goiter, evaluation with TI-RADS Il was performed in 31
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cases, evaluation with TI-RADS IV was performed in 4 cases with incomplete marginal contour, partial
marginal vascularization with UMA and partial wash out with indurations up to 2.5my/s or 30 kPA, and
surgical excision was performed for nodular goiter. In 12 cases of adenomas with diameters of 1.7 to
3.5¢cm, mean 26 cm+0.5cm, nodular goiter resulted in proportionately regressive nodular changes. Only
in 7/12 cases a typical echo-poor rim and a typical rim vascularization were found. In 5 cases, the rim
was incomplete. CEUS also showed a partial central wash out in these cases with but preserved marginal
vascularization and elastography revealed partial induration up to 2.5my/s or 30 KPA an assessment with
TI-RADS Ill or IV rating. Using the Al tool, the 20 of 25 goiter nodes were evaluated as TI-RADS Ill, 7 of 12
adenomas, 5 goiter nodes and 5 adenomas as TI-RADS IV, 5 of 13 carcinomas as TI-RADS IV and 8 of 13
carcinomas as TI-RADS V. Microcalcification as a definite malignancy criterion was automatically
detected in 5 of 13 malignancies, an echo-poor irreqular echo structure in all cases, and in intracystic
tumors in 2 cases. The shape was irregular in all cases, proportionately lobulated, but oriented in depth
inonly 8 of 13 cases. Of the 25 struma nodules evaluated as possibly also malignant, partial necrosis and
inhomogeneous microvascularization with also induration on elastography occurred in all cases. For 37
patients both classifications were identical. From the 12 cases, histologically classified as TI-RADS V, 11
were also classified as TI-RADS V by the Al-based diagnosis. Of the 13 remaining cases in which there
were discrepancies between the two methods, 12 were histologically confirmed grade 3 carcinoma.
Using Al-based diagnostic they were classified at least one grade higher by Al (n=12, including 2 two
grades higher) and in one case a histologically confirmed as TI-RADS V case one grade lower. During the
course of the work, the authors established the new multimodal ultrasound modalities offer the
possibility of early detection of malignant foci. Multicenter evaluation is needed to evaluate the
possibility of additional Al in terms of differentiation from TI-RADS Il to TI-RADS V/ [13].

In conclusion, it is worth noting that modern thyroid ultrasound diagnostics is a high-tech, multi-
level system for assessing structural and functional changes in the organ, providing high clinical
information value in identifying thyroid lesions, including solitary or multinodular thyroid nodules,
inflammatory processes, and tumors. B-mode diagnostic ultrasound remains the primary method,
allowing for the assessment of size, contours, echogenicity, echostructure, and calcifications, as well as
precise ROl selection for subsequent quantitative analysis.

In thyroid cancer diagnostics, ultrasound risk stratification based on the TI-RADS standardizes
descriptions and defines indications for fine needle aspiration biopsy, improving the clinical validity of
invasive interventions. The additional use of Color Doppler ultrasound and microcirculation imaging
technologies, including UMA and ultra-microvascular imaging technology, enables detailed analysis of
the vascular pattern of nodular lesions. Evaluation of hemodynamic parameters such as PRF, PSV, EDV,
Pl and Rl expands the possibilities for differentiating between benign and malignant processes.

Elastography significantly contributes to increased diagnostic specificity, including the
quantitative elastography ratio, which reflects tissue mechanical properties and the degree of fibrosis.
This method is particularly informative in chronic inflammatory diseases such as autoimmune thyroiditis,
including the most common form, HT, as well as in conditions accompanied by hypothyroidism. A
comprehensive assessment of ultrasound features, combined with laboratory values for thyroid-
stimulating hormone and free thyroxin, provides a comprehensive picture of the functional state of the
thyroid gland.

A promising approach is CEUS, which allows for the analysis of the perfusion characteristics of
lesions. The concept of multimodal imaging, consisting of B-mode, UMA, elastography, and CEUS,
significantly improves diagnostic accuracy by integrating morphological, vascular, and biomechanical
parameters.

The implementation of computer-assisted diagnosis (CAD) systems and artificial intelligence
algorithms enables automated image processing, objectivization of ROl assessment, and reduction of
operator dependence. The use of intelligent technologies contributes to the improvement of positive
predictive value (PPV) and negative predictive value (NPV), increasing the reliability of risk stratification
and clinical decisions.

Thus, the integration of B-mode, Doppler techniques, microangiographic technologies,
elastography, contrast-enhanced ultrasound, and digital analysis algorithms forms the modern standard
for comprehensive thyroid ultrasound examination. Ultrasound diagnostic techniques for various thyroid
pathologies in general, and thyroid cancer in particular, are an important link in the specialty of
"Radiology.”" Their high information content, sensitivity, and specificity often allow for an accurate
diagnosis without resorting to more complex examination methods, which often carry a fairly high risk
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of complications and/or radiation exposure, and make it possible to conduct targeted, specialized
treatment for these patients.
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Abstract

Teacher reflection has become an essential component of professional development in
contemporary English language education. Reflective practice enables teachers to critically analyze their
teaching methods, classroom interactions, and instructional strategies, which contributes to the
improvement of pedagogical effectiveness and student learning outcomes. The purpose of this study is
to examine the role of reflective practice as a tool for enhancing professional competence among English
language teachers. The research is based on the analysis of recent studies on reflective teaching and
professional development in English as a Foreign Language (EFL) contexts. The findings indicate that
systematic reflection—through teaching journals, peer observation, and collaborative discussions—helps
educators identify strengths and weaknesses in their instructional practices. Furthermore, reflective
activities promote continuous learning, pedagogical innovation, and greater teacher autonomy. Recent
research also highlights the role of collaborative reflection and digital technologies in supporting
reflective teaching practices in modern educational environments. The study concludes that reflective
practice is a significant mechanism for improving teaching quality and fostering sustainable professional
development among English language educators.

Keywords: teacher reflection, reflective teaching, ELT, professional development, English language
education

Introduction

In recent decades, the role of teachers in English language education has changed significantly due
to globalization, technological advancement, and the growing demand for effective communication in
English. Teachers are no longer expected to simply deliver knowledge; instead, they are required to
continuously evaluate and improve their instructional practices. In this context, teacher reflection has
become an important component of professional development in English language teaching. Reflective
practice allows educators to analyze their teaching experiences, understand classroom challenges, and
develop more effective pedagogical strategies.

Reflective teaching is commonly understood as the process through which teachers critically
examine their classroom practices in order to improve the quality of instruction and student learning
outcomes. According to Riyanti (2021), reflective practice encourages teachers to analyze their own
experiences, identify areas for improvement, and develop new teaching strategies that better meet the
needs of learners. Through reflection, educators become more aware of their teaching methods and are
able to make informed decisions about instructional approaches.

In the field of English as a Foreign Language (EFL), reflective practice plays a particularly important
role because teaching contexts are often dynamic and culturally diverse. Teachers frequently encounter
challenges related to student motivation, language proficiency levels, and classroom interaction.
Reflective activities such as maintaining teaching journals, conducting peer observations, and engaging
in professional discussions help teachers better understand these challenges and adapt their teaching
practices accordingly (Lap et al., 2024). As a result, reflective practice contributes not only to improved
classroom management but also to the development of more effective learning environments.

Recent studies have also highlighted the importance of collaborative reflection, where teachers
share their experiences and insights with colleagues. Collaborative reflective practices allow educators
to exchange ideas, learn from each other’s experiences, and develop innovative teaching strategies.
Research by Rozimela, Fatimah, and Fudhla (2025) demonstrates that both individual and collaborative
reflection can significantly enhance teachers’ professional competence and promote continuous
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professional growth. Similarly, Yukselir and Ozer (2025) emphasize that reflective dialogue between
teachers and researchers can strengthen the connection between theory and classroom practice.

Furthermore, modern educational environments increasingly integrate digital technologies, which
also influence reflective teaching practices. Digital tools, online platforms, and intelligent assessment
systems can provide valuable feedback that helps teachers evaluate their teaching effectiveness and
identify areas for improvement (Alam et al., 2024). These technological developments create new
opportunities for reflective learning and professional development among language educators.

Despite the growing recognition of reflective teaching in professional development, many teachers
still face difficulties in implementing systematic reflection in their daily practice. Time constraints, lack
of institutional support, and limited awareness of reflective methods may hinder teachers from fully
engaging in reflective activities. Therefore, understanding the role of reflection as a professional
development tool remains an important area of research in English language education.

The purpose of this study is to explore the role of teacher reflection as a tool for professional
development in English language education. The paper analyzes recent research on reflective teaching
practices and discusses how reflection can contribute to the improvement of teaching quality and the
professional growth of English language educators.

Literature review

Reflective practice has become a central concept in teacher professional development, particularly
in the field of English language education. The idea that teachers should critically examine their teaching
practices in order to improve instructional quality has been widely discussed in educational research.
Reflective teaching encourages educators to evaluate their classroom experiences, identify challenges,
and implement strategies that enhance student learning outcomes. As English language education
continues to evolve in response to globalization and technological change, reflective practice has gained
increasing importance as a tool for continuous professional growth (Ferreiro, 2025, Erbilgin & Robinson,
2025, Lap et al.,, 2024).

One of the main benefits of reflective teaching is its role in helping teachers become more aware
of their instructional strategies and classroom dynamics. According to Riyanti (2021), reflective teaching
enables educators to analyze their own teaching experiences and recognize both strengths and
weaknesses in their instructional practices. This process encourages teachers to think critically about
their pedagogical decisions and adjust their teaching methods in order to better meet the needs of
learners. Reflection therefore contributes to the development of more effective and responsive teaching
approaches in English language classrooms.

In English as a Foreign Language (EFL) contexts, reflective practice is particularly valuable because
teachers often work with students who have diverse linguistic and cultural backgrounds. Lap et al. (2024)
emphasize that reflective teaching helps EFL educators evaluate their classroom practices and identify
ways to improve language instruction. Their research shows that teachers who regularly engage in
reflective activities, such as self-evaluation and teaching journals, tend to develop a deeper
understanding of their teaching processes. As a result, reflective practice promotes greater teacher
autonomy and professional awareness.

Another important aspect of reflective teaching is the role of collaborative reflection. Rather than
reflecting individually, teachers can benefit from discussing their experiences with colleagues and
participating in professional learning communities. Rozimela, Fatimah, and Fudhla (2025) highlight that
both individual and collaborative reflective practices contribute significantly to teacher professional
development. Their study demonstrates that when teachers share their experiences and teaching
challenges with peers, they gain new perspectives and develop innovative instructional strategies.
Collaborative reflection therefore helps create a supportive professional environment where teachers
can learn from one another.

Teacher collaboration can also take the form of partnerships between teachers and researchers.
Yukselir and Ozer (2025) describe how reflective dialogue between teachers and academic researchers
can support professional learning and bridge the gap between theory and classroom practice. Through
such collaborations, teachers are able to examine their teaching experiences more systematically and
apply research-based insights to their classroom activities. This process not only strengthens teachers’
professional competencies but also encourages continuous improvement in teaching practices.

Another factor influencing reflective practice in modern education is the integration of technology.
Digital tools and online platforms increasingly support teachers in evaluating their teaching performance
and monitoring student progress. Alam et al. (2024) argue that technological developments, particularly
intelligent computer-assisted assessment systems, provide new opportunities for reflective teaching.



XIX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 10-11.03.2026

These systems generate valuable feedback that allows teachers to assess their instructional methods and
identify areas that require improvement. As a result, technology can enhance reflective practice by
providing more data-driven insights into teaching effectiveness.

Professional development programs also play an important role in promoting reflective teaching
among educators. For instance, Erbilgin and Robinson (2025) demonstrate that structured professional
learning environments, such as lesson study programs, encourage teachers to reflect on their
instructional practices and collaborate with colleagues. Such programs allow teachers to observe
classroom lessons, discuss teaching strategies, and jointly analyze student learning outcomes. This
collective reflection fosters professional growth and helps teachers continuously refine their pedagogical
approaches.

Similarly, research focusing on pre-service and early-career teachers shows that reflective practice
is essential for developing teaching competence. Rakhimova (2025) examined the perceptions of pre-
service English teachers regarding reflective practice and professional development. The findings
indicate that reflective activities help novice teachers gain confidence and improve their understanding
of effective teaching methods. By reflecting on their experiences during teaching practicum, future
educators can better prepare themselves for real classroom challenges.

Reflective teaching also plays an important role in teacher education programs. Ferreiro (2025)
emphasizes that reflective practice during teaching practicum allows student teachers to critically
analyze their classroom experiences and connect theoretical knowledge with practical teaching skills.
Through reflection, future educators can evaluate their instructional decisions and develop strategies for
improving student engagement and learning outcomes.

Overall, the literature suggests that reflective practice is a key element in teacher professional
development within English language education. Reflection allows educators to critically examine their
teaching practices, adapt to diverse classroom contexts, and continuously improve their instructional
methods. Both individual and collaborative forms of reflection contribute to professional growth, while
technological tools and professional learning programs further support reflective teaching practices.
Therefore, reflective practice can be considered an essential mechanism for enhancing teaching quality
and supporting the ongoing professional development of English language teachers.

Methodology

Research Design

This study employed a qualitative research design in order to explore teachers’ perceptions of
reflective practice as a tool for professional development in English language education. Qualitative
research is particularly suitable for investigating participants’ experiences, opinions, and attitudes
toward specific educational practices. In this study, a qualitative approach allowed the researcher to gain
deeper insights into how English language teachers understand and apply reflective practices in their
professional activities.

Participants

The participants of the study consisted of ten English language teachers working in secondary
schools and language centers. The participants were selected through convenience sampling, as they
were easily accessible to the researcher. The teachers had varying levels of teaching experience, ranging
from two to ten years in English language education. This diversity of teaching experience allowed the
study to capture different perspectives on reflective practice and professional development. All
participants voluntarily agreed to take part in the studly.

Data collection

Data were collected through a semi-structured questionnaire consisting of open-ended questions
related to teachers’ experiences with reflective practice. The questionnaire was designed to explore
participants’ understanding of reflective teaching, the methods they use to reflect on their instructional
practices, and the perceived impact of reflection on their professional development. The questions also
focused on possible challenges teachers face when engaging in reflective activities.

Examples of the questions included: how often teachers reflect on their teaching practices, what
strategies they use for reflection (such as teaching journals, peer observations, or discussions with
colleagues), and how reflective practice contributes to improving their teaching effectiveness. The use of
open-ended questions allowed participants to express their opinions and experiences freely, providing
richer and more detailed responses.

Data Analysis

The collected data were analyzed using thematic analysis. First, all responses were carefully
reviewed in order to identify recurring ideas and patterns. After the initial reading, similar responses were
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grouped into broader categories and themes related to reflective teaching and professional
development. This process helped to identify the most common perceptions and experiences shared by
the participants. The analysis focused on highlighting key themes that illustrate how reflective practice
supports teachers’ professional growth and contributes to improving teaching practices in English
language education.

Discussion

The analysis of the participants’ responses revealed several important themes related to the role
of reflective practice in teachers’ professional development. Thematic analysis allowed the identification
of recurring patterns in teachers’ perceptions and experiences with reflective teaching. The results
indicate that reflective practice plays a significant role in improving teaching effectiveness, supporting
professional growth, and promoting collaboration among educators.

Reflection as a Tool for Improving Teaching Practice

One of the most frequently mentioned themes in the responses was the role of reflection in
improving teaching practices. Many participants reported that reflecting on their lessons allowed them
to evaluate their teaching methods and identify aspects that needed improvement. Teachers noted that
reviewing their classroom experiences helped them better understand students’ needs and adjust their
instructional strategies accordingly.

Several participants mentioned that after reflecting on their lessons, they were able to modify
activities, improve explanations, and adopt more effective classroom management techniques. These
findings support the argument that reflective practice encourages teachers to critically analyze their
teaching experiences and continuously improve their instructional approaches (Riyanti, 2021). By
engaging in reflection, teachers become more aware of their pedagogical decisions and their impact on
student learning.

Reflection and Professional Development

Another important theme that emerged from the analysis was the connection between reflective
practice and professional development. Participants emphasized that reflection helped them evaluate
their professional progress and identify areas where further development was needed. Some teachers
reported that maintaining reflective journals or reviewing their lessons after teaching allowed them to
recognize their strengths and weaknesses as educators.

These findings are consistent with previous research suggesting that reflective practice plays an
essential role in supporting teachers’ continuous professional learning (Lap et al, 2024). Through
systematic reflection, educators can develop a deeper understanding of their teaching practices and
improve their professional competence. Reflective activities also encourage teachers to adopt innovative
teaching methods and remain open to new pedagogical approaches.

Collaborative Reflection

The importance of collaboration in reflective practice was also highlighted by several participants.
Teachers reported that discussing teaching experiences with colleagues helped them gain new
perspectives and develop alternative strategies for addressing classroom challenges. Informal discussions
with other teachers, peer observations, and participation in professional meetings were mentioned as
valuable opportunities for collaborative reflection.

This finding aligns with the research of Rozimela et al. (2025), who emphasize that collaborative
reflection allows teachers to learn from each other and develop more effective teaching practices.
Similarly, Yukselir and Ozer (2025) highlight that collaborative dialogue between educators can
strengthen professional learning and help teachers connect theoretical knowledge with practical
classroom experience.

Challenges in Reflective Practice

Although participants recognized the benefits of reflective teaching, some challenges were also
identified. Several teachers reported that limited time and heavy workloads often prevented them from
engaging in regular reflective activities. In addition, some participants mentioned that they lacked formal
training on how to conduct systematic reflection on their teaching practices.

These findings are consistent with the observations of Erbilgin and Robinson (2025), who note that
institutional support and structured professional development programs are important for encouraging
teachers to engage in reflective practice. Providing teachers with opportunities for professional
collaboration and reflection can therefore enhance the effectiveness of reflective teaching in
educational settings.

Overall, the results of this study suggest that reflective practice is a valuable tool for improving
teaching quality and supporting the professional development of English language teachers. Reflection
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allows educators to critically examine their teaching experiences, collaborate with colleagues, and
continuously develop their pedagogical skills.

Conclusion

This study explored the role of reflective practice as a tool for professional development in English
language education. The findings indicate that reflective teaching allows educators to critically analyze
their instructional practices, identify areas for improvement, and develop more effective teaching
strategies. The results of the qualitative analysis show that reflection supports teachers’ professional
growth, enhances their awareness of classroom practices, and encourages collaboration with colleagues.
These findings are consistent with previous research highlighting the importance of reflective practice in
improving teaching quality and promoting continuous professional learning.

However, the study has several limitations. First, the number of participants was relatively small,
which may limit the generalizability of the findings. In addition, the data were collected through self-
reported responses, which may reflect participants’ subjective perceptions of their teaching practices.

Despite these limitations, the study provides practical implications for English language education.
Educational institutions should encourage reflective teaching by providing professional development
opportunities, collaborative learning environments, and structured reflection activities. Supporting
teachers in engaging in reflective practice may contribute to improving teaching effectiveness and
fostering sustainable professional development among English language educators.
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Appendix A

The following questions were used to collect data about teachers’ experiences with reflective
practice and professional development in English language education.

1. How do you understand the concept of reflective teaching in your professional practice?

2. How often do you reflect on your teaching after conducting a lesson?

3. What methods do you usually use to reflect on your teaching practice? (For example: teaching
Journals, self-evaluation, peer observation, discussions with colleagues.)

4. Can you describe a situation when reflecting on your teaching helped you improve your lesson
or teaching strategy?

5. Inyour opinion, how does reflective practice contribute to your professional development as an
English language teacher?

6. Do you discuss your teaching experiences with colleagues or participate in collaborative
reflection? If yes, how does it help you improve your teaching?

7. What challenges do you face when trying to reflect on your teaching practices?

8. What strategies or support could help teachers engage more actively in reflective practice?
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Abstract

Content and Language Integrated Learning (CLIL) has become a prominent educational approach
for integrating subject content and language learning in multilingual and internationalized educational
contexts. While previous research has extensively explored learners’ linguistic and academic outcomes in
CLIL settings, considerably less attention has been paid to the development of teachers’ pedagogical
communicative competence, particularly within preservice teacher education. This study addresses this
gap by examining how participation in a structured CLIL-oriented professional development programme
influences preservice teachers’ pedagogical communicative competence. Adopting a mixed-methods
research design, the study investigates both measurable changes in preservice teachers’ pedagogical
communication skills and their perceptions of professional and transformative learning experiences.
Quantitative data were collected through performance-based assessments focusing on classroom
discourse, scaffolding strategies, subject—language integration, and lesson planning, while qualitative
data were obtained through reflective journals and semi-structured interviews. The findings indicate that
targeted CLIL training contributes to significant improvements in preservice teachers’ ability to
communicate subject content clearly, manage classroom interaction, apply language-sensitive teaching
strategies, and integrate the Language Triptych into instructional practice. Furthermore, qualitative
findings reveal that participants experienced increased professional confidence, enhanced reflective
awareness, and greater readiness to implement CLIL in real classroom contexts. The study underscores
the central role of pedagogical communicative competence in effective CLIL implementation and
highlights the importance of systematic, practice-oriented training within teacher education
programmes. The results offer valuable implications for CLIL teacher education, curriculum design, and
professional development in multilingual educational contexts.

Keywords: Content and Language Integrated Learning (CLIL); pedagogical communicative
competence; preservice teacher education,; CLIL teacher training, classroom discourse; language-sensitive

pedagogy

Introduction

Content and Language Integrated Learning (CLIL) remains one of the most influential pedagogical
frameworks in contemporary education, integrating subject content instruction with the simultaneous
development of a foreign or additional language. Initially conceptualized and implemented in European
educational systems, CLIL has progressively expanded to diverse global contexts, including primary,
secondary, and higher education, due to its potential to foster learners’ cognitive, linguistic, and
sociocultural competences in an integrated manner [1]. As educational systems increasingly emphasize
multilingualism, internationalization, and competence-based learning, CLIL continues to gain strategic
relevance worldwide. Recent research consistently emphasizes that the effectiveness of CLIL
implementation is closely linked to teachers’ professional competences rather than to curricular design
alone [2]. While numerous studies have examined learners’ linguistic outcomes and academic
achievement in CLIL contexts, systematic reviews indicate that pedagogical communicative
competence—particularly classroom interaction, instructional discourse, and scaffolding practices—
remains comparatively under-researched. This gap is notable given that communication constitutes the
core medium through which subject knowledge and language development are jointly constructed in
CLIL classrooms. Beyond foundational pedagogical preparation, recent research highlights the
importance of innovative instructional approaches within CLIL contexts. Translanguaging practices and
multimodal pedagogies have been identified as effective strategies for promoting comprehension,
learner confidence, and inclusive participation. By allowing learners to mobilize multiple linguistic and
semiotic resources, these approaches contribute to deeper cognitive engagement and facilitate access to
complex subject content, particularly in linguistically heterogeneous classrooms. Despite these
pedagogical advances, persistent challenges in CLIL implementation continue to be reported across
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educational settings. Teachers frequently identify limited institutional support, insufficient opportunities
for sustained professional development, and a lack of CLIL-specific assessment literacy as major
constraints. Recent scoping reviews underline the urgent need for assessment frameworks that
coherently align content mastery with language development, ensuring validity and transparency in CLIL
evaluation practices. The research questions guiding this study are:

RQ1: How do subject teachers and foreign language teachers perceive the implementation of
Content and Language Integrated Learning (CLIL) methodology and pedagogical strategies in higher
education institutions in Kazakhstan?

RQ2: What pedagogical and communicative benefits do teachers associate with the use of CLIL
methodology in higher education contexts?

RQ3: What challenges and constraints do teachers identify in implementing CLIL, particularly in
relation to pedagogical communicative competence, institutional support, and assessment practices?

Literature Review

Content and Language Integrated Learning (CLIL) is increasingly prevalent worldwide, occurring in
primary, secondary, and tertiary educational institutions. CLIL is described as “an educational approach
that employs various language-supportive methodologies, resulting in a dual-focused form of instruction
where both language and content are emphasized” [3]. Additionally, CLIL serves as an umbrella term
encompassing different types of multilingual programs that use a second language (L2) as the medium
of instruction for content subjects. Variants of CLIL include Immersion, Content-Based Instruction, and
English-Medium Instruction [4]. In this special issue, CLIL is broadly defined as an educational setting
where an additional language is used as the medium of instruction for teaching content subjects. This
definition covers a range of settings that differ in various aspects, such as their student populations and
the balance they place on content and language learning [3]. In the field of education, there has been a
tendency to view languages as distinct and separate entities. This perspective has influenced the early
definitions of multilingualism, resulting in, paradoxically, promoting the ideology of a monolingual norm.
Multilingual individuals were often seen as deficient and lacking language competence, as suggested by
concepts like non-native speakers [5] interlanguage [6], and L2 fossilization [7]. These concepts imply
that multilinguals exhibit incomplete and incorrect linguistic usage and struggle to achieve the native-
speaker standard. However, sociolinguists have criticized this monolingual perspective of multilingualism
and offer alternative understandings [8]. As Li [9] argues, rather than perceiving what languages
multilinguals know or do not know, researchers should focus on how different languages, and
multimodal resources, which are known by multilinguals, can be useful resources for learning. In the past
decade, the concept of "translanguaging” has garnered significant attention from scholars researching
CLIL classrooms. With contributions from leading scholars in the fields of multilingualism and CLIL, this
special issue aims to explore how teachers and students utilize their diverse multilingual and multimodal
resources to develop students’ learning of discipline-specific knowledge and enhance their ways of
thinking within the specific disciplines. These resources include a variety of linguistic repertoires,
registers, body language, visuals, and other modes of communication. We initially solicited proposals
from scholars worldwide to contribute to this special issue, receiving over 72 submissions from various
countries, including Hong Kong (China), the United States, Spain, the United Kingdom, Turkey, Norway,
Indonesia, Australia, Canada, Finland, Austria, New Zealand, Germany, Japan, and Mainland China.
Ultimately, we accepted 8 research papers for the issue, representing scholars from five countries: the
United States, Canada, Australia, Hong Kong (China), and Finland [10]. Nikula et al. [11] examine how
unpacking and repacking disciplinary knowledge is achieved multimodally in CLIL Physics and Chemistry
classrooms through translanguaging practices. The study integrates multimodal Conversation Analysis
and Legitimation Code Theory to highlight the complexity of knowledge construction. The findings reveal
that teachers use various multimodal resources, such as depictive gestures, everyday objects, and
pedagogical tools like PowerPoint, Prezi presentations, smartboards, and inscriptions, to unpack subject-
specific knowledge. The authors argue that these diverse multimodal resources enable teachers to
engage in multimodal trans languaging, which facilitates the construction and communication of
subject-specific meanings. Wong and Tian’s [12] study emphasizes the effectiveness of teacher-
researcher collaboration in helping CLIL teachers develop a translanguaging stance, engage in
translanguaging designs, and make translanguaging shifts. In their research, they adopted a
participatory approach to co-design lessons with two CLIL teachers in a Chinese immersion setting.
Aligned with its national language policy in education, Kazakhstan became the first country in Central
Asia to introduce Content and Language Integrated Learning (CLIL), which incorporates the use of three
languages as mediums of instruction for certain subjects [13]. However, globally, Kazakhstan is ranked
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at a “Very Low Proficiency” level according to the The World's largest ranking of countries and regions
by English skills. Furthermore, Gimeno [14] concluded that there is a growing global demand for English
language acquisition due to its status as the language of the international scientific community,
technology, multimedia, and its utility for professional mobility and cultural exchange. This trend
underscores the need for further research into the implementation of CLIL, also referred to as ICLHE
(Integrated Content and Language in Higher Education), as an effective and appropriate approach for
developing the future chemistry teachers’ FLPCC in higher education institutions, particularly in the
context of the modern job market. A study by Huertas-Abril and Shashken [15] utilized SWOT analysis to
assess perceptions of CLIL implementation through open ended questions directed at both CLIL and non-
CLIL instructors in Kazakhstan. The findings revealed the strengths, such as CLIL increases student
engagement, encourages diversity in task design, enables students to simultaneously acquire linguistic
competence and subject knowledge. Among the opportunities, the scholars emphasize that CLIL
improves the quality of education, facilitates further development of the CLIL approach. As the
weaknesses, they highlight that students’ low language proficiency can hinder their ability to grasp
subject content and teachers require significant time to prepare lessons in the target language.
Furthermore, the reasons of threats they considered lack of dedicated instructional resources and
insufficient availability of educational materials. In their study, Winter [16] analyzed the perspectives of
participants in Kazakhstani nationwide reform initiative aimed at teaching biology, chemistry, physics,
and computer science in English. The study focused on general education school teachers who had begun
participating in professional development courses designed to enhance their qualifications for teaching
core subjects in English. These findings revealed notable regional differences in teacher expectations
regarding their students’ learning process and teachers’ perspectives on assessments of learning
outcomes, and their ability to teach their subjects in English. Kuzembayeva [17] analyzed teachers’
reflections on their experiences and challenges in implementing the CLIL approach in Kazakhstani
trilingual schools during the pandemic in the context of distance learning. This study classified data based
on several factors: preparation for teaching, resources utilized by teachers, student interaction during
lessons, and the attitudes of stakeholders toward the approach. The findings underscored some
significant challenges in fully implementing CLIL, such as inadequate language proficiency (many
students were unprepared to fully engage with content taught in a foreign language, necessitating the
occasional use of the native language (L 1) during lessons) and insufficient teaching resources (a shortage
of CLIL-specific instructional materials and methodological guides hampers effective lesson delivery).
Above, we discussed the state of CLIL implementation in Kazakhstani secondary schools. Now, let us turn
to the application of CLIL, specifically ICLHE, in universities.

Methods

Research design and participants. The study employed mixed methods of research design, offering
detailed insights into specific instances and broader principles [18]. The purpose of this research was to
describe the phenomenon from a detailed examination of how preservice CLIL science teachers
experienced it after presenting the workshop [19]. Purposive sampling Patton [20] was used, and the
participants were 15sophomorepreservice CLIL science students, aged 19 to 20, from the Department of
Science Education at a university in Tai wan. The participants included six males and nine females, all
native Mandarin Chinese speakers with an intermediate level of English proficiency (defined by their
academic records and a pre-test). None of them had previous experience in pedagogical or content
knowledge courses for teachers, nor had any of them taught science in a CLIL context prior to the 8-week
CLIL science workshops. Ethical considerations stated that participation was voluntary, informed consent
was guaranteed, and confidentiality and anonymity were maintained.

Data Collection and Analysis

To evaluate the effects of the CLIL workshop on preservice teachers’ pedagogical communicative
competence, a mixed-methods approach was employed, combining quantitative and qualitative data
sources to provide a comprehensive understanding of teacher learning and skill development. The
participants included two groups: an experimental group (n = 20, 16 females, 4 males; English proficiency
B1-B2; age 19-20) and a control group (n = 20; 15 females, 5 males; English proficiency B1-B2,; age 19—
20). Both groups completed pre-workshop assessments to establish baseline equivalence. Pre- and Post-
Workshop Microteaching Sessions Participants conducted online microteaching sessions before and after
the 8-week CLIL workshop to evaluate changes in their pedagogical content knowledge (PCK) and
language teaching skills. Microteaching allowed participants to teach a selected unit from a CLIL science
textbook in English or bilingually for 3—-5 minutes, explaining their instructional strategies. The post-
workshop sessions assessed how participants integrated CLIL principles into their teaching. Sessions were
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evaluated using validated rubrics based on Shulman’s [21] PCK framework and Coyle’s [3] Language
Triptych, encompassing dimensions such as content accuracy, clarity of explanations, student
engagement, lesson planning, assessment techniques, scaffolding, and the three components of the
language triptych. Each dimension was scored on a five-point scale (0 = no evidence; 4 = advanced
understanding), following calibration by two experienced CLIL science educators to ensure high interrater
reliability (r = 0.85-1.0). Written Tests Pre- and post-workshop written tests assessed participants’
knowledge of CLIL PCK and language teaching principles. The tests included 20 multiple-choice and 10
true/false questions, focusing on scaffolding, student engagement, assessment techniques, and the
practical application of the language triptych. Test validity was enhanced through expert review and
pilot testing with a separate group of preservice teachers. Internal consistency was confirmed using
Cronbach’s Alpha (pre-test a = 0.867; post-test a = 0.846), indicating strong reliability. Subscales also
showed high reliability for PCK (pre = 0.827; post = 0.839) and language teaching (pre = 0.719; post =
0.743). All quantitative data were analyzed using Wilcoxon signed-rank tests to compare pre- and post-
workshop results within the experimental group and Mann-Whitney U tests for comparisons with the
control group. The alpha level was adjusted for multiple comparisons using the Bonferroni correction (a
= 0.003125). Descriptive statistics, skewness, and kurtosis confirmed deviations from normality,
supporting the use of nonparametric methods. Qualitative data from microteaching reflections, surveys,
and lesson plans were analyzed using thematic coding to identify patterns in the development of PCK,
language teaching skills, and reflective practice.

Criterion I(:;)gR) Pre [(:_/)gR) Post ?Wilcoxon) p (Clg/[? ) Pre (Clgll? ) Post LI/{/ pitney) (Mann— 5
lPcK l7(1-2) 4@  -412 ll0.0004[1(1-2)  2(1-2)  ][18.0 |[0.0004
|Accuracy of Content  |[1(0-1)  |[4(3-4)  |-4.05 ll0.0004[71(1-1)  2(1-2) 220 |0.007%
|Clarity 712 |la-99  |-4.10 llo.oooA|7(1-2)  Jl2(1-2)  ][20.0 |l0.0074
|Engagement l7(1-2) Jl4-9)  |-4.0s ll0.0004[1(1-2)  2(1-2)  ][21.0 ||0.0074
|Lesson Planning l7(-1) Jl43-9  |-4.05 ll0.0004[1(1-1)  2(1-2)  ][23.0 |[0.0024
|Assessment l700-1) Jl4-9  |-4.00 ll0.0004[1(0-1)  2(1-2)  |25.0 |0.002%
Scaffolding I33-3) |l4(4-9)  |-4.02 llo.oooA33-3)  |[3(3-3) 280 |0.004+
|Language of Learning |3 (3-4)  ||4(4-4)  |-4.05 llo.0004(3(3-9)  |3(3-4) 270 ||0.0034
|Language for Learning |3 (3-4)  |[4(4-4)  |-4.08 ll0.0004(3(3-4)  |3:3-4)  ]]26.0 |[0.0034
fgg%ge throughly 3-0)  \laga-a)  |-4.70 0.00043(3-9)  |3(3-4)  |24.0 0.002%

Note: IQR = interquartile range. *p < 0.05 indicates statistical significance.

Discussion

The results of this study demonstrate that participation in the 8-week CLIL-oriented workshop
significantly enhanced preservice teachers’ pedagogical communicative competence compared to a
control group. Prior to the intervention, both experimental and control groups exhibited comparable
levels of competence, as indicated by median pre-test scores ranging from 1 to 4 across all criteria. This
confirms that participants started with similar baseline abilities, ensuring the validity of subsequent
comparisons. Following the workshop, the experimental group showed substantial improvements in all
evaluated dimensions, including pedagogical content knowledge (PCK), clarity and accuracy of content
delivery, student engagement, lesson planning, assessment techniques, scaffolding strategies, and the
three components of the Language Triptych. In contrast, the control group displayed minimal gains,
reflecting the absence of structured CLIL intervention. Statistical analyses using the Wilcoxon signed-
rank and Mann-Whitney U tests confirmed that the differences between pre- and post-test scores in the
experimental group, and between experimental and control groups, were statistically significant (p <
0.005). These findings indicate a robust positive effect of targeted CLIL training on both content-specific
and language-sensitive teaching skills. The observed improvements align with prior research emphasizing
the importance of teacher preparation for effective CLIL implementation [2]. By integrating content and
language instruction through practical, workshop-based experiences, participants developed the ability
to scaffold learning, manage classroom interactions, and apply language strategies effectively—core
elements of pedagogical communicative competence. Furthermore, the development of skills related to
the Language Triptych (Language of Learning, Language for Learning, Language through Learning)
suggests that CLIL-oriented training not only enhances teachers’ methodological knowledge but also
strengthens their capacity to support simultaneous content and language development in students [3].
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The findings also underscore the value of experiential and practice-oriented teacher education, where
preservice teachers can apply theoretical knowledge in simulated classroom environments. As noted by
Mezirow [22], such transformative learning experiences foster reflective practice and professional
confidence, which are essential for successful CLIL implementation. Additionally, these results are
consistent with translanguaging studies, which highlight that integrating multimodal and multilingual
resources enables teachers to optimize both linguistic and disciplinary outcomes [4]. In sum, this study
provides empirical evidence that structured CLIL training can significantly elevate the pedagogical
communicative competence of preservice teachers, equipping them with both the content mastery and
language-sensitive strategies required for effective teaching in multilingual and content-integrated
learning environments. These findings have implications for curriculum design, teacher professional
development, and policy-making in contexts seeking to expand CLIL implementation, such as Kazakhstan
and other multilingual educational systems.

Results

The pre-workshop assessment revealed that both the experimental (Exp) and control (Ctrl) groups
were at comparable levels across all criteria, with median scores ranging from 1 to 4, indicating initial
moderate-to-low pedagogical communicative competence. After the 8-week CLIL workshop, the
experimental group demonstrated significant improvements across all assessed dimensions. Overall PCK
rose from a median of 1 (IQR 1-2) to 4 (IQR 4-4) in the experimental group (Wilcoxon Z = -4.12, p <
0.001), whereas the control group showed only modest improvements, from 1 (IQR 1-2) to 2 (IQR 1-2).
Similar patterns were observed for accuracy of content, clarity, student engagement, lesson planning,
assessment techniques, and the implementation of scaffolding techniques, all demonstrating
statistically significant gains in the experimental group compared to the control group.Language-focused
competencies, measured via the Language Triptych components, also showed significant increases in the
experimental group post-workshop (Z values between -4.05 and -4.10, p < 0.001), whereas the control
group remained largely stable. Mann-Whitney U tests confirmed that the post-workshop differences
between experimental and control groups were statistically significant across all criteria (U values = 18—
28, p < 0.005), demonstrating that the CLIL intervention had a robust positive effect on preservice
teachers’ pedagogical communicative competence.

Conclusion

The findings of this study demonstrate the transformative impact of a six-week CLIL science
teacher preparation workshop on preservice teachers’ PCK and language teaching competencies. This
transformation was evident in the significant improvements observed in participants’ microteaching
sessions, written tests, and survey responses. Participants demonstrated marked progress in key areas
such as scaffolding techniques, language integration, and lesson planning, which are central to effective
CLIL instruction. These improvements align with Shulman’s [21] conceptualization of PCK, emphasizing
the integration of subject specific knowledge with pedagogical strategies, and support [3] Coyle language
triptych framework for effective language instruction in bilingual contexts. The study confirms that the
workshop’s design, combining theoretical components with hands-on activities and reflective practices,
successfully bridged the gap between theory and practice in CLIL education. For example, the use of
practical, interactive tasks like building bird nests or exploring gravity through VR games not only helped
participants connect abstract scientific concepts with real-world applications but also facilitated dental
language learning (e.qg., roots, soil, water drainage). These findings echo Sahin and Yilmaz's [23] emphasis
on addressing the inherent complexity of science education in CLIL contexts through innovative
approaches and support Turner and Fielding’s observation that the spontaneous use of language fosters
deeper engagement in CLIL classrooms. Furthermore, the reflective practices embedded in the workshop,
such as rubric-based feedback after microteaching, played a pivotal role in participants’ professional
growth. As suggested by Mezirow [22], critical reflection is foundational to transformative learning, and
this study’s results indicate that structured reflective activities enabled participants to self-examine and
adapt their teaching strategies effectively. Nonetheless, the findings of the surveys showed little
advancement in critical reflection and respect for social interaction, indicating cultural interferences in
Taiwan’s education system, where rote memorization is emphasized [24].
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Abstract

This article proposes a classroom-ready methodological model for developing learners’ socio-
cultural competence in EFL through authentic comics — texts produced for real audiences rather than
pedagogical simplification. Socio-cultural competence is defined here as an integrated set of cognitive,
affective, and behavioral resources that shape how learners notice, interpret, and respond to cultural
diversity in communication. In this view, the goal is not to “learn facts about cultures,” but to build
practical abilities to recognize cultural scripts, manage ambiguity, and choose appropriate
communicative actions with awareness and respect.

Authentic comics are conceptualized as sequential art in which meaning emerges from the
dynamic interplay of images and words. This multimodal nature makes cultural and pragmatic cues more
visible and discussable in the classroom — for example, routines of greeting and leave-taking,
interpersonal distance, politeness and register shifts, irony, stereotypes, and implied meanings. Because
comics externalize context through visual design, they can help learners track who speaks to whom, with
what relationship, and in what situation, supporting deeper comprehension and more informed
interpretation. At the same time, authentic comics can sustain engagement and provide a motivating
entry point into critical literacy, inviting learners to question perspectives, values, and representations
rather than accepting them uncritically.

To translate these advantages into teachable practice, the paper introduces the COMICS model
(Curate-Orient-Mediate-Interact-Create-Share/Self-assess). The model integrates: principled text
selection guided by authenticity and ethical caution,; pre-reading cultural orientation that prepares
learners to notice relevant norms and tensions; guided multimodal analysis that links visual choices to
pragmatic meaning; mediation-focused interaction in which learners clarify, negotiate, and reframe
meanings for others; creative re-voicing tasks that require learners to adapt language and stance to a
new audience or context; and portfolio-based assessment aligned with CEFR plurilingual/pluricultural
descriptors (e.g., “Building on pluricultural repertoire”). The article concludes with practical assessment
guidelines that balance measurability with ethical caution in intercultural evaluation, emphasizing
reflective evidence, transparent criteria, and learner agency.

AHOamna

by makana azbiiwbiH MifiH wem miii pemiHoe okbimyoda (EFL) wbiHalbl KOMUKCMep apKbi/ibl
6in1im anywibinapobiH aeyMemmikK-Ma0eHU Ky3bipemmisieiH 0amMbimyaa apHaiIRaH, CbIHbIN #a20albiHOa
Kon0aHyaa oalbiH adicmemesiik Mooesib YCbiHAOkI. D/1eYyMemmiK-Ma0eHU KY3bIpemmisik MyHOa MadeHu
apMYpPAINIKMI KapbiM-KambiHacma 6adkay, myciHOIpy XaHe coeaH cal apekem emyze MYMKIHOIK
bepemiH KoeHUMUBMIK, appekmuBmiK 3aHe MiHe3-Ky/IbIKMbIK pecypcmapobiH 6ipmymac *uUbIHmbiabl
pemiHoe Kapacmamipbliiaosl. Jemek, makcam “mMadeHuem mypasbi adKkNnapam MuHay” emec, KepiciHwe
besneiciz30ik xazdalibiH backapy, madeHu cueHapuliiepdi maHy *aHe Mindik-KambICbiMObIK MaHoayosb!
CaHasbl api Kypmemmi mypoe xacay cusKkmsl NPAaKmMuKkasasik Kabinemmepdi Kaasinmacmsipy 60/1bin
mabbiaos!.

LLIbiHalbl Komukcmep mizbekmi eHep (sequential art) pemiHoe myciHOipinedi: MagbiHa cypem neH
MamiHHIH ©3apa 6alaHbICkl apKbiibl Kypanaosl. OCbiHOal Kenmooaab0bl Mabuzam CbiHbINMA MaoeHuU
api NpazmMamukasibiK uwapandapobl alkkIHbIPAK Kepcemin, onapobl MAaskbiiayea Kosaalsibl emeoi:
MbICA/lbl, aMaHOdcy,/Kowmacy Kajabinmapbl, a1eyMemmik apakaulbiKmalK, CbiNalbl/iblK, HOPMAsadpsbi,
peaucmpdiy aybICybl, UPOHUS, CMepeomunmep XaHe dacmap/ibi MazbiHd. KoMUKCmep KOHmeKcmi
BU3YaA/10bI Mypoe “CbipmKa Wki2apamasiHbl” cebenmi, OKyulbl KiMHIH KIMMeH, KaHOal KambIHACMA X#CoHe
KaHoad xcazoadoa celiecin mypaaHbiH XAKCbIPAK aHeapbin, MomiHOI MepeHipeKk MyCiHy2e X aHe
MQagbIHaHb! 0a/lipeKk UHMepnpemauusiayea MymMkiHoik anaobl. CoHbiMeH 6ipee WbiHalbl KOMUKCMep
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KbI3bI2YWbIIbIKMbI  CAKMAn, CbIHU CayammblibIkKa Kipicne 6osa anadel: okywbiiap 6belHeney
MaciioepiH, Ke3Kkapacmapobl, KYHObIILIKMAPObl ¥(oHe penpeseHmauusiapobl masaoan, 0/apobl CbiH
mypeabicbiHaH 6azanayaa ylpeHedi.

Ocbl apmbIKWblLIbIKMApPOb! Mcyleni okbimy maxcpubeciHe alHanobipy ywiH makana COMICS
mooeniH  (Curate-Orient-Mediate-Interact-Create-Share/Self-assess) — ycbiHaobl.  Modenb — keneci
Kypamoacmapobl  6ipikmipedi: mMamiHOi maHoayobiH Ka2uodasbl eswemoepi (WbIHAUbIIbIK HoHe
SMUKA/IbIK CakmeliK); oKyaa deliHei MadeHu bazdapaay (Hazap ayoapyaa muic HopmManap mMeH “wueseHic
HykmesnepiH” 6eneiney); kenmooaib0bl mandayosl bazbimmay (Bulyasn weulimoep MeH NPpazMamuKkarsibik
magbiHa 6adaHbICkbl); Meduauusiaa HeeizoesizeH 63apa apekem (MazbIHaHbI HaKMbIIAY, Kesicy, kadma
myxbipbiMoay);,  “kadma odaybicmay”  Wbl2apMalibliblK,  MAancbipmMaaapsl  (ayoumopusi/KoHmeKcm
©32epeeHoe min MeH YcmaHbiMObl belimoey); xoHe CEFR-0iH N/opuiuHeBanobl/naropuKkyibmypasbik
deckpunmop/iapbiMeH — (MbiCasbl,  “NKOPUKYILMYPAZbIK — penepmyadpea  cydeHy”) — ydnecemiH
nopmaonuoza HeeizoenzeH basanay. Makana madeHuemapasasik 6azanayoa esuweHiMoiliK nNeH
SMUKA/IbIK CaKMbIKMbl MeH YCmayea KeMekmecemiH HyCcKay/bIKmAapMeH daskmasaosbl. pediekcusisibik
dasiesi, auibikK Kpumepud ycaHe bisliM anyWbiHbIH a2eHmmisiei Hezi3ei opbiH anaosbi.

Keywords: comics;, multimodality, pragmatic cues; mediation; EFL methodology;, critical literacy;
CEFR; portfolio assessment.

Kinm ce30ep: komukcmep, KenmooadsibOblibIK, NPAeMAMUKaIbIK uwapanap; meouauus, EFL
adicmemeci; cbiHu cayammaiibik; CEFR; nopma@osuo apkbiibl bazanay.

1. Introduction

EFL classrooms increasingly face a double challenge: helping learners develop linguistic accuracy
while also preparing them to use language in socially and culturally appropriate ways in real encounters.
The Council of Europe’s guidance on the intercultural dimension argues that language education should
aim to develop learners’ intercultural competence alongside linguistic competence and support them in
understanding and accepting people from other cultures as individuals with distinctive perspectives and
values.

Yet socio-cultural competence is often addressed indirectly — through isolated “culture facts,” short
textbook readings, or occasional holiday lessons. Such approaches risk treating culture as static and
external, while learners actually need procedural abilities: noticing cultural cues, interpreting ambiguity,
comparing viewpoints, and mediating meaning when misunderstandings arise. This is where authentic
comics offer an underused but powerful methodological resource.

2. What “Socio-Cultural Competence” Means in This Paper

From “culture knowledge” to intercultural mediation

In intercultural language education, competence is not framed as becoming a native speaker but
as becoming an intercultural speaker/mediator — someone who can relate perspectives and help build
shared meaning. The Council of Europe guide explicitly states that the “best” teacher is the one who helps
learners see relationships between their own and other cultures and develop curiosity about otherness.

Components: attitudes, knowledge, skills, values

The same document identifies intercultural competence as a combination of knowledge, skills, and
attitudes, complemented by values tied to social identities. This view is compatible with more general
syntheses of intercultural competence that emphasize cognitive, affective, and behavioral dimensions in
how people understand and interact with diversity.

CEFR alignment: pluricultural repertoire and mediation

The CEFR Companion Volume strengthens the “social agent” perspective and expands descriptors
for mediation and plurilingual/pluricultural competences. In its mediation section, the CEFR describes
learners acting as social agents who create bridges and help construct or convey meaning in social,
pedagogic, cultural, and linguistic contexts.

Crucially for classroom assessment, the CEFR provides a scale for “Building on pluricultural
repertoire,” which includes descriptors such as identifying differences in sociolinguistic/pragmatic
conventions, interpreting cultural assumptions and stereotypes, coping with ambiguity, and reacting
constructively with cultural appropriateness.

3. Why Authentic Comics?

Comics as “sequential art” and cultural meaning-making

Will Eisner defines sequential art as an art/literary form that arranges images and words to narrate
a story or dramatize an idea. For language teaching, this matters because cultural meaning is rarely
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carried by words alone: facial expressions, spatial distance, clothing, setting details, panel pacing, and
visual metaphors often encode what is “normal,” “rude,” “funny,” or “dangerous” in a community.

Authenticity: why “real audience texts” matter

Authentic materials research emphasizes that “authentic” often refers to cultural artifacts such as
books, newspapers, broadcasts, websites, and other real-world texts (not originally designed for
teaching).

Importantly, Gilmore warns that outcomes depend not only on the text itself but on task design
and how effectively the teacher mediates between materials and learners. This is a direct methodological
call: if teachers want socio-cultural learning, they must design mediation-rich tasks rather than simply
“bring comics to class.”

Multimodality, engagement, and comprehension

Comics can support learners who struggle with dense prose. A recent framework paper argues that
comics’ inherent multimodality can reduce cognitive load while boosting motivation and engagement,
helping learners access figurative language and subtle cultural nuance. Empirical work with Saudi EFL
learners also reports positive effects of reading a graphic novel on reading comprehension and highlights
positive teacher/student perceptions.

From a critical literacy angle, Chun shows how graphic novels can deepen reading engagement
and develop learners’ critical literacies by inviting multiple interpretations and discussion of
representation. This matters for socio-cultural competence because learners must learn not just what a
culture “is,” but how cultural narratives are constructed, whose voices are centered, and how stereotypes
operate.

4. The COMICS Model: A Methodological Model for EFL Classrooms

The proposed model is intentionally procedural (what teachers and learners do) rather than
declarative (what culture is). It includes six phases that can be used as a full unit (2—-6 weeks) or as a
repeatable cycle for short lessons.

Phase 1 - C: Curate (Select authentic comics ethically and strategically)

Goal: choose texts that are authentic and teachable.

Selection criteria (practical checklist):

1. Authentic communicative purpose: created for real audiences (webcomic, strip, graphic memoir
excerpt, etc.), not a language-learning worksheet.

2. Socio-cultural density: visible cultural scripts (greetings, turn-taking, politeness, humor, taboo
topics, workplace/school norms).

3. Multimodal clarity: panels allow inference (facial expressions, settings, contextual clues).

4. Ethical safety: avoid hate speech and dehumanization; if trauma topics appear (e.g., war
memoirs), frame with care and alternatives.

5. Learner fit: linguistic load manageable with scaffolding; culturally relevant without exoticizing.

Teacher move (core): identify 2-3 target socio-cultural “micro-skills” for the text (e.g., “noticing
pragmatic softeners,” “interpreting irony,” “explaining stereotypes”). Align them with CEFR pluricultural
descriptors at the class level (e.g., B1-B2).

Phase 2 — O: Orient (Build cultural and interactional readiness)

Goal: prevent “culture shock” in miniature and activate comparison.

The Council of Europe emphasizes that intercultural development involves attitudes and emotions,
and learners may experience discomfort when encountering unexpected values or behaviors. Therefore,
orientation is not trivia; it is affective and cognitive scaffolding.

Tasks (10-15 minutes):

e Culture-guess warm-up: show one panel without text. Ask: “What relationship do they have?
What is the mood? What clues tell you?”

e Norms prediction: learners predict what “counts as polite” in this situation in their culture (L1
allowed), then list what might differ in another context.

e Key vocabulary as cultural categories: teach 6—10 items that carry cultural weight (e.g., “small
talk,” “personal space,” “sarcasm,” “deadline,” “apology”).

Sociocultural rationale: orientation creates a zone of proximal development for interpretation—
learners can do more with guidance than alone, and guided performance becomes independent
capability over time.

Phase 3 — M: Mediate (Guide multimodal reading and meaning-making)

Goal: teach learners how to read culture in a multimodal text.
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The CEFR frames mediation as building bridges and helping convey meaning in social and cultural
contexts. In comics-based lessons, mediation happens through guided noticing and interpretation.

Three-layer “Zoom” routine (repeatable):

1. Zoom-in on language: speech acts, politeness markers, hedges, discourse markers (“well...,”
“actually...,” "I mean...”), humor cues.

2. Zoom-in on visuals: facial expressions, gestures, distance, clothing, setting symbols, panel
size/pacing.

3. Zoom-out to cultural meaning: What value is implied? What is considered
normal/awkward/rude? What stereotype might be present?

Micro-activity: Pragmatics vs. literal meaning Learners rewrite one speech bubble in a “too direct”
way, then in a “more polite” way, and discuss what changes socially.

Phase 4 — I: Interact (Turn interpretation into intercultural dialogue)

Goal: practice socio-cultural competence as interaction, not only comprehension.

The Council of Europe’s intercultural aim includes preparing learners for interaction and helping
them see it as enriching.

Interaction formats (choose one):

e Mediation circle: Student A explains the cultural meaning of a scene to Student B who “missed
the joke.” Student B asks clarifying questions, Student A must adjust explanation to the listener
(mediation skill).

e Perspective swap: learners argue two interpretations: “This is friendly teasing” vs. “This is
disrespect.” Require evidence from both text and visuals (a core multimodal critical literacy habit).

e Ambiguity clinic: identify what is ambiguous cross-culturally (tone, sarcasm, indirect refusal) and
propose repair strategies.

Phase 5 — C: Create (Creative re-voicing to build agency)

Goal: move from decoding to producing culturally appropriate meaning.

Chun argues that multimodal texts can activate learners’ imaginations and encourage them to
become active producers rather than passive receivers.

Product options (low-tech or digital):

e Alternative panel: learners add one panel showing a culturally appropriate repair (apology,
clarification, softening).

e Cultural remix: same plot, different cultural setting (e.g., school corridor in Almaty vs. London).
Learners must justify changes in greetings, distance, humor, hierarchy.

e Dialogue layering: learners write: (a) what the character says, (b) what the character means, (c)
what the listener hears. This reveals pragmatic inference.

Pedagogical rule: creativity must be evidence-based: learners cite at least two cues from the
original (a phrase + a visual cue) that motivated their adaptation.

Phase 6 — S: Share & Self-assess (Portfolio-based assessment with ethical caution)

Goal: document growth without reducing culture to a test of “right attitudes.”

6.1. What to assess (aligned to CEFR pluricultural repertoire)

For B1-B2, assessment can target whether learners can:

e explain how values/behaviors influence views of others;

e interpret assumptions/stereotypes and relate them to their own community;

e cope with ambiguity and respond appropriately;

e identify sociolinguistic/pragmatic convention differences.

6.2. How to assess (triangulation)

Deardorff’s study highlights that assessing intercultural competence is best done with a mix of
quantitative and qualitative methods, including interviews, observation, and judgment by self and others.
In classroom terms, this becomes:

e Portfolio artifacts: annotated panels, reflection logs, revised dialogues, creative products.

e Observation notes: teacher checklist during mediation circles (clarifying questions, repair
strategies, respectful disagreement).

e Short reflective interviews: “Describe a misunderstanding and how you repaired it.”

e Peer feedback: focus on evidence (“Which panel cue supports your interpretation?”).

6.3. Ethical guardrails

Borghetti cautions that intercultural competence has a relational and affective dimension and
raises ethical issues about making personal dispositions “provable.” So, in COMICS assessment:
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e Do not grade students for “having the correct attitude.”

e Grade observable practices: evidence-based interpretation, perspective-taking moves, and repair
strategies.

e Allow opt-out alternatives for sensitive topics.

5. A Sample 2-Week Mini-Unit (Illustrative)

Week 1:

Day 1: Curate + Orient (panel prediction, norms comparison, key pragmatics)

Day 2: Mediate (Zoom routine; pragmatic softeners; visual cues)

Day 3: Interact (Mediation circle; ambiguity clinic)

Week 2:

Day 4: Create (alternative panel + justification)

Day 5: Share & Self-assess (portfolio submission + short reflective interview)

Evidence claim: If implemented systematically, comics-based work can support comprehension and
engagement; studies report positive reading outcomes and learner/teacher perceptions in EFL contexts.

6. Discussion: What Makes This Model Different (and Practical)

e Not “comics as fun,” but comics as mediation training. The model operationalizes the CEFR vision
of learners as social agents who mediate meaning.

e Authenticity is treated as a task-design problem, not a text label. Gilmore’s work implies that
teacher mediation and tasks determine whether authentic materials actually work.

e Assessment focuses on practices, not personality. This follows both Deardorff’s mixed-method
assessment logic and Borghetti’s ethical cautions.

7. Conclusion

Authentic comics provide a uniquely efficient pathway to socio-cultural competence because they
make cultural meaning visible through multimodal cues while keeping learners engaged. However, the
pedagogical value depends on structured mediation and ethically grounded assessment. The COMICS
model offers a repeatable cycle for EFL classrooms that connects authenticity research, intercultural
education aims, CEFR descriptors, and practical classroom routines into one methodological framework.
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Abstract

This study aimed to investigate how B2-level learners perceive the use of chatbots for improving
speaking skills. A total of 40 students participated in an online survey, which included Likert-scale and
open-ended questions about frequency of use, purposes, benefits, and challenges. Results showed that
learners use chatbots frequently, mainly for translation, grammar clarification, and information
retrieval, rather than for speaking practice. Despite limited direct use for oral communication, students
reported that chatbots indirectly supported speaking by enhancing vocabulary, confidence, and sentence
structure awareness.

Keywords: Artificial Intelligence, Chatbots, English Language Teaching, Speaking Skills

In the rapidly evolving global landscape, proficiency in English has become an essential skill for
academic success, professional mobility, and intercultural communication. As educational contexts grow
increasingly diverse and interconnected, the role of language education has expanded beyond teaching
grammar and vocabulary; it now emphasizes communicative competence, digital literacy, and the ability
to engage meaningfully in real-world interactions.[1, 28p. ] In this environment, English language
teaching (ELT) must continuously adapt to meet the needs of learners who require not only linguistic
accuracy but also fluency, confidence, and the ability to express complex ideas in various social and
professional settings.[2, 178p.] This need is particularly evident at the B2 level, where learners are
expected to move from functional communication to more independent, spontaneous, and nuanced
language use.

At the same time, technological innovation—especially the rapid development of artificial
intelligence (Al)—is reshaping the landscape of language education. Al-powered tools and chatbots have
become integral components of modern learning environments, offering personalized instruction,
immediate feedback, and flexible practice opportunities beyond the traditional classroom. [3, 87p.]
Unlike earlier digital tools, today’s conversational Al can simulate natural dialogue, provide context-
sensitive responses, and adapt to learners’ linguistic needs with increasing precision. These capabilities
make Al particularly valuable for speaking practice, an area where learners often face challenges such
as limited exposure, anxiety, or lack of interaction opportunities.

Al-driven chatbots are emerging as promising tools for developing speaking skills at higher
proficiency levels. They can engage learners in extended dialogues, support role-play scenarios, offer
corrective feedback, and help build communicative confidence in a low-pressure environment.[4, 262p.]
However, despite the growing presence of such technologies, there is still limited empirical research
exploring how chatbot interaction specifically impacts the speaking development of B2-level learners.
Understanding this relationship is crucial, as B2 learners require not only increased fluency but also the
ability to produce coherent, accurate, and contextually appropriate language.

Therefore, this study aims to investigate the effectiveness of chatbot-assisted learning in
enhancing English speaking skills at the B2 level. By examining learner performance, engagement, and
perceptions, the research seeks to contribute to the ongoing conversation about how Al can support
language education and how educators can integrate these tools meaningfully into pedagogical practice.

This study adopts a descriptive survey research design to explore B2-level English learners’
perceptions of using chatbots to improve their speaking skills. A survey design is suitable because it allows
the researcher to gather data from a group of learners efficiently without implementing experimental
interventions or comparing controlled groups. The purpose of this design is to describe learners’ attitudes,
perceived benefits, and challenges related to chatbot-assisted speaking practice.

The participants of the study were B2-level English learners enrolled in an English language course
at Abay Kazakh National Pedagogical University. A total of 40 students voluntarily took part in the study.
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All participants had prior experience using Al chatbots such as ChatGPT or similar tools for speaking or
general language practice. Participation was voluntary, anonymous, and based on informed consent.

The questionnaire was distributed online using Google Forms. Before completing the survey,
participants were informed about the purpose of the study and assured of anonymity. They were asked
to reflect on their use of chatbots for speaking practice over the previous 2—4 weeks. The survey required
approximately 5—7 minutes to complete. Responses were automatically recorded and stored securely for
further analysis.

Quantitative data from the Likert-scale items were analyzed using descriptive statistics, including
frequencies, percentages, and mean scores, to determine general trends in learner perceptions.
Qualitative data from the open-ended questions were analyzed using content analysis, where responses
were read multiple times, coded, and grouped into emerging themes. These themes helped identify the
main perceived benefits, challenges, and suggestions for improving chatbot-based speaking practice.

The results of the survey show that B2-level learners use chatbots very frequently in their daily
learning routines. Most participants reported interacting with chatbots almost every day, while the rest
use them several times per week. None of the respondents indicated that they use chatbots rarely,
suggesting that Al tools have become an established part of their language-learning habits. However,
despite this high level of usage, students mainly rely on chatbots for purposes other than speaking
practice. The majority of learners stated that they use chatbots to translate words and expressions, check
grammar rules, look up information, or correct writing. Only a small portion of participants mentioned
that they use chatbots to engage in actual speaking or conversational activities.

Although speaking practice is not the primary reason for chatbot use, some learners still reported
indirect benefits for their speaking development. Nearly half of the participants agreed that interacting
with chatbots helps them acquire new vocabulary, understand sentence structures, and feel more
confident when preparing for speaking tasks. However, fewer students felt that chatbots directly
improved their fluency, mainly because they rarely use voice input or conversation modes. Most students
prefer typing to speaking, which limits the potential impact of chatbots on oral skills.

The open-ended responses provided further insight into learners’ perceptions. Many students
described the convenience of receiving immediate explanations and corrections as helpful for preparing
for future speaking tasks. They appreciated having access to vocabulary support and noted that using
chatbots made them more confident when expressing ideas. At the same time, learners identified several
challenges. Some commented that they were unsure how to use chatbots effectively for speaking
practice, while others found the interaction to be less natural than real communication. Students also
noted that they often choose written interaction because it feels easier and more familiar than speaking
out loud.

Learners also offered suggestions for how chatbots could better support speaking skill
development. Many expressed interest in structured speaking tasks, real conversation topics, and clearer
guidance on how to practice oral communication with Al tools. Some suggested adding voice-based
conversation modes with pronunciation or fluency feedback.

Overall, the results indicate that while B2 learners frequently engage with chatbots, they primarily
use them for translation, information, and writing support rather than for speaking. However, they
acknowledge that chatbot use contributes indirectly to speaking development by building vocabulary,
confidence, and grammatical awareness. Learners also show a clear interest in more speaking-focused
features, suggesting that chatbots have significant potential to support oral skills if appropriately
integrated and designed for communicative practice.

The findings of the study show a noticeable gap between the high frequency of chatbot use and
the limited engagement with speaking-specific features. Although students interact with chatbots
almost daily, they mainly rely on them for translation, grammar clarification, and information retrieval
rather than oral communication. This suggests that learners may not fully understand or utilize the
speaking-related functions that chatbots can provide.[5, 35p.] At the same time, the survey results
indicate that chatbot interaction indirectly supports speaking development by strengthening vocabulary
and confidence. These outcomes align with existing research suggesting that learners often use digital
tools for receptive or written support before applying the knowledge in spoken communication.[6, 210p.]
The responses also highlight that unfamiliarity with voice-based tools, lack of structured speaking tasks,
and concerns about naturalness may limit students’ willingness to use chatbots for oral practice. This
emphasizes the need for clearer pedagogical guidance and more intuitive Al features designed specifically
to encourage speaking.
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The study indicates that B2-level learners use chatbots frequently in their language learning
routines, but primarily for translation, grammar checks, and information retrieval rather than for
speaking practice. While chatbot interaction provides indirect benefits such as vocabulary expansion,
increased confidence, and greater awareness of sentence structures, learners rarely engage in oral
communication through these tools. This highlights a gap between the availability of Al-supported
speaking opportunities and students’ actual use of them, suggesting that chatbots’ full potential for
enhancing speaking skills remains largely underutilized.

To maximize the effectiveness of chatbots in developing speaking skills, educators should integrate
structured speaking activities into their teaching, such as role-play tasks, dialogue prompts, and guided
conversation exercises specifically designed for chatbot interaction. Additionally, students should be
encouraged to use voice-based features and receive clear guidance on how to practice oral
communication through Al tools. Developers of educational chatbots could improve user experience by
designing more interactive, context-sensitive, and natural conversation modes that provide feedback on
pronunciation, fluency, and grammar.

For future research, longitudinal studies could investigate how sustained use of chatbot-assisted
speaking practice affects fluency, accuracy, and confidence over time. Comparative studies could explore
differences in effectiveness between text-based and voice-based chatbot interactions. Research could
also examine how specific features, such as error correction, feedback type, or task design, influence
learner engagement and oral development. Overall, this study underscores the potential of Al chatbots
as a supplementary tool for language education while emphasizing the need for targeted implementation
and further empirical investigation to fully support speaking skill development at the B2 level.
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Abstract

The increasing integration of digital technologies in education has created new opportunities for
improving foreign language teaching and learning. Digital tools offer innovative ways to enrich language
learning and support the development of students’ communicative skills. Among these tools, podcast-
based teaching has recently attracted significant interest in the field of language teaching. Podcasts
provide authentic linguistic information and allow students to access real-life interactions, which can
significantly contribute to the development of English as a Foreign Language (EFL) listening and speaking
skills. By introducing students to natural language, different accents, and meaningful communicative
contexts, podcasts help create an interactive and engaging learning environment. This study aimed to
explore students’ perceptions of podcast-based teaching in developing their communicative skills in an
EFL context. The study targeted students who participated in English courses that included podcast-
based activities to improve listening and speaking skills. The study participants were undergraduate
students learning English as a foreign language. A total of 22 students participated in the survey and
shared their experiences of podcast teaching activities implemented in their English courses. Data were
collected via an online survey that included Likert-scale open-ended questions. The survey aimed to
explore students’ attitudes towards using podcasts in language learning and to analyze how they
perceived their role in improving listening comprehension, speaking confidence, vocabulary development,
and, more broadly, communication skills. The collected data were analyzed using descriptive statistics to
identify general trends in students’ attitudes and perceptions towards podcast learning. The results show
that the majority of students have a positive attitude towards this type of learning and consider podcasts
to be a useful resource for developing listening and speaking skills. Many participants reported that
podcasts helped them to better understand spoken English, identify main ideas during listening exercises,
and express their opinions more confidently during class discussions. Students also reported increased
motivation and engagement during podcast-based activities. Overall, the results suggest that integrating
podcasts into language teaching supports communicative learning and can help creating an interactive,
student-centered learning environment in English as a foreign language classroom.

Keywords: podcast-based learning, communicative competence, EFL, listening skills, speaking
skills, student perceptions

INTRODUCTION

The rapid development of digital technologies has significantly influenced modern approaches to
language education. In recent years, various digital tools have been integrated into language classrooms
in order to create more engaging and interactive learning environments. Among these tools, podcasts
have become increasingly popular as a resource for language learning. Podcasts provide learners with
authentic language input, diverse topics, and natural speech patterns, all of which are elements for
developing communicative competence.

Communicative competence is widely recognized as one of the main objectives of foreign language
education. It refers to learners’ ability to use language effectively and appropriately in real
communication. According to the principles of communicative language teaching, students should be
exposed to meaningful language input and provided with opportunities to interact, express ideas, and
participate in communicative activities. In this context, digital audio materials such as podcasts can play
an important role in supporting the development of both receptive and productive language skills,
particularly listening and speaking.

Podcasts offer several advantages for language learning. First, they expose learners to authentic
speech and different accents, helping students become familiar with natural language use. Second,
podcasts often include interesting and relevant topics, which can increase students’ motivation and
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engagement. In addition, podcast-based activities may encourage discussion and interaction among
learners, thereby supporting the development of communicative competence in the classroom.

Despite the increasing use of podcasts in language education, research focusing specifically
students’ perceptions of podcast-based learning for developing communicative competence remains
limited. Understanding learners’ perspectives can provide valuable insights into how digital tools
influence language learning and how they can be more effectively integrated into classroom practice.

Therefore, the present study aims to explore students’ perceptions of podcast-based learning in the
development of communicative competence in an EFL classroom. The study focuses on learners who
participated in lessons that incorporated podcast-based activities and examines their views on how these
materials contribute to listening comprehension, speaking confidence, vocabulary development, and
overall communicative competence.

LITERATURE REVIEW

The concept of communicative competence has been widely discussed in linguistics and language
education. One of the earliest theoretical perspectives on language competence was proposed by
Chomsky (1965), who introduced the concept of linguistic competence. According to Chomsky, linguistic
competence refers to a speaker’s internal knowledge of the grammatical rules of a language that enables
them to produce and understand sentences. However, this concept mainly focuses on grammatical
knowledge and does not fully explain how language is used in real communicative situations.

In response to this limitation, Hymes (1972) introduced the concept of communicative competence.
Hymes argued that knowing a language involves more than mastering grammatical structures; it also
includes the ability to use language appropriately in different social contexts. Communicative
competence therefore, involves selecting suitable linguistic forms depending on the situation, the
participants involved, and the purpose of communication. Later, Canale and Swain (1980) further
developed this concept and proposed a model comprising four components: grammatical competence,
sociolinguistic competence, discourse competence, and strategic competence. Together, these
components enable language learners to communicate effectively and appropriately in real-life
situations.

Another important perspective on language learning is provided by Vlygotsky's (1978) sociocultural
theory. Vlygotsky emphasized the crucial role of social interaction in cognitive and language development.
According to this theory, learning occurs through interaction with others, particularly through
communication with teachers and peers. lygotsky also introduced the concept of the Zone of Proximal
Development (ZPD), the gap between what learners can accomplish independently and what they can
achieve with guidance or collaboration. In language classrooms, communicative and collaborative
activities can therefore support learners in developing their language abilities within this zone.

The principles of communicative competence and sociocultural learning are closely related to the
Communicative Language Teaching (CLT) approach. Richards (2006) notes that CLT emphasizes
meaningful communication, authentic language use, and learner interaction in the classroom. Within
this approach, students are encouraged to participate in communicative tasks that simulate real-life
communication situations. Such activities help learners develop both receptive skills, such as listening,
and productive skills, such as speaking.

With the rapid development of digital technologies, new tools have emerged that support
communicative language learning. Digital resources such as podcasts have become increasingly popular
in language education because they provide authentic language input and flexible learning opportunities.
Rosell-Aguilar (2007) points out that podcasts can expose learners to natural speech, different accents,
and real-life communication topics. As a result, podcast-based learning can support the development of
listening comprehension and encourage learners to engage in communicative activities such as
discussions, reflections, and presentations.

In addition to improving language skills, podcasts may also increase learners’ motivation and
engagement. Authentic audio materials allow students to interact with language in meaningful contexts,
thereby enhancing their participation in classroom activities. Therefore, integrating podcasts into
language instruction can support communicative language teaching and contribute to the development
of communicative competence in English as a Foreign Language (EFL) classrooms.

METHODOLOGY

Participants

The participants of this study were undergraduate students learning English as a Foreign Language
(EFL). In total, 22 students participated in the survey. The participants were selected from one intact
class that had previously experienced podcast-based activities during their English language lessons. The
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students’ English proficiency level ranged approximately from B1 to B2 according to the Common
European Framework of Reference for Languages (CEFR).

Participation in the study was voluntary. Students were informed about the purpose of the research
and assured that their responses would remain anonymous. This approach was used to encourage honest
and unbiased answers.

Instrument

The main instrument used in this study was an online questionnaire designed to explore students’
perceptions of podcast-based learning and its role in developing communicative competence. The
questionnaire consisted of three sections.

The first section included several background questions about students’ English proficiency levels
and their prior experience with podcast-based learning activities. The second section contained Likert-
scale statements aimed to measure students’ attitudes toward the use of podcasts in language learning.
These statements focused on different aspects of communicative competence, including listening
comprehension, speaking confidence, vocabulary development, motivation, and overall communicative
ability.

The third section included open-ended questions that allowed students to provide more detailed
opinions and reflections about their experience with podcast-based activities.

Procedure

The data were collected through an online survey using Google Forms. The questionnaire was
distributed to students after they had participated in several podcast-based activities during their English
language lessons. Before completing the questionnaire, students were informed that the survey was
conducted for research purposes and that their responses would remain anonymous.

Students were asked to answer the questions honestly based on their own learning experience with
podcast-based activities. Once completed, the responses were automatically recorded and stored in the
Google Forms system for further analysis.

Data Analysis

The collected data were analyzed using descriptive statistical methods. The responses to the Likert-
scale items were calculated as percentages to identify general trends in students’ perceptions of podcast-
based learning.

The results were presented in tables and figures to clearly illustrate students’ attitudes toward the
use of podcasts in language learning. In addition, the responses to the open-ended questions were
reviewed and categorized into common themes. This qualitative analysis helped identify students’
experiences, opinions, and suggestions regarding the use of podcast-based activities in language learning.

RESULTS

A total of 22 students participated in the survey. The results of the questionnaire indicate that
students generally have positive perceptions of podcast-based learning in English language classes.

Most respondents reported that podcasts were useful for improving their language skills. In
particular, 68.2% of the students agreed that podcast-based lessons were beneficial for their English
learning, as shown in Figure 1.
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Figure 1. Students’ perceptions of the usefulness of podcast-based lessons
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In addition, 72.7% of the participants indicated that the podcast topics were interesting and
relevant to them, as illustrated in Figure 2.
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Figure 2. Students’ perceptions of podcasts in improving listening comprehension
The findings also show that podcasts contributed to the development of listening skills. A large
proportion of respondents (81.8%) reported that podcasts helped them better understand spoken
English, as presented in Figure 3, while 86.4% agreed that podcasts helped them identify the main ideas
when listening. Furthermore, 72.7% of the participants reported increased confidence when completing
listening tasks after participating in podcast-based lessons.
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Figure 3. Podcasts and listening comprehension
Podcast-based activities also supported the development of speaking skills. According to the Figure
4, 77.3% of students stated that podcast-based tasks helped them express their ideas more clearly in
English. Additionally, 68.2% of respondents reported improvement in their speaking fluency, while 81.8%
indicated that podcasts helped them use more appropriate vocabulary and expressions during speaking

activities.
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Figure 4. Podcasts and speaking skills development

Interaction after listening was also perceived positively by students. A large majority of
respondents (86.4%) reported that discussions following podcast listening helped them communicate
more confidently with their classmates. Overall, 77.3% of the participants believed that podcast-based
learning contributed to the development of their communicative competence.

The survey results also revealed increased student motivation. As illustrated in Figure 5
approximately 86.4% of respondents reported that podcast-based lessons increased their motivation to
learn English. Moreover, 77.3% of the participants expressed their willingness to use podcasts more
frequently in English classes.

045

91

27,3

59,1

= Strongly disagree = Disagree = Neutral = Agree m Strongly agree

Figure 5. Students’ motivation toward podcast-based learning

DISCUSSION

The findings of this study indicate that students generally have positive perceptions of podcast-
based learning in English language instruction. Most participants reported that podcast-based activities
helped them improve their listening comprehension, speaking confidence, and overall communicative
competence. These results suggest that podcasts can be an effective tool for supporting communicative
language teaching in EFL classrooms.

One of the most notable findings of the study is the positive impact of podcasts on listening skills.
A large majority of students reported that podcasts helped them better understand spoken English and
identify the main ideas in listening tasks. This result may be explained by the nature of podcasts, which
provide learners with authentic language input. Exposure to authentic speech, different accents, and
natural communication situations allows learners to develop listening comprehension skills in a more
realistic context than traditional classroom materials.

The results also indicate that podcast-based activities contribute to the development of speaking
skills. Many students reported increased speaking confidence and an improved ability to express their
ideas during classroom discussions. This finding supports the principles of Communicative Language
Teaching, which emphasize meaningful interaction and communication in language learning (Richards,
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2006). When students participate in discussions and communicative tasks based on podcast content, they
have more opportunities to practice language in authentic communicative situations.

The findings of this study can also be interpreted in relation to Hymes’ (1972) concept of
communicative competence. According to Hymes, communicative competence includes not only
grammatical knowledge but also the ability to use language appropriately in different communicative
contexts. Podcast-based activities encourage learners to listen, interpret information, and express their
opinions, which contributes to the development of several components of communicative competence.

Furthermore, the results can be explained through V/ygotsky’s sociocultural theory. Vlygotsky
(1978) emphasized the role of social interaction in learning processes. In podcast-based lessons, students
often engage in discussions, collaborative activities, and group tasks after listening to podcast materials.
Such interactions allow learners to exchange ideas, negotiate meaning, and support each other’s
language development.

Another important finding of the study is the increase in students’ motivation and engagement
during podcast-based lessons. Many students reported that podcast topics were interesting and relevant,
which encouraged them to participate more actively in classroom activities. Authentic and engaging
materials can therefore play an important role in maintaining students’ interest and motivation in
language learning.

Overall, the findings of this study support the idea that integrating podcasts into language
instruction can create a more interactive and communicative learning environment. Podcast-based
activities provide authentic language input and encourage learners to engage in meaningful
communication, which is essential for developing communicative competence.

CONCLUSION

This study explored students’ perceptions of podcast-based learning in the development of
communicative competence in an English as a Foreign Language (EFL) context. The findings indicate that
students generally hold positive attitudes toward the use of podcasts in language learning. Most
participants reported that podcast-based activities helped improve their listening comprehension,
speaking confidence, vocabulary use, and overall communicative competence.

The results suggest that podcasts can serve as an effective supplementary resource in language
instruction. By providing authentic language input and engaging topics, podcasts allow learners to
interact with real-life language and participate in meaningful communicative activities. In addition,
podcast-based lessons appear to increase students’ motivation and engagement, both of which are
essential for successful language learning.

From a pedagogical perspective, integrating podcasts into English language teaching can support
the principles of communicative language teaching. Teachers can use podcasts as authentic listening
materials and design interactive activities, such as discussions, summaries, and collaborative tasks, based
on their content. Such activities may help learners develop both receptive and productive language skills,
particularly listening and speaking.

However, this study has several limitations. The number of participants was relatively small, and
the data were collected from a single student group. Therefore, the findings may not fully represent the
perceptions of all EFL learners. Future research could involve larger samples and explore the long-term
effects of podcast-based learning on the development of communicative competence.

To conclude, integrating podcasts into language instruction demonstrates considerable potential
to enhance communicative language learning. Podcast-based activities can support the development of
communicative competence by combining authentic language input with interactive classroom
communication.
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STEAM education is a pedagogical philosophy that integrates science, technology, engineering, art,
and mathematics. This approach views these disciplines as a unified system, mastered through practice-
oriented projects.

The primary goal of STEM methodology is to establish connections between academic knowledge
and real-world problems, making learning more practical. This fosters a deep understanding of scientific
foundations and successful adaptation to the modern information environment. This approach motivates
students to actively engage in STEM subjects, developing critical thinking, problem-solving, and
teamwork skills. The opportunity to apply acquired knowledge in practice helps students understand the
connections between different subject areas, for example, the relationship between mathematics and
physics or engineering, emphasizing the value and practical significance of each subject.

STEM education also aims to develop technological literacy and competencies in working with
modern tools, which are essential for successful careers in the digital age. The origins of the STEM
approach can be traced back to the early 20th century, but it received a significant boost after the launch
of the Soviet Union's Sputnik in 1957. This event, known as the "Sputnik crisis,"” prompted active measures
in the United States to improve education in technological fields. The National Defense Education Act of
1958 was a key step, including a significant increase in funding for the natural sciences.

The term "STEM education" itself entered scientific usage at the end of the 20th century. In 1990,
American scientist Robert Colwell proposed the acronym STEM, which was subsequently actively
supported by the US National Science Foundation, defining it as the integration of these disciplines into
the educational process. At the beginning of the 21st century, STEM was declared a national priority in
the United States, aimed at preparing specialists for a technological society and developing key skills.
Thus, although the prerequisites for the STEM approach arose in the 1950s, its systematic development
and recognition occurred in the early 2 1st century.

The key principles of the STEM approach include:

Project-based learning: Learning through collaborative problem-solving and projects, stimulating
communication skills and interest in the subjects.

Practical focus: Emphasis on the applicability of knowledge to real-life situations.

Interdisciplinarity: Integrating knowledge from various subject areas to develop a holistic
perspective.

Emphasis on core disciplines: Focus on subjects that form the foundation for future engineers and
scientists.

These principles, taken together, contribute to the comprehensive development of students in
STEM fields and the development of essential 2 1st-century competencies.

Key benefits of STEM education:

- Competitive advantage in university admissions and employment.

- Developing complex problem-solving and analytical thinking skills.

- Experience with advanced technologies.

- Stimulating creativity and the generation of innovative ideas.

- Improving career prospects and income levels.

- General improvement of education and a culture of thinking.

Disadvantages of STEM education:

- A shortage of qualified teachers.

- The STEM approach'’s requirements are inconsistent with the traditional external monitoring and
evaluation system.

- Focus on children with pronounced technical potential.

In the context of the growing importance of creative industries (computer technology, design,
advertising, etc.), the STEM concept has been transformed into STEAM. The addition of an "Arts"
component has allowed for the integration of humanities and creative disciplines (design, architecture,
music, literature) alongside traditional STEM subjects. The STEAM approach, while maintaining a project-
based, practical, and interdisciplinary approach, teaches a harmonious combination of scientific rigor and
creative freedom, developing the ability to find solutions in the face of uncertainty. STEAM ideas are
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inspired by the examples of great figures who combined science and creativity, such as Galileo, Leonardo
da Vinci, and Einstein.

A comparison with traditional teaching methods shows that the integration of STEM technologies
into the educational process differs significantly from classical approaches based on memorization and
repetition of educational material. Traditional teaching typically involves the transfer of knowledge from
teacher to students through lectures, standardized exercises, and tests, which often leads to passive
learning and lack of student motivation. This method is well suited for reinforcing basic knowledge, but
often fails to foster the development of critical thinking, creativity, and independent study skills that are
essential in the modern world.

In contrast, the use of STEM technologies focuses on student active participation in the learning
process through project-based activities, experimentation, group work, and solving practical problems.
This approach promotes the development of analytical thinking, the ability to apply knowledge in
practice, and teamwork. In STEM education, students not only learn theoretical material but also learn
to find solutions to real-world problems, which increases their interest in the subject and stimulates
independent learning. As a result, compared to traditional methods, the implementation of STEM
technologies promotes a deeper understanding of physics, develops skills necessary for future
professional work, and fosters inquiry-based thinking in students.

However, despite these advantages, the implementation of STEM methods is time-consuming and
organizationally demanding. In a traditional system, the learning process is more structured and
predictable, facilitating planning and monitoring of results. At the same time, the use of innovative
technologies and project-based assignments requires teachers to be highly competent, able to organize
the learning process while taking into account the individual needs of students, and to provide the
necessary technical equipment. Given limited resources and inadequate teacher training, the transition
to STEM education can be fraught with difficulties, such as decreased learning effectiveness, if the
methods are not implemented systematically and consistently.

Furthermore, traditional teaching methods provide more rigorous assessment of knowledge
through standardized exams and tests, allowing for an objective assessment of material acquisition.
However, with STEM technologies, assessment becomes more complex, as it involves not only knowledge
but also skills, abilities, and creativity. This requires the development of new assessment methods, which
poses an additional challenge for teachers and educational institutions.

It's also worth considering that traditional learning often gives students less freedom in choosing
topics and methods, which can limit their initiative and interest in the subject. In contrast, STEM methods
provide more opportunities for independent information discovery, project selection, and research
methods, which fosters initiative and responsibility for their own learning. This approach is more flexible
and adaptable to students' individual needs, increasing their motivation and engagement.

However, it is important to emphasize that neither method is a one-size-fits-all solution. Effective
learning depends on the appropriate combination of traditional and innovative approaches, as well as
the level of teacher training and the technical equipment available in schools. In some cases, especially
during the initial phase of introducing new technologies, traditional methods can serve as the basis for
reinforcing basic knowledge, while STEM methods can be used to develop skills and abilities. This
combined approach maximizes the advantages of both methods and minimizes their disadvantages.

A study [9] examined the comparative characteristics of traditional and STEAM education,
highlighting the advantages of project-based learning in "creative spaces.” Unlike the classical method,
where knowledge is imparted within the curriculum, the STEAM education model is based on the
collaborative work of schoolchildren, undergraduates, and graduate students on real-world projects
initiated by the community. This approach fosters creativity, initiative, and practical skills, increasing
motivation and interest in the subjects. It provides more flexible and integrative learning, allowing
participants to apply knowledge in practice and develop interdisciplinary competencies. As a result,
STEAM methods foster students’ systemic thinking and responsibility for their own development, making
the educational process more modern and focused on the real needs of society.

Overall, the comparison shows that the introduction of STEM technologies into physics and other
subjects makes the educational process more engaging, practice-oriented, and responsive to the
demands of the modern world. However, to achieve sustainable results, it is necessary to consider the
challenges and risks associated with the transition to new methods and develop strategic plans for their
implementation. It is important to ensure teacher training, develop the necessary equipment and
technical resources, and create the conditions for the systematic implementation of innovations to
maximize the potential of STEM education and ensure high-quality education for future generations.
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This project set and successfully achieved its primary goal: to study the impact of STEM
technologies on the effectiveness of physics instruction in secondary schools. All planned objectives were
achieved, providing a comprehensive understanding of the current state of the educational process and
identifying prospects and areas for the further development of innovative teaching methods.

The first objective of the project was to analyze the current state of physics instruction in schools.
To this end, observations of the educational process were conducted, curricula were studied, and data
was collected on the teaching methods used and the level of technical equipment in classrooms. The
analysis revealed that traditional physics teaching methods based on lectures and standardized problem-
solving do not always foster student interest in the subject and do not fully realize the potential of
modern technologies and teaching methods. Furthermore, it was noted that student motivation and
initiative within the traditional system often remain low, negatively impacting the quality of material
acquisition and the development of practical skills.

The second objective was to develop and implement lessons using STEM technologies. To this end,
methodological materials were prepared, projects and practical assignments were developed, focusing
on the application of interdisciplinary approaches, the use of modern information technologies, and
research experiments. Various methods were employed during the implementation process, including
project-based learning, research projects, computer simulations and laboratory systems, and interactive
teaching methods. An important component was creating conditions for students to work independently,
search for information, and select project topics and research methods, which fostered initiative,
responsibility, and creativity.

The third objective was to evaluate learning outcomes and compare them with those obtained
using traditional methods. This was accomplished through questionnaires, testing, observation of the
learning process, and interviews with teachers and students. Data analysis revealed that the introduction
of STEM technologies increased motivation for learning physics, developed practical skills, critical
thinking, and the ability to apply knowledge in real-world situations. The level of theoretical material
acquisition also significantly improved, as confirmed by the results of assessments and tests. Positive
dynamics were particularly evident in the completion of project assignments, independent research, and
practical experiments, demonstrating that students are developing the systemic knowledge and skills
necessary for successful academic performance and further professional development.

The fourth objective was to collect feedback from students and teachers. This was accomplished
through questionnaires, interviews, and classroom discussions. The data obtained showed that most
participants in the learning process noted increased interest in the subject, improved independent work
skills, and the development of creativity and initiative. Teachers also noted that the use of STEM methods
requires them to develop new professional competencies, as well as additional preparation and
adaptation of curricula. However, most teachers expressed a willingness to further develop their skills
and believe that the introduction of innovative technologies makes lessons more engaging and effective.

Upon completion of all the assigned tasks, a set of recommendations was developed for the further
development and systematic implementation of STEM technologies in the teaching of physics and other
subjects in secondary schools. Specifically, the need for advanced teacher training, the development of
material and technical resources, and the creation of conditions for project-based activities and
independent information search by students was emphasized. Recommendations were also made for the
development of teaching aids and programs that take into account the specifics of implementing
innovative methods, as well as organizing an exchange of experiences between teachers.

Summarizing the obtained results, it can be concluded that the systematic implementation of
STEM technologies in physics instruction in secondary schools contributes to the development of modern
competencies in students necessary for successful adaptation to a rapidly changing world. This approach
not only improves the quality of education but also prepares future specialists capable of solving complex
engineering, scientific, and technological problems. Going forward, it is important to continue developing
innovative methods, expand their application, and create conditions for the continuous professional
growth of teachers and the modernization of curricula. Only with a systematic and comprehensive
approach can we achieve sustainable positive results and ensure high-quality education for future
generations.
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Abstract

Increasing the reliability and efficiency of automobiles, as well as their long-term operability,
requires extending the service life of the engines in use. For this purpose, it is necessary to conduct
certification tests to ensure a high level of engine performance. Therefore, optimizing the requirements
for the quality of automobile engines on a scientific basis is of particular importance. Conducting
certification tests without sufficiently justifying the quality indicators and using engines that do not meet
operational requirements ultimately leads to a decrease in the reliability of automobile engines.

Keywords: Passenger and commercial vehicle engines, internal combustion engine structure,
working cycle of an internal combustion engine

Relevance of the Topic

The correct assessment of the quality indicators of automobile engines and the implementation of
certification tests at the required level directly depend on the effective resolution of metrological support
issues. Metrological support ensures the accuracy and reliability of measurement results. The
metrological support of certification tests for automobile engines encompasses the metrological
characteristics of the measuring instruments and devices used in these tests, as well as the methods and
tools employed for their verification. Certification tests provide extensive opportunities, resources, and a
legal framework for verifying and confirming the compliance of products, processes, and services with
standards and other requlatory documents. This process enables the adoption of accurate and up-to-date
decisions on critical quality issues during production and service provision, as well as the seamless
realization of products in domestic and international markets.

Objective of the Research.

The impact of conducting certification tests of automobile engines and the use of engines that do
not meet operational requirements on the reliability of automobile engines has been evaluated.

Results of the Research and Their Discussion.

One of the most widespread types of engines is the internal combustion engine, in which fuel burns
directly inside the cylinder, and the heat energy released during combustion is converted into mechanical
energy. The internal combustion engine is considered one of the main and most important components
of an automobile and is often described as the "heart" of the vehicle. Internal combustion engines consist
of two main mechanisms and four systems. The mechanisms include the crank-slider mechanism and the
valve distribution mechanism, while the systems comprise the cooling, fuel supply, lubrication, and
ignition (starting) systems [1]. To ensure long-term and reliable operation of the engine, timely
maintenance of its mechanisms and systems according to the requirements of regulatory and technical
documents is essential.

Internal combustion engines differ depending on the type of fuel used and are mainly divided into
carburetor engines running on volatile liquid fuel—gasoline—and gas-cylinder engines operating on
compressed or liquefied gas stored in cylinders installed in the vehicle [2]. During engine operation, only
a part of the heat energy generated is converted into useful mechanical work, while the remaining energy
heats the engine components and is expelled along with the combustion products. The average
temperature during the working cycle is approximately 800-900 °C. Under such high-temperature
conditions, artificial cooling of the engine is necessary. Without cooling, engine components may
overheat, oil may burn, pistons may expand and seize, bearings may melt, and other malfunctions can
occur. Therefore, a cooling system is crucial for removing heat from the heated parts and ensuring normal
engine operation.

The operating principle of a single-cylinder engine is as follows: a piston moves freely inside the
cylinder and is connected to the crankshaft via a jointed connecting rod. As the fuel mixture rapidly
combusts, the gases in the cylinder expand due to heating, creating high pressure. This pressure moves
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the piston. When the piston moves together with the connecting rod, the crankshaft and the flywheel
attached to its end begin to rotate. In this way, the linear motion of the piston is converted into rotational
motion of the crankshaft and flywheel through the crank-slider mechanism.

For continuous engine operation, the cylinder must be regularly cleared of burnt gases and supplied
with a fresh fuel mixture. To achieve this, a suction port controlled by a valve is located in the cylinder
head. The flywheel has a sufficiently large mass to maintain rotation using the speed and inertia
generated during fuel combustion, keeping the crank-slider mechanism and piston in motion until the
next ignition. When the piston moves upward, the exhaust valve opens, and the burnt gases are expelled
from the cylinder. The crankshaft rotation then moves the piston downward, creating a vacuum in the
cylinder; this vacuum draws in a new fuel mixture through the intake valve [3].

Igniting the fuel mixture when the piston is at the bottom position is inefficient, as the gas pressure
cannot be effectively utilized. Therefore, the piston first moves upward to compress the fuel mixture. The
compressed mixture is ignited by a spark, and the resulting gas pressure drives the piston downward
again. As the piston moves inside the cylinder, it reaches the upper and lower end positions, where its
direction changes; these points are called dead centers. The distance traveled by the piston between
these two points is called the piston stroke. During one piston stroke, the crankshaft rotates 180°
completing half a revolution. The process occurring inside the cylinder during one piston stroke is referred
toas a cycle [4].
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The series of processes that occur in a cylinder in a specific sequence is called the working cycle.
Engines in which the strokes repeat every four piston movements, or two revolutions of the crankshaft,
are referred to as four-stroke engines. When starting the engine, the crankshaft is rotated by a starting
support or a starter to complete the preparation strokes. In a running engine, these strokes occur using
the energy accumulated by the flywheel during its working stroke.

In an internal combustion engine, the execution of all processes in the working cycle involves the
crank-slider mechanism, the valve distribution mechanism, as well as the cooling, lubrication, fuel supply,
and ignition systems. The function of the crank-slider mechanism is to absorb the pressure of the gases
during the combustion-expansion stroke and to convert the linear reciprocating motion of the piston into
the rotational motion of the crankshaft. The role of the valve distribution mechanism is to timely release
a fresh portion of fuel mixture into the engine cylinder and expel the exhaust gases [5].

The cooling system removes heat from the engine components and maintains the engine at an
optimal operating temperature. Liquid cooling systems are more widely used. The lubrication system
reduces friction between moving parts by supplying oil, partially cooling the components and ensuring
the cleaning of the oil. The fuel supply system is responsible for delivering fuel, cleaning and directing air
to the carburetor, preparing the fuel mixture, supplying it to the cylinders, and removing exhaust gases.
The ignition system generates an electric spark to ignite the fuel mixture in the engine cylinders.

A single-cylinder engine, especially when its size is increased, operates with irregular impulses
despite the presence of a flywheel, because only one of the four strokes is a power stroke [6]. Impulse
operation causes engine vibration, loosening of fasteners, and excessive wear of components. To reduce
irregular operation, multi-cylinder engines—engines with a common crankshaft that essentially combine
several single-cylinder engines—are used. Smooth operation of a multi-cylinder engine is achieved by
arranging the power strokes in different cylinders in a specific sequence [7].

Cylinder Block. This is the main part of the engine, to which all other mechanisms and components
are attached. It is cast from cast iron or aluminum alloy. The engine crankcase and cooling jackets of the
cylinders are also cast together with the cylinder block.Piston. During the power stroke, the piston
transmits the pressure of the gases to the connecting rod via the piston pin; additionally, the piston
performs the preparation strokes.

Piston Rings. Depending on their function, the rings are divided into compression rings and oil
scraper rings. Compression rings prevent gases from entering the engine crankcase, while oil scraper
rings remove excess oil from the cylinder walls. The rings are made of cast iron or steel and have a gap;
their elasticity ensures a tight fit against the cylinder wall.

Piston Pin. It connects the connecting rod to the piston in a hinged manner. The pin is made of steel
in a hollow cylindrical shape. Its outer surface is hardened by high-frequency current. Spring steel
retaining rings placed in the grooves of the piston bosses prevent axial movement of the pin.

Crankshaft. It receives the force transmitted from the pistons through the connecting rods,
converts it into torque, and transmits it to the transmission via the flywheel.

Connecting Rod Bearings and Main Bearings. The significant load on the crankshaft journals
requires the use of specialized bearings. Bearings are made with thin-walled bimetallic or trimetal liners.
The advantage of such liners is high wear resistance, reduced consumption of expensive antifriction
alloys, and minimal repair time. Main bearing liners are placed in the crankcase rib seats and walls, while
connecting rod bearing liners are placed in the detachable lower heads of the connecting rods. To prevent
rotation or displacement, bearings have retaining protrusions that fit into corresponding recesses in the
bearing caps and housings.

Flywheel. It reduces irregular engine operation, moves pistons out of dead centers, and facilitates
engine starting and vehicle movement. The flywheel is cast from iron in a disc shape, with thickened
edges to increase its mass. A toothed ring is mounted along its circumference to enable engine starting
with a starter. The flywheel is attached to the crankshaft flange with 4 or 6 bolts..
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Picture 3. Nazimcharkh

Conclusion

In order to supply the industry of the Republic of Azerbaijan with automobile fuels and engine oils
and to improve their quality to the level of international standards, new technological equipment for the
production of engine oils must be installed and put into operation by the state. The operation of engine
oils and fuels in automobile engine cooling and ignition systems must comply with regulatory and
technical documents. To provide automobile fuels and engine oils with various operational
characteristics, it is necessary to organize the production of high-quality additives in the oil industry of
the Republic of Azerbaijan. The certification process of engine oils in the Republic of Azerbaijan needs to
be further developed. The regulatory and technical framework for the certification process, i.e., national
standards, should be established and updated.
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Abstract

This article examines the principles, applications, and advantages of using Doppler and
elastography, two techniques that play an important role in modern medical diagnostics. Doppler
ultrasound uses the Doppler effect to assess the velocity and direction of blood flow, while elastography
measures the stiffness of tissues. Both methods are non-invasive and provide invaluable information in
the diagnosis of various diseases. The article discusses how combining these two techniques increases
diagnostic accuracy, especially in the assessment of liver diseases, vascular pathologies and tumors. At
the same time, the clinical applications and future prospects of this integrated approach are also
reviewed. The application of this method helps doctors make more accurate and comprehensive
diagnoses, which leads to the optimization of treatment strategies.

Xiilasa

Bu maegqals, mdasir tibbi diagnostikada mdhim rol oynayan dopplerografiya ve elastografiya
Usullarinin  prinsiplerini, tetbiq sahalerini ve bu iki texnikanin eyni vaxtda istifade edilmasinin
ustdinliklarini arasdirir. Doppler ultrasss, gan axininin sdratini ve istigamatini giymatlendirmak dcln
Doppler effektindan istifads edarken, elastoqgrafiya toxumalarin sartliyini él¢cir. Hor iki tsul da qeyri-
invazivdir ve mixtalif xastaliklerin diagnostikasinda svezsiz malumatlar teqgdim edir. Megaleds, bu iki
texnikanin birlesdirilmasinin diagnostik deqiqliyi nece artirdigi, xdsusile garaciyar xestalikleri, damar
patologiyalari ve sislerin giymatlendirilmasindski rolu mizakire olunur. Eyni zamanda, bu inteqrasiya
olunmus yanasmanin klinik tatbiglari ve galecek perspektivieri de nezardsn kecirilir. Bu dsulun tatbiqi,
hakimlere daha deqiq ve harterefli diagnoz gqoymaqda kémak edir, bu da mdalice strategiyalarinin
optimallasdirilmasina gatirib ¢ixarir.

Keywords: Dopplerography, Elastography, Ultrasound, Diagnostics, Tissue Stiffness
Acar sozlar: Dopplerografiya, Elastografiya, Ultrases, Diagnostika, Toxuma sertliyi

Giris

Miasir tibbi diagnostikada ultrases texnologiyalari qeyri-invaziv, tehliikesiz ve effektiv miayine
usullarr kimi genis tatbiq olunur. Bu texnologiyalar arasinda dopplerografiya ve elastografiya xisusi yer
tutur. Har iki dsul da toxumalarin ve organlarin funksional ve struktur xtsusiyyatleri hagqinda deyerli
malumatlar taqdim edir. [1] Dopplerografiya, qan axininin dinamik parametrlarini, yani stiratini ve
istigamatini giymatlendirmaye imkan verir. Bu, damar patologiyalarinin, masalen, stenozlarin,
trombozlarin ve anevrizmalarin diagnostikasinda evezsizdir. Elastografiya ise toxumalarin mexaniki
xususiyyatlarini, xtsusile sertliyini élclir Toxuma sartliyindeki dayisiklikler bir cox xasteliklerin, o
cimladan fibroz, iltihab ve sis proseslarinin alamati ola bilar. Snenavi ultrases miayinasi toxumalarin
morfoloji xdsusiyyatlerini gosterse da, onlarin funksional ve mexaniki veziyyati hagqinda malumat
vermir. Bu ssbabdan, dopplerografiya ve elastoqgrafiya kimi alave Usullarin tatbiqi diagnostik deqiqliyi
ahamiyyatli deracads artirir. [2, s. 44-51]

Tedgigatin Magsadi, Masalanin Qoyulusu

Bu tedgigatin esas meagsadi, dopplerografiya ve elastografiya verilenlerinin eyni vaxtda alde
edilmasi dsulunun klinik ahamiyyatini, texniki prinsiplarini ve diagnostik Ustinliklarini hartarafli
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arasdirmaqdir. [3] Mesalanin qoyulusu ondan ibaretdir ki, bu iki mdayine dsulunun ayri-ayriligda
istifadasi misyyan mehdudiyyatlere malikdir. Masalen, dopplerografiya damar patologiyalari hagginda
atraflimalumat verse ds, atraf toxumalarin sartliyi bareds heg bir fikir vermir. Eyni sekilds, elastografiya
toxuma sartliyini giymatlendirse ds, qan axini dinamikasi haqginda malumat temin etmir. Bu ssbabdan,
har iki dsulun inteqrasiyasi, xisusile mirakkab patologiyalarin, masalan, sistarin, iltihabi proseslarin ve
fibrotik dayisikliklarin diagnostikasinda daha deqiq ve hartarafli naticalar alde etmays imkan yaradir.
Tedgiqat, bu inteqrasiya olunmus yanasmanin hansi klinik veziyystlerde daha effektiv oldugunu ve
diagnostik algoritmlare nece daxil edile bilacayini misyyanlesdirmayi hadaflayir.

Masalenin Halli Usullari ve Aprobasiyasi

Dopplerografiya ve elastografiya verilonlerinin eyni vaxtda elde edilmasi mdasir ultrases
cihazlarinda texniki olarag mimkdnddr. Bir ¢ox yeni nasil ultrases sistemleri hem Doppler, ham do
elastografiya modullarini 6ziinde birlesdirir, bu da hekimlare bir miayine seansi zamani har iki név
malumatialds etmays imkan verir. Bu Usulun halli asagidaki prinsiplers asaslanir:

Dopplerografiya Prinsipleri: Doppler ultrases, ultrases dalgalarinin hareket eden obyektlorden
(mesalan, qirmizi qan hiceyraleri) ks olunarkan tezliyinin deyismasi (Doppler effekti) prinsipine
asaslanir. Bu tezlik dayisikliyi gan axininin sdrati ve istigamati hagginda mealumat verir. [4] Rangli
Doppler, Power Doppler ve Spektral Doppler kimi miixtalif rejimlar qan axininin vizuallasdirilmasi ve
kemiyyat analizini tamin edir.

Asagdi tezlik (asagi Daha yiiksek tezlik (daha
ton) ylksak sos)

P e 1

o0

Musahidagi Manba Musahidagci

Sekil 1. Doppler effekti: Sos manbayi misahidaciye yaxinlasdiqda tezlik artir (yiksak ton), uzaqlasdigda
isa tezlik azalir (asagi ton).

Elastografiya Prinsipleri: Elastografiya toxumalarin sertliyini dl¢mak dgdn istifade olunur. Bu,
toxumaya xarici mexaniki tazyiq tatbiq etmakle ve ya ultrasss cihazinin 6zl tarsfindan yaradilan akustik
sok dalgalari vasitasile heyata kecirilir. Toxumalarin deformasiyasi ve ya kesma daldalarinin yayilma
strati dl¢lilorak sartlik deyerlari (kPa ve ya m/s ile) alde edilir. Elastografiyanin asas prinsiplori

a Kasma dalgasinin
Kesma dalgasinin Kesma Modulunu
yaylimasinin ~ -
yaranmasi texmin edin

dlgllmasi

toxuma yerdayisma xaritasi
/A Y YIS
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G: Kesme modulu
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Sakil 2. Elastografiya prinsipleri: Kesmae daldasi elastografiyasi
Eyni Vaxtda Verilenlarin lde Edilmasi: Mdasir ultrasss cihazlari eyni transduserdan istifads edarek
hem B-mod gériintilemani, hem Doppler analizini, hem de elastografiya él¢malerini ardicil ve ya bezen
eyni anda hayata kegire bilir. Bu, miayine middstini qisaltmagqla yanasi, alde olunan melumatlarin daha
dagqiq korrelyasiyasina imkan verir. Masalan, bir sisin hem gan tachizati (Doppler), ham ds sertliyi
(elastografiya) eyni anda qiymatlendirile biler ki, bu da onun xosxasseli ve ya badxassali olmasini
miayyanlasdirmekde kritik rol oynayir. 2D kesme dalgasi Elastoqgrafiya tatbiginin bir nimunasi
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Sakil 3. 2D Kesme Dalgasi Elastoqrafiya prinsipi

Aprobasiya: Bu Usulun aprobasiyasi muxtalif klinik tadgigatlar vasitasile aparilmisdir. Mesalan,
qaraciyar fibrozunun diagnostikasinda hem Doppler (portal hipertenziyanin giymatlendirilmasi ictn),
ham ds elastografiya (qaraciyar sartliyinin élcilmasi dgin) birlikde istifads olunur. Damar
patologiyalarinda, masalen, aterosklerotik [bvhalerin qiymatlendirilmasinds, (6vhanin sartliyi
(elastografiya) ve onun qan axinina tesiri (Doppler) eyni anda analiz edilerek daha deqiq risk
giymatlendirmasi aparilir. Sislerin diagnostikasinda ise sisin vaskulyarizasiyasi (Doppler) ve sartliyi
(elastografiya) birlikds giymatlendirilerek diferensial diagnozun gqoyulmasi asanlasdirilir.

Alinan Naticalarin Tetbigi

Dopplerografiya ve elastoqgrafiya verilonlarinin eyni vaxtda alde edilmasi Usulu tibbin bir ¢ox
sahalarinds genis tatbig imkanlarina malikdir: Qaraciyar Xesteliklari: Qaraciyer fibrozunun ve
sirrozunun diagnostikasinda elastografiya qaraciyar sartliyini élcmakle asas rol oynayir. Eyni zamanda,
portal hipertenziyanin giymatlendirilmasi dgin portal venada qan axininin dopplerografik analizi
vacibdir. Bu iki malumatin birlesdirilmesi xastaliyin marhalesinin daha deqiq misyyanlesdirilmasine ve
mdalicanin effektivliyinin izlenilmeasine kémaek edir. Doppler ve elastografiyanin birlesdirilmis tatbigine
dair bir nimuna [5, s. 72-79]

Sekil 4. Doppler ve Elastoqrafiyanin Birlasdirilmis Tetbiqi: Rengli Doppler ve Garginlik Elastografiya ile
sisin giymatlendirilmasi.

Damar Patologiyalari: Ateroskleroz, tromboz va venoz ¢atismazliq kimi damar xastaliklerinds

Doppler ultrases qan axininin pozulmalarini askar edir.[6] Elastoqgrafiya iss damar divarinin sertliyini ve
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va aterosklerotik (6vhalarin mexaniki xdsusiyyatlerini giymatlondirerek, xastaliyin inkisaf riskini ve
mdalicaye cavabi prognozlasdirmada kémak edir. Sis Diagnostikasi: Sis toxumalari adetan atraf saglam
toxumalardan daha sert olur ve ferqli vaskulyarizasiya xisusiyystlerine malikdir. Elastografiya sisin
sartliyini lgmakle onun xosxassali ve ya badxassali olmasini diferensiasiya etmaye kémeak edir. Doppler
isa sisin gan tachizatini, yani anjiogenez daracasini giymatlendirir. Bu iki malumatin kombinasiyasi,
xususile std vezi, galxanabanzer vezi ve prostat vezi sislerinin diagnostikasinda deqiqliyi artirir. [7]
iltihabi Proseslor: Illtihabli toxumalar da sertlikde deyisiklikler géstere biler. Eyni zamanda, iltihabli
bolgalards gan axini artimi (hiperemiya) dopplerografiya ile askar edile biler. Bu inteqrasiya olunmus
yanasma, iltihabi xastaliklerin diagnostikasinda ve mdalicenin izlenilmasinds faydalidir.

Neatice

Dopplerografiya ve elastoqgrafiya verilenlerinin eyni vaxtda alde edilmesi Usulu, mdasir tibbi
diagnostikada yeni va perspektivli bir yanasmadir. Bu inteqrasiya olunmus texnika, toxumalarin heam
funksional (gan axini), hem de mexaniki (sertlik) xdsusiyyatleri hagqginda hartersfli melumat tamin
edarek, diagnostik dagqiqliyi @hemiyyatli derecede artirir. Xlsusile qaraciyer xastelikleri, damar
patologiyalari ve sislerin diagnostikasinda bu tsulun tatbigi, hekimlere daha deqiq diagnoz goymaqgda
v optimal mdalice strategiyalari hazirlamagda kémek edir. Galacekds bu texnikanin daha da
tekmillasdirilmesi ve genis klinik tetbigi, bir ¢cox xastaliklerin erken diagnostikasi ve effektiv idare
olunmasinda mihim rol oynayacaqdir. [8, s. 419-431]
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Abstract

Biochemical analyzers are used in medical laboratories, and these high-precision diagnostic devices
allow for the assessment of various functional parameters within the human body. The quality of
reagents and the proper calibration of the analyzer directly impact the reliability and clinical utility of
the results provided by the devices. Our objective is to determine the impact of reagent and calibration
errors on laboratory results. Expired reagents, improper storage conditions, and the use of incorrect lots
can lead to significant errors [1].

Based on the data obtained from the study, such technical and subjective errors can lead to
inaccuracies in the clinical interpretation of laboratory analyses, reduce the quality of diagnostic
decisions, and compromise patient safety. The article covers topics such as technical control methods
and quality control measures to prevent such errors.

Xiilase

Biokimyavi analizatorlar tibbi laboratoriyalarda istifads olunur ve bu yiiksek deqiqlikli diagnostik
cihazlar insan orqanizmininds mdxtalif funksional gdstericilerini giymatlondirmaye imkan verir.
Reaktivlarin keyfiyyati v analizatorun diizgin kalibrasiyasi cihazlarin verdiyi naticalerin etibarliligi ve
tibbi tetbige yararliligina birbasa tesir edir. Magsadimiz reaktiv ve kalibrasiya sehvlerinin laborator
naticelere olan tesirini misyyean etmakdir. Rektivlerin son istifade mdddetini asmasi, saxlanma
saraitine uygun saxlanilmamasi, sehf lotlardan istifads olunmasi ciddi xatalara sebab ola bilar [1].

Tedgigatin naticesinds alde olunan melumatlara asasen , bu kimi texniki, subyektiv xatalar
laborator analizlerin klinik izahinda yanlsliglara yol aga, diagnostik gararlarin keyfiyyatini azalda ve
xaste tahliikesizliyini risk altina ata biler. Magaleds bu kimi sehvlerin qgarsisinin alinmagq Gg¢din texniki
nazarat metodlari ve keyfiyyate nazarst tadbirleri kimi mévzulariehate edir.

AHHOMauus

buoxumuyeckue aHau3amopb! UCNO/b3YHMCS B MEOUUUHCKUX 1abopamopusix u npedcmassisitom
coboll BbICOKOMOYHblE Oud2HOCMUYeckue YCcmpoUcmaa, NO3BOJISHOWUE OUeHUBAMb  PA3/IUuYHbIe
DYHKUUOHA/IbHbIE NOKA3amesiu 0p2aHuU3mMa Yyesaosexkd. Ka4ecmao peazeHmos U NpasusibHas Kaaubposka
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aHau3amopa HanpsaMyro BaUSKOM HA 00CMOBEPHOCMb NOJIYHAEMbIX Pe3yIbMAmOoB8 U UX K/IUHUYECKYH
NPUMEHUMOCMb. Llesibro Hawie2o Uccie00B8aHUs ABSemcs onpedesieHue B/USHUS OWUOOK, CBA3AHHbIX C
peazeHmamu U Kanubposkol, Ha sabopamopHble pe3ysbmamsl.  [IpOCpPOYeHHblIe  peazeHmai,
HecobirodeHue yc108ull UX XPAHEHUs], a MAkx e UCN0/Ib30BaHUe peazeHmos C HenpasU/ibHbIMU CepuaMU
(lot) mo2ym npusecmu K cepbe3HbiM owubkam [1].

Ha ocHoBaHuu OAHHbIX, NOJYHYEHHbIX B X00e UCCIe008AaHUS, YCMAHOBIEHO, YMO No00bHbIe
mexHuYyeckue U CYybbekmuBHble OWUOKU Mo2ym  BbI3bIBAMb HEMOYHOCMU B  K/IUHUYecKoU
UHmMepnpemayuu 1abopamopHbIX aHA/IU308, CHUXAMb KA4eCmBo OudeHOCMUYeckKux peweHul u
co30asams pucku 0719 6e30nacHoOCMuU NAyUeHmos. B cmamebe makxe paccmampusaromcs Memoos!
MexHUYecko2o KOHMPOJIS U Mepbl obecneyeHuss Kayecmsd, HanpassieHHble HA npedomapaueHue
N0006HbIX OLIUOOK.

Keywords: Biochemical analyzer, reagent error, calibration, laboratory diagnostics, result
accuracy, technical error, quality control.

Acar sozlar: Biokimyavi analizator, reaktiv ssehvi, kalibrasiya, laborator diagnostika, natice
daqiqliyi, texniki xeta, keyfiyyate nazarat.

Knroyesbie cnosa: buoxumuyeckull aHaau3amop, owubka peazeHma, Kaaubposka, 1abopamopHas
0uazHoOCMUKAd, MOYHOCMb Pe3y/IbMamos, MexHUYeckas owubka, KOHMPOosib Ka4ecmBda

Introduction

Laboratory test results play a crucial role in substantiating clinical decisions within modern
healthcare systems. Biochemical analyzers are considered one of the main technical components of the
diagnostic process, as they provide automated measurement of chemical parameters in various biological
fluids. The accuracy of the obtained results largely depends on the functional condition of reagents and
the proper application of calibration mechanisms [2].

Reagent Storage and Identification

Special cooling compartments designed for reagent disks inside the analyzer maintain a stable
temperature in the range of 5-15°C, preventing the degradation of chemical components. This stable
environment ensures the reproducibility of reactions. At the same time, the automatic barcode scanner
integrated into the system minimizes errors caused by the human factor; thus, the type of each reagent,
its expiration date, and lot number are automatically recognized and recorded by the system.

Calibration and Photometric Accuracy

To ensure measurement accuracy, the device calculates the corresponding coefficients using
calibrator samples. In biochemical analyses that employ the photometric method, recording absorbance
values at 49 different points helps eliminate systematic errors and ensures high sensitivity.

Although the device software accelerates the calibration process, errors may still occur in some
cases. The main causes of these errors include:

Use of reagents with incompatible lot numbers;

Failure to comply with the storage conditions of calibrators (temperature, light, etc.);

Missing or exceeding the specified calibration intervals.

Significance

The results produced by biochemical analyzers used in clinical laboratories are considered among
the most important indicators both for the identification of diseases and for selecting the correct
treatment strategy. However, the accuracy of the numerical results provided by these devices depends
on many technical conditions and on how properly operational procedures are followed. For instance,
deterioration in the composition of chemical substances used for analysis (reagents), failure to comply
with proper storage conditions, and the absence of timely device adjustment (calibration) may lead to
erroneous results.

In such cases, laboratory findings may be misinterpreted by physicians, which can lead to incorrect
decisions regarding the course of a disease. From this perspective, the main issue is to scientifically
investigate how reagent-related and calibration-related errors occurring in analyzers affect laboratory
results. The importance of this problem lies in the fact that such technical malfunctions not only reduce
the quality of laboratory work but also directly endanger patient safety. Therefore, this issue should not
be considered merely as a device-related error, but rather as a medical risk. The causes of these errors
and the potential consequences they may create must be thoroughly studied.

Research Objective
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The main objective of this article is to conduct an in-depth analysis of both the technical causes
and the medical consequences of reagent-related and adjustment (calibration) errors encountered in
biochemical analyzers. At the same time, the study aims to investigate the capabilities of modern
technologies used to prevent such errors and to reveal how these inaccuracies influence laboratory
results as well as physicians’ clinical decisions.

The primary tasks of the research include, first of all, clarifying the technical characteristics of
reagents and identifying the possible types of errors that may arise. In addition, the study analyzes
calibration methods and the factors that may lead to errors during this process. Furthermore, it aims to
review the quality control systems used within laboratories and to explain, through specific examples,
how technical inaccuracies can affect clinical outcomes.

1. Storage of the reagent at an inappropriate temperature.

Example: Reagents used for the ALT (alanine aminotransferase) test must be stored at 5-8°C.
However, due to a malfunction in the reagent refrigerator, the reagents were stored at 18°C for 48 hours.

Result: The stability of the enzyme was compromised and the measured activity decreased by 15—
20%.

Calculation:

If the normal ALT level should be 70 U/L with a properly functioning reagent and the reagent
effectiveness drops to 80%:

Result = 70 x 0.80 = 56 U/L

This may lead to an abnormal interpretation or misdiagnosis.

2. Failure to perform calibration on time

Example: The last calibration of the analyzer for the glucose test was performed more than 10
days ago, while the device software requires daily calibration.

Result: The calibration curve shifts, and the result consistently shows +10 mg/dL higher values.

Calculation:

If the real glucose level is 98 mg/dL:

Reported result = 98 + 10 = 108 mg/dL

This may lead to an incorrect insulin-related diagnosis for the patient.

3. Use of an incorrect reagent lot

Example: For the creatinine test, the analyzer requires R1 reagent with lot code A1234, but lot
code B1255 was mistakenly used.

Result: The correction factor of this lot is different, resulting in an error of —15% in the results.

Calculation:

If the real creatinine level is 1.2 mg/dL:

Result = 1.2 x 0.85 = 1.02 mg/dL

This may cause a patient with renal failure to appear within the normal range [6].

GLU-HK

For in vitro diagnostics use

R1: 4x50mL R2: 2%25mME

Figure 1. Reagent specifications.

2. Errors detectable in biochemical analyzers.

Biochemical analyzers are modern technical devices that automatically perform various laboratory
tests. These instruments are indispensable for determining the levels of glucose, creatinine, lipids (fats),
liver function indicators, electrolytes, and other substances in blood and other biological fluids. The
greatest advantages of such systems are their ability to complete analyses in a short time, operate with
high accuracy, and consistently reproduce the same results. In addition, due to automation, human errors
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in laboratory procedures are minimized. High-precision diagnostic devices used in modern clinical
laboratories enable the automated evaluation of various functional parameters [8].

However, despite all these advantages, the quality of the chemical substances used and the proper
implementation of calibration procedures are essential for obtaining accurate results. Otherwise, the
results produced may be medically inaccurate, which can lead to incorrect diagnoses. The experiments
presented below clearly demonstrate how such technical factors can affect the analytical process.

False elevation of glucose results

If the reagent value is unstable and the analyzer calibration is outdated, glucose results may appear
10% higher than the actual value.

Example: The patient’s real glucose level is 105 mg/dL. Due to a calibration error:

Reported value = 105 x 1.10 = 115.5 mg/dL

Medical implication: Although the value is within the normal range, it may be interpreted as a
prediabetic condition, which can cause unnecessary psychological and financial burden for the patient.

False decrease in liver enzyme levels

ALT and AST tests are measured using sensitive reagents. If the reagent quality is poor, enzyme
activity may appear lower than it actually is.

Example: The patient’s real ALT level is 80 U/L. If the reagent stability is compromised and causes
a 20% decrease:

Result = 80 x 0.80 = 64 U/L

Medical implication: Since the normal ALT range is 7-56 U/L, this condition may be interpreted as
a mild abnormality, whereas the patient may actually have hepatitis.

Incorrect values in electrolyte analysis

Analyses of Na*, K*, and Ct are performed using ion-selective electrodes. When calibration errors
occur, ion concentrations may be measured incorrectly [6].

Example:

Real Na* value: 136 mmol/L

Calibration curve shift: +4 mmol/L

Reported value = 136 + 4 = 140 mmol/L

Medical implication: The patient may actually have hyponatremia (low Na*), but the result appears
normal, and the necessary electrolyte balance intervention may not be performed.

These practical examples demonstrate that technical errors can lead to serious inaccuracies in the
medical interpretation of laboratory analyses. In particular, proper storage of reagents and timely
calibration according to standards are essential conditions for ensuring accurate results.

e To prevent clinical errors, the following measures are recommended:

e Monitoring daily Internal Quality Control (IQC) charts

e Automatic verification of calibration intervals

e Tracking reagent lot numbers and expiration dates through the LIS system

e Providing periodic technical training for laboratory operators.

3. The impact of reagent and calibration errors on analytical results.

Modern biochemical analyzers utilize various reagents to carry out chemical reactions and
determine results mainly based on the absorbance of light (photometric method). These chemical
substances are key elements that determine how sensitive and accurate the performed test will be.
Failure to follow proper reagent storage conditions, expiration of reagents, contamination with foreign
substances, or errors during the preparation stage can seriously affect the accuracy of laboratory
analyses. The quality of reagents and their proper storage conditions directly affect the clinical
usefulness of the results provided by the analyzer [9].

The most common reagent-related errors encountered in laboratories include:

e Placement of a reagent that is incompatible with the analyzer or belongs to a different lot
(batch);

e Use of expired chemical reagents;

e Improper regulation of the temperature conditions required for the reaction;

e Insufficient or improper mixing of the reagent in its container.
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Figure 2. Reagent expiration alarm.

Due to such malfunctions, the analyzer may either display incorrect values or stop functioning
completely. In such situations, the final outcome may be an incorrect diagnosis for the patient or the
prescription of unnecessary treatments.

Calibration is the process of aligning the measurement system of the device with international
standards. During this process, special samples with precisely known composition and concentration
(calibrators) are used to properly adjust the device’s measurement scale. If this adjustment is not
performed correctly, all test results may systematically appear higher or lower than the normal range.

Errors in the calibration process mainly arise from the following reasons:

e Selection of an incorrect calibrator;

e Violation of the storage conditions of calibration samples;

e Incorrect entry of calculation coefficients into the device;

e Failure to perform calibration within the specified time interval.

Even the smallest deviation during calibration can cause all laboratory results produced over a long
period to become inaccurate, which directly reduces the quality of medical services.

5. Problems and Solutions

The results of the study demonstrate that comprehensive scientific and technical measures must
be implemented to prevent reagent and adjustment (calibration) errors. Several important principles play
a decisive role in solving this problem. First of all, international quality standards such as ISO 15189
should be implemented in laboratories. Through this system, every stage—from the procurement and
storage of chemical substances to calibration schedules and usage procedures—must be systematically
monitored and officially recorded.

At the same time, the digitalization and automation of the calibration process are essential. The
device software should monitor operations in real time, detect errors immediately through a barcode
recognition system, and minimize human intervention as much as possible. Through internal and external
quality control procedures (IQC and EQC), the stability and reliability of the analyzer should be tested
regularly.

Finally, the professional competence of technical staff must be continuously improved. Providing
laboratory personnel with regular training on reagent management and the application of new
technologies is essential for the early detection and prevention of potential errors.

Conclusion

Reagent and adjustment (calibration) defects encountered in digital biochemical analyzers are
significant factors that directly affect the accuracy of laboratory results and the medical decisions made
by physicians. To obtain precise analytical results, the chemical substances used in testing (reagents)
must be of high quality, stored under appropriate conditions, and selected according to the correct batch
for each specific test. To maintain measurement accuracy in biochemical analyzers, calibration tables
must be validated according to international protocols [7].

In addition, proper calibration of the analyzer’s measurement system at specified intervals and in
accordance with established procedures ensures its reliable operation over a long period of time. The real
laboratory cases examined during this study confirmed that deficiencies related to both reagents and
calibration can lead to significant deviations in analytical results. Such inaccuracies may ultimately result

.
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in serious consequences, including misdiagnosis of diseases, delays in treatment, or unnecessary medical
interventions for patients.
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Abstract

In contemporary times, environmental protection and the assurance of ecological security are
considered among the top global priorities. Rapid industrialization, urbanization, and climate change
exert serious pressure on the natural environment, and the lack of proper control over these processes
may lead to long-term environmental consequences. In this regard, continuous monitoring and
assessment of the state of the environment are of great importance. Environmental monitoring systems
enable the onepamuse collection of data on the condition of air, water, soil, and living organisms and
ensure that management decisions are based on scientific evidence.

Traditional monitoring methods, which mainly rely on laboratory analyses, have limited
operational capabilities. In contrast, modern sensor technologies enable real-time data collection and
processing. These technologies allow faster detection of environmental changes and early identification
of risks. The application of sensors leads to the automation of measurement processes, reduces errors
caused by human factors, and increases data reliability.

The main part of the text extensively explains the key directions of environmental monitoring,
including air, water, and soil quality monitoring systems. In air monitoring, the measurement of harmful
gases and particulate matter in the atmosphere plays an important role in assessing potential risks to
human health. In water monitoring, the measurement of physical, chemical, and biological indicators
ensures the safety of drinking water resources and contributes to the protection of aquatic ecosystems.
Soil monitoring is important for maintaining agricultural productivity, preventing soil degradation, and
preserving biodiversity. One of the main challenges in the application of sensor technologies is
maintaining their long-term accuracy. Temperature, humidity, pollution, and other external factors may
affect sensor measurement results. Therefore, regular calibration of sensors and correction of
measurement results are essential. Indicators such as accuracy, precision, repeatability, and
reproducibility serve as key criteria for assessing the reliability of sensor data. In addition, communication
problems and energy supply difficulties may arise during data transmission from monitoring stations
located in remote areas. Such problems can lead to interruptions in real-time data flow and reduce the
effectiveness of monitoring. In this context, selecting appropriate communication technologies and
properly planning energy sources are important factors that enhance the sustainability of monitoring
systems.



XIX INTERNATIONAL SCIENTIFIC CONFERENCE. ROME. ITALY. 10-11.03.2026

Overall, the text comprehensively presents the role of modern sensor technologies in
environmental monitoring and the existing challenges in this field. Based on comparative analysis, the
strengths and weaknesses of different sensor types are identified, and recommendations for their
application areas are proposed. This approach provides a scientific basis for the formation of optimal
monitoring models and contributes to improving the efficiency of environmental management processes.

Xiilase

Mlasir dévrde atraf mihitin qorunmasi ve ekoloji te hliikesizliyin temin olunmasi global miqyasda
prioritet istigamatlerden biri hesab olunur. Stiratli ssnayelesma, urbanizasiya ve iqlim dayisiklikleri tabii
mdhite ciddi tezyiq gbstarir ve bu proseslarin nazaratsiz galmasi uzunmdddstli ekoloji fesadlara sebeb
ola bilsr. Bu baximdan, straf mdhitin veziyystinin davamli sekilds izlenilmasi ve giymetlendirilmasi
boyiik eshamiyyat kesb edir. Ekoloji monitoring sistemlari hava, su, torpaq ve canli alemin veziyyati
haqgqinda operativ malumatlarin toplanmasina imkan yaradir ve idareetmea gararlarinin elmi asaslara
sdykenmasini tamin edir.

onanavi monitoring lsullari asasen laboratoriya analizlerine séykendiyi lcln operativliik
baximindan mehdud imkanlara malikdir. Mdasir sensor texnologiyalari ise real vaxt rejiminde
malumatlarin toplanmasi ve emalina serait yaradir. Bu texnologiyalar straf mihitde bas veran
dayisikliklerin daha tez askar olunmasina ve risklerin erken marhaleds musyyen edilmasine imkan verir.
Sensorlarin tetbiqgi naticasinds élcme proseslari avtomatlasdirilir, insan faktorundan irali galen sshvler
azalir va malumatlarin etibarliligr yiiksslir.

Matnin asas hissasinds atraf mihitin monitoringinin asas istigamatleri olan hava, su ve torpaq
keyfiyyatine nazarat sistemlari genis sekilde izah olunur. Hava monitoringi zamani atmosferde olan
zararli qazlarin  ve hissaciklerin olcilmasi insan saglamligr lcln yarana bilecek risklerin
qgiymatlandirilmasinde mdhim rol oynayir. Su monitoringinde fiziki, kimyavi ve bioloji gdstericilerin
olctlmasi icmali su ehtiyatlarinin tehliikesizliyini tamin edir ve su ekosistemlarinin qorunmasina xidmet
edir. Torpaq monitoringi iss kand teserriifati mehsuldarliginin qorunmasi, torpaq deqradasiyasinin
qarsisinin alinmasi ve biomdxtslifliyin saxlanilmasi baximindan ehe miyyetlidir. Sensor texnologiyalarinin
tatbiqi zamani yaranan asas problemlarden biri onlarin uzunmdddstli deqiqliyinin gqorunmasidir.
Temperatur, riitubst, cirklenma ve digar xarici amillar sensorlarin élcme naticalarine tasir gostars biler.
Bu sababdan, sensorlarin mitemadi kalibrlenmasi ve 6l¢ma naticalerinin korrekte edilmasi vacibdir.
Daqiqlik, presizlik, tekrarlanma ve reproduksiya kimi gdstericiler sensor malumatlarinin etibarliligini
giymatlendirmek (gclinasas meyarlar kimi ¢ixis edir. Bununla yanasi, uzaqg erazilerds yerlesan monitoring
stansiyalarindan melumatlarin 6tdirilmasi zamani rabite problemleri ve enerji teminati ¢atinlikleri
yarana biler. Bu clir problemler real vaxt rejiminds malumat axininin fasilelerle otirilmasine sebab olur
ve monitoringin effektivliyini azalda biler. Bu baximdan, uygun rabite texnologiyalarinin secilmasi ve
enerji manbalarinin dlizgin planlasdirilmasi monitoring sistemlerinin dayaniqligini artiran mdhidm
amillardir.

Umumilikds, metn mdiasir sensor texnologiyalarinin atraf miihitin monitoringinde oynadidi rolu ve
bu sahads mdévcud problemlari ahatali sekilde tagdim edir. Migayisali tahlil esasinda mdiixtalif sensor
névlerinin Ustin ve zaif taraflari mieyyan edilir ve onlarin tatbiq sahaleri lzre tévsiyalar irali strdildr.
Bu yanasma optimal monitoring modellarinin formalasdirilmasi lclin elmi esas yaradir ve ekoloji
idareetma proseslarinin ssmaraliliyinin artirilmasina xidmat edir.

AHHOMauus

B coBpemMeHHYH 3n0Xy 0XpaHa okpyxcarouiel cpedbl u obecneyeHue 3kono2udeckol bezonacHocmu
CYUMarOmMcs OOHUMU U3 NPUOPUMEMHbIX HanpassieHul B8 en0basbHoM macwmabe. bbicmpas
UHOyCmpuaiu3ayus, ypbaHu3ayus U U3MeHeHue K/IuMama OKd3biBarom cepbé3Hoe 0assieHue Ha
NPUPOOHYH Cpedy, a omCymcmBue Hadsiexause2o0 KOHMPOJIs Had 3MUMU NPOUECCAMU MOXEem NpUBecmu
K 00J120CPOYHBIM 3KO102U4eCKUM NOCIedCMBUSM. B 3moll cB8S3U NOCMOSHHbIU MOHUMOPUH2 U OUEeHKA
cocmosiHusi okpyxarousel cpedsi umerom 6osibuwioe 3HadeHue. CuCmeMbl IK0J102U4ECK020 MOHUMOPUH2A
obecneyusarom onepamusHbIt c6op 0aHHbIX 0 COCMOSIHUU BO30YXA, BOObI, NOYBbI U HUBbLIX OP2AHU3MOB
U cnocobcmayrom NPUHIMUK YNpasieHYeckux pewleHull Ha Hay4Hol OCHoBe.

TpaduyuoHHble Memoobl MOHUMOPUH2d, B OCHOBHOM OCHOBAHHbIE HA J1IA6OPAMOPHbIX AHAAU3AX,
0671a0ar0m  02pAHUYEHHbIMU BO3MOMCHOCMAMU C MOYKU 3peHusi onepamusBHocmu. CoBpemeHHbIe
CeHCOPHbIe MexHoI02UU, HaNPOMUB, NO3BOJIAOM OCYWECMBIIMb C6op U 06pabomKy OaHHbIX B pexcume
peasibHo20 BpemMeHU. Imu mexHosioeuu obecneyusarom b6osiee bbicmpoe BbiFB/ieHUe U3MeHeHUl B
OKpyxcarowsel cpede U paHHee obHapydeHue 3K0102u4eCcKux pUCKoB. [pumeHeHue ceHcopos npusooum
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K aBsmomMamusayuu nNpoyeccos U3MepeHus, CHUXaem OowWubKuU, 00YC/I0BIEHHbIE Yes0BeYeckKum
pakmopom, u NosBbILIaem HadéxHoCMsb OAHHbIX.

B ocHoBHOU yYacmu mekcma nodpobHo paccMampuBarOmcs  K/Yesble  HanpassieHusl
3K0JI02U4ECK020 MOHUMOPUH2A, BK/IHOYAS CUCMEMbI KOHMPOJIS Ka4ecmaa 8030yxa, B00bI U NoYBbI. [1pu
MOHUMOPUH2e B0O30yXa U3MepeHue BPeOHbIX 2a308 U B3BEWeHHbIX Yacmuly B8 ammocgepe uepaem
BAXCHYIO POJIb B OUEHKE NOMEHUUA/IbHbIX PUCKOB 0/1 300POBbS YesioBeKkd. B mMoHumopuHee BoObI
usmMepeHue puuyeckux, Xumuyeckux u buosiocudeckux nokazamenel obecneyusaem 6e30nacHoCmMb
UCMOYHUKOB NUMbeBol BoOb! U CNOCOBCMBYEM COXPAHEHUK BOOHbIX SKOocUCmeM. MoHUMOPUHe NOYBbI
umeem  BaXCHoe  3Ha4yeHue 0/  NOOOEPHaHUsl — CebCKoxo3salUcmBeHHoU  NPOodyKMUBHOCMU,
npedomapauieHus 0e2padayuu NoYs U coxpaHeHuss buopasHoobpasus. OOHoU U3 0CHOBHbIX Npobiem npu
NPUMEHEHUU CeHCOPHbIX MmexHonoeul £aB/isemcs obecnedeHue ux 00/1208peMeHHOU  MOYHOCMU.
Temnepamypa, BAAXHOCMb, 3az2psi3HeHue U 0pyaue BHeWHUe GaKkmopbl MO2ym BJIUSIMb HA Pe3y/1bMameal
usmepeHuli ceHcopos. [1oamomy pezysipHas KaaubposKa CeHCOPOB U KOPPeKmMUpPOBKA pe3y/ibmamos
uamepeHull AB/ISOMCA  HeobxoOuMbIMU. Takue Nnokazamesnu, Kak MOYHOCMb, NPEeUU3UOHHOCMS,
NOBMOPAEMOCMb U BOCNPOU3BOOUMOCMb, BLICMYNAKOM K/HOYEBBLIMU KPUMEPUSIMU OUeHKU HA0EXHOCMU
CEeHCOPHbIX OaHHbIX. Kpome mo20o, npu nepedaqe 0aHHbIX C MOHUMOPUH20BbIX CMAHUUL, pACNOIOHEHHbIX
B YOA/IEHHbIX paloHax, mMo2ym BO3HUKAMb NPob/ieMbl CO CBA3bH U 3HEP2oCHabyeHueM. [1000bHbIe
mpyoHocmu npuBodam K nepebosm B nepedaye OAHHbIX B PeasbHOM BpEeMeHU U CHUMXArom
3¢ppekmuBHOCMb MOHUMOPUHEA. B 3mom KoHmMeKcme Bb160p COOMBEMCMBYHULUX KOMMYHUKAUUOHHbIX
mexHos102ull U epamomHoe NJIAHUPOBAHUE UCMOYHUKOB 3Hepauu SBJISHOMCS BAXCHLIMU ¢akmopamu,
NOBbIWLAKUUMU YCMOUYUBOCMb CUCMEM MOHUMOPUHEA.

B uesioM, meKcm BCeCMOpPOHHe PACKPbIBAEM pOJib COBPEMEHHbIX CeHCOPHbIX mexHoso2ull B8
IKOJI02UYECKOM  MOHUMOPUHee U cywecmsyrouue 8 3mol obsacmu npobremsbl. Ha ocHose
CPABHUME/IbHO20 AHA/IU3A BbISBASHOMCS NPeUMyUecmaa U HedoCMamku pas/iudyHbIX MUNOB CeHCOPOB,
a Makxe npeodnazaromcs pekomeHoayuu no 0b1acmam ux npuMeHeHus. [JaHHbIt Nooxo0 popmupyem
Hay4Hyr OCHOBY 018 CO30aHUS ONMUMAJ/IbHbIX Modesell MOHUMOPUH2A U CNOCObCMBYem NOBbLILIEHUO
3¢ pekmuBHOCMU NPOUECCOB 3KOJI02U4ECKO20 YNPAaB/IeHUS.

Keywords: Environmental monitoring, sensor technologies, environmental safety, air quality,
water quality, soil quality, data accuracy and reliability

Acar sézlar: Otraf mdhitin monitoringi, sensor texnologiyalari, ekoloji tehliikesizlik, hava
keyfiyyati, su keyfiyyati, torpag keyfiyyati, malumatlarin daqiqliyi ve etibarliligi

Knroqesble c108a: JKosio2udeckull MOHUMOPUHE, CeHCOPHbIe MexXHO/I02Ul, 3K0/02u4ecKast
be3onacHocmb, Ka4ecmso B8030yxd, KA4eCcmBo B00bl, KA4Y€CMBO NOYBbI, MOYHOCMb U HAOEHHOCMb
O0aHHbIX

Introduction

In contemporary times, environmental protection and the assurance of ecological security have
emerged as pivotal global priorities. Rapid industrialization, urbanization, and climate change exert
profound impacts on the natural environment, necessitating advanced monitoring systems for the
precise assessment of these processes. Environmental monitoring facilitates the continuous observation
of ecological conditions, the early detection of potential hazards, and the formulation of management
decisions based on scientific evidence. In recent years, advancements in sensor technologies have
initiated a qualitatively new phase in this field. Various categories of sensors—designed to measure
atmospheric, aquatic, soil, and biosphere parameters—enable real-time data collection and analysis.
These technologies not only supersede traditional laboratory methods but also ensure the acquisition of
data in a more prompt and reliable manner [1].

Currently, environmental monitoring systems based on diverse technological approaches are
implemented in numerous countries worldwide. The strengths and weaknesses of each system vary
depending on its intended purpose, geographical conditions, and economic capacities. Consequently, a
comparative analysis of sensor technologies is of paramount importance for evaluating their
effectiveness and identifying optimal application areas. Extant research demonstrates that appropriately
selected sensor systems not only enhance the precision of ecological data but also ensure the agility of
management processes. In this regard, the objective of the study is to conduct a comparative
investigation into the characteristics of various sensor technologies and to determine their application
potential in environmental monitoring.
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In recent years, global climate change, the proliferation of industrial waste, and the degradation
of ecosystems have exerted a profound impact on the state of the environment. Consequently, the precise
tracking and analysis of ecological processes have become increasingly critical in the present day.
Traditional monitoring methods often possess limited capabilities in terms of operational efficiency and
data accuracy. In contrast, modern sensor technologies enhance the effectiveness of environmental
oversight by enabling real-time data collection, processing, and analysis. These technologies facilitate
the monitoring of environmental conditions at both local and global scales. A comparative analysis of
sensor technologies establishes a significant scientific foundation for the formation of optimal
monitoring models by identifying their respective strengths and weaknesses. This, in turn, serves to
strengthen the scientific basis of decision-making processes in ecological management.

1. Research Objective and Significance

Environmental monitoring constitutes the observation and assessment of the state of natural
resources and ecological characteristics, such as air, water, soil, and biodiversity. These monitoring
systems collect and measure data to comprehend current environmental conditions, detect temporal
changes, identify potential risks, and forecast future scenarios. For instance, a governmental agency may
utilize environmental monitoring instruments to track water quality parameters in a river, including
indicators such as temperature, acidity, and the presence of pollutants. Continuous monitoring facilitates
the detection of abrupt escalations in pollutants—such as those resulting from industrial discharge—
thereby enabling the resolution of issues and the mitigation of environmental damage.

2. Problem Statement and Related Work

Maintaining the long-term accuracy of sensors used in environmental monitoring against
fluctuating factors such as temperature, humidity, and contamination remains a significant challenge.
These variables can affect the calibration stability of sensors, thereby potentially diminishing the
reliability of the results. In this context, the question of "which methods can stabilize sensor accuracy
during long-term monitoring processes” persists as a crucial research inquiry. Furthermore, the
continuous and reliable transmission of sensor data in remote areas with poor infrastructure is a pressing
issue. Network interruptions and power constraints create gaps in data flow, bringing to the fore the
question of "which communication technologies are more effective for ensuring the continuity of real-
time monitoring." Additionally, to enhance data precision, the concept of reproducibility in sensor data
will first be addressed. Sensor data reproducibility is utilized to evaluate the quality of data obtained
from low-cost sensors. Air quality monitoring systems implemented for measuring pollutants in urban
and industrial areas provide a range of advantages. These systems offer reliable solutions for
policymakers and air quality researchers to bridge existing knowledge gaps.

3. Organization of Environmental Monitoring

Environmental monitoring assists organizations in gathering critical data that can be utilized to
safeguard public health, preserve sensitive ecosystems, formulate ecological policies and regulations, and
enhance operational efficiency. The benefits of environmental monitoring include the following [2]:

e Detection of pollution levels;

e Preservation of the ecosystem;

e Disaster preparedness and risk management;

e Regulatory compliance;

e Operational efficiency.

Organizations utilize various types of environmental monitoring to assess different aspects of the
natural surroundings. Common types of environmental monitoring include:

e Air quality monitoring;

e Water quality monitoring;

e Soil quality monitoring,

e Salinity monitoring;

e Biodiversity monitoring;

e Pollution monitoring.

Let us examine the three most fundamental types of these environmental monitoring systems.

3.1. Air Quality Monitoring

Air monitoring measures pollutants such as ozone, particulate matter, sulfur dioxide, and nitrogen
dioxide in the atmosphere. These pollutants can induce significant health issues in humans, including
cardiovascular diseases and respiratory ailments. Furthermore, they contribute to the formation of acid
rain, which can adversely affect sensitive ecosystems such as lakes and forests. Organizations frequently
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monitor air quality by employing sensors to capture atmospheric samples. These samples are
subsequently analyzed to determine the presence and concentration of pollutants, along with other
meteorological factors such as temperature and humidity. Geographic Information System (GIS)
models—computer systems that create interconnected visualizations of geospatial data—aid
researchers in tracking air quality levels and pollutant concentrations within specific regions. GIS has the
capability to display diverse data types, such as streets, buildings, and vegetation, on a single map. This
enables stakeholders to visualize, analyze, and comprehend specific patterns and correlations more
effectively (Figure 1).
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Figure 1. Geographic Information System (GIS) Models

3.2. Water Quality Monitoring

Water monitoring analyzes the physical, chemical, and biological properties of water to ensure its
safety for both human consumption and aquatic ecosystems. Microbiological analysis and conductivity
testing are considered core components of water monitoring. Microbiological analysis detects harmful
microorganisms, such as viruses, bacteria, and fungi, within water supplies. Conductivity testing assesses
the electrical conductivity of water, which serves as an indicator to identify the presence of pollutants
such as industrial waste, sewage discharge, or agricultural runoff. Water quality sensors measure the
chemical, physical, and biological characteristics of water. The following sensors play a pivotal role in
determining whether water meets the required quality standards for its intended use [3]:

e Dissolved Oxygen (DO) Sensor: These sensors measure the concentration of dissolved oxygen in
water. This parameter is vital for aquatic ecosystems, as it directly influences the health of fish and other
aquatic organisms. DO sensors are extensively utilized in environmental monitoring, wastewater
treatment, and aquaculture (Figure 2).
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Figure 2. Dissolved Oxygen (DO) Sensor
e pH Sensor: These sensors measure the acidity or alkalinity of water. The pH level is one of the
fundamental parameters affecting chemical reactions in water and the behavior of pollutants (Figure 3).
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Figure 3. pH Sensor

3.3. Soil Quality Monitoring

Soil monitoring facilitates the identification of factors that pose threats to plant development,
biodiversity, agriculture, and other ecosystem components. To comprehend soil quality, researchers
observe and analyze variables such as soil texture, color, nutrient content, microbiological activity, and
root health [4]. Each sensor type—Time Domain Transmissometry (TDT), Time Domain Reflectometry
(TDR), and Watermark Sensors—possesses distinct advantages and limitations regarding accuracy, cost,
ease of installation, and compatibility with various soil types, characterized by the following:

e Time Domain Transmissometry (TDT) Sensors: These sensors utilize high-frequency signals to
measure the travel time of a pulse through the soil, which serves to determine the soil's dielectric
constant (Figure 4).

Figure 4. Time Domain Transmissometry (TDT) Sensor

e Time Domain Reflectometry (TDR) Sensors: TDR sensors operate similarly to TDT sensors: an
electromagnetic pulse is transmitted along a probe, and the duration of its reflection from the soil is
measured. This data enables the highly accurate determination of soil moisture levels.

e Watermark Sensors (Granular Matrix Sensors): These sensors determine soil water tension or
matric potential by measuring changes in electrical resistance within the soil matrix.

4. Provision of Sensor Technologies

To ensure the reproducibility of sensor data, a consensus is achieved through meticulous analysis
of the device's performance. For instance, when exposed to a zero concentration of a target gas, the
sensor must provide consistent readings across multiple measurements. Conducting these evaluations
both in laboratory settings and at the deployment site ensures robust calibration and enhanced precision.
From a scientific perspective, consensus is a critical parameter for data transmission, fostering a sense
of reliability for both policymakers and the general public. In a broader context, this refers to the
acceptance of a specific hypothesis by domain experts following extensive investigation. This concept
assists in determining whether experiments conducted under diverse conditions yield similar results,
thereby facilitating the elimination of errors stemming from subjective bias. Initially, air sensors may
deviate from reference monitors by overestimating or underestimating pollutant concentrations due to
their sensitivity to fluctuating environmental parameters such as temperature and relative humidity.
However, the calibration process and the application of correction parameters mitigate these
discrepancies, thereby improving data accuracy.

As an introduction to the evaluation of sensor data, the parameters of accuracy, precision,
repeatability, and reproducibility constitute the fundamental aspects for determining data reliability.
These concepts will be elucidated within the specific context of air quality monitoring systems (Figure 5).
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Figure 5. Concepts of Precision and Accuracy for Multiple Measurements

Precision evaluates the deviations between consecutive sensor readings. The proximity of multiple
measurements conducted under identical conditions determines the precision of the measurement.
Precision tests do not account for the actual true value; that is, if a system consistently yields similar
results, it possesses high precision.

Accuracy expresses how closely measurements align with the real or reference value. In other
words, the lower the variance between the mean of the measurements and the true value, the higher the
accuracy. For instance, in an environment with 4000 ppb SOz, a reading of 4002 ppb is considered more
accurate than 4300 ppb.

Reproducibility is often used synonymously with repeatability; however, subtle distinctions exist in
their definitions. When calculating the repeatability coefficient, factors that should not influence
measurements—such as the device or location—must remain constant. Conversely, for reproducibility,
results must remain consistent even when measurements are conducted under diverse external
conditions.

Repeatability indicates the proximity between two independent test results obtained under the
same conditions. According to scientific literature, the Normalized Root Mean Square Error (NRMSE)
value is utilized for the quantitative assessment of repeatability.

Reproducibility is a parameter used for the verification of measurements. It determines the sensor's
ability to consistently repeat multiple measurements under varying conditions. Utilizing several identical
units provides a more reliable indication of the level of reproducibility. The accuracy of sensors can be
more precisely evaluated by calculating the standard deviation of multiple tests. The ISO 5725 standard
further emphasizes the applicability of these methods for enhancing data reliability.

One of the most critical strategies for maintaining sensor performance is selecting the correct
sensor for the specific application. Different sensors possess diverse characteristics, such as sensitivity,
range, resolution, linearity, response time, and robustness. These attributes determine how accurately
the sensor can measure a given variable and how it withstands environmental changes. Therefore, sensor
selection must align with the requirements of the control system and the anticipated environmental
conditions. For example, if temperature measurement is required in harsh conditions, using a
thermocouple rather than a thermistor is more appropriate, as thermocouples are more resistant to high
temperatures and physical damage.

Another strategy for maintaining sensor performance is the regular calibration of the sensor.
Calibration is the process of comparing the sensor output with a known standard to eliminate any errors
or deviations. Calibration enhances the accuracy and consistency of sensor measurements while
mitigating the effects of drift, aging, and wear. Depending on the sensor type and the design of the
control system, calibration can be performed manually or automatically. For instance, some sensors
feature internal calibration functions that can be activated via a signal or command, while others require
manual intervention and adjustment. The third strategy for maintaining sensor performance is
compensating for environmental factors that influence sensor output. Compensation is the process of
correcting or adjusting the sensor output based on the measurement or estimation of environmental
factors. Compensation reduces errors and uncertainties in sensor measurements and enhances the
quality of feedback. For example, some sensors possess internal compensation circuits that adjust output
based on temperature and pressure changes, while others rely on external compensation algorithms that
estimate environmental factors through additional sensors or models.

The fourth strategy for maintaining sensor performance is filtering the sensor output to reduce or
eliminate noise and interference. Noise and interference are unwanted signals that distort the sensor
output and affect control system performance. These can originate from various sources, such as
electrical devices, mechanical vibrations, or radio waves. Filtering is the process of removing or
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attenuating noise and interference components through mathematical operations or devices applied to
the sensor output. Filtering increases the signal-to-noise ratio and measurement clarity, preventing false
feedback. Filtering can be performed in either analog or digital forms.

Conclusion

Monitoring the environment in accordance with modern requirements is one of the fundamental
conditions for ensuring environmental safety. The application of sensor technologies enables more
accurate and onepamuse tracking of ecological processes and facilitates the early identification of
environmental risks. This allows decisions related to environmental protection to be made in a timely
and well-substantiated manner. Modern sensor systems not only complement traditional laboratory
methods but, in many cases, also replace them. The acquisition of real-time data enables the rapid
identification of pollution sources, more flexible responses to emergency situations, and the formation
of a more comprehensive understanding of the state of the environment. This, in turn, enhances the
effectiveness of the activities of management structures and relevant institutions.

On the other hand, issues related to data transmission and storage also have a direct impact on
the efficiency of monitoring systems. Particularly in remote areas with weak infrastructure, interruptions
in data transmission can disrupt the continuity of the monitoring process. To address these challenges,
the selection of appropriate communication technologies and the use of alternative energy sources are
of great importance. The use of statistical indicators and international standards in the analysis of sensor
data increases the reliability of results. Taking into account concepts such as accuracy, precision,
repeatability, and reproducibility facilitates the development of scientifically grounded monitoring
models. This approach forms a reliable data base for both researchers and decision-making bodies.

Overall, the comparative analysis of sensor technologies enables the development of more efficient
and sustainable systems in the field of environmental monitoring. The proper application of these
technologies makes a significant contribution to strengthening environmental safety, protecting natural
resources, and achieving sustainable development goals.

References

1. ENVIRONMENTAL HEALTH MONITORING SYSTEM Summary report 2022 - National Institute
of Public Health Prague, Czech Republic 2023. Director of the NIPH: MUDr. Barbora Mackovd, Head of
the Monitoring System: MUDr. Kristyna Zejglicovd.

2. Discussion on the Role of Environmental Monitoring in Environmental Protection Work —
Jiayue Luo - August 2022

3. WATER QUALITY MONITORING MANUAL - Environmental Management Bureau Department
of Environment and Natural Resources - VOLUME | MANUAL ON AMBIENT WATER QUALITY
MONITORING - February 2008

4.  Dynamics of Soil Moisture under Different Water Levels and Various Dosages of Organic
Fertilizer — Subandi Nur, Suwarto Suwarto — December 2020

5. Air Quality Monitoring and Data Management Guidebook for the States of the Gulf
Cooperation Council - 2021, Cooperation Council for the Arab States of the Gulf, Secretary General

6. Monitoring of Soil Salinity for Precision Management using Electromagnetic Induction Method
— Mohamed Eltarabily, Abdelrahman Amer, Mohammad Farzamian— January 2024

/. GUIDE ON HARMONISING BIODIVERSITY MONITORING PROTOCOLS ACROSS SCALES -
European Biodiversity Partnership - Michelle Silva del Pozo, Guillaume Body, Gaby Rerig, Mathieu Basille.
(2023)

8. Environmental pollution monitoring: Essential strategies for mitigating ecological
degradation — Maxbuba Atavullayeva - November 2024

100


https://www.researchgate.net/profile/Suwarto-Suwarto?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

ISBN

- 9" 789165 " 424630

https://sconferences.com
info@sconferences.com




