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Introduction

The theoretical approach and model construction are among the primary methods of scientific
research, aiding researchers in conducting their investigations. The theoretical approach typically
forms the methodological and conceptual foundations of research, while model construction
ensures the identification of systematic and interconnected processes based on these foundations.

The theoretical approach is the theoretical foundation and conceptual framework of the research,
which determines the methodology of scientific investigations and defines the main directions of
the study. The theoretical approach helps in the development of scientific thought and the
creation of new scientific knowledge. The primary goal of the theoretical approach is to explore
existing theories and conceptual concepts and to develop new scientific models or approaches.

First and foremost, the theoretical approach enables the researcher to study existing theories and
concepts and to form new scientific knowledge. Additionally, the theoretical approach
establishes the methodological and scientific foundations of the research, which in turn enhances
the effectiveness of the scientific investigation. Furthermore, in the theoretical approach,
working with existing scientific knowledge and harmonizing it with new approaches plays a
crucial role.

Model building is an important methodological tool in scientific research that helps to
understand complex systems. A model is a mathematical or conceptual tool used to describe and
study a particular system, process, or phenomenon. Model building is widely used not only in
scientific research but also in the development of technological innovations.

The main stages of model building are:

» ldentifying the problem and clarifying it.

» Defining the structure of the model and the variables.
» Mathematical representation.

» Simulation and testing.
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» Analysis of results and drawing conclusions.

Identifying the problem and clarifying it is one of the most important stages of the research
process because it creates the necessary foundations for the successful implementation of the
process. Before building a model, the researcher must clearly understand the system or process
and define its key characteristics. In this stage, the system must be studied, and its objectives and
functions should be clearly identified, because only through this understanding of the system’s
mechanisms can a correct model be created.

Methodology

The researcher must identify all the components of the system and the interactions between
them. A detailed analysis of the system or process is crucial for defining its variables and
parameters. These variables ensure the system's various characteristics, its operation, or
achieving certain outcomes. Additionally, in this stage, it is necessary to identify both the
external and internal factors of the system, as well as the conditions that influence them.

The clarification phase also helps to establish the primary objective of the research. This
objective could be to improve the system, study the factors affecting it, or enhance the system’s
efficiency. By clearly defining the system's function and purpose, the researcher understands
which variables to study, which methodologies to employ, and the desired outcomes. Proper
execution of this stage contributes significantly to the successful realization of the model-
building process.

Defining the structure of the model and specifying the variables is one of the key stages of the
research process, essential for successfully creating the model and accurately representing the
system. In this stage, all the primary variables involved in the model are identified. These
variables represent the system's characteristics or parameters and determine how the system
operates and how its outcomes will change. Proper selection of variables plays a crucial role in
ensuring the accuracy and effectiveness of the model.

It is important to understand the role of each variable in the system and how it interacts with
other variables. For example, one variable may influence another, and analyzing them together
can help provide a better understanding of the system's dynamics. Correctly identifying the
interactions between variables and their functions is crucial for ensuring that the model fully
reflects the real system. To identify relationships and dependencies between variables,
mathematical or statistical methods can be used, which helps in better modeling the real behavior
of the system.

Additionally, defining all the variables and parameters of the system requires identifying factors
that influence them at various levels. These factors determine how the system's variables change
or predict how the system evolves under certain conditions. It is also important to account for the
flexibility of the model and consider uncertainties in the system, as many systems have multiple
variables that may vary under different conditions.

Mathematical formulation is a crucial step for accurately and precisely describing the system,
especially if the model is created in a mathematical form. In a mathematical model, the
characteristics of the system and its variables are expressed through formulas or equations. These
formulas allow for the clear representation of the system's primary variables and their
interactions. Mathematical formulation helps in understanding the system properly and
predicting its behavior, as this method simplifies complex processes and enables the calculation
of the system's state, as well as the prediction of how it will change under different conditions.

The formulas or equations used in a mathematical model represent the system's dynamics,
meaning how the variables change over time or their interrelations. For example, differential
equations that describe the system's state, integral equations, or formulas based on statistical
methods can be used. With these formulas, the interconnections between the system's variables
and their changes can be calculated mathematically. This approach ensures accuracy in the
system's analysis and makes the results more reliable.
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Mathematical formulation also allows the model to be tested under different conditions. For
instance, to bring the model closer to real-world situations, certain variables can be adjusted or
new parameters added. This increases the flexibility of the model and helps it better reflect the
system in a more realistic manner. Thus, creating a mathematical model not only aids in
understanding the current state of the system but also in predicting its future behavior.

Results and discussion

Simulation and testing are crucial steps for determining how the model behaves in real-world
conditions and assessing its outcomes. Once the model is built, it must be tested under various
scenarios, as the changes that occur in the real system are often difficult to predict through a
mathematical model alone. Through the simulation process, the performance of the model can be
evaluated, and its strengths and limitations identified. This process allows the model to be
adjusted to better approximate real-world conditions and demonstrates how it manages
uncertainties and errors.

During the simulation process, the model is tested multiple times based on various parameters
and conditions. Each test shows how the model responds to different variables and conditions,
how the system changes, and how reliable the results are. For example, if the model represents
an economic system, simulations can be used to assess how changes in economic variables,
market conditions, or political factors affect the system. Simulation also helps identify the
model's limitations and errors in forecasting the system, as well as suggesting ways for
improvement.

During the simulation and testing process, there are several methods to evaluate the performance
of the model and its results. These methods are carried out through mathematical reports, graphs,
or statistical analyses. The results of the models are compared with real data or observations,
allowing the accuracy and effectiveness of the model to be assessed. If the model’s results do not
align with reality, it may need to be reconstructed or adjusted. Therefore, the simulation and
testing process is crucial for ensuring the reliability of the model and guaranteeing that it
accurately represents the real system.

Analysis of results and drawing conclusions is one of the final steps in the process of model
building and testing. After testing the model, it is important to analyze and evaluate its results in
depth. During the analysis process, the model's performance, accuracy, and alignment with the
real system are tested. In this phase, it is necessary to identify what results the model has
generated, what errors or uncertainties have arisen, and in which conditions the model performs
well or poorly.

To evaluate the model’s accuracy, it is considered whether it correctly represents the designed
system and if its results align with real-world data. If the results are very close to the actual
behavior of the real system, this indicates that the model is accurate and reliable. Additionally,
evaluating the model's performance is necessary. In this process, the results obtained from the
model, its speed, accuracy, and resource utilization efficiency are assessed. Identifying how well
the model aligns with the real system helps in understanding how it will perform in real-world
conditions. If the model does not match the real system, adjusting its parameters or
reconstructing the model may be necessary.

Another important aspect of result analysis is drawing conclusions. Through analysis, the
strengths and weaknesses of the model can be identified, and based on this, necessary actions for
improving or optimizing the system can be determined. These conclusions are not only useful for
further developing the model but also for predicting and forecasting how the system will
function under real conditions. The conclusions drawn from result analysis serve as a foundation
for future research or decision-making. Therefore, analyzing results and drawing conclusions is
crucial for evaluating the model's efficiency and reliability and for improving its accuracy.

There is a close connection between theoretical approaches and model building, as the
theoretical approach provides the general foundations of scientific research, while model
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building ensures a systematic approach based on these foundations. The theoretical approach
creates the conceptual framework for scientific research, and the model expresses interrelated
processes within this framework in a mathematical or conceptual manner.

Both theoretical approaches and model building are fundamental elements of scientific research,
and their importance is significant in several ways. Theoretical approaches and model building
enhance the accuracy of scientific research. The model helps accurately represent the system and
reduces uncertainties that may arise during the research process. By using models, scientific
results become clearer and more reliable, as they express the dynamics of the system and the
relationships between variables in mathematical or statistical terms. This allows researchers to
analyze the results more accurately and make decisions based on these insights. Models help
researchers better understand the real system and forecast its potential, ensuring that the results
have a high degree of accuracy.

Conclusion

Model building plays a crucial role in the creation of innovative approaches and technologies. In
the development of new systems and processes, problems that were previously unclear or
difficult to understand can be identified and solved using mathematical or statistical models.
Through modeling, existing systems are viewed from a new perspective, which can provide a
significant impetus for generating innovative ideas and creating technologies. For example, in
fields such as artificial intelligence, machine learning, and systems theory, model building leads
to advanced solutions and contributes to the development of new technologies. Models help
apply approaches and technologies that were either previously unavailable or lacked solid
scientific grounding, thus expanding the scope of innovations.

Thus, theoretical approaches and model building are essential tools for deepening scientific
research, creating innovations, and solving practical problems. Together, these two approaches
enhance the effectiveness of research and make it easier to achieve scientific results. The
theoretical approach provides the methodological foundation for scientific inquiry, helping to
systematically address scientific issues, while model building enables the derivation of more
precise and reliable results through mathematical and conceptual tools. The integration of these
approaches greatly assists researchers in discovering new ideas, creating scientific innovations,
and solving practical problems effectively. This process contributes to the successful
development of scientific research and fosters the creation of more effective approaches in the
field of science.
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