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Abstract: This article discusses the effectiveness of teaching complex metabolic processes and multi-step reactions
in biochemistry using simplified algorithms. Since topics explained through complex schemes in traditional methods
often cause difficulties for students, it is emphasized that the algorithmic approach helps to master the processes
step by step, in a logical sequence. During the research, it was observed that when algorithmic blocks, the “if-then”
principle, and visual flowcharts were used, the level of students' understanding of the topic, the effectiveness of
memorizing the sequence of processes, and systematic thinking skills significantly increased. It was also noted that
interactive tasks made the lesson more interesting and increased student activity. The results obtained allow us to
recommend the algorithmic approach as an innovative and effective pedagogical method in teaching biochemical
processes.
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INTRODUCTION:

Many processes studied in biochemistry, whether
metabolic pathways, enzymatic reactions, or energy
metabolism in cells, are complex and not always
immediately clear to students. The sequence of
processes is interconnected, and some steps occur
only under specific conditions. For this reason,
students often have difficulty understanding the
internal logic of the process when studying such
topics. In traditional classes, these topics are typically
explained using large diagrams, complex formulas, or
lengthy explanations. However, experience shows
that this approach is not very convenient for most
students—over time, it becomes difficult to
remember which part of the diagram is connected to
which.

In recent years, having tested various methods in the
classroom, I've noticed that explaining complex
biochemical reactions using simple algorithms is
much more effective. Presenting the process in small
steps rather than large blocks allows students to
more easily grasp the overall structure of the process.
As a result, they don't rely on memorization, but
rather understand each step in its proper place.
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The primary objective of this study is to determine the
effectiveness of explaining biochemical processes
using simplified algorithms and to evaluate how this
approach impacts students' learning of complex
topics.

METHOD

The most common problem when explaining complex
reactions in biochemistry classes is that students fail
to grasp the connections between processes.
Reactions are often interrelated, but it's not always
easy to understand which step leads to which result.
Therefore, explaining complex processes in terms of
small steps makes perfect sense. This approach
presents the reaction sequentially, and the student
understands the meaning of each step individually.

1. Basic ideas of the algorithmic approach
Process decomposition.

It's much more effective to break complex reactions
down into small, manageable steps than to explain
them in a general outline. For example, when | teach
glycolysis, | try to break it down into three main
stages, explaining the function of each stage rather
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than simply saying "it starts and ends." This approach
helps students quickly understand the sequence of
the process.

“If-then” logic.

This is a simple but very useful way to help students
connect reaction conditions and outcomes. For
example:

— if there is sufficient substrate, the first stage of the
reaction will begin;

—if ATP is depleted, the process will slow down;

— if the enzyme is blocked, the next stage will not
occur.

This way, the student begins to understand the
process not by memorizing it, but by analyzing it.

Use of visual materials.

A simple flowchart or process diagram can visually
represent even complex molecular reactions.
Sometimes students draw their own diagrams and
then try to explain the process step by step using
them—a powerful tool for reinforcing knowledge.

Explaining complex reactions in a simplified manner
Explaining the process of glycolysis step by step:

1. First, glucose is activated during the preparatory

stage, expending a small amount of energy.

2. Then, glucose is broken down into two smaller
molecules.

3. During the final stage, energy is released—ATP and
NADH are formed.

Show the Krebs cycle in sequence:

1. Acetyl-CoA enters the cycle, and the process
begins.

2. During the cycle, CO; is released, and transporters
such as NADH and FADHj; are formed.

3. Finally, ATP is formed, providing energy, and the
cycle completes its primary function.

DNA Replication Algorithm

Requirement: The DNA strand must be ready for
replication.

Unwinding of the helix

e If the strand is ready, helicase is activated and the
strand separates.

Primer Attachment

e If the strand is open, primase creates an RNA
primer.

The RNA primer serves as a starting point for
polymerase.

DNAprimase

DNA-ligase
DNA-Polymerase (Pola)

RNAprimer
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Synthesis of a new strand

e In the presence of a primer - DNA polymerase
adds new nucleotides.

e The leading strand is synthesized continuously.
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Topoisomerase

e The lagging strand forms Okazaki fragments.
Joining of fragments

e In the presence of Okazaki fragments > ligase
joins the fragments.

Result: Two new identical DNA strands are formed.
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Pedagogical Effectiveness

Using an algorithmic approach in lessons yields the
following results:

® Increased understanding of complex processes.

e Easier memorization of process sequences.

e Develops systems and scientific thinking.

Students' interest in the lesson increases, and they
gain the opportunity to independently analyze
ongoing processes. Thus, the algorithmic approach
serves as an effective pedagogical tool for teaching

complex biochemical reactions in a simple,
understandable, and logical manner.

RESULTS

The conducted lesson processes and observations
showed that explaining complex biochemical
processes based on simplified algorithms had a
positive effect on the quality of students'

understanding of the subject. Several important
changes were observed in the lessons where the
algorithmic approach was used.

Subject understanding has improved significantly:
Students began to understand the general logic of the
process much more clearly when they saw the
reactions in sequence and step by step. For example,
studying glycolysis or the Krebs cycle in blocks
allowed them to quickly and confidently understand
the main steps of the process.

It became easier to remember the sequence of
reactions:

The algorithmic presentation of the material helped
students remember complex processes. It was
observed that the speed and accuracy of students'
memorization increased significantly, especially in
multi-step processes such as DNA replication.

Systematic and causal thinking developed:
Tasks based on the “if-then” principle helped
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students analyze each step of the process, connect it
to other steps, and understand the logical sequence
within the process.

Students' activity in <class has increased:
Filling in block diagrams, determining the sequence of
processes, and performing algorithmic exercises
made the lesson interactive and dynamic. As a result,
students began to independently analyze processes
and their interest in the subject increased.

CONCLUSION

The results of this study show that teaching complex
biochemical processes based on simplified algorithms
has a significant positive impact on the quality of
students' mastery of the subject. The algorithmic
approach allows each process to be described step-
by-step, in a logical sequence based on the "if-then"
principle. This creates conditions for students to
perceive complex reactions in a simple,
understandable and coherent form.

As a result of the pilot lessons conducted, the
following changes were observed:

e Students were able to understand the essence of
complex biochemical processes faster and more
clearly.

¢ The ability to remember the sequence of reactions
has significantly improved.

e The skills of systematic thinking, the ability to
distinguish cause-and-effect relationships, and the
logical analysis of processes have been strengthened.

e Lessons have become interactive,
student activity and interest in knowledge.

increasing

The algorithmic approach also proved to be an
effective method for reinforcing complex topics
through visual representations, flowcharts, and
interactive tasks. This method helped students not
only memorize complex processes, but also
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understand them logically and apply them in practical
situations. In general, it was found that teaching
biochemical processes using simplified algorithms is
an important pedagogical tool for making the
educational process systematic, effective, and
interesting for the student.
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