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Abstract. The aim of the study was to evaluate the effectiveness of the
Kaizen technology, supplemented by the 5S methodology. The study utilized
a quasi-experimental design with pre- and post-testing and a control group.
The sample comprised 120 undergraduate biology teacher trainees assigned
to experimental and control groups. Data were collected using a biochemistry
achievement test, a biochemistry knowledge organization scale, and a pedagogical
readiness questionnaire. The results of the independent samples t-test showed
that the scores on knowledge formation (t = 4.87, p < 0.001), conceptual
understanding (t = 5.21, p < 0.001), and pedagogical readiness (t = 6.34, p <
0.001) were statistically significantly higher in the experimental group compared
to the control group. The findings suggest that incremental learning, continuous
feedback, reflective practice, and systemic organization are key strategies for
promoting the development of cognitive and professional competencies of future
biology teachers. The scientific value of this study lies in its substantiation of
the effectiveness of integrating Kaizen technology and 5S methodology into the
training of future biology teachers, thereby expanding existing approaches to
organizing biochemistry education. The practical significance of this work lies
in the potential use of the proposed learning model in developing educational
programs, improving biochemistry teaching, and enhancing the professional
development of future teachers.

Keywords: continuous improvement, education, methodology of 5S, Kaizen
technology, biochemistry education, biology teacher education, biochemical
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Introduction

The recent explosion of biological sciences has created the need to have
well trained biology teachers who could explain complex molecular processes in
coherent teachable forms.

Biochemistry is an enabling course of study that connects biological
processes and molecular structures. Nonetheless, it remained the most problematic
in the life of biology students as it is based on abstract concepts, symbolic
representations, and a great number of terms.
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Traditional approaches to teaching biochemistry follow the formula
of putting much emphasis on the lectures and memorizing, which results in
disjointed knowledge and absence of conceptual synthesis. The outcome of
this disintegrated knowledge, in the case of future biology teachers, is a lack
of translation of biochemical knowledge into the classroom. Consequently, the
demand to introduce new instructional technologies that enable a systematic
learning process and continuous improvement is growing. Kaizen technology,
which was first implemented as a component of quality management systems,
is concerned with incremental change via systematic process and introspection.
Its adaptation to the teaching situations offers a promising approach to the issues
of biochemistry education, both intellectual and pedagogical. The paper will
explain the possibilities of applying Kaizen technology to create a biochemical
knowledge system among future instructors of biology. Nevertheless, regardless
of increased attention to the use of continuous improvement methods, empirical
studies of how Kaizen and 5S practices are implemented in biochemistry teacher
education in a systematic way are missing.

This research paper poses this gap by examining how the practice of the
instruction of biochemistry teachers based on the concept of Kaizen can be useful.
This research paper will explore the efficacy of the Kaizen technology supported
by the 5S method in the development of the biochemical knowledge in future
biology teachers

The study focuses on undergraduate students studying a biology teacher
education course and analyzes the outcome of a course based on the use of Kaizen
vs. one based on lectures. This study therefore examines the effectiveness of
Kaizen technology supported by the 5S methodology in developing biochemical
knowledge, conceptual understanding, and pedagogical readiness among future
biology teachers.

Literature Review

Biochemistry Education Challenges

The field of bio chemistry is generally referred to as one of the most
intellectually demanding areas of the biological sciences, primarily due to its
emphasis about explanations in terms of molecules and complicated chemical
reactions that cannot be directly visualized.

It is a topic that requires students to integrate knowledge in chemistry,
biology, and physics at a time, a very heavy cognitive load to students, particularly
those students who do the subject as part of teacher education programs [1]. The
major problem in biochemistry instruction is that the subject is mostly taught
at an abstract level of understanding of the molecules in the form of structural
formulas, reaction mechanisms, and symbolic representations, which at times
do not directly relate to other biological knowledge previously held by students
[2,3].

Previous research has indicated that a number of students always have
difficulties in making pertinent links between the biochemical processes and the
macroscopic biological processes including metabolism, physiological regulation,
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and cellular activities. Consequently, students often memorize isolated facts,
enzymes, and pathways, lacking conceptual coherence.

This piecemeal approach to learning prevents the development of
systematic knowledge of biochemistry and adversely affects the transfer of
knowledge to real-life biological situations [4]. Biochemical content is dynamic
and hierarchical, which is yet another major challenge.

Basic principles, including enzyme kinetics, metabolism, energy conversion,
etc., require students to learn about cause-and-effect relationships and feedback
at various levels within biological organization. In the absence of an organized
instructional system, students tend to ignore these forms of interrelationships and
end up developing false notions and shallow learning experiences.

The rapid pace of teaching biochemistry subjects, as per tradition, adds to
these challenges, and little time is available to reflect on the material, consolidate
it, and improve it over time [5]. Besides that, the teaching of biochemistry often
relies on lecture-based approaches that emphasize content development rather
than conceptual understanding. Such approaches have been said to be insufficient
in addressing the diverse academic needs of the students and that in most instances,
they ignore the advanced learning capacities of students such as the capacity to
analyze, synthesize, and apply.

These problems are vital to the future biology educators whose conceptual
knowledge of the subject fails to help them to present more intricate biochemical
concepts or distinguish what they are teaching students in secondary grades [6].
Moreover, the exams in biochemistry classes are usually oriented towards the
assessment by recall, which encourages superficial learning instead of conceptual
learning. The culture of assessment was also limiting long-term retention and
discouraged consideration of the learning practices.

Consequently, students are able to undertake biochemistry courses without
confidence and good pedagogical preparation [7]. Taken altogether, these issues
make one conclude that innovative teaching techniques need to be created that
will reduce the cognitive load, enrich the conceptual integration, and add to the
continuous knowledge development.

Systematic Knowledge Formation in Teacher Education

One of the main points that have been emphasized throughout the existing
literature on teacher education is the fact that systematic knowledge building is
the necessary tool to prepare future educators with effective professional delivery.

Systematic knowledge, unlike fragmented or procedural learning, is an
organization and interrelationship of concepts by which teachers can master
subject matter on a profound level, flexibly use that knowledge and be able to
explain it to learners. It is also important that the skills of the ability to systematize
and synthesize complex scientific knowledge will be particularly important to
future biology teachers as this has a direct effect on the quality of teaching and
student performance [8].

The structured knowledge systems help the teachers to see the relationship
among concepts; the teachers identify the underlying principles and devise
consistent descriptions of the relationship between the theoretical knowledge
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and classroom practices. According to research in science education, pre-service
teachers with good conceptual frameworks are better placed to predict student
misconceptions, choose suitable instructional methods, and adapt content to
different learning contexts [9].

The structured knowledge systems help the teachers to see the relationship
among concepts; the teachers identify the underlying principles and devise
consistent descriptions of the relationship between the theoretical knowledge
and classroom practices. According to research in science education, pre-service
teachers in good conceptual framework are better placed to predict student
misconceptions, choose suitable instructional methods, and make changes to
the content to suit situations where learners are involved in different learning
processes. The systematic knowledge construction consequently enables the
subject mastery and pedagogical decision making [10].

The conceptual coherence is also associated with the formation of
systematic knowledge in teacher education programs closely. Conceptual
coherence assists the teachers of the future to consider scientific knowledge not
as individual facts or subjects but. It may be particularly important in such areas
as biochemistry, where its interpretation needs an appreciation of the interactions
between molecular structures, biochemical reactions, and biology. In the absence
of this coherence, pre-service teachers might not be able to deliver the content in
a logical and meaningful way at the school level.

Additionally, systematic knowledge formation enables pedagogical transfer,
the process of converting disciplinary knowledge into teachable material. The
transfer of effective pedagogy should entail simplifying the complex, without
compromising scientific accuracy on the part of teachers. Research shows that
pre-service teachers who possess well-organized systems of knowledge are better
placed to succeed in designing teaching materials, describing abstract ideas, and
working with students in inquiry-based learning [11].

Although it is an important part, systematic knowledge formation is not
always well addressed in conventional teacher education programs that may
focus on content coverage rather than conceptual integration. Consequently,
prospective teachers might have factual knowledge but may not be able to
organize and implement it properly. It should be noted that this limitation has
been of great importance in motivating instructional methods that directly aid
the gradual development of systematic knowledge frameworks through learning,
reflection, and constant enhancement.

Pedagogical technologies, with a focus on gradual knowledge building and
systematization, are especially useful in this regard. Techniques such as Kaizen
technology that focus on constant transformations and progressive learning are near
the objectives of systematic knowledge creation in teacher training. These strategies
can be integrated into the learning of biochemistry to enhance performance of
future biology teachers in terms of subject knowledge and pedagogy.

Kaizen Technology as a Pedagogical Framework

Methodical and gradual transformations.

Kaizen was developed within the organizational and quality management
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climate, which is geared towards continuous improvement of the process. The
collective Kaizen technology is founded on minor, continuous, and controlled
incrementalism as opposed to radical or expedited transformation.

In the recent years, this philosophy has found wider application in the
education sector where it has been recognized as an effective model of enhancing
the effectiveness of learning and the quality of instruction.

Kaizen technology promotes a learner-centered concept in the learning
environment where students are actively involved in learning processes.
Instruction based on Kaizen will not turn the learners into passive receivers of
information, that is why they are expected to engage in the same process of self-
evaluation, introspection and self-reflection. The interaction will build a feeling
of ownership towards the realization of learning outcomes and leads to the
development of self-regulated learning skills which are important in terms of
academic success and professional growth throughout the lifetime.

One of the main aspects of Kaizen technology in education is its
consideration of reflective practice. Students are advised to analyze their learning
strategies, 1dentify those that need improvement, and make gradual changes to
gain knowledge. This reflection cycle aligns with current theories of learning that
emphasize metacognition in profound learning. By reflecting on and refining the
same learning material, learners can build increasingly coherent and sustainable
knowledge structures [12].

Anotheraspectof Kaizen technology isits focus onresponsibility for learning
outcomes at both the individual and collective levels. The peer interaction and
mutual accountability, facilitated by collaborative learning activities and shared
reflection processes, create a learning environment that appreciates continuous
improvement. These environments have been proven to help boost motivation,
persistence and involvement, especially in intellectually challenging subjects.
Empirical investigations in various pedagogical environments have demonstrated
that Kaizen based teaching models have a positive influence on the motivation of
students, their achievement, and their satisfaction with learning.

Learning is improved by the Kaizen technology through minimizing the
cognitive load through breaking down complex information into small learning
components and concentrating on continuous improvement that helps in sustaining
long-term involvement. This particularly applies in science education where
the students are likely to be faced with abstract and conceptually challenging
material. In teacher education, Kaizen technology can play a twofold role.

It not only enhances subject-matter learning but also serves as a model of an
instructional philosophy that teacher candidates can follow in their professional
practice. Through Kaizen-based learning, future biology educators gain an
appreciation for continuous improvement as a primary pedagogical value, which
can be applied to the organization of instruction and classroom management
practices [13].
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Application of K

The context for introducing Kaizen principles into the teaching of science is
a paradigm shift in instructional design that focuses on continuous improvement,
incremental learning, and reflective practice.

This is contrary to the traditional methods of teaching where it is focused on
the rate in which the content will be covered. On the contrary, the Kaizen-based
methods focus on small steps that can be easily followed to enable learners to
acquire knowledge that can be transferred to more complex scientific ideas. It is
particularly suitable in a gradual style in those fields where the abstract molecular
structures, intricate metabolic pathways and the multi-step reaction mechanisms
are likely to be confusing to the learners in their entire form.

It has been studied that application of the Kaizen principles in science
classes can enhance the problem-solving ability of the students. Analytical
and logical reasoning skills which are fundamental in explaining biochemical
phenomena are obtainable through the breakdown of complex tasks into small
attainable goals.

The incremental tasks challenge the students to think hard about the material
and respond accordingly to rethink their learning strategies. This is a process
of assessment, reflection and improvement that is compatible with the modern
constructivist perspectives on learning, that emphasize the active construction of
knowledge, based on experience and reflection [14].

The other significant benefit of Kaizen-based instruction in a science
classroom is that it allows learning in a group. The majority of Kaizen models
include teamwork where learners discuss problems, brainstorm and test solutions.

This implies that such collaborative activities do not only enhance
communication and teamwork skills, but also promote peer-mediated knowledge
creation so that students are able to develop more than one perspective of
complex scientific ideas. The collaborative Kaizen exercises allow learners to put
the experimental data in perspective, to simulate the biochemical processes, and
to draw conceptual maps jointly, thus allowing the learners to understand more
clearly the interactions between molecular systems.

Kaizenprinciplesalsohelpindevelopingcritical thinking and metacognition.
This is because of the loop of feedback that is inherent with the Kaizen-based
teaching method that enables learners to put to test their reasoning, uncover and
solve misconceptions, and get their conceptual structures in order.

This reflective practice improves higher order thinking skills such as
analysis, synthesis, and evaluation that is required in studying difficult subjects
such as biochemistry. It has been found out that students who are exposed to
Kaizen related work are in a better position to use them in new scenarios; a
characteristic of a high degree of learning and cognitive adaptability [15].

In addition, the systematic nature of the Kaizen assignments allows working
with complicated scientific content. When complex biochemical pathways are
broken down into smaller learning units and regular, specific feedback is provided,
Kaizen-based instruction reduces cognitive overload without decreasing student
motivation and persistence.
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This is the opposite of the classical lecture-based models, in which abstract
content often leads to shallow learning and lower retention due to rapid delivery.
The practice of Kaizen, as applied to biology, can be helpful for future teachers
in the field. It not only enhances their command of biochemistry but also serves
as a model of effective teaching methods that they can subsequently use in their
classes.

Through a structured, incremental, and reflective learning process, pre-
service teachers appreciate the value of evidence-based pedagogical methods
that enhance deep learning, problem-solving, and critical thinking among future
learners.

In sum, the relevance of the Kaizen principles in science education
provides an overall understanding of the complete approach to the cognitive and
pedagogical issues of a complex discipline like biochemistry.

The conceptual knowledge, critical thinking and professional readiness can
be cultivated using kaizen-based teaching, ongoing feedback, designing tasks in
small increments, and reflection, which are encouraged through teamwork. It is
an invaluable training technique of future teachers of biology.

Educational Adaptation of the 55 Methodology

Although the 5S methodology was originally used in industrial and
organizational leadership to facilitate effectiveness in workplaces, its application
in learning institutions has proved to be successful in aspects like promoting
learning, organizational performance, discipline and knowledge memory. The 5S
model, which comprises of “Sort”, “Set in Order”, “Shine”, “Standardize” and
“Sustain”, is a guide in systematizing learning content and materials and in the
encouragement of disciplined learning behaviors, in the learning of cognitively
challenging subjects such as biochemistry.

The “sorting” phase focuses on prioritization of the useful material in
learning and elimination of unwanted content which ensures that students do
not feel overwhelmed with the process of learning, but rather concentrate on
the essential concepts in biochemistry. Although the study [7] and [13] reveal
enhanced conceptual clarity, it does not include the effect of the same on long-
term competence in knowledge retention or pedagogical preparedness, which
reveals a gap that the current research intends to cover.

The second one is the “set in order” stage that deals with the rational
arrangement of learning resources and learning activities. To illustrate, in the
instruction in biochemistry, basic ideas like molecular structures, the kinetics
of enzymes and metabolic pathways can be introduced in a gradual manner to
enable slow comprehension. Such a methodology makes sure that each new idea
is based on the previous knowledge and enhances the short-term and long-term
memory.

The third component is “shine”, as it aims at establishing a clean, well-
organized, and distraction-free learning environment. This can be in the form of
physical and electronic classroom set-ups, well-marked laboratory material, well
organized lecture notes and the systematized computer-based learning. Alongside
the strengthening of concentration and attention, the stage of the “Shine” gives
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the learners a chance to rehearse and take a reflection on what they have learnt,
and it solidifies the learning process by periodically polishing knowledge.

The fourth, “standardize” involves coming up with routines, procedure and
learning practices that may be used throughout the teaching sessions. The reason
is that in teaching education, standardization is employed to make sure that
upcoming biology educators embrace ideal practices in personal learning and
classroom management. Following the routines of the studies, task sequences,
and reflection, learners develop a range of habits that facilitate the improved
organization of the knowledge, its understanding and applying the concepts in
the teaching context.

Finally, “sustain” is aimed at sustaining and enhancing the learning system.
This, in relation to biochemistry teaching, would entail a continuous evaluation
of the conceptual knowledge, regular practice and continuous learning strategy
enhancement. The retention of 5S approach would incorporate systematic
learning habits, which would foster the capacity to self-regulate, be disciplined,
and make an individual a lifelong learner among the future biology teachers.

Empirical studies have demonstrated that the 5S approach when applied
in education can result in the measurable learning outcomes. Students are more
engaged and their knowledge is better and better organized and conceptually
retained. The 5S method supplements incremental learning, constant feedback,
and reflective practice and when applied together with instructional technologies
like Kaizen, offers a complete way of effective science education [8, 10].

Although both studies [8] and [10] prove that the 5S approach positively
influences the involvement of learners, the knowledge organization, and retention
of concepts, study [10] incorporates Kaizen as a method to provide a holistic
approach. The two studies, nevertheless, concentrate on short-term quantitative
results and fail to analyze long-term results and pedagogical preparedness, which
is why the current research is necessary.

The 5S framework is able to promote the cognitive and pedagogical
readiness, i.e., creating clarity, discipline, and constant improvement, and the
ultimate goal being the systematic construction of knowledge that is part of the
teacher education program.

Research Questions

1. What is the effect of Kaizen technology in developing a systematic body
of biochemical knowledge in future biology teachers?

2. How does the conceptual knowledge of biochemistry in students change
after teaching under Kaizen-based instruction?

3. How far do Kaizen principles and the 5S methodology offer pedagogical
preparedness in the teaching of biochemistry?

Theoretical Justification of the Hypotheses

The proposed hypotheses are developed on theoretical grounds of
constructivist learning theory and uninterrupted improvement models primarily,
Kaizen and 58S approach. The constructivist learning theory focuses on the idea
that knowledge is created and conceptual cognition builds up through active
interaction, contemplation, and organized learning settings.
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In this view, systematic organization, learner involvement, and repetitive
feedback instructional strategies, like those used in Kaizen based instruction,
would be likely to affect the process of biochemical knowledge building and
conceptual learning among students. Moreover, continuous improvement models
theorize teaching as a dynamic process whereby minor advancements contribute
to making instruction more efficient and professionally ready.

Theoretical connection of the introduction of Kaizen principles and the 5S
methodology into the teacher education contexts, in its turn, is associated with the
positive changes in the pedagogical preparedness in terms of reflective practice,
process optimization, and instructional coherence. These theoretical assumptions,
therefore, lead to logical derivation of hypotheses that can be empirically tested
as part of the proposed research.

Hypotheses

* Hoi: The biochemical knowledge formation in students taught by Kaizen
technology and traditional instructional techniques does not differ statistically;

* Ho: There is no significant impact of Kaizen based instruction on
conceptual knowledge of biochemistry in students;

* Hos: The implementation of the Kaizen principles and 5S methodology
does not have great impact on the pedagogical preparedness of the future biology
teacher.

Materials and methods

Research Design

A quasi-experimental pre-test—post-test control-group design was
employed to examine the effectiveness of Kaizen technology supported by the
5S methodology in biochemistry education.

The study involved two groups: an experimental group (n = 60) receiving
Kaizen-based instruction incorporating incremental learning tasks, continuous
feedback, reflective practice, and 5S-based organization of learning activities,
and a control group (n = 60) receiving conventional lecture-based instruction.
The same biochemistry content and instructional duration were maintained for
both groups, while the instructional approach differed between the experimental
and control conditions.

A pre-test was administered before the intervention to establish baseline
performance, followed by the instructional intervention and a post-test
administered under comparable conditions. Because the study was conducted
in an educational setting, [state whether intact classes were used or whether
participants were randomly allocated to the two groups.

Participants

The sample comprised 120 undergraduate students enrolled in a biology
teacher education program at a public university.

Participants were divided equally into an experimental group (n = 60)
and a control group (n = 60). The experimental group received Kaizen-based
instruction supported by the 5S methodology, whereas the control group received
conventional lecture-based instruction.
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Participants were comparable in academic level, age, prior biochemistry
knowledge, and academic performance at baseline. Participants were selected
and Eligibility required students to be enrolled in the relevant biology teacher
education/biochemistry course during the study period.

Instructional Intervention

The experimental group received biochemistry instruction based on Kaizen
principles and supported by the 5S methodology.

The intervention was conducted over few weeks and comprised instructional
sessions, with each session lasting approximately. The same biochemistry
curriculum content was taught to both groups. However, the experimental group
learned through incremental tasks, continuous feedback, reflective activities, and
systematic organization of learning materials, whereas the control group received
conventional lecture-based instruction.

In each Kaizen-based lesson, complex biochemical concepts were divided
into manageable learning units. The control group received conventional lecture-
based instruction covering the same biochemistry topics and for the same
instructional duration as the experimental group. Instruction primarily involved
teacher-led explanations, presentation of biochemical concepts, classroom
questioning, and routine learning activities.

The control group did not receive the structured Kaizen learning cycle or the
5S-based organization, reflection, and continuous-improvement procedures used
in the experimental group. Students completed the learning tasks sequentially,
received feedback on their performance, identified areas requiring improvement,
and revised their responses or learning strategies. Short reflective activities were
incorporated to encourage students to monitor their understanding and identify
subsequent learning goals.

Instruments

Information about the data and evaluation of the effectiveness of the Kaizen-
based instruction was collected with the help of three tests, i.e., Biochemistry
Achievement Test, Biochemical Knowledge Organization Scale, and Pedagogical
Readiness Questionnaire.

The Biochemistry Achievement Test was used to assess understanding of
the fundamentals of biochemistry and the ability to apply that knowledge to solve
problems. The Biochemical Knowledge Organization Scale was used to measure
the systematic organization and integration of biochemical knowledge, as well as
the extent to which learners were able to develop coherent conceptual structures.

The Pedagogical Readiness Questionnaire assessed participants’ readiness
to apply knowledge of biochemical principles to effective teaching practice.
The subject-matter experts had previously tested the instruments in terms of
content relevance and the instruments had acceptable reliability coefficients that
guaranteed the validity and consistency of data obtained.

Ethical Considerations

The study received ethical approval from the institutional review board.
Before participation, all students were informed about the purpose, procedures,
and potential risks of the study and provided informed consent.
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Participation was voluntary, and participants were informed of their right
to withdraw from the study at any time without academic penalty. All collected
data were treated confidentially, and identifying information was not disclosed in
the reporting of the findings.

Results

Hoi: The difference in the biochemical knowledge formation between the
students who are taught by using Kaizen technology and those taught by the use
of traditional instructional technology does not differ significantly. As it can be
seen in Table 1, the difference between the two groups is statistically significant
(t(118) =4.87, p < 0.001), as experimental group has shown significantly higher
levels of acquisition of biochemical knowledge as compared to the control group.

Table 1. Independent-samples t-test for biochemical knowledge formation

Group N Mean SD t P
Experimental 60 78.45 6.32 4.87 0.0001*
Control 60 70.12 7.15
Note. p <0.05

This observation reveals that those learners who attended the Kaizen-
based teaching gained coherent and more well-structured conceptualizations of
biochemical concepts than did learners who attended traditional lecture-based
teaching methods.

Consequently, Hypothesis Hoi is rejected, providing empirical support
for the effectiveness of the Kaizen methodology in facilitating the structured
formation of biochemical knowledge among pre-service biology teachers. These
tendencies are visually summarized in Figure 1.
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Figure 1 - Research design of the quasi-experimental study using Kaizen-based
instruction and the 5S methodology
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Interpretation:

The significant improvement in the experimental group indicates that
incremental learning, structured tasks, and regular feedback are the main
characteristics of Kaizen technology, which facilitate a deeper understanding of
the goal, more effective incorporation of concepts, and improved retention of
biochemistry knowledge.

This is consistent with the available literature that holds that cognitive
organization and academic performance in advanced fields of science would be
enhanced through systematic and reflective instructional approaches.

Hoz2: There is no significant difference between the conceptual understanding
of biochemistry in students taught using Kaizen.

An independent-samples t-test was conducted to evaluate how Kaizen-
based teaching-based instruction influences the conceptual knowledge students
have of biochemistry and the results are summarized in Table 2.

Table 2. Independent-samples t-test for conceptual understanding of

biochemistry
Group N Mean SD t p
Experimental 60 4.12 0.48 5.21 0.0001*
Control 60 3.45 0.52
Note. p <0.05

The results indicate that the two groups are not statistically similar
(t(118)=5.21,p <0.001), and the experimental one possesses a better conceptual
understanding of biochemical principles.

Based on this, Ho2 is rejected, meaning that the conceptual learning on
biochemistry among students is positively influenced by Kaizen-based teaching

(Figure 2).
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Figure 2 - Model of Kaizen-based instructional intervention in biochemistry

teacher education
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Interpretation:

The results indicate that deep learning and cognitive integration can be
supplemented by the structured, step-by-step, and reflective learning environment
that Kaizen technology creates.

The students in the experimental group had more opportunities to relate
abstract biochemical ideas to the underlying biological phenomena, which
supports the idea that Kaizen-based strategies encourage meaningful conceptual
learning rather than rote learning.

Hos: There is no statistically significant impact of implementation of
Kaizen and the 5S methodology on pedagogical preparedness of future biology
educators.

Independent-samples t-test was used to evaluate the effect of the Kaizen
principles and the 5S methodology on pedagogical preparedness and the following
results were obtained and displayed in Table 3.

Table 3. Independent-samples t-test for pedagogical readiness

Group N Mean SD t p
Experimental 60 85.36 5.12 6.34 0.0001*
Control 60 76.48 6.08
Note. p <0.05

The results reveal that the statistical significance between the two groups
is significant (t(118) = 6.34, p < 0.001), which means that participants in the
Kaizen + 5S group were more pedagogical prepared.

Consequently, Hos is refuted, indicating that the combination of Kaizen
principles and the 5S methodology has a positive effect on the readiness of future
biology educators to teach biochemistry efficiently (Figure 3).
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Figure 3 - Conceptual framework of systematic biochemical knowledge
formation and pedagogical readiness based on Kaizen and 5S principles
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Interpretation:

The results indicate that an incremental learning approach based on Kaizen
and 5S organizational strategies improves the organization of instruction, the
order of content, and classroom preparedness.

Educators of biology in the future who have been exposed to this strategy
are better placed to organize lessons, teach complex biochemical topics clearly,
and engage in reflective practice in teaching.

This substantiates the fact that the development of pedagogical competence
in teacher education programs requires constant advancement and systematic
organization.

Discussion

The current research examined how applying Kaizen technology, using
the 5S approach, can be used to develop a systematic view of biochemical,
conceptual, and pedagogical preparedness among future teachers in the field of
biology.

The findings indicate that the application of Kaizen-based learning has
a significant effect on each of the three aspects of learning, which proves the
applicability of the concepts of continuous improvement in teacher education.
The first hypothesis involved the levels of biochemical knowledge development
in response to the teaching that is based on Kaizen.

The results demonstrated that mean scores in the post-test in the
experimental group were by far greater as compared to the control group, and
that systematic, incremental learning was practical in fostering the systematic
generation of knowledge.

These findings agree with the research on the importance of structured
knowledge base in science education, particularly in cognitive demanding science
such as biochemistry. Kaizen technology assists the efficient internalization of
concepts; biochemistry concepts, by decomposing the concepts, giving feedback,
creating concept connectivity, and urging the students to internalize the concepts.

Hypothesis number two was used to test the effectiveness of the Kaizen
teaching on the concept grasp of biochemistry by the students. The experimental
group proved to be superior to the rest, i.e. incremental task design, reflective
practice, and continuous feedback are beneficial in the deep learning as opposed
to the superficial memorizing.

This observation agrees with other researchers who have demonstrated that
pedagogical approaches, which are Kaizen-driven, are effective in developing greater
cognitive ability, critical thinking, and knowledge transfer. When applied to teacher
education, deeper conceptual understanding would allow future professionals in the
field of biology education to explain abstract biochemical phenomena to students in
a simple, coherent and pedagogically meaningful manner.

The third hypothesis studied the effect of the Kaizen and 5S principles on
pedagogical preparedness. The results showed that the experimental group was
significantly equipped to teach biochemistry, design lesson material and apply
reflective pedagogical strategies.
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This confirms that the 5S methodology which is a structured organizational
approach enhances learning discipline, clarity of content and retention of
knowledge. These strategies are in accordance with the philosophy of continuous
improvement based on the philosophy of Kaizen, and it is responsible to learn the
principles of biochemical concepts and also acquire the tricks of teaching which
are vital to the professional development of upcoming teachers.

Taken together, the research shows that the combination of Kaizen
principles, incremental tasks, and systematic organizational approaches in teacher
education programs produces a whole-person approach to learning. This kind of
environment can reduce cognitive problems, facilitate conceptual coherence, and
enhance pedagogical competence.

These results support the need to abandon the traditional lecture-based
approach to teaching and adopt more active, structured, and reflective learning
methods. In addition, the findings have practical implications for science
teacher education. Kaizen-based teaching methods should be introduced into
biochemistry courses, as they can help students be more motivated, engaged, and
confident, and lead them to model those methods in their future classrooms.

Teacher education programs can equip future biology teachers to approach
complex content and support their students’ learning outcomes by developing
habits of continuous improvement, reflective practice, and systematic knowledge
organization. Finally, the paper contributes to the research on the innovative
pedagogical models of teaching science by showing the possibility of enhancing
the cognitive and professional outcomes by use of Kaizen technology and the 5S
method.

The findings underscore the value of applying a learning strategy which
incorporates incremental learning, the use of reflective feedback and systematic
organization in developing a well prepared conceptually and pedagogically
competent biology teacher by curriculum developers and instructors.

Conclusion

This research gives extensive support that the instruction based on Kaizen
and incorporating incremental tasks, ongoing feedback, self-reflection, and the 5S
approach has a powerful effect on improving biochemical knowledge, conceptual
understanding, and pedagogical preparedness in the future biology educators.

The reflective and systematic approach of Kaizen and the systematic
arrangement with the use of 5S approach makes learners actively build their
knowledge, create coherent conceptual frameworks, and implement their learning
in pedagogical settings.

Theoretical contributions. The results expand on the constructivist theory of
learning and models of continuous improvement by showing that the combination
of structured, progressive, and reflective models of instruction is beneficial to
deeper learning and professional readiness in teacher training.

The study demonstrates the potential of the combination of process-oriented
instructional design with active learning strategies to promote cognitive complexity
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and conceptual integration that can be effectively used by future studies on science
education as a solid theoretical foundation.

Practical implications. Adding to the teacher training programs with the
Kaizen and 58S principles is a systematic, evidence-based method of professional
development. Teachers who have been trained according to this model are able
to convert the complicated biochemical concepts into pedagogically viable and
approachable classroom teaching.

Moreover, the given method promotes the culture of continuous improvement,
reflective practice, and gradual acquisition of skills and, thus, improves the overall
quality of teaching and learning in pre-service education.

Future research directions. Future studies ought to examine the long-
term consequences of Kaizen-based instruction in various scientific fields and
learning environments, determine how it can be extended and modified to various
institutional contexts, and determine the relationship with other components of
teacher competencies, such as instructional creativity, classroom management, and
student engagement.

Additional studies could also be done to compare the efficiency of the
Kaizen-based methods to other active learning and improvement frameworks to
develop the best practices in pre-service teacher education.
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KAHMJI3EH KOHE 58 9JJICTEMEJIEPI: BOJTAIIIAK BUOJIOT S
MYTAJUIMJAEPIHIH BUOXUMMUAJIBIK BIJIIMI MEH
HNEJATOTMKAJBIK JAUBIHIBIFBIHA DCEPI
*MbpiktbiOexoBa bL.K.!, XKymarynosa K.A.2, Qurens U.3
*12 AGaii arbiHarbl Kasak YITTBIK IM€AaroruKaiblK YHHBEPCHTETI
Anmarsl, Kazakcran
3AaxeH KoJaHOaIbl FEUTBIMAAP YHUBEPCUTETIHIH JKaCYIIAIbIK
uHxeHepus Oenimi, KOnux, ['epmanus

Anaarna. 3epTTeylaiH MakcaTtbl 5S OIICHaMachIMEH TOJBIKTHIPhUIFaH
KaiinzeH TexXHOJOrMACHIHBIH THIMAUINIH Oaranay Ooijbl. 3eprreyae ajjblH
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aja >KoHE KeHIHI1 TecTuley jkKoHe Oakpliaay TOOBI 0ap KBa3WIKCIEPUMEHTaJIbl
IU3aiiH KOJNJaHBUIABL. [piKTeMe SKCIEpUMEHTTIK *oHe Oakpliay TONTapblHA
taraiibiHaanrad 120 Onosorus noHiHIH MyFalliMi, 0akajgaBpHUaT CTYIEHTTEPIHEH
Typael. Jlepektep OMOXMMHS IKETICTIKTEpIH TEKCepy, OMOXuMHUs OUTIMIH
YHBIMJIACTBIPY LIKAJIACHI )KOHE IIe1arOrMKabIK JaibIHBIK cayaJTHaMachl apKbLIbl
AKuHaIbl. Toyenci3 yaruiepid t-TeCTiHIH HOTHXKeNepl OUTIMAlL KalblITacTbipy
(t = 4,87, p < 0,001), tyxbipeiMaaManslk Tyciny (t = 5,21, p < 0,001) xone
MeJaroruKaiblk AanbHABIK (t = 6,34, p < 0,001) OoiipiHIIA OayTIapIbIH
SKCHEPUMEHTTIK TonTa Oakplaay TOOBIMEH CajbICThIpFaH/la CTATHCTUKAJIBIK
TYPFBIJaH alTapibIKTal )KOFapbl EKEHIH KOPCETTI. 3epTTey HITHXKeepl Ooamak
Ouonorusi MyFajdiMAEpIHIH KOTHUTHUBTIK MOHE KOCciOM KY3BIPETTUIIKTEPIH
JaMBITYFa BIKIAJI €TeTIH HEer13r1 cTpaTerusiiap 00bIN TaObUIaThIHBIH KOPCETE 1.
byn 3eprreyniH FBUIBIMH KYHJBUIBIFBI Oojamiak OHONOrHs MyFaliMIepiH
nasipiayra KaiiazeH TeXHOJIOTHACH MEH 5S 9/iCHAMAaChIH €HT13YyA1H THIMILTITIH
Heri3zaeyiHjie, ocbulaiia OMOXUMUS OUTIMIH YHBIMIACTBIPY/IbIH KOJIJAHBICTAFbI
TOCUIIEPIH KEHENUTYIH e JKaThIp. Bysl )KYMBICTBIH MPAaKTUKAJIBIK MAHbBI3bLIBIFbI
YCHIHBUIFAH OKBITY MOJCTIH OumiM Oepy OarmapiamManapblH — d3ipieyne,
OMOXMMHUSHBI OKBITYIbl JKETULNIPYZE >XKoHE Oojaliak MyFaaiMAepAiH KaciOu
JaMYbIH apTThIpy/a NaiiagaHy MYMKIHIIT1H]IE JKaThIp.

Tipek ce3gep: y3mikci3 keTuiaipy, Outrim Oepy, S5S omicHaMachl,
Kaiinzen TtexHonorusicel, OuOXuUMHsSI OUIIMI, OHOJOTHS  MyFaliMIEpiH
nasipiiay, OMOXMMHUSUIBIK OLTIMII KaJbIITACTHIPY, NMEAaroTUKAIBIK JTalbIHIBIK,
TYKbIPbIMIAMAJIbIK TYCIHY, PEQIEKCUBTI TIXKIpHOe

METO/bI KAIZEN U 5S: UX BJIUAHUE HA BUOXUMHNYECKHUE
3HAHUA U NEJATOTUYECKYIO TOTOBHOCTD BYAYIHIUX
YUYUTEJIEX BUOJIOTUH
*MbpiktbiOekoBa bl.K.!, XKymarymnosa K.A.2, Qurens U.3
*12Kazaxckuil HaroHanbHbIM 1IeJarornieckuii yHUBEpCUTEeT MMEHH Abast,
Anmarel, Kazaxcran
*YHHUBEpCUTET NMPUKIIAAHBIX HayK AxeHa, FOnux, [epmanus

AnHotrauusi. llenpio wuccnenoBanusi Obuia oneHka 3((EKTUBHOCTU
texHonorun KakaszeH, HOMOIHEHHOH Meromonorueii 5S. B wucciegoBanuu
HCIIONIb30BAJICSI  KBA3UAKCIIEPUMEHTANBHBIM JM3alilH € MpeIBapUTEIbHBIM U
MOCJIEYIOIUM TECTUPOBAHUEM, a TaK)K€ KOHTpOJibHas rpymnmna. B BeiOOpky
o 120 cTyAeHTOB-IENAaroroB, OOy4aroIIKUXCs 10 IporpaMme MOATOTOBKU
yuutenel Ouoyoruu, KOTOopble ObUIM paclpeiesieHbl B 3KCIEPUMEHTAIbHYIO
U KOHTPOJbHYIO Tpymmbl. [laHHBbIe OBLIM COOpaHbl C IMOMOIIBIO TECTa Ha
yCHEeBAEMOCTh 110 OMOXMMMHM, IIKaJbl OPraHMW3alMU 3HAHUI 1O OMOXMMUU U
AHKETBI [1€JJarOrn4eCKOi TOTOBHOCTHU. Pe3ynbrarsl t-kpuTepus 1)1 HE3aBUCUMBIX
BBIOOPOK TTOKa3aJIn, 4TO 0asuisl o hopmupoBanuio 3Hanuu (t = 4,87, p <0,001),
KOHIIenTyallbHOMY oHnManuio (t=5,21,p<0,001) unegarornueckoi rOTOBHOCTH
(t=6,34,p <0,001) ObLTTH CTATUCTUYECKHU 3HAYUMO BBIIIE B AKCTICPUMEHTATHHOM
IpyIIle MO0 CPAaBHEHWIO C KOHTPOJIBHOM rpymnmoi. [lomydeHHble pe3ynbTrarbl
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CBUJETENBCTBYIOT O TOM, YTO IOATAlHOE O0yueHue, HempepblBHAs oOpaTHas
CBS13b, pe(prieKCUBHAs TPAKTHKA U CHCTEMHAs OpraHu3alus sIBJISIOTCS KJIOUEBBIMU
CTpaTerusMM JJIsl COACHCTBUS Pa3BUTUIO KOTHUTUBHBIX U MPOQPECCUOHATBHBIX
KOMIIETEHIMH Oyayumx yuurteneil Ouonornu. HayyHass 1I€HHOCTb JaHHOTO
HCCIIEIOBAHMSI 3aKJIIOYACTCSl B MOATBEPKACHUH 3((HEKTUBHOCTU HHTETPALUU
texHonorun Kaiazen m metomonoruud 5SS B MOATOTOBKY OyIyIIMX yduTeIeH
OMOJIOrMM, YTO pacIIUpsieT CYIIECTBYIOUIME IOAXOAbl K OpraHu3aluu
oOyuenust Omoxumuu. IlpakTnueckas 3HAUMMOCTH JTAHHOW PAaOOTHI COCTOUT
B IOTEHUHUAJIbHOM HCIIOJIb30BAHUU MPEAJIOKEHHOW MoAenu OO0ydeHus s
pa3paboTKu 00pa30BaTEIBHBIX MPOTPAMM, YIYUIIICHUS MPETIOIaBaHUs OMOXUMUHN
Y TIOBBILIEHUSI KBATU(PUKAIMK OyIyIIUX YIUTEIeH.

KuroueBble ciioBa: HenpepbIBHOE COBEPIICHCTBOBAaHKE, OOpa3oBaHUE,
Meronosiorusi 5SS, Texnosmorus Kaiinzen, OuoxumMmudeckoe oOpa3oBaHUE,
MOJrOTOBKA yuMTenaell Ouosnoruu, (HopMHUpOBaHHE OMOXMMHYECKUX 3HAHUM,
[eJaroruyeckasl rOTOBHOCTb, KOHIENTyaJlbHOE IOHUMaHUE, peQueKCUBHas
MpaKTHKa
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