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ABSTRACT

This study aims to develop and theoretically support an adaptive model for teaching biochemistry in pedagogical 
universities based on Kaizen and the Plan, Do, Check, and Act (PDCA) continuous improvement cycle, as well 
as to analyse its adaptability to Kazakhstan’s teacher education system by comparing it to international educa-
tional practices. Mixed-methods educational Research and Development was used in the project. Theoretical 
modelling, pedagogical design, document analysis, a qualitative comparative study of  Japan, South Korea, and 
Singapore, and design-based research were used. Kaizen diaries, reflective student reports, and teacher obser-
vation procedures collected qualitative data, while descriptive statistics of  students’ learning performance and 
progress dynamics throughout PDCA cycles included quantitative data. The study created a theoretical model of  
an adaptive biochemistry course using the PDCA stages to plan didactic material, conduct classes with self-con-
trol, reflect on learning outcomes, and adjust content. Individualised educational paths, weekly student progress 
diaries (“Kaizen journals”), knowledge microchecking, and pedagogical time management were major model 
components. We proposed using interdisciplinary aspects, such as the Fibonacci sequence, to explain protein mol-
ecule spatial arrangement, merging biochemistry with arithmetic. Students were given unique autonomous work 
activities to build modelling, spatial and logical analysis skills. International practices for implementing Kaizen 
in higher education in Japan, Singapore, and South Korea were analysed to find effective approaches, gamified 
monitoring tools, mobile applications, and Lean Six Sigma integration for Kazakhstan teacher education.
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INTRODUCTION

The modernisation of  science educati-
on is closely connected to the global agenda for 
sustainable development, particularly Sustainab-
le Development Goal 4, which emphasises in-
clusive and equitable access to lifelong learning 
opportunities (The Global Goals, 2025). In this 
context, the preparation of  future science teach-
ers is critical for ensuring the dissemination of  

scientific knowledge and sustainable practices. 
According to UNESCO, only 39 % of  tertiary 
education systems worldwide have introduced 
continuous improvement mechanisms in teacher 
training programs, which reflects an urgent need 
to develop adaptive models that can respond to 
the evolving challenges of  modern science and 
technology (UNESCO, 2023). Therefore, impro-
ving the methods of  teaching biochemistry in pe-
dagogical universities directly contributes to the 
achievement of  SDG 4 by enhancing professional 
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competencies and fostering innovation and envi-
ronmental awareness in future educators.

The urgency of  this research stems from a 
recognised discrepancy between rapidly advan-
cing scientific knowledge and the static nature 
of  many educational programs. Data from the 
OECD indicate that less than half  of  science gra-
duates demonstrate sufficient problem-solving 
and reflective learning skills required for modern 
classrooms (OECD, 2022). This reveals the first 
research problem: the mismatch between the dy-
namic development of  biochemical science and 
the limited adaptability of  existing pedagogical 
approaches to teaching biochemistry in teacher 
education programs. Traditional instructional 
models insufficiently support continuous feed-
back, learner reflection, and systematic improve-
ment of  learning outcomes.

In response to this challenge, contempo-
rary educational research increasingly turns to 
continuous improvement frameworks. One such 
framework is Kaizen, a Japanese philosophy of  
gradual, systematic enhancement based on feed-
back, reflection, and collective responsibility. The 
Kaizen approach, originally applied in industrial 
management, has recently gained recognition in 
education as a mechanism for promoting active 
learning, critical thinking, and sustainable profes-
sional growth (Akhitova, 2023; Ufua et al., 2024). 
However, this framework raises a second research 
problem: while Kaizen principles are widely dis-
cussed at a conceptual or managerial level, their 
pedagogical operationalisation within specific 
scientific disciplines remains insufficiently deve-
loped.

Preliminary studies in different educatio-
nal contexts demonstrate the potential of  Kaizen 
to transform learning processes. The application 
of  Kaizen methodologies in the formulation of  
pedagogical strategies for engineering students 
addressed the challenges posed by Industry 4.0, 
while the adoption of  continuous improvement 
facilitated the acquisition of  essential practical 
skills for teacher education, especially in intricate 
fields like biochemistry (Hasan et al., 2020). This 
method enabled the development of  critical thin-
king and teamwork skills, making learning more 
adaptive. The study also emphasised interactions 
between students during the learning process. 
Innovative methods of  teaching chemistry to 
students at pedagogical universities highlighted 
the role of  new approaches, where the introduc-
tion of  Kaizen improved teaching methods and 
fostered the growth of  professional competence. 
Emphasis was placed on the practical orienta-
tion of  learning and the active engagement of  

students in creating an educational environment. 
The gradual analysis and improvement of  teach-
ing practices improved the quality of  learning. 
The development of  professional competence 
among future chemistry teachers through digital 
technologies reflected the concepts of  continuous 
improvement inherent in Kaizen, as digital tools 
provided an opportunity to flexibly adapt the 
learning process to the individual needs of  stu-
dents (Svyrydiuk et al., 2022; Umarova, 2024). 
Nevertheless, most of  these studies focus on ge-
neral pedagogical effects, leaving unresolved a 
third research problem: the lack of  empirical and 
methodological evidence on how Kaizen affects 
discipline-specific competencies in biochemistry, 
such as biochemical reasoning, analytical accu-
racy, laboratory self-regulation, and conceptual 
understanding of  complex molecular processes.

The use of  virtual reality (VR) in teach-
ing operational management demonstrated that 
innovations require continuous adjustment and 
improvement, confirming the applicability of  
Kaizen principles across disciplines (Netland et 
al., 2020; Dolzhenko et al., 2024). The use of  VR 
significantly increased motivation and improved 
learning outcomes, while collecting feedback hel-
ped optimise learning scenarios. Training educa-
tional leaders through research activities resemb-
led the Kaizen cycle of  continuous improvement, 
as active student involvement in analysing and 
improving their learning fostered self-reflection 
and quality management skills (Luzan et al., 
2021; Alpert et al., 2023). This approach shaped 
critical thinking and adaptability in professional 
environments. The implementation of  Kaizen in 
commercial business provided valuable insights 
into achieving operational sustainability, which 
can be applied to educational contexts requiring 
adaptation and continuous improvement (Titova 
et al., 2023; Ufua et al., 2024). Attention was gi-
ven to the involvement of  all participants in imp-
rovement and the regular evaluation of  results, 
with management playing a key role in establis-
hing a culture of  continuous enhancement.

The balance between criticism for impro-
vement and criticism for emancipation in mana-
gement education added depth to understanding 
learning processes and their enhancement, con-
firming the effectiveness of  Kaizen in developing 
critical thinking among pedagogical students 
(Wallo et al., 2022). To achieve maximum effect, 
it is important to balance constructive feedback 
with encouragement for innovation and to de-
velop educational practices that are sensitive to 
the social context. The creation of  laboratories 
simulating lean manufacturing methods for post-
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graduate students demonstrated the value of  the 
practical application of  Kaizen principles, where 
practical cases stimulate motivation and profes-
sional competence relevant to the labour market 
(Jasti et al., 2021). Collaboration between humans 
and artificial intelligence in the development of  
competency-based curricula complements Kai-
zen technology through automation and rapid 
data analysis, ensuring continuous improvement 
of  the learning process (Padovano & Cardamone, 
2024). The integration of  AI thus enhances the 
adaptability of  curricula to students’ individual 
needs and supports continuous development in 
education. This points to a fourth research prob-
lem: the absence of  a systematically modelled, 
subject-specific framework that integrates conti-
nuous improvement cycles (e.g., PDCA), reflec-
tive microassessment, digital tools, and interdis-
ciplinary elements within biochemistry teacher 
training.

An analysis of  articles reveals several re-
search gaps. First, previous studies have con-
centrated predominantly on the technological or 
managerial dimensions of  Kaizen in education, 
neglecting its methodological adaptation to spe-
cific scientific subjects. Second, while Kaizen’s 
influence on student motivation has been verified 
(Hasan et al., 2020; Akhitova, 2023), there is a 
lack of  evidence for its effectiveness in enhancing 
disciplinary competencies such as biochemical 
reasoning, analytical precision, and laboratory 
self-regulation. Third, no studies to date have 
systematically modelled a cyclical framework for 
biochemistry education that integrates reflective 
micro-assessment, digital tools, and interdiscipli-
nary approaches such as mathematical modelling 
(Volodarets et al., 2022; Sulaimanova & Egam-
berdieva, 2025). The lack of  empirical and theo-
retical synthesis represents the primary research 
gap examined in this study.

This study aims to develop and theoretical-
ly substantiate an innovative model for teaching 
biochemistry in pedagogical universities based on 
the Kaizen philosophy, understood as a system 
of  continuous, incremental pedagogical impro-
vement realised through the integration of  the 
Plan–Do–Check–Act (PDCA) cycle into course 
design, instruction, and assessment. Accordingly, 
this study addresses the following research ques-
tions:

(1) How can a biochemistry course for fu-
ture biology teachers at a pedagogical university 
be designed based on Kaizen principles by struc-
turally integrating the PDCA cycle into its con-
tent and organisation?

(2) In what ways does the Kaizen-based 
biochemistry teaching model developed for 
Kazakhstan’s pedagogical universities converge 
with or differ from the Kaizen-orientated prac-
tices of  higher education institutions in Japan, 
South Korea, and Singapore?

(3)What practical recommendations can 
be formulated to guide the gradual implemen-
tation of  Kaizen-driven micro-improvement 
mechanisms in the biochemistry curriculum of  
pedagogical universities?

This research carries the potential to cor-
rect the limitations of  previous studies by pro-
viding a subject-specific adaptation of  Kaizen 
principles, empirically linking continuous imp-
rovement with measurable learning outcomes in 
biochemistry. The novelty lies in conceptualising 
Kaizen not merely as a management philosophy 
but as a sustainable pedagogical technology that 
aligns teacher training with global educational 
goals and strengthens the professional competen-
ce of  future biology teachers.

METHODS

This study employed an educational Rese-
arch and Development (R&D) methodology with 
a mixed-methods design (Ponce & Pagán-Mal-
donado, 2015). The goal of  the R&D framework 
was to develop, refine, and preliminarily evaluate 
an adaptive biochemistry course model based on 
Kaizen and the PDCA cycle for biological spe-
ciality students at the Faculty of  Natural Sciences 
and Geography of  Abai Kazakh National Peda-
gogical University (Almaty, Kazakhstan). The 
R&D strategy was chosen because it focuses on 
building an educational model (the Kaizen-based 
PDCA course) and testing and improving it.

Using mixed approaches, the three re-
search topics were answered complementarily. 
Theoretical modelling, document analysis, and 
expert reflection were used to answer Research 
Question 1: “How can a biochemistry course for 
future biology teachers in a pedagogical univer-
sity be designed on Kaizen principles by structu-
rally integrating the PDCA cycle into its content 
and organisation?”. Research Question 2 (“In 
what ways does Kazakhstan’s pedagogical uni-
versities’ Kaizen-based biochemistry teaching 
model converge with or differ from the Kaizen-
orientated practices of  higher education institu-
tions in Japan, South Korea, and Singapore?”) 
used qualitative comparative analysis of  insti-
tutional documents and published studies from 
the participating countries. Research Question 3 
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(“What practical recommendations can be for-
mulated to guide the gradual implementation of  
Kaizen-driven micro-improvement mechanisms 
in the biochemistry curriculum of  pedagogical 
universities?”) was answered by integrating qua-
litative findings with quantitative indicators of  
student learning dynamics and feedback to create 
evidence-based implementation guidelines.

The R&D process had four interrelated sta-
ges that followed standard R&D logic (analysis 
– design – development – evaluation – revision) 
and Kaizen methodology’s PDCA cycle (Plan – 
Do – Check – Act). The Kaizen idea of  continual 
micro-improvement required many development 
and evaluation cycles for each stage’s qualitative 
and quantitative procedures.

First, theoretical modelling was used to 
revise the biochemistry course structure. The 
modelling process used system analysis, pedago-
gical design, and Kaizen philosophy for higher 
education`s continuous improvement (Hervas, 
2021). The conceptual model linked PDCA as-
pects to curriculum design, instructional delivery, 
student feedback, and methodological adjust-
ment based on empirical data collected during 
the R&D process. Data on curriculum design and 
instructional delivery were obtained from course 
syllabi, lesson plans, instructional materials, and 
teacher observation protocols. Student feedback 
was gathered through weekly Kaizen journals, 
reflective essays, micro-check sheets, and short 
post-module surveys. Data-informing methodo-
logical adjustments were derived from thematic 
analysis of  student reflections, instructor field no-
tes, and descriptive statistics of  students’ learning 
performance across successive PDCA cycles. 
This stage produced visual flowcharts, schematic 
models, and written explanations of  the adaptive 
educational process’s logical framework and ans-
wered Research Question 1.

Several purpose-designed research instru-
ments were used to collect qualitative and quan-
titative data aligned with the PDCA cycle. The 
main qualitative instrument was the Kaizen 
journal, a structured weekly reflective diary in 
which students recorded learning difficulties, 
progress, time-management issues, and suggesti-
ons for micro-improvements according to PDCA 
stages. Formative assessment was supported by 
micro-check sheets containing short conceptual 
questions and self-check items administered after 
each module. Additional qualitative data were 
obtained from reflective essays, short written re-
ports, and structured teacher observation proto-
cols documenting instructional delivery, student 
engagement, and recurring learning difficulties. 

Quantitative data were collected from course as-
sessment records, including module test scores 
and laboratory performance indicators, enabling 
descriptive statistical analysis of  learning dyna-
mics across PDCA cycles.

The second stage developed and imple-
mented a Kaizen approach to teaching bioche-
mistry. Kaizen-based biochemistry course design 
and development was part of  the R&D metho-
dology.

The main research method was design-
based (Reeves, 2006), which involves iterative pe-
dagogical innovation creation, implementation, 
and assessment. The research team developed 
and piloted Kaizen journals for weekly reflecti-
ve student feedback, micro-check sheets for for-
mative assessment after each module, time ma-
nagement templates for instructional flow, and 
individualised learning routes for students with 
different learning paces within this framework. 
Field notes, teacher remarks, and Kaizen jour-
nal entries detailed how students perceived the 
new course aspects. Quantitative data comprised 
mean scores and PDCA cycle progress indica-
tors for biochemistry students. These data types 
allowed a first verification of  the model’s viabi-
lity and internal coherence to answer Research 
Question 1 and establish the basis for Research 
Question 3 suggestions.

In the third stage, the emerging Kaizen-
based biochemistry course in Kazakhstan was 
compared to innovative practices in Japan, South 
Korea, and Singapore, which use Kaizen and 
Lean principles in higher education. This phase 
focused on Research Question 2.

Data were acquired from official univer-
sity documents and course outlines, scholarly 
publications on Kaizen and Lean in higher edu-
cation, and open-access institutional reports and 
websites. The comparative technique (Cohen et 
al., 2017) and qualitative content analysis (Krip-
pendorff, 2019) identified instructional design, 
feedback, and continuous improvement patterns 
and differences. A cross-case comparison matrix 
showed how the Kazakhstani model compares to 
foreign cases and which features are transferable 
or need adaptation.

At the last stage, the theoretical model 
was integrated into the biochemistry course and 
enhanced with multidisciplinary mathematical 
tools to improve biochemical process visualisati-
on. The Fibonacci sequence modelled DNA heli-
ces, protein folding, and the physiological cycle’s 
intrinsic symmetry. Fibonacci-based tasks were 
part of  lectures, labs, and individual assignments.

To assess model efficiency during R&D, 
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qualitative and quantitative data were collected. 
Qualitative data from Kaizen journals, reflec-
tive essays, short student reports, and teacher 
observation protocols was analysed using the-
matic coding (Braun & Clarke, 2006) to identi-
fy improvement indicators like better reflection, 
self-regulation, motivation, and biochemical 
understanding. Descriptive statistics of  student 
performance indicators (mean scores, standard 
deviation, and progress per PDCA cycle) and fre-
quency analysis of  feedback log and micro-check 
themes were quantitative data.

First, qualitative data were used to explain 
and contextualise numerical changes in student 
performance (for example, to understand why 
certain topics showed greater improvement); 
second, quantitative trends were used to valida-
te and prioritise qualitatively observed micro-
improvements (for example, to determine which 
Kaizen tools most consistently increased achieve-
ment and satisfaction); third, both were integra-
ted. This study’s R&D cycle included theoretical 
model building, initial implementation, and effi-
cacy evaluation in a university instructional con-
text. Kaizen philosophy and educational R&D 
logic emphasise iterative refining over large-scale 
experiments.

Data analysis used descriptive and qualita-
tive statistics. Based on Braun and Clarke (2006), 
qualitative data from Kaizen journals, reflective 
essays, and interviews were thematically coded 
to identify improvement indicators like feedback 
integration, learning motivation, self-regulation, 
and interdisciplinary understanding. Student 
assessment and attendance descriptive statistics 
(means, standard deviations, and change over 
time) were calculated for quantitative analysis.

Both levels of  mixed approaches were in-
tegrated. The methods involved parallel collecti-
on and triangulation of  qualitative and quantita-
tive data during each PDCA cycle (Yin, 2013). 
Interpretation incorporated information from 
both strands to answer each study question and 
validate the Kaizen-based biochemistry course 
and implementation suggestions. The mixed-
methods R&D strategy allowed the Kaizen-based 
biochemistry model to be developed, tested, and 
refined while demonstrating its preliminary effi-
cacy and practicality in a pedagogical university.

RESULTS AND DISCUSSION

Before presenting each research question’s 
conclusions, we explain how evidence was ac-
quired, evaluated, and, most importantly, tracked 
across Kaizen-based biochemistry course PDCA 

cycles. For each cycle, we documented (a) the 
proposed micro-change, (b) how it was executed 
in lectures/laboratories/independent work, (c) 
the evidence used to check its effect, and (d) the 
next cycle’s adjustment.

 Data sources/cycle. Students’ “Kaizen 
journals” (weekly reflective diaries), short reflec-
tive reports on assignments (including Fibonacci-
based protein modelling tasks), end-of-module 
reflective essays, and structured teacher obser-
vation protocols after lectures and labs provided 
qualitative evidence. Each cycle yielded a compa-
rable “snapshot” of  student challenges, perceived 
tool utility (journals, microchecks, and modelling 
activities), and teacher observations of  involve-
ment and misconceptions.

Cycle-based qualitative analysis. All qua-
litative data was coded using reflexive thematic 
analysis (Braun & Clarke, 2006). Inductively 
created open codes (e.g., blunders, time pressu-
re, multidisciplinary analogies) were consolida-
ted into stable themes. After each PDCA cycle, 
new entries were reread and coded against the 
framework, theme definitions were refined only 
when recurring new patterns appeared, and ana-
lytic memos were used to record (i) what changed 
in student experience compared to the previous 
cycle and (ii) which course element likely caused 
that change.

Triangulation inside and between cycles. 
Methodological triangulation involved compa-
ring topics from Kaizen diaries, reflective reports, 
essays, and observation protocols in the same 
cycle. Perspective triangulation was done by com-
paring student reflections with teacher observa-
tions and course artefacts (lecture materials, lab 
instructions, microcheck sheets). Mixed-method 
triangulation was used to determine whether qua-
litative improvements (e.g., better error analysis) 
converged with or diverged from performance 
trends by interpreting qualitative themes alongsi-
de cycle-level quantitative indicators (assessment 
results and progress dynamics across cycles). This 
cycle-based triangulation helped us determine 
which micro-changes were likely to improve and 
which needed further tweaking. 

How can the Kaizen-based PDCA model be 
used to design an adaptive biochemistry course 
in a pedagogical university?

In the context of  higher pedagogical educa-
tion, it is relevant to develop in students not only 
fundamental knowledge of  biochemistry but also 
skills for continuous self-improvement, reflecti-
on on their learning processes, and rapid adap-
tation to new challenges in science and practice. 
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Students majoring in biology at the Faculty of  
Natural Science and Geography of  Abai Kazakh 
National Pedagogical University face the challen-
ge of  mastering interdisciplinary concepts, from 
the molecular structure of  proteins and nucleic 
acids to the mechanisms of  metabolic regulation 
in the cell. Their success necessitates the intro-
duction of  pedagogical technologies grounded 
in contemporary learning theory that intensify 
learners’ cognitive activity through active enga-
gement with content, ensure continuous forma-
tive feedback between teacher and student, and 
provide a systematic framework for monitoring, 
analysing, and correcting learning trajectories 
at each stage of  instruction. From the perspec-
tive of  constructivist and self-regulated learning 
theories, such technologies support knowledge 
construction through reflection, error analysis, 
and iterative improvement, while ongoing feed-
back functions as a mechanism for metacognitive 
regulation and timely instructional adjustment. 
One of  the promising strategies for solving the-
se problems is the Kaizen technology, a Japanese 
concept of  continuous, step-by-step improvement 
of  work processes through small but regular imp-
rovements (Zhong, 2025). In the context of  a trai-

ning course, Kaizen involves not innovations but 
adherence to daily actions: each lecture, labora-
tory session, and independent work becomes the 
object of  careful analysis, planning of  changes, 
implementation of  adjustments, and subsequent 
verification of  their effectiveness. This approach 
allows the teacher to respond promptly to diffi-
culties in students’ understanding of  biochemical 
mechanisms and for students to take an active 
part in their learning, systematically assessing 
and improving their cognitive competence. 

Kaizen technology formalises the Plan – 
Do – Check – Act cycle in each course module, 
from generating and updating didactic materi-
als to assessing test and lab results. This allows 
Almaty Pedagogical University to construct a 
variable and adaptable biochemistry teaching ap-
proach for each student (Han et al., 2023). This 
culture of  continual improvement helps students 
learn biochemistry better and develop self-mana-
gement, critical thinking, and pedagogical reflec-
tion abilities that will help them succeed in the 
workplace. The model in Figure 1 shows the dy-
namic interaction between the four biochemistry 
course modules and the main PDCA cycle pha-
ses, integrated using Kaizen.

Figure 1. Theoretical Model of  Kaizen Technology Implementation in Teaching Biochemistry Based 
on the PDCA Cycle

Note: This model is conceptually related to the lesson study approach, as both are based on a cyclical logic of  
planning, implementation, observation, and revision grounded in reflective practice and formative assessment. 
While lesson study traditionally focuses on analysing individual lessons through collective teacher reflection, 
the Kaizen–PDCA model extends this logic to the course level by integrating continuous feedback, student self-
reflection, and systematic micro-adjustments across all instructional components.

Improving a biochemistry course based on 
Kaizen technology using the PDCA cycle is an 
innovative approach that systematically enhances 
the quality of  the learning process through small, 
consistent changes informed by continuous ana-
lysis of  results and feedback. This approach helps 
to increase the effectiveness of  teaching, ensure 
the adaptability of  the course to the needs of  stu-
dents, and promote the development of  their in-
dependence, critical thinking, and self-reflection. 

In each PDCA cycle, the Plan phase speci-
fied a small, testable instructional improvement 
(e.g., revising a module’s microquestions, adding 
a reflection prompt, or adjusting an interdiscip-
linary modelling task) along with the expected 
learning difficulty it aimed to address. The plan-
ning package typically included updated learning 
objectives, revised monitoring tools (micro-check 
sheets), and the weekly “Kaizen journal” prompts 
used to capture student-reported obstacles and 
improvement proposals.
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The Do phase implemented the planned 
micro-change in lectures, laboratory sessions, and 
independent work. For example, during the “Pro-
teins: Structure and Function” topic, an interdis-
ciplinary Fibonacci-based protein-helix model-
ling task was implemented alongside structured 
self-checking and short reflective reporting, while 
students also provided anonymous comments on 
pacing, clarity, and perceived applicability of  to-
pics.

The Check phase analysed evidence ge-
nerated during the cycle, combining (i) thematic 
patterns from Kaizen journals and reflective texts, 
(ii) structured teacher observations of  recurring 
misconceptions and engagement, and (iii) cycle-
level learning indicators derived from assessment 
and laboratory performance records.

The Act phase translated the “Check” re-
sults into concrete revisions for the subsequent 
cycle, for instance, updating slide materials, clari-
fying laboratory instructions, adding scaffolding 
to interdisciplinary tasks, and revising micro-
check questions to target persistent gaps, so that 
each new cycle began with documented adjust-
ments rather than repeating an unchanged modu-
le design (Leticia et al., 2024). 

To address the requirement for transparent 
reporting of  iterative improvement, Table 1 sum-
marises how each PDCA cycle was operationa-
lised: what was planned, what was implemented, 
what evidence was checked, and what was adju-
sted in response. This structure makes the course 
development traceable as an R&D process rather 
than a one-time description of  PDCA stages.

Table 1. Tracking Micro-Improvements Across PDCA Cycles (Condensed)

PDCA cycle 
focus

Plan (micro-change) Do (implementation) Check (evi-
dence)

Act (next-cycle 
adjustment)

Feedback & 
monitoring

Add/reshape mi-
cro-questions + Kai-
zen journal prompts

Embed micro-checks; 
collect weekly jour-
nals + anonymous 
comments

Journals + re-
flective texts 
+ observation 
protocols + as-
sessment pat-
terns

Revise prompts/
questions; adjust 
pac ing/c la r i t y 
where issues per-
sist

Interdisciplinary 
modelling

Introduce/ref ine 
the Fibonacci pro-
tein-modelling task

Run modelling lab + 
short reflective report

Reports + ob-
servations + 
common errors

Add scaffolding; 
clarify instruc-
tions; link math 
steps to biochemi-
cal meaning

Laboratory au-
tonomy

Modularise lab in-
structions + reflec-
tion blocks

Run labs with adjust-
able steps and self-re-
flection

Journals + lab 
performance in-
dicators

Rewrite confusing 
steps; add targeted 
supports/resources

Next, the study developed a conceptual pe-
dagogical methodology using Kaizen philosophy 
to teach biology to pedagogical university stu-
dents. This approach was founded on steady imp-
rovement, a learning process focus, participant 
involvement in educational reforms, and syste-
mic pedagogical thought. The process involved 
incremental daily changes to lectures, lab work-
shops, didactic materials, and assessment sys-
tems. Regularly updating control and test tasks, 
using micro-check tools (self-check), creating in-
dividual reflection routes for learning, building a 
culture of  feedback between teacher and student, 
and collecting suggestions for improvement from 
both parties are part of  the methodology (Sun et 

al., 2019; Tkach et al., 2020). The methodolo-
gy also included pedagogical time management 
(clear class time planning, accommodating lear-
ning paces), variable learning routes for indivi-
dualisation, and systematic collective analysis of  
biochemical material learning mistakes and fai-
lures. The methodology theoretically underpins 
the revolutionary biochemistry course transfor-
mation at the Abai Kazakh National Pedagogical 
University Faculty of  Natural Sciences. The goal 
was to sustain future biology teachers’ professio-
nal, pedagogical, and research skills in the frame-
work of  continual educational progress (Figure 
2). 
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Figure 2. Theoretical Model of  an Advanced Biochemistry Course Based on Kaizen Technology, ac-
cording to the PDCA Cycle

The Kaizen philosophy and PDCA cycle-
based theoretical model for enhancing bioche-
mistry teaching supported an innovative appro-
ach to educational organisation at a pedagogical 
university (Costabile et al., 2024). It logically 
and consistently improved lectures, laboratory 
courses, test control, and student independent 
work using the stages “Planning – Execution – 
Checking – Adjustment” (Kregel, 2019). This 
made biochemistry instructions customisable, fle-
xible, and dynamic. The model’s cyclical nature 
allowed for instructor and student improvement. 
From formulating goals to executing micro-chan-
ges, each element was incorporated into a single 
pedagogical logic, where each stage’s outcome 
informed the next. Self-reflection and feedback 
tools helped diagnose and address issues during 
the learning process, not afterwards. The model 
improved biology students’ research and pro-
fessional skills. The gradual updating of  lecture 
content, the improvement of  laboratory tasks 
with mathematical modelling (specifically the Fi-
bonacci sequence), and the integration of  micro-
questions, checklists, and individual educational 
routes created a personalised and highly engaged 
learning environment (Khalid et al., 2019). The 
methodological substantiation created a logical 
and structural educational paradigm based on 
continual development. 

The modelling made it possible to create 
a specific teaching method that would micro-
change the content and forms of  learning, create 
a culture of  continuous self-improvement among 
students, make self-assessment more important, 
improve critical thinking skills, and generalise in-
formation (Feola et al., 2023). Involving students 
in a reflective analysis of  their learning progress, 
as well as a collective discussion of  the results, 
helped increase their motivation and make their 
learning more meaningful and effective. Thus, 
the theoretical modelling and subsequent design 

of  a pedagogical methodology based on Kaizen 
technology demonstrated the potential of  this 
philosophy as a tool for innovative science edu-
cation.

How does the Kazakhstani Kaizen-based 
biochemistry course relate to international 
models of Kaizen implementation in higher 
education?

The biochemistry course was modelled 
using mathematical methods, particularly the Fi-
bonacci sequence, which enabled multidisciplina-
ry integration. It was shown that the Fibonacci 
sequence is preserved in the structure of  natural 
biomolecules, including DNA helices, protein 
macromolecules, and metabolic reaction phase 
rhythms. This notion was used to create visual 
representations and analytical challenges that 
showed biological processes’ intrinsic rhythm 
and symmetry in a pedagogical university bioche-
mistry course. Based on this notion, a Fibonacci 
number educational platform was created. The 
lectures used sequence diagrams (1, 1, 2, 3, 5, 
8...) to describe polypeptide chain structure, ac-
tive enzyme centre generation, etc. Students used 
Fibonacci spiral patterns to model the spatial 
structure of  molecules in lab work, developing 
subject matter understanding, spatial, and logi-
cal thinking. Number sequences were also app-
lied to the pupils’ own work: creating diagrams, 
self-checking by filling in increasingly complex 
blocks, and analysing biological symmetry for-
mations. This technique increased the course’s 
transdisciplinary potential and made complica-
ted biochemical ideas easier to understand due to 
its logical composition. In Table 2, educational 
students in a biochemistry course utilise Fibona-
cci numbers to complete an assignment. Inter-
disciplinary mathematical principles (Fibonacci 
sequence) were used to reinforce protein spatial 
structure and production patterns.
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Table 2. Structural Organisation of  Protein Molecules, Tasks for Independent Work

Stages of the Task Description of Actions

1. Familiarisation
Read an example of  a helical structure of  a protein molecule in which the num-
ber of  amino acids in each turn increases in the Fibonacci sequence: 1 → 1 → 
2 → 3 → 5 → 8

2. Modelling
Construct a diagram of  this molecule fragment in helix form. Each turn should 
contain the corresponding number of  amino acids. Draw the amino acids as 
circles and enumerate them.

3. Structure analy-
sis

Analyse:
a) What type of  protein structure (primary, secondary, tertiary) is best illus-
trated by this structure?
b) What is the biological significance of  symmetry or rhythmicity in the struc-
ture of  proteins?
c) How can Fibonacci patterns be used to predict or model the structure of  other 
biomolecules?

4. Reflective report

Write a short reflective report (up to 200 words) answering the following ques-
tions:
a) What helped you to better understand the structure of  the molecule?
b) Were there any difficulties in reconciling the mathematical and biochemical 
ideas?

5. Extra (optional)
Create an analogous model using PowerPoint or a graphic tool (e.g., Canva, 
BioRender) and attach it to your report.

This task improves protein structural kno-
wledge, interdisciplinary thinking, modelling, 
natural pattern recognition, and pedagogical cre-
ativity (Kregel & Coners, 2020). To determine 
if  Kaizen can be used to teach biochemistry to 

biological speciality students, models of  Kaizen 
technology implementation in Kazakhstan, Ja-
pan, Singapore, and South Korea, where Kaizen 
principles are already used in higher education, 
were reviewed (Table 3).

Table 3. Overview of  Models for Implementing Kaizen Technologies in Educational Institutions

Educational Institution Country Scope of Application Kaizen/Lean

Abai Kazakh National Pedagogi-
cal University (Department of Bi-
ology, Almaty)

Kazakhstan
Conventional lecture-practice scheme without for-
malised feedback and correction cycles

University of Tokyo Japan

Application of  Lean principles (continuous im-
provement) in the redesign of  academic pro-
grammes: reduction of  “wasteful” stages, introduc-
tion of  PDCA cycles in course development and 
student assessment

Seoul National University
South Ko-
rea

Pilot projects “Weekly Kaizen for Teachers”, mo-
bile application “Kaizen GO” for gamification, and 
monitoring of  learning activities

Nanyang Technological Univer-
sity (Nanyang Business School, 
NTU-PACE Professional Certifi-
cate)

Singapore
Integration of Lean Six Sigma and Agile into the cur-
riculum: Lean Operations & Analytics course; Continu-
ous Improvement Management professional certificate

A comparison of  the traditional bioche-
mistry curriculum at Abai Kazakh National Pe-
dagogical University and innovative models at 
top universities in Japan, South Korea, and Sin-
gapore showed the importance of  small but syste-
matic improvements to science education. At the 

University of  Tokyo, where Lean principles were 
integrated into all educational processes, PDCA 
cycles allowed clear tracking of  learning dyna-
mics and rapid problem-solving. Seoul National 
University demonstrated that daily minor adjust-
ments using Kaizen GO mobile tools can inspire 
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both professors and students, creating a culture of  
ongoing improvement. The successful integration 
of  Lean Six Sigma and Agile into the curriculum 
at Nanyang Technological University proved that 
an interdisciplinary approach and teacher certifi-
cation drive educational practice growth (Duran 
& Mertol, 2020). The research at Abai Kazakh 
National University, based on these best interna-
tional examples, laid the groundwork for bioche-
mistry instruction with Kaizen technology. Con-
tinuous monitoring, daily reflection, and prompt 
class content and form adjustments created an 
adaptive system that greatly increases learning. 
Thus, a clear system for planning and assessing 
outcomes that integrates lecture, laboratory, and 
autonomous course components into a dynamic 
network evolved. 

What recommendations can guide the gradual 
implementation of Kaizen-driven micro-
improvements in biochemistry teaching?

Improving the teaching of  biochemistry 
based on the Kaizen concept requires, first of  all, 
the creation of  a comprehensive system of  pro-
fessional development for teachers. It is recom-
mended to organise regular internal trainings 
and seminars where teachers will be able to get 
acquainted with the philosophy of  small daily 
improvements, master the tools of  the Plan – Do 
– Check – Act cycles, and practice their applica-
tion in their lecture and laboratory modules. The 
creation of  a team of  “Kaizen ambassadors” 
among the teaching staff  will help to dissemina-
te best practices and maintain a constant dialo-
gue on improvement techniques. These activities 
should also include the exchange of  successful 
cases of  microchanging in biochemical explana-
tions, which will enable teachers to see tangible 
results and be inspired by the innovations of  their 
colleagues. 

Teaching materials should be adapted to 
the principles of  continuous improvement. Pre-
sentations and lecture notes should be updated 
after each feedback cycle. The instructor should 
develop a template for updating slides with clear 
fields for students’ comments and ideas and intro-
duce short surveys at the end of  each class. Cons-
tantly updating illustrations, using interactive 
visualisations based on Fibonacci numbers, and 
modelling protein structures will help make the 
material more accessible and, at the same time, 
emphasise the interdisciplinary nature of  the 
course. The laboratory component of  the course 
needs to be more flexible and focused on experi-
mental self-improvement. It is worth developing 
a series of  universal instructions that can be ad-

justed based on the results of  each practical sessi-
on. For instance, after completing an exercise on 
modelling a protein helix using the Fibonacci pat-
tern, the instructor can organise a brief  discussion 
where students point out any awkward or unclear 
points. These comments are then integrated into 
the revised instructions for the next class. This ap-
proach ensures that the laboratory activities are 
constantly adapted to the needs of  the students 
and develop their skills in critical analysis of  the 
entire experiment process. 

Control tasks and the testing system should 
also be subject to continuous improvement. It is 
recommended to introduce micro-questions after 
each theoretical unit, which students will comple-
te immediately at the beginning of  the next class. 
This will help to quickly identify gaps in learning 
and prepare corrective exercises in time. In paral-
lel, automated results processing should be intro-
duced, e.g., through the integration of  Moodle or 
another learning management system (LMS), so 
that the teacher can quickly see progress statistics 
and analyse trends. Based on this data, updated 
assignments should be created to address concre-
te problems identified. 

Particular attention should be paid to the 
organisation of  students’ independent work. The 
development of  personalised learning routes al-
lows each student to choose their optimal pace of  
learning. Teachers can create a set of  independent 
tasks of  varying levels of  difficulty and offer the 
student to complete a certain number of  exercises 
or reflective notes in the “Kaizen journal” daily. 
This journal should contain blocks for recording 
achievements, difficulties, and ideas for self-imp-
rovement. Regular analysis of  such journals will 
create a database for continuous improvement of  
the forms and content of  independent work. 

Developing a culture of  feedback is a cri-
tical success factor. Instructors should hold short 
group discussions after each major module of  the 
course, during which students can openly express 
their views on the effectiveness of  the methods 
and offer their ideas. To ensure openness and 
constructiveness, anonymous surveys or real-
time voting tools should be used. Analysing this 
data will help identify the most resonant topics 
for improvement and set priorities for change. Te-
achers also need to learn basic pedagogical time 
management skills to optimally combine prepa-
ration of  materials, analysis of  results, and clas-
sroom instruction. Establishing a clear schedule 
for course updates and regular analytical ses-
sions to discuss changes will ensure consistency 
and avoid chaotic adjustments. It is also a good 
idea to make a calendar of  PDCA cycles for the 
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school year with clear dates for planning, doing, 
checking, and fixing. This will help everyone in-
volved in the learning process keep track of  the 
schedule of  improvements (Fu & Liu, 2022). In 
the context of  international cooperation, it is also 
recommended to draw on the practices of  foreign 
HEIs that successfully implemented Kaizen in 
the research and educational environment. Regu-
lar webinars, exchanges of  faculty visits and joint 
inter-university projects will enable the integrati-
on of  global small improvement practices into lo-
cal courses. This approach will not only facilitate 
the technical mastery of  tools but also the deve-
lopment of  an international vision of  a culture 
of  continuous improvement among teachers and 
students.

To ensure an objective measurement of  the 
effectiveness of  the changes being implemented, 
clear indicators of  success must be developed. 
Key performance indicators (KPIs) may include 
the average grade for course modules, student sa-
tisfaction, the number of  corrections suggested by 
students, and the dynamics of  learning about in-
dividual topics. These indicators must be regular-
ly reviewed and updated in line with new challen-
ges and analysis results. The use of  dashboards 
in LMS and built-in analytical dashboards will 
help visualise the dynamics of  changes and serve 
as a transparent monitoring tool (Titova & Sos-
nytska, 2020). A separate area of  recommenda-
tion is the integration of  virtual and augmented 
reality technologies, especially when modelling 
the spatial structures of  molecules based on the 
principles of  Fibonacci numbers. The use of  VR 
labs and augmented reality (AR) applications will 
enable students to imaginatively study the inter-
nal architecture of  protein helices and investigate 
enzyme interactions at the atomic level. Such an 
experience will increase motivation, create condi-
tions for a deeper understanding of  the material, 
and help develop spatial thinking and scientific 
modelling skills. 

Considering potential obstacles such as 
resistance to the conventional format, distrust 
of  new tools, and lack of  time for preparation, a 
support system should be provided. The universi-
ty management should approve regulations that 
prescribe a cyclical approach to updating courses 
and provide teachers with resources: access to 
online platforms, consultations with methodolo-
gists, and time in the schedule to work on impro-
vements (Berkimbaev et al., 2013; Ramankulov, 
2015). A specially created role of  the Kaizen 
coordinator in the teaching team will help coor-
dinate the process, collect feedback, and resolve 
organisational issues promptly. 

To prepare students for an active role in the 
improvement process, it is necessary to explain in 
detail how the PDCA cycle works and to encou-
rage their participation in course adjustments, 
which will help them become aware of  their 
mistakes and initiatives; these elements serve as 
resources for the teacher, while student respon-
sibility for the quality of  learning is integral to 
the academic culture. Conducting workshops on 
self-analysis and constructive criticism will help 
students develop self-management skills and col-
lective intelligence. 

Finally, the implementation of  recommen-
dations should be viewed as an ongoing project 
rather than a one-time campaign. Teachers should 
get into the habit of  analysing the results monthly, 
planning microadjustments early, and documen-
ting them. Systematic work within the framework 
of  a Kaizen journal and company-wide reviews 
of  PDCA cycles will help maintain momentum 
and not lose focus on long-term goals. Such an 
approach ensures that the biochemistry course 
stays a flexible, relevant, and effective means of  
developing highly qualified biology teachers.

Synthesis of findings across research questions 
and comparison with previous studies

When improving educational technology 
in higher pedagogical education, it is vital to ana-
lyse approaches that contribute to improving the 
quality of  learning (Huan & Nasri, 2022). The 
study considered the significance of  applying 
Kaizen technology in teaching biochemistry and 
compared the relevant scientific approaches of  
researchers. The positive results, including the 
design of  a pedagogical methodology based on 
Kaizen technology, demonstrated the potential 
of  this philosophy as a tool for the innovative 
development of  science education and coincided 
with the findings that the use of  the Kaizen model 
in a virtual educational environment contributed 
to the development of  a responsible attitude to-
wards learning, increased task performance, and 
preparedness of  students for independent work 
(Adekenov et al., 1992; Merkhatuly et al., 2023; 
Elihami et al., 2024). The result was also con-
firmed by research showing the effectiveness of  
the Kaizen approach in improving the quality of  
online teaching, particularly in adapting the feed-
back between teacher and student to ensure con-
tinuous improvement (Dragolea & Topor, 2022).

The integration of  Kaizen technology in 
biochemistry teaching contributed to the deve-
lopment of  flexible thinking and increased the 
ability to independently analyse complex scienti-
fic information, which is crucial in the context of  
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the pedagogical training of  future science teach-
ers. This result was in line with findings that the 
development of  problem-solving and strategic-
thinking skills positively affects students’ perfor-
mance in complex learning situations (O’Sullivan 
et al., 2022; Burke & Stewart, 2024). The findings 
also confirmed conclusions that educational in-
terventions based on a continuous improvement 
model increase the effectiveness of  teaching stra-
tegies as well as the quality of  learning in gene-
ral (Hervas, 2021). This suggests that the Kaizen 
methodology is not a purely industrial tool but 
has enormous potential for adaptation in the edu-
cational environment.

The increase in student satisfaction with 
the learning process was consistent with results 
showing that targeted improvement of  educatio-
nal conditions (including technological solutions 
and student support) positively correlates with 
learning satisfaction and motivation (Bakhsh et 
al., 2021; Abdrakhmanov et al., 2024). Compa-
rison of  the results indicated consistency with 
the conclusion that the transition to integrated 
(blended) learning after the COVID-19 pande-
mic increased learning efficiency (Awajan et al., 
2024). Analogously, Kaizen technology facilita-
ted flexible adaptation of  the teaching process 
and met new student demands. The study found 
that applying the principles of  continuous imp-
rovement caused positive dynamics in the deve-
lopment of  students’ emotional stability, social 
inclusion, and willingness to cooperate, which 
was consistent with the view that emotional sup-
port and inclusive learning environments are cru-
cial under pandemic conditions (Mariani et al., 
2022). Improving the academic performance of  
biochemistry students using Kaizen technology 
was consistent with evidence that the guided-
inquiry method in physics teaching contributes 
to a significant improvement in educational out-
comes (Arroco, 2021; Sammour & Al-Balkhi, 
2024). In both cases, emphasis was placed on the 
active involvement of  students in the learning 
process through participation, reflection, and 
self-assessment, which are characteristic features 
of  the Kaizen approach. The results of  the study 
also reflected aspects of  findings that innovative, 
contextually orientated methods promote the de-
velopment of  authentic educational experiences 
(Abreu-Pederzini & Suárez-Barraza, 2020). The 
effectiveness of  applying the principle of  conti-
nuous improvement to the academic environ-
ment was confirmed by research emphasising 
the role of  emotional intelligence and prosocial 
behaviour as predictors of  academic achievement 
(Getahun Abera, 2023). The observed increase in 

emotional interaction among students indicated 
the positive influence of  the educational environ-
ment organised according to Kaizen principles.

The findings aligned with evidence proving 
the effectiveness of  Kaizen engineering methods 
in improving practical skills in microsurgery (Vil-
lanueva et al., 2024). Although the contexts diffe-
red, the key idea (stepwise improvement through 
small, targeted changes) proved universal. This 
approach was also supported by data showing 
that qualitative transformations in universities 
were made possible by the systematic implemen-
tation of  total quality management elements 
compatible with the Kaizen philosophy (Naqvi & 
Naz, 2025). The significance of  the findings was 
that the introduction of  Kaizen technology allo-
wed viewing the educational process as a system 
with continuous feedback and constant adaptati-
on, in line with ideas on staff-development pro-
grammes for creating a new teaching culture in 
medical schools (Maestre et al., 2024). Such a 
culture, focused on the gradual improvement of  
educational quality, created conditions for sustai-
nable professional growth for both students and 
teachers. Another aspect confirming the value of  
the methodology used was the increase in student 
engagement, which corresponds to findings that 
gamification and innovative approaches in me-
dical education increase participant activity (Sa-
lehi et al., 2023). Analogous observations were 
recorded in the present study, as students noted a 
higher interest in biochemistry topics due to clear 
microgoals, constant feedback, and personalised 
remedial strategies. Notably, not all aspects of  
the study were fully consistent with existing li-
terature. Some research emphasised the passive 
resistance of  teachers to innovation in neolibe-
ral universities, whereas the present study found 
a constructive approach from teachers involved 
in creating improvement scenarios, likely due to 
their participation at the planning stage (Niyazo-
va et al., 2013; Ross et al., 2020).

The use of  Kaizen technology also provi-
ded conditions for increasing student autonomy, 
consistent with ideas about the effectiveness of  
technological and gamified approaches in medi-
cal education (Walker et al., 2022; Elhousni et 
al., 2024). Students more actively planned their 
learning, analysed knowledge gaps, and proposed 
solutions, which contributed to self-reflection and 
critical thinking. Kaizen enabled prompt identifi-
cation of  bottlenecks in learning complex topics 
such as metabolism and enzymatic activity and 
allowed rapid modification of  teaching strategies, 
which agrees with arguments that flexibility is a 
key factor for successful implementation of  lean 
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approaches (Schulze & Dallasega, 2023; Tito-
va, Luzan, et al., 2023). The findings also con-
firmed that students became more responsible 
for their learning outcomes. Continuous impro-
vement was shown to reduce microaggressions 
in the work environment by stimulating open 
communication and psychological safety, and 
similar effects were observed in learning, where 
interpersonal conflicts decreased, and coopera-
tion improved (Sodhi, 2025). The results were 
also comparable to evidence that participation 
in international collaborative learning improved 
educational outcomes and required sustainable 
development of  safety and quality competencies 
(Sanford et al., 2021). Likewise, in the bioche-
mistry course, the development of  self-control, 
attention to detail, and error analysis correlated 
with higher overall training levels. In the context 
of  training specialists for high-tech environments, 
the results supported conclusions about the ne-
cessity of  adaptive educational strategies in res-
ponse to the challenges of  the fourth industrial re-
volution (Wessner & Howell, 2020; Hayati et al., 
2024). Teaching using the Kaizen methodology 
developed students’ self-regulation, adaptability, 
and systems thinking, which are relevant for pe-
dagogical specialists. 

Overall contribution to Kaizen-based science 
education

This work theoretically and methodologi-
cally supports a Kaizen-based adaptive bioche-
mistry course, which is scientifically innovative. 
For the first time, a subject-specific biochemistry 
teaching model structurally integrates the PDCA 
cycle into every curriculum module, ensuring sys-
tematic feedback and micro-adjustments throug-
hout the learning process. The study uses the Fi-
bonacci sequence to depict intrinsic symmetries 
in biomolecular structures, integrating bioche-
mical substances with mathematical modelling. 
This method integrates biological, analytical, 
and spatial thinking. The study also shows that 
“Kaizen journals” improve students’ reflection, 
self-regulation, and professional accountability. 
These findings make the proposed paradigm a 
novel framework for sustainable, learner-centred 
science teaching.

Furthermore, this study applies Kaizen to 
biochemistry education rather than applying con-
tinuous improvement to pedagogy, unlike earlier 
studies. Unlike previous studies that focused on 
management or engineering, this study shows 
how the PDCA framework may be systematical-
ly integrated into a science curriculum to impro-
ve cognitive and reflective learning. By teaching 

biology teachers self-assessment, time manage-
ment, and data-driven course customisation, the 
proposed methodology is practicable. Kaizen 
diaries, microchecking tools, and mathematical 
modelling exercises boost student performance, 
engagement, and autonomy. These findings can 
be applied to other disciplines that need iterative 
learning and reflective practice, making the con-
cept suitable for natural and pedagogical sciences.

CONCLUSION

This study was conducted in response to 
a clearly identified research problem: the insuffi-
cient adaptability of  traditional biochemistry te-
aching in pedagogical universities to the dynamic 
development of  scientific knowledge, the limited 
pedagogical operationalisation of  Kaizen princip-
les within discipline-specific instruction, and the 
absence of  a systematically modelled framework 
that integrates continuous improvement cycles, 
reflective micro-assessment, and interdiscipli-
nary elements in biochemistry teacher training. 
Addressing this gap, the research aimed to theo-
retically substantiate and model a Kaizen-based 
approach to biochemistry education through the 
structured integration of  the Plan–Do–Check–
Act (PDCA) cycle.

The findings demonstrate that the propo-
sed Kaizen-PDCA model effectively resolves this 
research problem by transforming the bioche-
mistry course into a coherent system of  conti-
nuous pedagogical improvement. The systematic 
application of  PDCA stages to lectures, labora-
tory classes, assessment procedures, and inde-
pendent student work enabled the formalisation 
of  feedback, reflection, and timely instructional 
adjustments. As a result, biochemistry teaching 
evolved from a static content-delivery model into 
a self-correcting and adaptive educational system 
capable of  responding to students’ learning dif-
ficulties and developmental needs in real time. 
This directly addresses the identified mismatch 
between rapidly evolving biochemical knowledge 
and inflexible instructional practices.

In response to the second research problem 
concerning the lack of  subject-specific implemen-
tation of  Kaizen principles, the study provides 
a theoretically grounded methodology tailored 
to biochemistry education. The use of  Kaizen 
tools, such as reflective Kaizen journals, micro-
checklists, formative self-assessment, and indivi-
dualised learning pathways, was shown to enhan-
ce students’ self-regulation, learning motivation, 
and engagement. These mechanisms operationa-
lise Kaizen not as an abstract management philo-
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sophy but as a concrete pedagogical technology 
embedded in daily instructional practices. Con-
sequently, the study contributes methodological 
clarity to the pedagogical use of  Kaizen within 
science education.

The interdisciplinary integration of  the 
Fibonacci sequence as a conceptual and visu-
al framework for modelling protein structures 
addresses the third research problem related to 
the development of  discipline-specific competen-
cies. This approach supported students’ spatial 
reasoning, analytical thinking, and conceptual 
understanding of  complex biochemical proces-
ses, thereby strengthening core biochemical com-
petencies rather than merely improving general 
learning motivation. By embedding mathema-
tical modelling within biochemical instruction, 
the model demonstrates how interdisciplinary 
elements can be systematically incorporated into 
continuous improvement cycles.

The comparative analysis with Kaizen-
orientated practices in Japan, South Korea, and 
Singapore further confirms the relevance and 
transferability of  the proposed model. Consistent 
with international experience, the findings indi-
cate that sustained micro-improvements, when 
embedded in a structured feedback system, lead 
to measurable qualitative enhancements in edu-
cational quality. At the same time, the Kazakh 
model adapts these principles to the specific con-
text of  pedagogical universities by emphasising 
teacher training, reflective learning, and discipli-
ne-specific methodological development.

The study confirms that the Kaizen-based 
PDCA model provides a viable solution to the 
identified research problems by aligning bioche-
mistry instruction with contemporary demands 
for adaptability, student-centred learning, and 
continuous quality enhancement. Its implemen-
tation supports the formation of  future biology 
teachers who are capable of  independent lear-
ning, systematic reflection, and creative prob-
lem-solving, competencies that are essential for 
sustainable professional development in modern 
education systems. Future research should em-
pirically examine the long-term effects of  the 
model on academic achievement and professio-
nal readiness, test its scalability across different 
institutional contexts, and explore the integration 
of  digital and immersive technologies to further 
enhance biochemical modelling and learning out-
comes.
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