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Abstract

This study develops a digital pedagogy to organize independent learning in fine
arts higher education. Building on national reforms, the authors designed a model
centred on an interactive electronic manual and mobile delivery, then conducted
a multi-year pedagogical experiment with fine arts undergraduates at several
universities. Students taught with the model achieved performance that was
noticeably higher than peers taught by traditional methods, and showed stronger
motivation, self-regulation, and creative output. The approach works because
multimedia content, individualized pacing, and automated feedback align with
active learning principles, reduce plagiarism, and support timely correction of
errors. The model offers a scalable pathway for universities to manage and
evaluate independent study in practice-based disciplines, supporting
transparency in assessment and improving learning quality.

Keywords: Digital technologies, E-manual, Fine arts education, Independent study,
Pedagogical model.

1987



1988 B. B. Boltabayevich et al.

1. Introduction

In the context of the rapidly evolving global education landscape [1], there is a shift
from traditional teacher-centred instruction to student-centred instruction.
Independent learning has become a central pillar of higher education reform. In
Uzbekistan, this transformation has been institutionalized through the adoption of
the credit-module system, which allocates a significant portion (up to 60%) of
students’ academic workload to independent study. This reform mandates not only
curricular restructuring but also the development of innovative methodologies that
allow students to manage, regulate, and reflect upon their own learning processes,
especially in fields that require practical skill development, such as fine arts.

The unique nature of fine arts education (combining theoretical knowledge,
hands-on creativity, and reflective practice) demands an approach that differs
substantially from content-heavy disciplines. However, conventional strategies for
organizing independent learning often fall short in these programs. They are
generally limited to essay writing, textbook readings, and unstructured assignments
with minimal pedagogical guidance.

These outdated methods do not address the need for creative exploration, do not
align with students’ diverse learning styles, and often lack mechanisms for
feedback and formative assessment. In some cases, they inadvertently foster
academic dishonesty, as learners may resort to copying due to a lack of engagement
or clarity. This misalignment between instructional design and the nature of fine
arts education reveals an urgent need for a digitally enabled, student-focused
learning environment that is interactive, adaptive, and cognitively stimulating.

Recent advances in educational technology offer promising tools to close this
gap. Digital pedagogy, which refers to the use of technology to design, deliver, and
assess learning experiences, brings together multiple dimensions of innovation [2].
In this research, we explore how digital pedagogy can be operationalized through
an integrated model that includes a specially developed e-manual and a mobile
application to support independent learning in fine arts.

These tools integrate multimedia content, task-based assignments, and
automated assessment functions that provide both learners and instructors with
real-time feedback. The tools were designed using software such as iSpring Suite,
Flip PDF, and mobile interface development platforms, aligning with principles
from multimedia learning theory and usability engineering. In this way, the model
functions not only as a repository of content but also as an environment for
interactive and adaptive learning that tracks progress, encourages reflection, and
fosters originality.

To validate the effectiveness of this model, we designed a pedagogical
experiment involving undergraduate students from three universities offering the
Fine Arts and Engineering Graphics program. The study involved control and
experimental groups, where the experimental group engaged with the digital tools
while the control group continued with traditional methods. Figure 1 presents the
conceptual model that guided the development of digital tools for managing
independent learning. This model outlines the interaction between motivational,
organizational, content, and assessment blocks, all supported by principles such as
individuality, freedom, creativity, and technological integration.
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Training of competitive, creative, and independently-thinking artist-educators.

Organization and Management of Student Independent Study.
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Fig. 1. Model for organizing students’ independent learning activities.

The importance of this work lies in its contribution to solving several persistent
challenges in higher education: how to organize independent learning in a way that
maintains academic rigor, fosters creativity, and upholds integrity; how to embed
formative feedback into autonomous learning processes; and how to make student
progress visible and measurable without increasing faculty workload. By providing
students with the means to self-regulate their study and receive constructive
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feedback without constant instructor intervention, the proposed model represents a
substantial advancement toward scalable, sustainable, and high-quality education
in practice-based fields.

From a science and technology perspective, this study contributes to the
growing field of learning analytics and digital pedagogy. The automated tracking
and analysis of student performance provide a data-rich environment where
instructors can identify patterns, intervene early, and personalize feedback. The e-
manual's design, which incorporates principles from human-computer interaction
(HCI) and instructional systems design, also contributes to usability research in
educational software. Moreover, by embedding a range of task types (such as
diagram interpretation, source analysis, and creative assignments), the model
promotes the development of higher-order thinking skills, in line with Bloom's
taxonomy and constructivist learning theories.

The main objective of this research is to develop and validate an effective,
scalable model of digital pedagogy that can support, guide, and assess independent
learning activities in fine arts higher education, with a particular focus on the
subjects of drawing and painting. The novelty of this study lies in its integration of
a dynamic electronic manual and mobile-based task system, supported by real-time
analytics and automated feedback, into the structure of student-centred, practice-
oriented learning in the fine arts, an area that has previously lacked systematic
technological intervention.

2. Literature Review

The transition toward independent learning in higher education is grounded in
global trends that emphasize learner autonomy, digital access, and outcome-based
education. Within this broader context, fine arts education presents a unique set of
pedagogical challenges. The literature reveals several strands of research relevant
to the current study:

(i) independent learning theory,
(i1) digital pedagogy and learning technologies,
(iii) assessment and feedback systems, and

(iv) pedagogical needs specific to fine arts education. These strands converge in
the development of digital methodologies that promote creativity, reflection,
and academic integrity among students.

2.1. Independent learning: concepts and models

Independent learning is widely defined as the process in which learners take
initiative, with or without the help of others, in diagnosing their learning needs,
formulating goals, identifying resources, choosing and implementing strategies,
and evaluating outcomes. According to Knowles’ theory of andragogy, self-
directed learning is not only a pedagogical technique but also a fundamental aspect
of adult education. In the context of higher education, especially under credit-
module systems, this concept has gained renewed importance due to its alignment
with lifelong learning frameworks.

In Uzbekistan, the government has emphasized the development of independent
learning skills through reforms such as the 2019 Decree on the Development
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Concept of Higher Education until 2030 and the 2022 Development Strategy of
New Uzbekistan. These frameworks promote student-centred approaches, calling
for universities to redesign curricula, assessment, and learning support mechanisms
to strengthen learner autonomy. Some researchers [3] highlight that the shift to
credit-module systems requires new methodological designs that operationalize
independence through structured yet flexible models.

2.2. Digital pedagogy and educational technology

Digital pedagogy refers to the systematic integration of digital technologies into
teaching and learning processes to enhance effectiveness, engagement, and
personalization [4]. It includes the use of learning management systems (LMS),
mobile learning tools, gamification strategies, virtual reality, and multimedia
resources. Scholars [5] have noted that digital pedagogy enables instructors to
adapt to diverse learner needs and provides scalable solutions for monitoring
learning outcomes.

Automated feedback and adaptive systems are especially vital in large-scale
implementation. The use of interactive platforms such as Moodle and Hemis, as
well as third-party tools like iSpring and Flip PDF, has been shown to improve
students’ comprehension and retention rates. Moreover, mobile learning
environments foster flexible access to materials, empowering students to learn at
their own pace and convenience. From a science and technology standpoint, these
innovations draw from fields such as human-computer interaction, learning
analytics, and artificial intelligence in education.

The current study builds on this framework by integrating an interactive e-
manual and mobile app tailored to the specific cognitive and creative demands of
fine arts learning. The pedagogical model proposed in this study follows an
ecosystem-based design that merges digital content, task structuring, real-time
feedback, and instructor monitoring within a single framework. This aligns with
constructivist theories that support situated learning, where students actively
construct meaning from their own experiences.

2.3. Assessment systems and learning analytics

Effective independent learning requires reliable mechanisms for assessment and
feedback. Traditional assessment approaches (such as periodic testing or essay
submission) are not well-suited to continuous learning environments. Formative
assessment, which involves timely, constructive feedback during the learning
process, has been widely supported in the literature as a means of improving learner
performance and motivation [6, 7].

Learning analytics, defined as the measurement and analysis of data about
learners to optimize learning outcomes, has emerged as a powerful tool in digital
education. Automated feedback systems, such as those used in the current study,
enable instructors to track progress without constant manual oversight. They also
allow students to self-monitor and adjust their strategies in real time. In this study, all
tasks performed via the e-manual are logged and analysed, and performance data is
immediately shared with both student and instructor to support timely remediation.

Moreover, the classification of learner performance into reproductive,
productive, and creative levels provides a nuanced framework for evaluating
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artistic development. This system recognizes that progress in fine arts is not merely
about content mastery but involves the cultivation of originality, technical skill, and
reflective insight.

2.4.Fine arts education: pedagogical considerations

Fine arts education occupies a unique space in the academic landscape, blending
theory, aesthetics, technique, and expression. While much has been written about
digital tools in science, engineering, and language education, relatively little
research has focused on fine arts. A common concern is that digital tools may
undermine the tactile and emotional aspects of creative learning. However, recent
studies suggest that when properly designed, digital platforms can complement and
even enhance creativity.

The use of structured tools like “self-sketches” could support the formation of
professional identity and artistic voice among future educators [8]. Other scholars
have emphasized the value of masterclasses, virtual galleries, and simulation tasks
in exposing students to global artistic traditions. The inclusion of visual, auditory,
and interactive content helps learners develop a multidimensional understanding of
form, composition, and technique.

The proposed e-manual in this study reflects these insights. It includes not only
static text but also multimedia content such as video tutorials, museum walkthroughs,
and diagram-based assignments. These materials are designed to activate different
cognitive processes, from memory recall to visual reasoning, thus aligning with
Bloom’s revised taxonomy and Mayer’s multimedia learning principles.

2.4.Integration of SDGS and technological innovation

The current study also aligns with global educational goals, particularly sustainable
development goals (SDGs), especially SDG 4 (Quality Education) and SDG 9
(Industry, Innovation, and Infrastructure). By promoting equitable access to digital
learning tools and encouraging the development of 21st-century skills, this research
supports the expansion of inclusive, quality, and innovative education. The digital
model presented here can be adapted across institutions and disciplines,
demonstrating its potential for scalability and systemic impact.

Moreover, this integration of digital tools with pedagogical design contributes
to the larger discourse on educational innovation in developing countries. In
contexts where instructor bandwidth is limited, scalable digital interventions such
as automated feedback systems can relieve pressure on faculty while preserving
academic integrity and learning quality.

3. Method

This study employed a design-based research (DBR) approach aimed at
developing, implementing, and validating a pedagogical model that integrates
digital technology into the independent learning process of fine arts students.
Detailed information regarding this method is explained elsewhere [9].

The method combines qualitative insights, quantitative analysis, and iterative
design refinements conducted over a multi-year pedagogical experiment. The focus
was to improve the management, support, and evaluation of student-directed
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learning in skill-based courses such as drawing and painting. The research design
comprised three main phases:

(i) conceptualization and model development.
(i1) implementation and pedagogical experimentation; and

(iii) evaluation using statistical and interpretive analysis.

The methodology emphasizes alignment with educational reforms in
Uzbekistan and responds to institutional needs for scalable and technology-driven
solutions in higher education. The study was conducted across three higher
education institutions in Uzbekistan: Chirchik State Pedagogical University,
Fergana State University, and Gulistan State University. The participants included
429 second and third-year students enrolled in the Fine Arts and Engineering
Graphics program, specializing in either "Drawing" or "Painting" courses.

Students were randomly assigned to two groups: an experimental group (n =
214) that received instruction through the proposed digital pedagogy model, and a
control group (n = 215) that continued with traditional methods. Both groups
followed the same curriculum and learning outcomes as mandated by the national
qualification framework, ensuring comparability of results.

The ethical considerations of the study were addressed through institutional
approval, voluntary participation, and anonymized data handling. The intervention
lasted for three academic years, covering the full cycle of independent coursework
in the designated subjects.

The core output of this research was the development of a model for organizing
students’ independent learning activities using digital technologies, with an
interactive e-manual and a mobile application as its central components. This
model integrates four interrelated blocks:

(i) Objective,

(i1) Organizational,
(iii) Control, and
(iv) Results.

Each block corresponds to a specific function in the learning process:

(i) Objective Block: Focuses on competency development and creativity
formation in future art educators.

(i1) Organizational Block: Details the methods, tools, and digital infrastructure
used to support self-directed learning.

(iii) Control Block: Defines assessment criteria, performance monitoring
systems, and automated feedback loops.

(iv) Results Block: Measures the outcomes in terms of student achievement,
independence, and creative output.

The model is grounded in constructivist and competency-based education
principles, emphasizing freedom, reflection, project orientation, and the unity of
content and method. It also incorporates digital tools to promote transparency,
personalization, and real-time feedback.

A key innovation in this study was the creation of a digital learning tool titled
“Methodology of Teaching Fine Arts (For Independent Study)”’, available as both
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a web-based e-manual and an Android mobile application. These platforms served
as the main instructional medium for the experimental group (see Figs. 2 and 3).
The e-manual includes:

(i) Multimedia elements: video lectures, virtual museum tours, masterclass
recordings, and simulations.

(ii) Interactive tasks: diagram arrangements, link analyses, Q&A formats,
reflection prompts.

(iii) Assessment integration: quizzes and feedback forms developed using
iSpring Suite.

(iv) Automated reporting: student actions and scores are emailed to instructors
in real time for monitoring.
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Fig. 2. Sample of an interactive task in the E-manual.

Adabiyodar yuklash

" " : a
Sinov natijalari "% QUIZ TITLE%"
- 2
10 woan 2025 1. 17279
arm0
4% s
Otmags 72 (100%)
20 Minus 01 Sekunt
Test savollari M
& Saval Yosiigen Ball Matija
e E= -
LI
e (=]

Fig. 3. Detailed report of the interactive test results in the E-manual.

These features support learner autonomy, provide clear scaffolding for task
completion, and reduce opportunities for plagiarism by requiring individualized,
creativity-based responses. The integration of Google Apps and other cloud-based
tools further enhances accessibility and flexibility.

The mobile application mirrors the web platform and is designed to support

anytime-anywhere learning, giving students control over the pace and sequence of
their study sessions.
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During the formative phase of the experiment, instructors were trained to use
the digital tools and integrate them into course requirements. Students in the
experimental group were introduced to the platforms through an orientation module
and received guidance on how to manage their study schedules, submit tasks, and
interpret feedback.

The experimental intervention included:
(i)  Weekly assignments delivered through the e-manual.
(ii)) Interactive quizzes with automated scoring.
(iii)  Tasks requiring visual analysis, diagram sequencing, and reflective writing.
(iv)  Performance reports accessible to both students and instructors.

The control group followed the same curriculum but used printed manuals, face-
to-face supervision, and traditional assessment formats such as paper-based tests
and essay submissions.

The study used three progressive stages of evaluation:

(i) Pre-experiment (ascertaining): Baseline data were collected to compare
initial performance levels.

(ii)) Mid-experiment (formative): Ongoing feedback was used to adjust
instructional strategies.

(iii)  Post-experiment (final): Summative data were gathered for statistical
analysis.

Student performance was assessed using three qualitative levels:
(i)  Reproductive (low): Minimal engagement or copying of content.
(il)  Productive (medium): Completion of tasks with standard interpretation.

(iii)  Creative (high): Independent, original responses showing critical thinking
and design intent.

These levels were defined through structured rubrics validated in previous
studies. For statistical comparison between groups, the Student-Fisher criterion was
applied. Arithmetic means were calculated to determine average performance
scores, followed by the computation of:

(i) teaching effectiveness coefficient (kte): the ratio between experimental
and control mean scores.

(ii)  cognitive level coefficient (Kcl): The difference in cognitive development
between groups.

The raw data, figures, and tables are presented and analysed in the Results
section. From a science and technology standpoint, this model represents a systemic
integration of digital pedagogy with learning analytics. It applies principles from
user interface design, data tracking, and automated performance analysis. The
technological stack—comprising iSpring, Eclipse Crossword, Flip PDF
Professional, and AutoPlay Media Studio—enabled high-quality digital content
creation with embedded assessment.

The approach also supports learning analytics, allowing instructors to detect
engagement patterns, identify students at risk, and adapt their interventions. These data-
driven features contribute to transparent evaluation and uphold academic integrity.

Journal of Engineering Science and Technology = December 2025, Vol. 20(6)



1996 B. B. Boltabayevich et al.

Furthermore, the inclusion of mobile learning technologies responds to the
growing demand for flexible, inclusive, and scalable educational practices. In line
with SDG 4, the model provides access to high-quality digital learning tools that
can be expanded to other disciplines and institutions.

4.Results and Discussion

The effectiveness of the digital pedagogy model was assessed through performance
indicators recorded at the final stage of the experiment (Table 1). Students’
achievement levels were categorized using a three-tier rubric: Reproductive (low),
Productive (medium), and Creative (high), applied uniformly across both groups.

Table 1. Overall indicators of the control and
experimental groups at the end of the experiment.

Groups Number of Students High Medium Low
Experimental 214 87 94 33
Control 215 60 76 79

At the end of the experimental period, 40.7% of the students in the experimental
group achieved high-level performance, compared to 27.9% in the control group.
Similarly, low-level performance was observed in only 15.4% of the experimental
group, as opposed to 36.7% in the control group.

To confirm the significance of these differences, a Student-Fisher t-test was
applied. The average performance scores were:
(i) Experimental Group (Xi) =4.25
(ii)) Control Group (X2) =3.91
From these values, the following coefficients were calculated:
(iii) Teaching Effectiveness Coefficient (K¢) = X1 /X2~ 1.08
(iv) Cognitive Level Coefficient (Kcl) = (X1 - X2) / X2 = 0.31
Figure 4 confirms the statistically meaningful improvement in performance due

to the application of the digital model. Specifically, the experimental group showed
a 13% increase in achievement relative to the control group.

33
94 2
76
— 214 215
8

EXPERIMENTAL GROUP CONTROL GROUP

Number High Medium Low

of students ‘
Achievement fevels

Fig. 4. Dynamics of the overall indicators of the control
and experimental groups at the end of the experiment (%).
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These quantitative results establish the pedagogical impact of digital learning
technologies when integrated into structured, reflective, and monitored
independent learning environments.

Beyond performance scores, several qualitative outcomes emerged through
instructor reflections, platform analytics, and student feedback. Four key
mechanisms were identified that contributed to the positive trajectory of the
experimental group:

(i)  Increased Motivation through Interactive Content. The integration of
multimedia (including videos, virtual galleries, and masterclasses) resulted in
higher learner engagement. Students reported enjoying the diversity of
formats, which made abstract concepts more tangible and provided real-world
context to their creative tasks. The presence of interactivity encouraged
exploration and re-use of content.

(ii)) Improved Cognitive Structuring via Task Algorithms. Assignments such
as “arrange the stages of image creation” or “analyse this composition
diagram” provided clear cognitive scaffolds. These guided problem-solving
formats supported both novice and intermediate learners in approaching
complex fine arts problems with more confidence and organization.

(iii) Real-Time Feedback and Learning Analytics. The automated quizzes and
self-assessment features offered instant evaluation and correction. Learners
could identify weak areas early, allowing for timely remediation. Instructors
benefited from the visibility of each student’s progress, enabling focused
intervention when necessary. This two-way feedback loop created a more
responsive learning environment.

(iv) Diversification of Task Types to Reduce Monotony and Plagiarism.
Rather than relying solely on reports or text responses, the system incorporated
tasks such as reflection logs, visual analysis, and scenario-based design. This
not only enhanced student creativity but also reduced the likelihood of
plagiarism by requiring original, personalized responses.

Furthermore, the digital format encouraged autonomy and time management.
Students accessed materials on their own schedules, revisited lectures as needed
and organized their workflows independently. This helped develop professional
habits aligned with lifelong learning. The results demonstrate that digital pedagogy,
when grounded in instructional design principles, can significantly enhance
independent learning outcomes in practice-based disciplines. The structured use of
technology is not merely a delivery mechanism, but an enabler of scaffolding,
reflection, and accountability.

This research confirms that the combination of a model-based learning
framework and digital assessment tools can foster both cognitive development
and creative expression. Unlike generic e-learning platforms, the tailored e-
manual and app used in this study were purposefully designed for fine arts
students. This domain-specific customization is key to their success. One of the
most important implications is the role of digital platforms in maintaining
academic integrity. With increased visibility into the student learning process
(from timestamped task completion to behavioural analytics), instructors are
better equipped to detect irregularities. Furthermore, by engaging students with
creative, individualized assignments, the model shifts the focus from task
completion to original contribution.
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The positive outcome also supports the viability of scaling this model to other
institutions or disciplines. The use of open-source and customizable digital tools
makes it possible to adapt the framework to different curricular needs. In the
context of Uzbekistan's broader education reforms, such models offer a practical
and effective approach to implementing SDG 4 (Quality Education) and SDG 9
(Innovation and Infrastructure). This study adds new information regarding SDGs,
as reported elsewhere (Table 2).

Table 2. Previous studies on SDGs.

No. Title Ref.
Sustainable development goals (SDGs) in engineering education:

1 Definitions, research trends, bibliometric insights, and strategic [10]
approaches

) Sustainable packaging: Bioplastics as a low-carbon future step for [11]
the SDGs

3 Production of wet organic waste ecoenzymes as an alternative [12]
solution for environmental conservation, supporting SDGs

4 HIRADC for workplace safety in manufacturing: A risk-control [13]
framework and bibliometric review to support SDGs

5 Techno-economic analysis of production ecobrick from plastic [14]
waste to support SDGs

6 Techno-economic analysis of sawdust-based trash cans and their [15]
contribution to Indonesia’s green tourism policy and the SDGs

7 Definition and role of sustainable materials in reaching global [16]
SDGs completed with bibliometric analysis

3 Bibliometric insight into materials research trends and innovation [17]
to support SDGs
Physical adaptation of college students in high-altitude training to

9 [18]
support SDGs

10 Enhancing job satisfaction through HRIS and communication: A [19]
commitment-based approach to SDGs

1 Enhancing innovative thinking through theory-based instructional 20]
model to support SDGs

12 Influence of self-efficacy on affective learning outcomes in social 21]
studies education toward achieving SDGs

13 Enhancing occupational identity and self-efficacy through self- [22]
education in art/design aligned with SDGs

14 Integrating generative Al-based multimodal learning in education (23]
to enhance literacy aligned with SDGs
Dataset on Sulawesi schools and cultural implications to support

15 [24]
SDGs

16 Enhancing professional readiness in vocational education aligned 25]
with SDGs

17 School feeding program and SDGs in education: Linking food [26]
security to learning outcomes
Influence of eco-friendly packaging on consumer interest to meet

18 SDGs [27]
SDG 12 implementation through lemon commodities and waste

19 . [28]
reduction

20  Mediterranean diet patterns and sustainability to support SDGs [29]
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Additionally, this study demonstrates that independent learning does not need
to equate to unstructured learning. When paired with digital oversight and
automated formative assessment, student autonomy can thrive within a system of
academic support, transparency, and measurable progress.

5.Conclusions

The integration of a structured digital model into the independent learning process
of fine arts students has been empirically validated to improve performance,
motivation, and engagement. The results support the conclusion that a well-
designed digital pedagogy model can replace outdated, unstructured methods and
promote a culture of academic integrity and creativity. This confirms that digital
technologies, when embedded into a pedagogically sound framework, do not hinder
but instead enhance the goals of practice-oriented education. As a result, the
proposed model presents a viable blueprint for higher education institutions seeking
to modernize their instructional practices and fulfil competency-based learning
objectives in line with national and global goals.
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