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Abstract - The rapid advancement of technology has catalyzed the widespread adoption of online platforms,
transforming communication, learning, and professional practices across diverse sectors. In education, this
technological shift has spurred the integration of digital tools to enhance pedagogical methodologies. A critical
component of this integration is the development of high-quality, realistic datasets to train educational models and
tools. This study aims to address this need by constructing VNEC2018, a standardized image dataset derived from
Vietnam’s 2018 General Education Program. The dataset is designed to support and elevate student learning outcomes
through accurate and representative digital resources. By adhering to this rigorous framework, VNEC2018 is
positioned to become a benchmark resource for educational technology, facilitating the creation of robust training
models and addressing the evolving demands of digital-age pedagogy.

Keywords - Digital learning materials, Graph Neural Network, General education programs, Multilabel image
classification.

1. Introduction

Machine Learning is a fast-growing branch and the core of Artificial Intelligence (AI) and computer science,
which focuses on using data and algorithms to give computer systems the ability to learn, process data and improve
themselves instead of being explicitly programmed, gradually improving their accuracy in making predictions
based on input data [1]. Machine Learning has also become one of the buzzwords of technology in our time as it
plays a significant role in many real-world applications such as image and speech recognition, traffic warnings,
self-driving cars, medical diagnosis, etc [2].

Generally, a Machine Learning project is always functioned by the combination of the dataset and the model.
In a particular way, the dataset is fundamental to building the model since it provides the information it must learn
from. The proposed model uses dataset patterns and makes predictions. Together, they form the core structure of
any machine learning workflow. Hence, datasets play an important role in this process, so researchers must be self-
conscious about choosing the database based on its suitability and the quality it can acquire.

In the context of the technological explosion, people learn and utilize new modern applications for life and
work, and the education system is changing little by little with the integration of digital learning technology in
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teaching applications. Digital Learning Resources (DLRs), also called electronic learning resources, refer to the
structured and formalized learning materials stored in the computer in the form of a certain structure, paradigm
and scenario and which, when used, are to impart knowledge and offer learning on a smart electronic device. In
the digital space, learning resources may be documents, slides, graphs, audio-visual media, interactive modules, or
hybrids of these formats [3]. After the Covid-19 pandemic, online methods have become more and more popular
and widely used, so the Vietnamese Ministry of Education and Training has issued a decision on the orientation of
building digital learning materials and online courses Massive Open Online Courses (MOOCs) and related
decisions on digital transformation in education by 2022 [4], which affirms the position and importance of the
quality of digital learning materials. Moreover, those potential platforms people passionate about data have
opportunities to explore and dig into, generating a newly-built dataset with various educational features
supporting the process of training a model in the future.

The 2018 general education program in Vietnam is being implemented in educational institutions in the country
to meet students' capacity needs in terms of knowledge and life skills, helping students develop comprehensive
capacity to meet the needs of humanity [5]. However, when combined with technological innovation, the
application of modern technological techniques today can partly help develop learners' capacity for the teaching
quality of domestic schools and help them access diverse and easier materials. In addition, the data set after the
study can be referenced or used by other digital learning platform construction projects, making it easy to extract
and search for lesson content and, at the same time, helping learners learn more effectively during the learning
process. Data from the curriculum will be the basis for the research process and create resources for educational
projects as a premise for training Al models to provide analysis or suggest content for users in the future. Therefore,
building a dataset for the 2018 General Education Program is a practical and necessary task, not only meeting
current needs but also opening many development opportunities for education in the future. This image dataset
will be a foundation to support the e-learning system and research in education. At the same time, it will create
favourable conditions for students to access knowledge comprehensively. In response to the practical demands
mentioned, this research introduces the development of the VNEC2018 image dataset - a systematically organized
and standardized resource designed to enhance the implementation of Vietnam’s 2018 General Education Program
in creating scores of applications for students in their academic studies or instructors for their teaching methods
and materials as well.

2. Related works

To have an accurate machine learning model, the dataset will be one of the crucial factors in the research
process. In recent years, academic research on Machine Learning on building and analysing image data has been
growing strongly to upgrade knowledge on building raw data to improve the performance and interpretation of
models. Based on knowledge from previous studies, the collected data can come from various sources (self-
collected or from available and grouped datasets). The study of F.A. Mbiaya, C. Vrain and F. Ros et al. has presented
three sub-datasets created from the large Microsoft COCO dataset [6, 7]. Another dataset is the SCB-dataset of the
Yang & Wang research group on student behaviour in the classroom at a university in Chengdu, China, which
manually collects data from real videos to reflect classroom behaviours and uses the YOLOvV? algorithm to evaluate
the quality [8]. In addition, according to Loris et al., the team increased the number of images in the dataset using
data augmentation methods from four sets of VIR, BARK, GRAV and POR and gave promising results [9]. A study
from 2016 by Yao et al. collected image data using the main query word to expand the original semantically related
query using Google Books Ngrams Corpora (GBNC) to gather a more diverse and richer query and then removed
irrelevant images using the CNN algorithm [10]. In summary, instead of going into the collection techniques, the
above article focuses on the dataset's structure, processing process and filtering of noisy data after collection to
build a high-quality image dataset. In addition, there are many other outstanding collection methods that support
effective data collection and construction.
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Regarding the datasets related to the topic, there is currently no specific dataset available to support research
on the topic of digital learning materials for the 2018 general education program in Vietnam, however, there are
still some typical datasets that can help with image classification in digital learning materials data. The first is slide
images, which are collected from many sources using construction techniques suitable for small datasets [11]. The
research results show that Slide Images is a potential and useful dataset in multi-modal classification. Another
dataset mentioned in the above research article is similar to Slide Images, DocFigure, created from three available
datasets (Figure Seer, Revision and DeepChart) [12]. Although there are related datasets on the classification of
digital resources, there is still a significant research gap in building a specific image dataset for the general
education program in Vietnam. Specifically, there is currently no dataset specifically designed to reflect the content
and structure of the 2018 general education program in a systematic and fully annotated manner, serving the
purpose of developing machine learning models in the education sector. According to the national program, this
leads to a major challenge in applying modern technologies such as machine learning and artificial intelligence to
support teaching and learning.

In addition, current datasets such as SlideImages or DocFigure have potential applications in classifying digital
learning materials, but they are not attached to a specific curriculum, lack systematicity and do not meet the
specialized requirements of general education content in Vietnam. Therefore, the problem is building a structured
image dataset that reflects the curriculum content while ensuring high applicability in developing intelligent
learning systems.

From this gap, the study proposes the construction of the VNEC2018 dataset as a solution to solve the above
problem. The dataset not only aims to collect and standardize image resources from subjects in the 2018 general
education program but is also designed to train machine learning models, contributing to promoting the digital
transformation process in Vietnamese education.

3. Theoretical Basis

Digital learning resources, as defined by Circular 21/2017/TT-BGDDT, consist of various electronic educational
tools. These comprise digital textbooks, electronic reference materials, online assessment tools, digital
presentations, electronic spreadsheets, audio recordings, digital images and videos, recorded lectures, educational
software applications, virtual simulations, and other educational content in digital format. [13].

The concept of "digital learning materials" or "electronic learning materials" is a concept defined by many
authors. According to Parrott and Kok (1997) [14], electronic learning materials are learning materials provided in
electronic format, which integrate different digitized multimedia formats such as text, audio, and animation. Akker
et al. (1992) [15] supplemented this definition by including within its other types of texts and supporting materials
appropriate to specific teaching objectives.

Tran Thi Lan Thu and Bui Thi Nga (2020) [16], digital learning materials are documents containing digitalized
knowledge information content to serve teaching via computers; these materials may appear in various formats
such as textual content, presentations, tabular data, audio-visual media, and even combinations of these types.

Electronic learning materials today use technological achievements to create opportunities for students to
develop their own abilities, practice thinking and create two-way interactions between people and electronic
devices. Learners can study anywhere, depending on their needs and personal conditions. Teachers can also
organize teaching and share with those digital learning materials through knowledge information using various
media. In addition, electronic learning resources can last a long time and save costs, only 25 - 30% of printed
textbooks have the same amount of content, creating opportunities for learners to learn for life [3].
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The 2018 general education curriculum is a new educational program of the Vietnamese Ministry of Education
and Training to comprehensively develop students' abilities. The program is divided into three levels: Primary,
Middle and High School, with a general program (program framework), subject programs and educational
activities [5]. The general education curriculum consists of three key parts: mandatory subjects and activities,
career-oriented electives, and open electives [5].

This framework transforms the broader objectives of education into real-world learning experiences. It equips
students with essential knowledge while enabling them to apply their skills in daily life and future endeavours.
Students develop career awareness, build positive social connections, and foster personal ethics and self-
development by engaging with this structure. These outcomes promote individual fulfilment and prepare students
to contribute effectively to societal progress and the advancement of humanity [5].
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Fig. 1 Book connecting knowledge with Life (K&t n6i Tri thixc v6i Cudc song)

The general education program includes two sets of books: Connecting Knowledge with Life (Két n6i Tri thirc
v6i Cudc song) [17] and Creative Horizons (Chan troi Sang tao) [18]. Choosing the Connecting Knowledge with
Life [17] book set will help ensure consistency in the content and structure of learning materials when building a
data set. This book set has a tight design, which makes it easy to organize data by level and subject. Regarding the
types of digital learning resources, the proposed dataset will be divided into four main types (images, tables,
diagrams, and charts), and the data will be stored in image format. The data will also have text paragraphs related
to the lesson for the purpose of classification (classification of subjects, classification of grade levels, etc... based on
text) depending on the purpose of future research topics.
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Fig. 2 Digital learning data visualization includes images, tables, diagrams and charts

Specifically, image data will be drawings or real-life photos of people or landscapes to convey lesson content.
This data type is widely distributed in all subjects, making the content more vivid and understandable.
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Fig. 3 Image data

A table is an arrangement of data in rows and columns. The table is widely used in research and data analysis.

Based on the above criteria, tabular data will be collected into the proposed dataset.
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2 Work in pairs. Decide whether the following
statements are true (T), false (F), or not given
(NG) and tick the correct box.

T F NG

. Namis fatheris going out to play
tennis with Mr Long.

. Nam's mother is a busy woman.
. Nam’s sister is cooking dinner.
. Sometimes Nam's father cooks.

. Everybody in Nam’s family
does some of the housework.

. MrLong never does any
household chores.
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Fig. 4 Table data

A diagram is defined as a specification of the functional requirements of an information system, including
structure diagrams, behaviour diagrams or diagrams of processes, concepts, or relationships between things,
capturing knowledge about the desired functionality of the system [19].
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Fig. 5 Diagram data

A chart depicts numerical data or associated information through visual elements such as images, graphics,
charts, graphs, or maps. Standard charts encompass bar charts, line charts, pie charts, histograms, and waterfall
charts. Each type of chart is used to represent information separately [20].
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Fig. 6 Chart data

(Ngudn: Ngdn hang Thé gioi, 2022)

Current datasets on learning materials are also being researched and developed. SlideImages [11] and
DocFigure [12] are two datasets that can meet current research needs. First, SlideImages is SlideImages collected
from many sources with the task of classifying eight types of academic illustrations (charts, maps, tables, slides, ...)
[11]. Although there are some errors in the classification process, the dataset still gives a good accuracy (80%) and
can be fixed in the future. Besides, DocFigure has data similar to SlideImages; this dataset has twenty-eight
classification classes and 33,000 extracted data images [12]. This dataset gives an accuracy higher than 90%, showing
that it can serve well for future research articles. Morris et al. It is believed that the techniques applied well on
DocFigure cannot work well on SlideImages because different purposes of use or development software will create
different characteristics on the data, so in the research process, it is necessary to select and carefully study the
techniques used in building a specific data set [11].

4. Data Description

The procedures section should provide sufficient details for other researchers to reproduce accurately.
Organizing this information into clearly labelled subsections can enhance readability when describing several
techniques. Based on the overall training program, the content of each subject is similar to the training content in
the textbook. Most subjects are allocated with many different requirements but will be divided by topic, content
(major, minor, main), and requirements to be achieved. In some non-compulsory subjects such as Music, there is
only content with each fixed item, or it can also be technology with content oriented for grades 10 to 12. In addition,
some subjects on career orientation at the high school level, such as Fine Arts, will be more in-depth about the
major, helping students have a more certain perspective on that profession.

Some subject groups are renamed differently in each stage to suit the teaching level, such as Literature, with
Vietnamese from grades 1 to 5 and Literature from grades 6 to 12, but the basic content remains unchanged.
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Viét Viét
Noi va Nghe Noi va Nghe

Fig. 7 Structure diagram of literature according to the curriculum (a) Grade 1..5, and (b) Grade 6..12.

Currently, with the need for international integration in Vietnam, English is gradually becoming extremely
important because it is the main language used to communicate with foreign countries. This subject is one of the
compulsory subjects for students at the present time. The subject structure is maintained according to diverse
topics, helping learners to absorb more easily with four main skills and three language knowledge when learning
a foreign language.
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Fig. 8 Structure diagram of English according to the curriculum.
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Regarding the specific structure distributed in textbooks, subjects have a similar structure but will differ in the
number of lessons the subject provides. Based on the subject tree diagrams, most of these diagrams will usually
include subjects, chapters, lessons, and activities, some subjects will have additional topics, sections, or other similar
content. A subject may possess many designations based on the educational level within the curriculum; for
instance, at the Primary level, it is referred to as Vietnamese, whereas at the Middle School and High School levels,
it is termed Literature. In Vietnamese, the content is classified from practice to content type, mainly Reading,
Writing, Speaking and Listening, but there will be differences in content type such as Practice, Extension, etc...
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Fig. 9 Structure diagram of literature according to textbook (a) Grade 1 - Book 1, (b) Grade 1 - Book 2, (c) Grade 3..5, and (d) Grade 6..9.




Hai Tran et al. /| DS-DST, 1(1), 23-42, 2025

Grade 10..12: For English, the subject name will not change, but the items in the lesson will be different. Grades
1 and 2 will be divided into units, including lessons, Reviews, and fun time. This subject will be divided into two
sets in higher grades, and the lesson content will still be built, similar to grades 1 and 2. However, there will be no
Fun time like the previous 2 grades.

a
b
Tiéng Anh Tiéng Anh
\ 4 i
Unit Tap
A\ 4 \ 4 \ 4 v
Lesson Fun time Review Chua da
- Me and my friends
- Me and my school
- Me and my family
y 4 - Me and the world
around
Noi dung Noi dung
1. Listen and Repeat
2. DPoint and say
3. Listen and chant
4. Listen and tick v
5. Look and trance /
Look, trance and write Unit
6. Listen and repeat 1. Phil and Sue
7. Let's talk 2. Self - check
8. Let’ssing
A\ 4
Lesson

Fig. 10 Structure diagram of English from grade 1 to grade 5 according to textbook. (a) Grade 1..2. (b) Grade 3..5
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a
Tiéng Anh Tiéng Anh
v \ 4
Tap Tap
A\ 4 A 4
Unit Review
Unit
A 4 \ 4
Noi dung Noi dung Noi dung
- Getting started Getting started
- Acloserlook1 Language
- Acloser look 2 Skills
- Communiacation Communication and
. 1. Language
- Skills 1 culture 2 SKkill
- Skills 2 Looking back
- Looking back Project
- Project

Fig. 11 Structure diagram of English from grade 6 to grade 12 according to textbook (a) Grade 6..9, and (b) Grade 10..12.

The dataset structure is built based on the official information about the program framework of [5] and is stored
at https://drive.google.com/DataStructures.

5. Data Collection Method

The basic research dataset can be constructed using many methods depending on the needs and research
objectives. For the study of F.A. Mbiaya, C. Vrain and F. Ros et al., 3 sub-datasets were created from the original
Microsoft COCO dataset [6, 7]. This method cannot be applied to the proposed dataset because the 2018 General
Education Program has only been put into practice in recent years, so previous research works up to now in
Vietnam still do not have a dataset on this curriculum. However, the way F.A. Mbiaya, C. Vrain and F. Ros et al.
distribute data by topics such as traffic, kitchen, etc., can be learned to apply to classifying digital learning
resources.

Yang & Wang's SCB dataset on student behavior in a classroom at a university in Chengdu, China, involves
manually collecting data from real videos and using the YOLOV? algorithm for quality assessment [8]. This data
can only be applied to problems with specific real-life contexts, such as classroom behavior classification. However,
this manual collection method will also be more promising than F.A. Mbiaya, C. Vrain and F. Ros et al. when
applied to the proposed problem.
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In addition, according to Loris et al., the application of image augmentation in constructing datasets from each
of VIR, BARK, GRAV and POR with accuracy above 90% shows that this is also a method that can be used for
future works [9]. This collection method is an alternative for the proposed dataset in case of data shortage.

Yao et al.'s study used the main query word to expand the semantically related initial query using Google
Books Ngrams Corpora (GBNC)[10]. By using words with similar meanings, the original dataset will have many
images, including inaccurate images, causing data noise, so applying the CNN algorithm to filter and obtain a more
optimal dataset is still necessary. This vocabulary-based data retrieval method can be used to expand the dataset
with keywords related to the subject content in digital documents other than textbooks.

The research object of the topic is the 2018 General Education Program, the new education program of the
Ministry of Education and Training of Vietnam, to comprehensively develop students' abilities. The program is
divided into three levels: Primary, Middle and High School, with a general program (program framework), subject
programs and educational activities.

Testing and Evaluation

‘ Testing model
Building structures B B
of subjects
( )\ -~ - isi Cat 3f
Exploring the 2018 ( o ‘ Ceizeiey ‘ ategoring
General Education Collecting data —-{ Pre-processing \ P ) J
Program | \ ) L l
Building structure @ @
of program /\ l
C )
Image Table Diagram Chart Subject

l

VNEC2018

Fig. 12 Method of building and evaluating digital learning materials dataset of General Education Program 2018

Regarding the construction method, the dataset was manually collected and classified based on 4 main label
objects: images, tables, diagrams, and charts. In addition, the classification is also based on the subject tree structure
built from the overall education program, from which objects such as subject names, classes, subject classifications,
etc., in the curriculum structure are also factors that help this dataset to develop and deploy creative research in
many different directions. Moreover, the dataset is built in a multi-label direction for image objects, tables,
diagrams, and charts (a data image can contain both images and tables, etc.). Therefore, this research was conducted
to create a dataset that can represent the curriculum structure, contributing to serving multi-label classification
problems and classification based on subject information in the training program, as well as some other purposes
for future research.

In addition, to clarify the structure and increase the efficiency of the collection and identification of each
criterion for the data set, the tree diagrams showing the overall curriculum and the tree diagrams of each subject
by class cluster are also outlined in the most general way to serve the analysis and research of related topics later.
Each data will be reviewed and recorded through screen capture, then stored as an image and sent to the pre-
processing stage to remove substandard data such as duplicate data blurred images. The number of data sets is
presented at: https://drive.google.com/TotalOfData.
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6. Data Experimental Evaluation

This should clearly explain the main conclusions of the article. There are two common problems in evaluating
the overall data set: image classification and text classification. Specifically, for the image processing object, the
problem of classifying digital resources (images, tables, diagrams, charts) is a reasonable test to evaluate the quality
of the data set. In addition, text data will also be evaluated through the problem of classifying subjects based on
text extracted from images for processing. In both problems, a small part of the original data set. Depending on the
problem's requirements and the nature of each data group, the division and use of data in both problems will be
clearly considered. The reason is that for the constructed data set, the structure of the curriculum and the lessons
presented in the document greatly influence the number of labels of digital resources (images, tables, diagrams,
charts). Visual media often account for a large number to help convey and express content vividly and easily, while
diagrams and charts account for a very low proportion because they are only suitable for some abstract subjects
specific to data, calculations, etc. Therefore, if users try to use all the proposed data, the data imbalance between
labels will become increasingly large, affecting the model's performance and accuracy.

In addition, subject labels are also a significant issue for text processing problems. In the curriculum, the subject
name and lesson structure of each subject in different grade levels can be changed. However, the knowledge and
lesson content between these grades may be related to each other. This is a major obstacle in the text-based
classification problem when it can cause the model to confuse different subject labels with the same basic content
of that subject. Therefore, this approach will help ensure assessment accuracy and is more suitable for each subject's
characteristics.

6.1. Classifying Digital Resources

This problem is solved with the subjects: Geography 10-12, History 10-12, Technology 6-8, Physics, Science and
Computer Science. After the combination of the above subjects is uploaded via CSV files, this subset of data has a
total of 4077 data, including 2851 training data, 814 validation data and 412 test data. The number of image labels,
tables, diagrams and charts are 3531, 771, 224 and 46, respectively. The evaluation model for this image classification
problem will use the CNN [21], VGG16 [22], ResNet50 [22] and, MobileNetV2 [23], ResNet18 [24] algorithms, in
which the CNN model will be built for testing. Specifically, the images will be changed to a uniform size of 380x380
(px) when processing data. The reason is that during the data collection process, it is inevitable that there will be
many images, tables, etc., with different sizes, leading to the input data also having many sizes. Therefore,
uniformity in size between the data helps the training model become more convenient, avoid errors and help
increase the calculation speed [25]. In addition, the selected size is also in the range of 224x224 (px) and 512x512
(px) to help the processing model be more balanced in processing speed and quality of image data characteristics
[26].

During training, it is considered that the amount of data between labels is not balanced (due to the nature of
the learning material), which can affect the model's accuracy. Therefore, data augmentation is necessary, which
helps to balance the data that accounts for a low proportion in the subset of data used [27] and can also help the
model achieve higher performance [28]. After training, the output results of the models for the proposed subset of
data have relatively high accuracy - all above 85%.

Table 1. Accuracy of models with the proposed dataset in the classification of digital learning resources

Accuracy Loss Recall Precision F1-score
CNN 0.86 0.22 0.48 0.56 0.38
MobileNetV2 0.86 0.29 0.26 0.25 0.24
ResNet50 0.86 0.27 0.47 0.3 0.35
Resnet18 0.9 0.07 0.74 0.9 0.76
VGG16 0.92 0.14 0.57 0.92 0.61
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6.2. Classifying Subjects

The data used for this text classification problem includes the following subjects: Geography 10-12, Computer
Science, History 10-12, Physics, Chemistry, Vietnamese 4-5, English 7-9, Physical Education, Biology. After
synthesis, this sub-dataset will have 9855 data, including 7095 training data, 1971 validation data and 789 test data.

The evaluation model for this text classification problem will use the algorithms BiLSTM [29], LSTM [29] and
BiLSTM combined with CNN [30]. CNN is used to learn representations from characters, then combined with
BiLSTM to capture the context of the two-dimensional word sequence [31].

Specifically, when uploading data to train the model, the images will be pre-processed before Optical Character
Recognition (OCR), with the main steps being to convert the original image to grayscale to reduce noise, remove
color information, and increase the contrast between text and background to help recognize text more effectively
[32]. In addition, converting to grayscale also helps reduce the complexity of calculations. Because the number of
color channels is 1 (instead of 3 RGB channels like color images), the input data size will be greatly reduced, thereby
helping to increase the speed of training and processing the model [33].

Then, adjust the size of the images - zoom in if the image is too small (under 300px), and zoom out if the image
is too large (larger than 1000px). This helps small images not to be too blurry or difficult to recognize and helps to
increase the detail of the characters. Images with too large sizes will also reduce the calculation complexity and
optimize memory without affecting the quality of extracted text [32]. Finally, after data preprocessing is completed,
the image data will be extracted thanks to the optical character recognition tool EasyOCR [34], and the extracted
text will be stored in a CSV file for long-term training and evaluation.

After being extracted, the raw data will be put into the training phase using the 3 models. The data will be
transformed during pre-training to suit the processing model. The results are obtained after the training and
evaluation process, as shown in Table 2.

Table 2. Accuracy of models with proposed dataset in subject classification.

Accuracy F1-score Recall Precision
BiLSTM 0.84 0.84 0.84 0.84
LSTM 0.83 0.82 0.83 0.83
BiLSTM - CNN 0.85 0.85 0.85 0.86

The results after training show that the accuracy of the models is 80% or higher. The BiLSTM algorithm
combined with CNN gives higher results than the remaining algorithms, proving that BiLSTM initially handles
text data well, but when combined with CNN, it gives better results (85%).

6.3. Discussion

Overview of the proposed dataset, the total amount of data is 30193 images, of which images account for 81.8%
(25082 images), tables account for 11.9% (3654 images), diagrams account for 5.4% (1663 images), charts account for
0.8% (260 images), which shows that: for the problem of classifying digital resource images (including multi-label),
the proposed dataset has a very large difference (image data accounts for 83% while charts account for less than
1%).

The reason is that objects such as diagrams and charts only appear in some subjects with specific knowledge,
calculations based on data and requiring presentation in a form suitable for that subject for easy analysis, evaluation
and application (for example, geography - a subject that requires data to be presented concisely, easy to see, easy
to compare). At the same time, illustrations are used in most subjects, especially subjects at the primary level;
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because this is an elementary level, students still do not have the ability to read, understand and analyze well.
Hence, illustrations are a suitable solution for this level. Images help supplement, illustrate and explain information
in a visual, vivid way combined with tables to record and arrange information and knowledge in an orderly and
aesthetically pleasing way to convey knowledge effectively. That is the reason why the proportion of images and
tables is larger than the other two types of data.

5% 1%

OlImage
B Table

O Diagram
OChart

82%
Fig. 13 Pie chart showing the distribution of data in the proposed dataset

The reason is that objects such as diagrams and charts only appear in some subjects with specific knowledge,
calculations based on data and requiring presentation in a form suitable for that subject for easy analysis, evaluation
and application (for example, geography - a subject that requires data to be presented concisely, easy to see, easy
to compare). At the same time, illustrations are used in most subjects, especially subjects at the primary level;
because this is an elementary level, students still do not have the ability to read, understand and analyze well.
Hence, illustrations are a suitable solution for this level. Images help supplement, illustrate and explain information
in a visual, vivid way combined with tables to record and arrange information and knowledge in an orderly and
aesthetically pleasing way to convey knowledge effectively. That is the reason why the proportion of images and
tables is larger than the other two types of data.

To address the problem of data imbalance, this study uses a subset method from the original dataset.
Specifically, due to the difference between the classification labels, some subjects will be selected and grouped so
that the ratio between the labels becomes more balanced. Since the original data cannot be completely randomly
divided, this process focuses on prioritizing subjects containing diagrams and charts to correct the imbalance with
image and table data types, which are dominant in the dataset. However, this only somewhat fixes it; data
augmentation techniques can help produce more efficient results. To augment the data for the small class, the
training dataset is processed using this technique to rotate, flip, change color, or add noise.

In terms of data quantity, although VNEC2018 is an image dataset with an average number like DocFigure [12]
(33,000 images), it is extremely large when compared to the SlideImages dataset [11] (more than 3,000 images).
Building a dataset with a large or small number depends on the research needs and the learning resources where
the dataset is collected. For example, if the proposed dataset is collected only from the textbooks provided by the
Ministry of Education and Training, the initial quantity of data will be approximately 30,000. In the future, if more
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data from other sources besides this textbook is added, the data will certainly be more diverse, and the accuracy of
the training process will also increase.

Table 3. Comparison table of accuracy of datasets in image classification problem table

Model Accuracy
SlideImages test MobileNetV2 80%
DocFigure test CNN ~90%
VNEC2018 test MobileNetV2 86%
VNEC2018 test CNN 86%

When analyzing the image classification problem on the SlideImages, DocFigure and VNEC2018 datasets, the
results show a clear difference between the datasets and the models used. Specifically, the SlideImages dataset,
when combined with the MobileNetV2 model, gives about 80% accuracy, while DocFigure, with the CNN model,
achieves an accuracy of up to 90%. In particular, the VNEC2018 dataset developed by the research team achieves
86% accuracy when applying both the MobileNetV2 and CNN models, which shows a stable and encouraging
performance. However, VNEC2018 only uses four classification labels, much less than SlideImages (9) and
DocFigure (28).

This difference can be explained mainly by the way the classification labels of each dataset are designed. While
VNEC2018 groups together chart types (bar, line, pie charts, etc...) and diagrams (processes, cycles, etc.) into a single
label, SlideImages and DocFigure divide these types into many separate labels, allowing the model to learn more
detailed and accurate features. In addition, VNEC2018 also encounters the problem of label imbalance, when image
data accounts for a large proportion compared to the remaining labels, such as tables, diagrams, and charts. This
makes it difficult for the model to learn the features of less frequent label types, leading to uneven classification
results between groups.

However, one of the strengths of the VNEC2018 dataset is its stability and good generalization ability when
applying different models, although the number of classification labels is somewhat smaller. This is thanks to the
clear data structure and the close connection with the 2018 Vietnamese general education program, helping the
deep learning model to identify features that are highly practical and close to the educational context of students.
In addition, the fact that the problem is designed as a multi-label classification - allowing an image to belong to
multiple groups at the same time - is suitable for current reality, when learning materials often include many
different visual elements on the same page. This makes VNEC2018 highly applicable and opens up great
opportunities for integrating this dataset into intelligent learning systems.

Beyond dataset comparisons, the study further evaluated the proposed dataset across multiple deep learning
architectures to investigate each model’s performance and generalizability in educational image classification. As
shown in Table 2, the accuracy of the models used in this study varies significantly. Specifically, the three models,
VGG16, ResNet18, and ResNet50, achieve 92%, 90%, and 86% accuracy, respectively. To explain this difference, we
first compare VGG16 and ResNet50, two architectures with distinct differences in design and feature extraction.
VGG16 has a sequential architecture in which convolutional layers are arranged in series in a simple but effective
structure. The moderate depth of the network helps this model learn well on datasets that are not too large or have
clear features. This explains why VGG16 achieves higher accuracy on the current dataset.

In contrast, ResNet50 has a significantly deeper design with residual blocks, an important component that helps
the model learn more complex features [35]. However, in cases where the dataset is not large enough (only 4,077
images) and has a high label imbalance, ResNet50 may have difficulty generalizing, leading to overfitting and
worse results than VGG16 [36]. Research by H. Kamal et al. also shows that ResNet50 does not perform as well as
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VGG16 on small or imbalanced datasets when applied to medical images. Additionally, VGG16 may be more
suitable in certain cases depending on the dataset's characteristics. Another study compared the performance of
VGG16 and ResNet50 in lung disease classification and found that VGG16 achieved higher accuracy, suggesting
that this architecture can better exploit important features of medical data [37].

A notable point in the experimental results is that ResNet18 achieves 90% accuracy, almost equivalent to VGG16
(92%) and significantly higher than ResNet50 (86%). This raises the question of why ResNet18 performs better than
ResNet50 and even approaches VGG16, although they are both in the ResNet family. One of the important reasons
lies in the depth of the model. ResNet18 has a shallower architecture than ResNet50, consisting of only 18 layers
instead of 50 layers, which helps this model reduce complexity, avoid overfitting, and generalize better on small or
imbalanced datasets. Deep models like ResNet50 can overlearn the training sample when the data is not rich
enough, leading to poor generalization on the test set [38].

Furthermore, despite having fewer layers, ResNet18 still uses residual blocks, which preserve information and
improve gradient propagation during training. Therefore, ResNet18 retains the important benefits of ResNet
without the problems caused by too much depth like ResNet50. A comparative study on medical images also shows
that when the data is small and imbalanced, ResNet18 often outperforms ResNet50 because the model is not too
complex but still powerful enough to extract useful features [36]. In addition, VGG16 and ResNet18 have similar
numbers of parameters, making the complexity of the two models not too different. This helps ResNet18 perform
similarly to VGG16 on the current dataset. Meanwhile, ResNet50 has a significantly larger number of parameters,
requiring more data to reach its full potential. This model may not achieve the expected performance when the data
is insufficient or imbalanced.

Therefore, the image classification task using ResNet18 results close to VGG16 due to its moderate depth and
better generalization ability than ResNet50 while still retaining the advantage of the residual block without being
affected by overfitting. This shows that in problems with small and imbalanced data, a moderate model like
ResNet18 may be a better choice than deeper networks like ResNet50.

In addition, the problem of classifying digital learning resources has a significant difference between the
Precision, Recall, F1-score, and Accuracy indexes. In contrast, the problem of classifying subjects using text has a
more even distribution of these indexes (ranging from 80-85%). The main reason comes from the difference between
the two problems. Specifically, the problem of classifying subjects focuses on analyzing text and detailed content
in image data to identify the corresponding subjects in the educational program. Meanwhile, the problem of
classifying digital resources requires the model to analyze the characteristics of images, tables, diagrams, or charts
more deeply to accurately identify each type of resource, leading to an uneven distribution between the evaluation
indexes.

Secondly, compared with the image classification problem, the subject classification problem has a significantly
better label balance. To ensure balanced representation during training, the subject data is meticulously prepared
to represent each class equally. At the same time, content control helps minimize the similarity between subjects,
limit confusion, and facilitate the machine learning model to identify each subject's unique features clearly.

In general, VNEC2018 has a major drawback: the data is unbalanced due to the uneven distribution of data in
the labels. However, compared to the two datasets DocFigure and SlideImages, VNEC2018 is collected on textbooks
used for the curriculum in a country, so it will focus more on electronic learning materials, helping to build smart
educational tools such as lesson suggestions, competency assessments or supporting teachers to organize lectures
based on knowledge in textbooks, while the two previously released datasets have advantages in image
classification, data types, and research support.
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In summary, the subject classification problem is mainly based on academic content with a higher level of data
balance. In contrast, the digital resource classification problem requires a detailed analysis of the image feature
structure and is imbalanced between labels. These are the important factors leading to the difference in performance
between the two problems. From this, for the text classification problem, the proposed dataset is more suitable than
the digital learning resource image classification problem based on the label balance criterion in the selected
subsets.

In the future, we will overcome this shortcoming by searching for some data from other sources within the
framework of the 2018 general education program, such as the Creative Horizon book series [17] combined with
reference materials, online tests and MOOC courses to balance the image objects and the remaining 3 types of data
(tables, diagrams and charts). Integrating more data on multimedia platforms (lecture videos, learning applications,
etc.) also helps the dataset have more characteristics, diversifying the dataset and improving the accuracy in
classification and content recognition, increasing the practical applicability of systems in the digital environment.
In addition, it is also planned to add some specific types of labels instead of just the current general labels, such as
human images, landscape images, life cycle diagrams, pie charts, bar charts, etc., to increase the specificity and
diversity of information for the proposed dataset.

7. Conclusion

Based on the research, we have presented the 2018 Vietnamese general education curriculum and associated
ideas for digital learning resources. Simultaneously, the VNEC2018 digital learning material picture dataset was
also proposed, with 30,193 photos: the construction structure's characteristics and the quantity of each dataset
component. The research team simultaneously extracted two sub-datasets and applied them to two distinct
classification problems to assess the dataset's quality. The CNN, VGG16, ResNet50, ResNet18, and MobileNetV2
models were employed to solve the image classification problem. The models' accuracy ranged from 86 to 92%,
with the VGG16 model achieving the best result (92%). Furthermore, three models categorize text retrieved from
images: BILSTM, LSTM, and BiLSTM-CNN. The accuracy ranges from 83% to 85%, with the BILSTM-CNN model
achieving the best result (85%).
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