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ABSTRACT - Understanding emotions conveyed in text, especially in non-global languages such as
Thai, sentiment analysis is particularly important in Thailand. However, this endeavor faces
challenges due to variations in text length, which significantly impact sentiment analysis outcomes.
Previous research has employed neural network and machine learning models in the process, yet
each model specializes in different aspects, making comprehensive sentiment analysis coverage
unattainable. Recent research has delved into hybrid models like CNN-BiLSTM and BiLSTM-CNN.
Although they demonstrate efficacy, their performance still varies across different datasets. For
instance, CNN-BIiLSTM excels with short sentences by considering surrounding word context, while
BiLSTM-CNN is more effective with long sentences due to its bidirectional learning capability. While
showing promise, these models perform effectively, but varied text lengths in datasets often lead to
sentiment misinterpretation. To address these challenges, inspired by recent advances, we propose
an innovative solution: the Parallel Hybrid model. This approach integrates WangchanBERTa into
both CNN-BIiLSTM and BiLSTM-CNN architectures, harnessing ensemble techniques to improve
overall performance and adaptability. Our experiments, conducted on datasets like Wisesight, a
highly imbalanced dataset with mostly longer texts, and Thai Children's Tales, a less imbalanced
dataset with mostly shorter texts, confirm the effectiveness of the Parallel Hybrid model, which
outperforms other model configurations with Macro F1 scores of 0.6270 and 0.7859, respectively.
This research marks a significant advancement in sentiment analysis for the Thai language.

KEYWORDS: Sentiment Classification, Deep Learning, Natural Language Processing, Convolutional
Neural Network, Bi-LSTM, Thai Language

1. Introduction

Sentiment analysis, a crucial component of Natural
Language Processing (NLP), deciphers user sentiments
in both text and speech, focusing on discerning positive
or negative emotions conveyed. It evaluates sentiment
polarity (positive, negative, or neutral), offering
businesses valuable insights into customer perceptions.
Diverse methodologies, Zhang et al. (2018) (1) leveraged
multiple dictionaries for sentiment analysis on Chinese
microblog messages, highlighting the importance of
diverse linguistic resources. Zhang et al.'s (2020) (2)
research on the Bidirectional Long Short Term Memory
Network (BIiLSTM), Cahyanti et al. (2020) (3)
employing the Support Vector Machine (SVM) and
Mishra et al.'s (2023) (4) exploration of the Long Short
Term Memory Network (LSTM) and Convolutional

*Corresponding Author: kasidhitdan@gmail.com

Neural Network (CNN), signify ongoing progress in
sentiment analysis methodologies. These diverse
approaches lay a foundation for exploring sentiment
analysis in Thai, considering its unique linguistic traits.

However, according to research [10], sentiment
analysis poses challenges due to its uniqueness, such as
the text length of each dataset. This necessitates adapting
each model to the relevant dataset. Despite these
obstacles, advances in NLP can be tailored to different
types of data. However, ongoing efforts are underway to
enhance the effectiveness of sentiment analysis in
Thailand. By integrating a neural network architecture
customized for the Thai language, coupled with insights
from the broader NLP literature, there is potential for
significant improvement in accuracy in Thai text
processing.


mailto:kasidhitdan@gmail.com

Pasupa et al. (2022) [10] explored a hybrid CNN
and BILSTM approach for sentiment analysis on Thai
language datasets. Their study systematically compared
model architectures and feature extraction techniques,
showcasing the effectiveness of this hybrid model.
However, they utilized Thai2fit (ULMFiT) for word
embedding, lacking the bidirectional understanding of
BERT. Recognizing BERT's limitations in Thai due to its
English-centric  pre-training,  this  spurred  the
development of WangchanBERTa, a specialized BERT
model tailored for Thai.

Inspired by Na Chen et al. (2023) [12] research
on a parallel neural network model that combines BERT,
CNN, and BiLSTM to perform sentiment analysis, new
ideas are generated in integrating WangchanBERTa.
Here, CNN-BIiLSTM and BiLSTM-CNN are mixed in
parallel. The goal is to leverage the strengths of CNN-
BiLSTM, which can analyze well in short sentences, with
BiLSTM-CNN, which can analyze well in long
sentences.

In this research, we aim to integrate
WangchanBERTa, a specialized transformer model for
Thai. This methodology seeks to enhance sentiment
analysis accuracy and effectiveness in Thai by
integrating with the CNN-BIiLSTM and BiLSTM-CNN
models. We conduct experiments on two datasets: the
Wisesight dataset, comprising diverse Thai language
social media texts, and the 40 Thai Children's Tales
Dataset, offering a unique linguistic perspective. By
leveraging state-of-the-art NLP models and diverse
datasets, this research aims to develop advanced
sentiment analysis techniques tailored specifically for the
Thai language context. Using the macro F1 score as the
measuring method, preliminary experimental results
indicate that employing WangchanBERTa improves
sentiment analysis outcomes. Moreover, the integration
of a parallel hybrid approach, combining CNN-BiLSTM
and BiLSTM-CNN, further enhances sentiment analysis
results.

2. Literatures Review

The literature review explores various hybrid approaches
for sentiment analysis, highlighting their effectiveness in
enhancing model performance across diverse domains.
Amrani et al. (2018) (5) proposed a hybrid framework
combining Random Forest and Support Vector Machine
techniques to classify Amazon product reviews. Despite
achieving high accuracy and showcasing the synergistic
benefits of both algorithms, the study highlighted
computational costs and limitations in retaining
comprehensive sentence contexts crucial for accurate
sentiment analysis.

Similarly, Ersahin et al. (2019) (6) introduced a
pioneering hybrid methodology for Turkish sentiment
analysis, combining lexicon-based and machine learning
strategies. Their approach, integrating a sentiment
dictionary with supervised classifiers like naive Bayes
and support vector machines, outperformed standalone
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methods. Notably, the hybrid model achieved impressive
accuracy across datasets from movies, hotels, and
Twitter, surpassing both lexicon-based and machine
learning-based approaches. However, the study
highlighted challenges in hybrid models, particularly in
effectively handling cross-domain data and capturing
nuanced sentence contexts crucial for sentiment analysis.

Naseem et al. (2019) (7) introduced a
groundbreaking hybrid approach, merging word
representations with Bi-directional Long Short Term
Memory (BiLSTM), outperforming traditional methods
in accuracy. By integrating diverse word embeddings like
Character, Context (EImo), Glove, Lexicon, and Part of
Speech embeddings with BiLSTM, the study achieved
impressive accuracies across various datasets, including
those from US airlines. Despite its success, the study
underscored the evolving landscape of language
modeling, notably with the rise of BERT (Bidirectional
Encoder Representations from Transformers), renowned
for its bidirectional nature and robust contextual
understanding.

Cai et al. (2020) (8) introduced a hybrid strategy
combining BERT and BILSTM, aiming to leverage
BERT's proficiency in adjacent word statistics and
BiLSTM contextual learning capabilities. This fusion
resulted in notable improvements in accuracy and recall
rates, surpassing the individual performance of BERT
and BIiLSTM. However, the study emphasized the
limitations of standalone models, particularly in
capturing local patterns within input data, highlighting
the importance of complementary approaches like CNN.

Pasupa et al. (2022) (9) employed a hybrid
architecture integrating CNN and BiLSTM for sentiment
analysis on Thai datasets, highlighting the advantage of
synergistically combining multiple models for enhanced
performance. Their study evaluated various feature
extraction techniques before entering the deep learning
model, showcasing the superiority of the amalgamated
CNN-BILSTM model over individual counterparts.
However, the study recognized the limitations of existing
word embedding techniques, particularly in effectively
representing Thai language data, which necessitated the
development of specialized models such as
WangchanBERTa.

Gupta et al. (2022) (10) proposed a hybrid
approach that integrates BERT, BiLSTM-BiGRU, and a
1-D CNN model for binary sentiment classification
analysis of movie reviews, achieving an accuracy of
93.89%. Additionally, Na Chen et al. (2023) (11)
introduced a parallel hybrid neural network model
combining BERT, CNN, and BIiLSTM for analyzing
hotel review datasets (ChnSentiCorp) in the context of
Chinese text sentiment analysis. This hybrid model
demonstrated an accuracy of 92.35%.

In Chen et al.'s (2023) (11) study, they utilize
parallel hybrid models, building upon Pasupa et al.'s
(2022) (9) research. BILSTM-CNN is employed for
longer documents and translations, while CNN-BIiLSTM



is used for shorter ones, resulting in a parallel hybrid
model. This configuration, acting as a set of models,
increases  overall performance and generality.
Ensembling proves advantageous as different
architectures may capture varying aspects of the data,
ensuring robustness by providing alternative perspectives
when one network fits a specific model.

3. Method
In this research, we introduce a novel hybrid
model aimed at enhancing sentiment analysis

performance. The proposed model, termed the Parallel
Hybrid method, integrates WangchanBERTa with both
CNN-BILSTM and BILSTM-CNN architectures.
WangchanBERTa is a Transformer Model that converts
text data into vectors based on the context of words.
CNN-BILSTM is good at capturing the context
surrounding words rather than the sentence as a whole,
and BiLSTM-CNN is good at capturing the context of
words as a whole rather than surrounding words by doing
Parallel. The Hybrid Model combines the advantages of
each model to improve sentiment analysis results. To
conduct the experiment, two datasets were utilized: the
Wisesight dataset and the 40 Thai Children’s Tales
dataset, both containing pre-labeled sentiments in Thai
text. The model will be compared with two other models:
WangchanBERTa with CNN-BILSTM and
WangchanBERTa with BIiLSTM-CNN, as depicted in
Figure 1.

{ ‘WangchanBERTa { WangchanBERTa J ‘WangchanBERTa

y

L) & i

o
BILSTM ‘ CNN ‘ CNN ‘ BiLST.\rI‘

3 R
CNN BILSTM BiLSTM M
=~ e~ )
1) (2 3
AN ‘\Q/I k\‘"/

Figure 1. Architecture

The selection of the Wisesight Dataset and the
40 Thai Children’s Tales Dataset addresses the scarcity
of labeled Thai language datasets for sentiment analysis,
a significant challenge. These datasets minimize errors
from manual labeling or unlabeled data and offer diverse
social media texts and children's stories, providing
unique linguistic perspectives. By leveraging these
datasets, comparisons with past research on Thai
sentiment analysis can be made, contributing to
advancements in the field and facilitating a
comprehensive assessment of model performance,
enriching Thai sentiment analysis research. There are
also differences between the two datasets in overall
message length that can be compared across models.
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3.1 Data Exploration

The Wisesight dataset was collected from public
pages on Facebook, Twitter, YouTube, Pantip.com, and
other web forums between 2016 and early 2019. The
dataset from PyThaiNLP comprises 26,737 sentences
categorized into four classes as follows: 6,823 negative
sentences, 4,778 positive sentences, 14,561 neutral
sentences, and 575 questions. It is notable that the
distribution among these four classes is imbalanced

(PyThaiNLP, 2019). The Wisesight Sentiment
Dataset is available at:
https://github.com/PyThaiNLP/wisesight-sentiment.

The following table (Table 1) presents a
comprehensive  statistical ~ analysis  of  textual
characteristics, including average number of characters,
average number of words, maximum and minimum word
lengths, maximum and minimum character lengths, and
quartile 99 values for both word and character lengths,
offering valuable insights into the composition of the
Wisesight dataset.

Table 1 Key statistics about the Wisesight Dataset, after
pre-processing

Average number of characters 85
Longest characters 2111
shortest characters 1
Number of characters, quantile 0.99 689
Average number of words 25
Longest words 587
shortest words 1
Number of words, quantile 0.99 190

The 40 Thai Children’s Tales dataset includes
1,115 sentences from 40 Thai tales, which were classified
by three expert annotators into positive, neutral, or
negative sentiment categories. The annotators reached
consensus on all 1,115 sentences, resulting in 309
sentences expressing positive sentiment, 508 exhibiting
neutral sentiment, and 298 conveying negative sentiment.
It is notable that the distribution among these three
classes is imbalanced. The dataset is available for
download at: https://github.com/dsmIr/40-Thai-
Children-Stories.

The following table (Table 2) presents a
comprehensive  statistical ~ analysis  of  textual
characteristics, including average number of characters,
average number of words, maximum and minimum word
lengths, maximum and minimum character lengths, and
quartile 99 values for both word and character lengths,
offering valuable insights into the composition of the 40
Thai Children’s Tales dataset.
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Table 2 Key statistics about the 40 Thai Children’s
Tales, after pre-processing

Average number of characters 69
Longest characters 347
shortest characters 10
Number of characters, quantile 0.99 | 194
Average number of words 18
Longest words 73
shortest words 1
Number of words, quantile 0.99 48

3.2 Data preprocess

Data preprocessing involved removing punctuation,
URLs, HTML tags, tabs, whitespace, numerical
characters, hashtags, user mentions, and special
characters such as "#" and "@", as well as converting
emojis to their corresponding text representations.
Duplicate rows and empty entries were also eliminated.

Following preprocessing, the Wisesight Dataset
comprises 26,676 labeled messages, with imbalanced
class distributions: 6,811 negative, 14,513 neutral, 4,777
positive, and 575 questions.

Similarly, the 40 Thai Children’s Tales Dataset
includes 1,115 labeled messages with imbalanced class
distributions: 309 expressing positive sentiment, 508
exhibiting neutral sentiment, and 298 conveying negative
sentiment.

For the purpose of creating robust sentiment
analysis models, the datasets were meticulously
partitioned into distinct subsets. The Wisesight dataset,
comprising 26,676 messages, was split into three subsets
using the train_test split method: 60% designated for
training, 20% for validation, and another 20% for testing,
resulting in 16,005, 5,336, and 5,335 messages,
respectively. Similarly, the 40 Thai Children’s Tales
Dataset contains 1,115 messages, with 669, 223, and 223
messages allocated to the training, validation, and testing
sets, respectively.

The train_test_split method was chosen because
it is simple and efficient, making it ideal for research
projects with time and resource constraints. Unlike cross-
validation, which involves multiple splits and repeated
training cycles, train_test_split partitions the data in a
single step, significantly reducing computation time. This
efficiency is particularly beneficial when working with
complex models that require extensive training, as it
minimizes resource usage while ensuring the datasets are
effectively partitioned.

3.3 Model Creation
BiLSTM-CNN Model

The model depicted in Figure 2 undergoes
WangchanBERTa encoding upon receiving a sentence
input. It then passes through a BiLSTM layer to capture
sequential information bidirectionally. The output from
BiLSTM, incorporating long-range dependencies, is fed
into a CNN to extract local text features.
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The model depicted in Figure 3 starts with
WangchanBERTa encoding for a sentence input. It then
proceeds to a CNN to extract local text features.
Subsequently, the output from the CNN is passed to a

BIiLSTM layer to capture sequential information
bidirectionally.
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Parallel Hybrid Model
The model in Figure 4 begins with
WangchanBERTa encoding for sentences. These

encoded sentences are then passed to either BiLSTM-
CNN and CNN-BIiLSTM architectures, leveraging the
strengths of both models to improve prediction outcomes.
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Figure 4. Parallel Hybrid Model

All three models consist of the following parts:

a. Word Embedding Layer: Utilizes pre-trained
WangchanBERTa to transform tokenized text
into embeddings, comprising Token, Segment,
and Positional Embeddings for context-aware
representations.

b. Feature Extraction Layer: Utilizes CNN for
local semantic features and BiLSTM for global
contextual feature extraction, constructing both
CNN-BILSTM and BiLSTM-CNN
architectures.

¢. MaxPooling Layer: Reduces spatial dimensions
of convolutional layer outputs while preserving
important information.

d. Dropout Layer: Prevents overfitting by
randomly dropping units during training to
improve generalization.

e. Concatenate Layers: Combines outputs from
CNN-BIiLSTM or BIiLSTM-CNN for further
processing.

f.  Output Layer: Fuses feature vectors, applies
dropout regularization, and classifies output
using sigmoid activation function with a fully
connected neural network.

BiLSTM xCNN (Pasupa Model)

The BLSTMxCNN model is an ensemble
approach that combines the predictions from both the
Bidirectional Long Short-Term Memory (BLSTM) and
Convolutional Neural Network (CNN) models using a
soft voting scheme. In this configuration, the sentiment
probabilities generated by each model are averaged to
arrive at a final prediction. This method harnesses the
strengths of both architectures, allowing for improved
accuracy in sentiment classification. By blending the
outputs, the model can effectively capture diverse
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features from the data, making it more robust against
misclassifications.

BiLSTM +CNN (Pasupa Model)

The BLSTM+CNN model simultaneously
processes input sequences through both the BLSTM and
CNN layers to leverage their complementary strengths.
In this structure, input sentences are first transformed into
feature vectors and then passed through both layers
concurrently. The BLSTM layer captures long-range
dependencies in the text, while the CNN layer extracts
local features. The outputs from these layers are
concatenated, creating a rich feature set that embodies
both contextual information and local patterns. This
combined representation is then subjected to a dropout
layer before reaching the output layer, enhancing the
model's capability to classify sentiment accurately.

3.4 Parameter Setting

The parameters for the models BiLSTM-CNN, CNN-
BiLSTM, and Parallel Hybrid, as determined by research
utilizing the Wisesight dataset, are as follows.

Table 3 BiLSTM-CNN, CNN-BIiLSTM, AND Parallel
Hybrid Wisesight Dataset Parameter setting.

BiLSTM-CNN, CNN-BIiLSTM, and Parallel Hybrid

Wisesight dataset

Number of hidden units 128

in Bidirectional LSTM

layer

Bidirectional LSTM layer

activation function

Number hidden units in 32

Convolution kernels

Convolution layer kernel | 2,3

size

ReLU

Convolution layer ReLU

activation function

MaxPooling1D size 2

Dropout 0.5

Loss categorical_crossentropy
Optimizer Adam

Learning rate 0.001

Epoch 30

The hyperparameters for the models BiLSTM-
CNN, CNN-BiLSTM, and Parallel Hybrid, as
determined by research utilizing the 40 Thai Children’s
Tales Dataset, are as follows.



Table 4 BiLSTM-CNN the 40 Thai Children’s Tales
Dataset Parameter setting.

BiLSTM-CNN 40 Thai Children’s Tales Dataset
Number of hidden units | 128

in Bidirectional LSTM
layer
Bidirectional LSTM
layer activation function
Number hidden unitsin | 128
Convolution kernels

RelL,U

Convolution layer 3,5

kernel size

Convolution layer ReLU

activation function

MaxPoolingl1D size 2

Dropout 0.6

Loss categorical_crossentropy
Optimizer Adam

Learning rate 0.00001

Epoch 100

Table 5 CNN-BIiLSTM, AND Parallel Hybrid the 40
Thai Children’s Tales Dataset Parameter setting.

CNN-BILSTM, and Parallel Hybrid 40 Thai

Children’s Tales Dataset

Number of hidden units | 64

in Bidirectional LSTM

layer

Bidirectional LSTM RelLU
layer activation function
Number hidden units in 128

Convolution kernels
Convolution layer kernel | 3,5
size

Convolution layer ReLU

activation function

MaxPoolingl1D size 2

Dropout 0.6

Loss categorical_crossentropy
Optimizer Adam

Learning rate 0.00001

Epoch 100

3.5 Model Evaluation

Evaluating the models with test data and labels allows for
the assessment of their performance using the F1-Score
metric. The comparison includes Pasupa et al.'s study
(2022) [14], which encompasses BLSTM, CNN,
BLSTM-CNN, CNN-BLSTM, BLSTM+CNN, and
BLSTMxCNN models. Each model undergoes feature
extraction before entering the deep learning model,
incorporating word embedding, POS tag, sentic, word
embedding + POS tag, word embedding + sentic, POS
tag + sentic, and word embedding + POS tag + sentic.
Subsequently, the F1 scores of the models
WangchanBERTa-BiLSTM-CNN, WangchanBERTa-
CNN-BIiLSTM, and the Parallel Hybrid model are

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 1-11

compared. The evaluation process is repeated with 10
different random splits in each model, and the F1 macro
averages are compared collectively.

4. Experimental Results

4.1 Model Performance
Wisesight Dataset BiLSTM-CNN model

Table 6. Wisesight Dataset BiLSTM-CNN Model

Performance
precision | recall f1- support
score
neg 0.7452 0.7681 | 0.7565 | 13630
neu 0.7548 0.8008 | 0.7771 | 29030
pos 0.6084 0.4850 | 0.5398 9550
q 0.4723 0.3704 | 0.4152 1150
accuracy 0.7266 | 53360
macro 0.6452 0.6061 | 0.6221 | 53360
avg
weighted 0.7201 0.7266 | 0.7216 | 53360
avg

Table 6 presents the evaluation results for both
overall sentiment analysis and sentiment analysis for
each class on the test dataset. The results indicate a
precision of 0.7201, recall of 0.7402, F1-score of 0.7216,
macro precision of 0.6452, macro recall of 0.6061, and
macro F1-score of 0.6221.

Table 7. Wisesight Dataset BiLSTM-CNN Model
Confusion Matrix
Confusion Matrix

Neg Neu Pos Q Recall

Neg 10469 2721 381 59 76.81 %
1962% | 510% | 0.71% | 0.11%

§ Neu 2817 23247 2587 379 | 80.08 %
= 5.28% | 4357% | 485% | 071%

= Pos 677 4203 4632 38 48.50%
g 1.27% | 788% | 868% | 0.07%

2 Q 83 626 13 426 | 37.04%
0.16% | 1.17% | 0.02% | 0.80 %

Precision | 74.52% | 7548 % | 60.84 % | 47.23% | Acc :
72.66 %

Predicted Values

As shown in Table 7, the BiLSTM-CNN model
on the Wisesight Dataset predominantly misclassified
samples as neutral. It accurately identified 48.50% of
positive samples but misclassified 44.01% as neutral. For
question samples, the model achieved an accuracy of
37.04%, misclassifying 54.43% as neutral. The model
performed better with negative samples, correctly
classifying 76.81% while misclassifying 19.96% as
neutral. Additionally, it accurately classified 80.08% of
neutral samples, but misclassified 9.70% as negative.



Wisesight Dataset CNN-BiLSTM model

Table 8. Wisesight Dataset CNN-BiLSTM Model
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Wisesight Dataset Parallel Hybrid model

Table 10. Wisesight Dataset Parallel Hybrid Model

Performance Performance
precision | recall f1- support precision | recall f1- support
score score

neg 0.7674 | 0.7621 | 0.7648 | 13630 Neg 0.7662 | 0.7685 | 0.7674 | 13630

neu 0.7435 | 0.8366 | 0.7873 | 29030 Neu 0.7453 | 0.8349 | 0.7876 | 29030

pos 0.6501 | 0.4373 | 0.5228 | 9550 Pos 0.6553 | 0.4356 | 0.5233 | 9550

q 0.5007 | 0.3191 | 0.3898 | 1150 Q 0.5146 | 0.3687 | 0.4296 | 1150

accuracy 0.7350 | 53360 accuracy 0.7364 | 53360

macro 0.6654 | 0.5888 | 0.6162 | 53360 macro 0.6704 | 0.6019 | 0.6270 | 53360
avg avg

weighted | 0.7276 | 0.7350 | 0.7257 | 53360 weighted | 0.7296 | 0.7364 | 0.7274 | 53360
avg avg

Table 8 presents the evaluation results for both
overall sentiment analysis and sentiment analysis for
each class on the test dataset. The results indicate a
precision of 0.7276, recall of 0.7350, and F1-score of
0.7257. The macro precision, recall, and Fl-score are
0.6654, 0.5888, and 0.6162, respectively.

Table 9. Wisesight Dataset CNN-BiLSTM Model
Confusion Matrix

Confusion Matrix

Neg Neu Pos Q Recall
Neg 10388 2030 261 45 76.21 %
@ 19.47% | 5.499% | 0.50% | 0.08 %
g Neu 2484 24287 1974 285 83.66 %
o 4.66% | 45.52% | 3.70% | 0.53 %
; Pos 591 4747 4176 36 43.73 %
2 1.11% | 890% | 8.68% | 0.07%
g Q 74 702 7 367 31.91 %
0.14% | 1.32% | 0.01% | 0.69 %
Precision | 76.74% | 74.35 % | 65.01 % | 50.07% | Acc. :
73.50 %

Predicted Values

As shown in Table 9, the CNN-BiLSTM model
on the Wisesight Dataset primarily misclassified samples
as neutral. It accurately identified 43.73% of positive
samples but misclassified 49.71% as neutral. For
question samples, the model achieved an accuracy of
31.91%, misclassifying 61.04% as neutral. It correctly
classified 76.21% of negative samples, but misclassified
21.50% as neutral. The model also performed well with
neutral samples, accurately classifying 83.66% while
misclassifying 10.09% as negative.

Table 10 presents the evaluation results for both
overall sentiment analysis and sentiment analysis for
each class on the test dataset. The results indicate a
precision of 0.7296, recall of 0.7364, and F1-score of
0.7274. The macro precision, recall, and F1-score are
0.6704, 0.6019, and 0.6270, respectively.

Table 11. Wisesight Dataset Parallel Hybrid Model

Confusion Matrix
Confusion Matrix

Neg Neu Pos Q Recall
Neg 10475 2881 236 38 76.85 %
- 19.63% | 5.40% | 0.44% | 0.07%
[ Neu 2512 24236 1949 333 | 83.49%
- 471% | 4542% | 365% | 062%
= Pos 615 4746 4160 29 43.56 %
g 1.15% | 8.89% | 7.80% | 0.05%
< Q 69 654 3 424 | 36.87%
0.13% | 1.23% | 0.01% | 0.79%
Precision | 76.62% | 74.53 % | 65.33 % | 51.46% | Acc.:
73.64 %

Predicted Values

As shown in Table 11, the Parallel Hybrid
model on the Wisesight Dataset primarily misclassified
samples as neutral. It accurately classified 43.56% of
positive samples but misclassified 49.70% as neutral. For
question samples, the model achieved an accuracy of
36.87%, misclassifying 56.87% as neutral. It correctly
classified 76.85% of negative samples but misclassified
18.43% as neutral. The model also performed well with
neutral samples, accurately classifying 83.48% while
misclassifying 8.65% as negative.



The 40 Thai Children’s Tales Dataset BILSTM-CNN
model

Table 12. the 40 Thai Children’s Tales Dataset
BiLSTM-CNN Model Performance
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The 40 Thai Children’s Tales Dataset CNN-BiLSTM
model

Table 14. the 40 Thai Children’s Tales Dataset CNN-
BiLSTM Model Performance

precision | recall f1- support precision | recall f1- support
score score

neg 0.7123 | 0.6992 | 0.7057 595 neg 0.7581 | 0.7479 | 0.7530 595

neu 0.7832 | 0.8079 | 0.7953 | 1015 neu 0.7965 | 0.8522 | 0.8234 | 1015

pos 0.7195 | 0.6952 | 0.7071 620 pos 0.7702 | 0.6919 | 0.7290 620

accuracy 0.7475 | 2230 accuracy 0.7798 | 2230

macro 0.7384 | 0.7341 | 0.7361 | 2230 macro 0.7749 | 0.7640 | 0.7685 | 2230
avg avg

weighted | 0.7466 | 0.7475 | 0.7469 | 2230 weighted | 0.7789 | 0.7798 | 0.7784 | 2230
avg avg

Table 12 presents the evaluation results for both
overall sentiment analysis and sentiment analysis for
each class on the test dataset. The results indicate a
precision of 0.7466, recall of 0.7475, and F1-score of
0.7469. The macro precision, recall, and Fl-score are
0.7384, 0.7341, and 0.7361, respectively.

Table 13. the 40 Thai Children’s Tales Dataset

BiLSTM-CNN Model Confusion Matrix
Confusion Matrix

Neg Neu Pos Recall
Neg 416 99 80 69.92 %
4 18.65% | 4.44% | 3.59%
% Neu 107 820 88 80.79 %
= 4.80% | 36.77 % | 3.95%
g Pos 61 128 431 69.52 %
i 2.74% | 5.74% | 1933 %
< ["Precision | 71.23% | 78.32% | 71.95 % | Acc.
74.75 %

Predicted Values

As shown in Table 13, the BIiLSTM-CNN
model on the 40 Thai Children’s Tales Dataset primarily
misclassified samples as neutral. It accurately classified
69.92% of positive samples but misclassified 20.65% as
neutral. For negative samples, the model achieved an
accuracy of 69.52%, misclassifying 16.64% as neutral.
Regarding neutral samples, it performed well with an
accuracy of 80.79% while misclassifying 10.54% as
negative.

Table 14 presents the evaluation results for both
overall sentiment analysis and sentiment analysis for
each class on the test dataset. The results indicate a
precision of 0.7789, recall of 0.7798, and Fl-score of
0.7467. The macro precision, recall, and Fl-score are
0.7749, 0.7640, and 0.7685, respectively.

Table 15. the 40 Thai Children’s Tales Dataset CNN-
BiLSTM Confusion Matrix
Confusion Matrix

Neg Neu Pos Recall
Neg 445 95 55 74.79 %
a 19.96% | 426% | 2.47%
2 Neu 77 865 73 [8522%
2 3.45% | 38.79% | 3.27%
g Pos 65 126 429 69.19 %
° 291% 5.65% | 19.24%
<< ["Precision | 75.81% | 79.65 % | 77.02% | Acc.:
77.98 %

Predicted Values

As shown in Table 15, the CNN-BIiLSTM
model on the 40 Thai Children’s Tales Dataset primarily
misclassified samples as neutral. It accurately classified
69.19% of positive samples but misclassified 20.32% as
neutral. For negative samples, the model achieved an
accuracy of 74.79%, misclassifying 15.97% as neutral.
Regarding neutral samples, it performed well with an
accuracy of 85.22% while misclassifying 7.59% as
negative.



The 40 Thai Children’s Tales Dataset Parallel Hybrid
model

Table 16. the 40 Thai Children’s Tales Dataset Parallel
Hybrid Model Performance

precision | recall f1- support
score

neg 0.7965 | 0.7563 | 0.7759 595

neu 0.8065 | 0.8502 | 0.8278 | 1015

pos 0.7697 | 0.7387 | 0.7539 620

accuracy 0.7942 | 2230

macro 0.7909 | 0.7818 | 0.7859 | 2230
avg

weighted | 0.7936 | 0.7942 | 0.7934 | 2230
avg

Table 16 presents the evaluation results for both
overall sentiment analysis and sentiment analysis for
each class on the test dataset. The results indicate a
precision of 0.7936, recall of 0.7942, and Fl-score of
0.7934. The macro precision, recall, and Fl-score are
0.7909, 0.7818, and 0.7859, respectively.

Table 17. the 40 Thai Children’s Tales Dataset Parallel
Hybrid Model Confusion Matrix
Confusion Matrix

Neg Neu Pos Recall
Neg 450 92 53 75.63 %
b 20.18% | 4.13% | 2.38%
% Neu 68 863 84 85.02 %
= 3.05% | 38.70% | 3.77%
g Pos 47 115 458 | 73.87%
© 2.11% | 5.16% | 20.54 %
< [Precision | 79.65% | 80.65 % | 76.97 % | Acc. :
79.42 %

Predicted Values

As shown in Table 17, the Parallel Hybrid
model on the 40 Thai Children’s Tales Dataset primarily
misclassified samples as neutral. It accurately classified
73.87% of positive samples but misclassified 18.55% as
neutral. For negative samples, the model achieved an
accuracy of 75.63%, misclassifying 15.46% as neutral.
Regarding neutral samples, it performed well with an
accuracy of 85.02% while misclassifying 8.28% as
positive.

4.2 Comparing Models

The performance of the neural network models
is presented in Table 18, with performance metrics
measured as the macro F1-score on the test dataset.
Evaluation was conducted by averaging the macro F1-
score across ten random splits.
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Table 18. Model Performance

Dataset Model Feature Macro
F1-score
Wisesight | BiLSTM FW + FS | 0.5483
CNN FW +FP | 0.5074
+FS
BiLSTM- FW +FP | 0.5521
CNN +FS
CNN- FW +FP | 0.5609
BiLSTM
BiLSTM+C | FW +FP | 0.5517
NN
BiLSTMxC | FW 0.5461
NN
BiLSTM- Wangcha | 0.6221
CNN nBERTa
CNN- Wangcha | 0.6162
BiLSTM nBERTa
Parallel Wangcha | 0.6270
Hybrid nBERTa
The 40 BIiLSTM FW + FP | 0.6980
Thai +FS
Children’s | CNN FW +FS | 0.7393
Tales BiLSTM- FW + FP | 0.7436
CNN +FS
CNN- FW +FP | 0.6768
BiLSTM +FS
BiLSTM+C FW+FP | 0.7124
NN +FS
BiLSTMxC FW +FP | 0.7357
NN +FS
BiLSTM- Wangcha | 0.7361
CNN nBERTa
CNN- Wangcha | 0.7685
BiLSTM nBERTa
Parallel Wangcha | 0.7859
Hybrid nBERTa

Pasupa et al.'s study (2022) [9] groundbreaking
study not only advances sentiment analysis with their
innovative exploration of BLSTM, CNN, and their
hybrids but also enriches the field by meticulously
integrating various features such as word embedding,
POS tags, and sentic features, offering invaluable
insights into the nuances of deep learning architectures
for natural language processing.

Result from [9], which encompasses BLSTM,
CNN, BLSTM-CNN, CNN-BLSTM, BLSTM+CNN,
and BLSTMxCNN models. Each model undergoes
feature extraction before entering the deep learning
model, incorporating word embedding (FW), POS tag
(FP), sentic (FS), word embedding + POS tag, word
embedding + sentic, POS tag + sentic, and word
embedding + POS tag + sentic.

From Table 18, the standout model in the
Wisesight dataset is the Parallel Hybrid model, boasting
a commendable macro Fl-score of 0.6270, surpassing
both the CNN-BILSTM and BiLSTM-CNN models in



scores 0.6162 and 0.6221 each, respectively.
Additionally, the Parallel Hybrid model outperformed
Pasupa et al.'s (2022) leading model, the CNN-BIiLSTM
with word embedding + POS tags, which achieved a
macro F1-score of 0.56009.

In Table 6, the best performing model on the 40
Thai Children's Tales dataset is again the Parallel Hybrid
model, achieving an impressive macro F1 score of
0.7859, surpassing both the CNN-BIiLSTM and
BiLSTM-CNN models in scores. 0.7685 and 0.7361
each, respectively. Furthermore, it surpassed Pasupa et
al.'s (2022) leading model, the CNN-BiLSTM with word
embedding + POS + Sentic tags, which achieved a macro
F1-score of 0.7436.

4.3 Example Sentence
The performance of the parallel hybrid model facilitates
superior sentiment analysis compared to other models.
For instance:

"nelvua Tivavaaiesy aplgud menld miad @
The BIiLSTM-CNN model interprets feelings of guilt
erroneously by shifting from negative to positive
sentiment, in contrast, neither the CNN-BiLSTM model
nor the Parallel model did not encounter this problem.

"mnthunduWueaguidnate thillufiilithegiess sfundn
unmhlifigas Difidaenae  Mifilasduwddfudumiusin”  The
CNN-BILSTM model interprets feelings of guilt
erroneously by shifting from neutral to negative
sentiment. However, both the BIiLSTM-CNN and
Parallel models did not encounter this issue.

From the given example sentence, it becomes
apparent that the BiLSTM-CNN model considers the
overall context, such as the phrase "ngldua Tihinnareuiade

#u", but lacks attention to the surrounding context in the
"aqqui" part, leading to erroneous analysis. Conversely,
the CNN-BIiLSTM model focuses on the surrounding
context, like the segment "{hifluiidliieg", but overlooks
the broader context. This results in inaccurate analysis.
The Parallel hybrid model could be developed to mitigate
errors in this aspect.

5. Discussion and Conclusion

This study emphasizes the necessity of utilizing a Parallel
Hybrid model, which integrates the strengths of the
CNN-BIiLSTM and BIiLSTM-CNN architectures to
enhance sentiment analysis performance. The BiLSTM-
CNN architecture effectively captures sentence context,
making it suitable for longer texts found in the Wisesight
dataset. In contrast, the CNN-BIiLSTM architecture
excels at identifying local word features, which benefits
shorter texts like those in the 40 Thai Children’s Tales
dataset. By combining these two architectures, the
Parallel Hybrid model aims to provide a comprehensive
understanding of sentiment by effectively leveraging
both word and sentence contexts.

10
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The comparative performance metrics of the
models evaluated on both datasets are presented in Table
19

Table 19. Comparative Macro F1 Scores of Sentiment
Analysis Models

Wisesight 40 Thai
Dataset Children's
Model Macro F1 Tales Dataset
Score Macro F1
Score
BiLSTM-CNN 0.6221 0.7361
CNN-BIiLSTM 0.6162 0.7685
Parallel Hybrid 0.6270 0.7859
Pasupa et al. 0.5609 0.7436
(2022)

The results indicate that the Parallel Hybrid
model consistently outperforms the individual models
across both datasets, achieving Macro F1 scores of
0.6270 for the Wisesight dataset and 0.7859 for the 40
Thai Children's Tales dataset. This performance
underscores the effectiveness and generalizability of the
Parallel Hybrid model in addressing the complexities of
Thai sentiment analysis. By integrating parallel hybrid
techniques, it captures nuanced sentiment patterns more
effectively, contributing to its superior performance.

Additionally, the choice of word embedding
techniques is crucial for the models' effectiveness.
WangchanBERTa embeddings, specifically designed to
address the intricacies of the Thai language, significantly
enhance sentiment analysis capabilities compared to
alternatives such as Thai2Fit. The strategic combination
of BILSTM-CNN and CNN-BiLSTM architectures in the
Parallel Hybrid model ensures robust performance across
diverse datasets, indicating that while individual
architectures may excel in specific contexts, the hybrid
approach effectively maximizes their strengths.

In conclusion, the experimental findings
highlight the versatility and effectiveness of the Parallel
Hybrid model in Thai sentiment analysis. With higher
Macro F1 scores and a proficient approach to Thai-
specific challenges, this model opens promising avenues
for future sentiment analysis research and significantly
advances natural language processing methodologies
tailored to the complexities of the Thai language domain.
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Virtual Reality Design Guidelines to Enhance Movement in Elderly
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ABSTRACT - The objectives of this research are 1) to study the behavior of receiving media from
Thailand’s news agencies on Facebook medium to be able to use in the news agency's public relations
planning. 2) To study a relationship between preferences for political parties and news agencies on
Facebook. The results showed that most of the respondents were female, aged between 26-43 years
old, educated at a bachelor's degree. Have a career in government service/state enterprise and
average monthly income between 15,001 - 30,000 baht, having a single status and having 3-4 family
members. The news and the main occupation had a statistically significant relationship. In the aspect
of the hypothesis, the relationship between news agencies on Facebook. With political party
preference was found to have a statistically significant relationship.

KEYWORDS: Elderly, Virtual Reality, Movement Stimulation, User Experience, User Interface
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ABSTRACT - The limited input capabilities of trackpads compared to traditional mice hinder
smooth 3D navigation, impacting productivity and user experience in design and gaming software.
This research investigates the effectiveness of current trackpad-based 3D navigation methods. By
comparing task performance user feedback, and identifying the strengths and weaknesses of various
techniques, the study aims to guide the development of more intuitive trackpad navigation solutions.
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1. Introduction only. Usability data was collected using the System
Usability Scale (SUS) [7][8] and satisfaction scores from
a sample of 90 participants. The study's results will show
each control method's advantages and disadvantages,
providing guidelines for developing more intuitive and
easy-to-use trackpad navigation systems. This research
will guide intuitive trackpad-based navigation systems in
3D action-adventure games. The applications focus on
in-world exploration and interaction, where players use
the trackpad for camera control and movement, like using
a mouse in traditional PC games. While users navigate
primarily with the trackpad, they will still use the
keyboard to jump, attack, and interact with objects. By
analyzing the effectiveness of different trackpad
navigation methods, this research aims to inform the
design of future games that prioritize trackpad-based
input.:

Trackpads are ubiquitous input devices on laptops, but
their limited control variety hinders their usability
compared to mice for general tasks. Mice are indirect,
relative input devices with two degrees of freedom (DoF)
and three states: constant or isometric weight, which
corresponds to mouse movement on the x and y axes, and
three states: hovering, tracking, and dragging. In contrast,
trackpads are direct, absolute, isometric input devices
with two DoF and two states. [1]. Fitts' law, which
predicts the time it takes for a user to reach a target area,
has been extensively studied in comparing mice and
trackpads. It relates the time it takes to click on a target
object to the distance from the object and the size of the
target object. It has been continuously used in Ul design
for various elements on websites and applications
[2]1[3][4]. The restricted control capabilities of trackpads
often lead to unintuitive interactions with 3D content,
resulting in challenges for performance and user
experience. These limitations are particularly evident in
specialized applications like design software or gaming.
This study explores the effectiveness of interaction
techniques and 3D content rendering on trackpads,
focusing on primary tasks performed on laptops running
Windows and Linux operating systems. This is primarily
due to these devices' lower cost than OSX laptops, which 2. Related Work

are relatively expensive. The research compares the work  This research develops a program to record user log files
results regarding performance and effectiveness in  through the Unity game engine.

navigating 3D environments. Developers used three .

game engines to develop applications in similar 2.1 Game E_ng_lne . o .
environments with different navigation methods: mouse 1 he game engine is a primary tool for creating interactive
and keyboard control, WASD keyboard control [5][6], ~9@me media. Users can start developing games or
trackpad and keyboard control, and touchpad control interactive media quickly, saving time and allowing for

RQ1: Can 3D navigation using a trackpad alone be as
effective as using a mouse and keyboard and a trackpad
with a keyboard?

RQ?2: Can the evaluation of trackpad usability be used as
a guideline for navigation system design?

*Corresponding Author: Banyapon.poo@dpu.ac.th
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rapid game content and systems development without
writing all the code from scratch [9]. This rapid
development is possible because the engine includes
many components that work together, which users do not
need to set up initially. These include physics, graphics
processing, and memory management systems, allowing
game developers to focus on game design and content
without worrying about technical details. Currently,
game engines support multiple platforms. This research
uses the Unity game engine as the primary game engine
for development with the C# programming language. It
collects navigation and control data through log files
recorded at 30 frames per second (FPS) for analysis of
usability evaluation of 3D navigation.

Game Engine AP| ]

Sound Message
Engine System
[ Hardware Abstraction Layer (DirectX, OpenGL, ...) J
F

igure 1. The architecture of Game Engine [10].

Al
Engine

Graphics
Engine

Physics
Engine

Input
System

i W

2.2 System Usability Scale (SUS)

The primary data analysis in this research utilized a
usability evaluation of the 3D navigation system.
Usability is defined in the ISO 9241 standard as the
effectiveness, efficiency, and satisfaction of targeted
users in achieving specified tasks in a particular
environment. Quesenbery (2004) [11] further defines
usability through the 5Es principles:

Effective: The system must enable users to complete
tasks accurately and successfully.

Efficient: The system must allow users to complete tasks
quickly and with minimal effort.

Engaging: The system must be enjoyable and motivating
to use.

Error tolerance: The system must be forgiving of user
errors and provide clear feedback.

Easy to learn: The system must be easy to understand
and use, even for first-time users.

[ Product Usability ]

)

[ Easy to Learn ] [ Error Tolerant ] [

[ Effective Efficient ]

Engaging ]

Figure 2. 5Es usability model.
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2.3 Usability Evaluation of 3D Navigation

Systems

Usability evaluation is a systematic method for
determining whether a product or service aligns with its
target users' usability needs and expectations. Within 3D
navigation, these evaluations often emphasize technical
components, such as data visualization quality (Bleisch,
2012). Various research efforts have explored the
usability of navigation systems to enhance their
effectiveness. For instance, Delikostidis et al. (2013) [13]
highlighted that the presence and visibility of landmarks
significantly improve navigation usability.

Similarly, Liao et al. (2017) [14] conducted a
comparative study between 2D and 3D maps, analyzing
their effectiveness for navigation tasks. Furthermore,
Aditya (2010) proposed a comprehensive five-factor
model, known as the 5Es, which serves as a framework
for assessing the usability of map interfaces [15]. To
further develop the findings of these foundational studies,
the current research adopts a similar evaluation
framework to understand better user preferences and
requirements for 3D map-based navigation systems.

2.4  Characteristics, Advantages, and
Limitations of Input Devices in 3D
Navigation

Input devices such as trackpads, mice, and keyboards are
critical in user interaction within 3D environments. Each
device offers unique characteristics that influence
usability, performance, and user experience, particularly
in tasks involving navigation and interaction in virtual
spaces.

The trackpad, widely recognized for its compact design
and integration into laptops, is a direct, absolute input
device with two degrees of freedom (DoF). Its portability
and convenience are prioritized by users who value
mobility. Trackpads eliminate the need for external
accessories, making them ideal for mobile setups.
However, accuracy is generally reduced compared to a
mouse, and reaction times are slower, leading to
decreased movement efficiency. These limitations can
increase cognitive load, particularly during complex
tasks that demand precision or rapid input.

In contrast, the mouse is an indirect, relative input device
that provides precise control with two DoFs, making it a
preferred choice for tasks requiring detailed navigation or
fine control. Typically used alongside a keyboard, the
mouse offers faster reaction times and greater accuracy
than a trackpad, enhancing its usability in 2D and 3D
environments. Nevertheless, the mouse's reliance on a
flat surface and its role as an external accessory limit its
portability, which can be inconvenient for some users.



On the other hand, the keyboard serves primarily as a tool
for inputting commands or controlling navigation
through predefined key mappings. It does not offer direct
control over orientation but is reliable for executing
discrete commands. Layouts like WASD are commonly
used for movement in gaming and virtual spaces,
providing a standardized approach for directional inputs.
However, the keyboard's inability to handle rotational or
orientation control necessitates using complementary
devices such as a mouse or trackpad to enable complete
navigation functionality.

The usability and efficiency of input devices in 3D
navigation depend on their ability to balance movement
and orientation control. While the mouse offers superior
precision, the trackpad’s convenience and integration
make it a viable alternative in scenarios where portability
is prioritized. While robust for movement input,
keyboards require complementary devices for effective
orientation control.

Previous studies have explored the usability of various
input devices, highlighting their respective strengths and
limitations in different contexts. For instance, Watral et
al. (2023) compared the performance of mice and
trackpads in a web-based application for assessing
visuomotor adaptation. While motor learning outcomes
were similar for both devices, reaction times were
significantly faster for mouse users, emphasizing the
trackpad's relatively higher cognitive demands and
reduced movement efficiency. These results underline
the importance of considering cognitive load and
precision when evaluating input devices for 3D
navigation tasks [16].

Similarly, Kar et al. (2015) conducted a comparative
analysis of input devices, including mice and trackpads,
focusing on their impact on posture, performance, and
user comfort. The study found that mice consistently
outperformed trackpads in precision-based tasks, which
aligns with the findings of Watral et al. However,
trackpads demonstrated ergonomic advantages in certain
scenarios, suggesting that their usability may depend on
the specific context and user requirements. Together,
these studies provide a foundation for understanding how
input device characteristics influence user performance
and inform the selection of appropriate tools for 3D
navigation. The research by Watral et al. (2023) aligns
with the provided summary. It focuses on comparing
mouse and trackpad performance in an online application
designed to assess visuomotor adaptation. The study
concluded that while both devices resulted in similar
motor learning outcomes, mouse users demonstrated
faster reaction times than trackpad users. The findings
suggest that operating a trackpad may impose greater
cognitive demands and result in less efficient movement
control.
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3. Methodology

3.1 Current navigation techniques

Researchers broadly classify navigation techniques in 3D
environments into Discrete and Continuous navigation.
[17]

Discrete navigation explicitly defines the user's
orientation or position without any intermediate
transition. In a 3D environment, a predefined "area" in
the form of cells or a "grid" restricts the user. The user
can move from one point to another by instantly changing
position from one cell to another.

Continuous navigation, on the other hand, rotates and
moves the user gradually over time. Users can move
freely in the virtual world without being restricted by
cells or grids. Users can move through simulated
walking, running, jumping, or flying to any point in the
3D environment at any time during the game.

A) Continuous Environment B) Discrete Environment

Figure 3. Discrete and Continuous navigation
techniques.

Navigation can be divided into two components: Travel
and Orientation. Travel allows users to explore their
surroundings, while Orientation allows them to change
their viewpoint within the environment. Each navigation
technique is typically tied to a specific input method.
Combined with task design for users, data on time and
usage can be collected and analyzed to assess the
efficiency, effectiveness, and usability of navigation
techniques through statistical analysis of data collected
from user groups or experimental samples. [18]

3.2 Interface Navigation

The three navigation interfaces presented in this study
were limited to using only three input devices: a trackpad,
a mouse, and a keyboard. The first method paired mouse
control with the keyboard through the keyboard. The
second method paired trackpad control with the
keyboard. Both methods used the WASD keyboard
layout for travel input and the mouse for orientation input
in the first method and the trackpad in the second method.

The third method used the trackpad as the primary input
device but changed the orientation input method to



tapping and holding the trackpad with one finger and
used the travel input method by tapping the trackpad with
two fingers and moving in the Y-axis on the trackpad by
moving from the bottom to the top for forward movement
and from the top to the bottom for backward movement.

QI

Figure 4. The third method is used via trackpad.

User Interface 1: Mouse and Keyboard

This navigation system employs a traditional setup using
a mouse and keyboard. The user controls movement with
the keyboard's WASD keys—W for forward, S for
backward, and A/D for sidestepping left and right. The
mouse controls orientation, allowing users to adjust their
view by moving the mouse to rotate in the desired
direction.

| . . .
Figure 5. Design a consistent user interface in Unity

where elements can be controlled through different
movement mechanisms.

User Interface 2: Trackpad and Keyboard

This navigation system combines a keyboard and
trackpad for user input. The keyboard's WASD keys are
utilized for movement in the virtual environment, while
the trackpad facilitates directional adjustments. Users can
swipe or tap the trackpad with a single finger along the
x-axis (left and right) to simulate rotation towards a
desired direction, providing an intuitive way to control
navigation.

User Interface 3: Control using Trackpad

In this interface, the trackpad is the sole input device for
navigation. Directional control differs from the second
interface, requiring two fingers instead of one to input
travel commands. Users can simultaneously tap and
move their fingers on the trackpad to adjust direction and
simulate movement, offering a more dynamic and tactile
navigation experience.

31

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 28-35

3.3 Designing an environment and tasks

In this study, we designed a 3D environment using the
Unity 3D game engine. The environment consisted of a
rectangular room with a clearly defined path for the user
to follow around the map. The user's task was to navigate
to four Points of Interest (POIs) located in each corner of
the scene within a specified time limit.

3.4 Experiment Participants and Conditions
This experiment involved 90 participants, consisting of
students and members of the public. The participants
were divided into three subgroups of 90 people each,
according to the following conditions:

Group a.: Used interface 1 Mouse and Keyboard
Group PB: Used interface 2 Trackpad and Keyboard
Group 7y: Used interface 3 Control using Trackpad

3.5 Operation and Procedure

For each group of participants (a, B, ), an instructor will
guide them through completing the assigned tasks in each
trial. The tasks require participants to navigate the 3D
environment and visit all designated Points of Interest
(POIs). Each participant will receive a one-minute
introduction to the system before the experiment.

This introduction will cover the controls for navigation
and the locations of the POls, which will be displayed on
a map along with the corresponding navigation routes.
Following the instructor’s demonstration, participants
will proceed to begin their trials.

Suppose a participant fails to complete the task within the
allotted time of one minute. In that case, the researchers
will mark the trial as unsuccessful and allow the
participant to repeat the task.

L \_J
Figure 6. Top view of a simulated environment designed
in Unity, including the positions of four POIs. The user's
task is to travel to all four locations that appear on the
square area of the scene.

After the repeated trials, researchers will interview to
collect information on the factors contributing to the task
failure. This information will support the research topic.
After the users or the sample group have completed the
experiment, there will be a usability evaluation form for
the developed program, the System Usability Scale



(SUS), to collect data on whether the overall score is
more than 68 points.

3.6 Data Definition

This research primarily collects time-based data in
seconds to evaluate the effectiveness of navigation
techniques. However, the program also collects other
control input data that affect user actions, such as
decision-making, accuracy, and task correctness.
Researchers analyze the collected data together with
time. The definitions of each measurement data are as
follows:

Total Time: The experiment's timer starts when the user
presses any button to begin the task and stops when the
user visits all POIs in the program. Visiting all POls and
stopping the timer signifies task completion for the user
or the sample group.

Navigation Time: This navigation tool records the time
spent exploring a simulated environment. It captures data
every time a navigation-related key is pressed, including
WASD keyboard movement and camera rotation. The
recorded time data and user location data at POIs are used
to verify whether users or participants are completing the
target or task correctly.

Camera Translation: In a 3D environment, a character
created in a first-person view has a camera that serves as
the user's viewpoint, like their regular sight. In navigation
that specifies the movement of this camera, data on the
time spent exploring the simulated environment is
recorded. This happens every time a button related to
movement is pressed in all three groups: a, 3, and 7, and
there is a change in the movement position values in the
program on the x and z axes.

Camera Rotation: This data records the time spent
rotating the camera view in horizontal and vertical axes.
For groups B and v, the system records the time of a single
finger tap on the device. For group a, the system records
the time of a mouse button press. Like camera translation,
the corresponding button/mouse press increases the time
value.

Camera Total Time: This metric measures the total
duration of camera movements initiated by the user, such
as panning and rotating, within a first-person perspective
(FPP) environment [19]. It refines previously established
metrics, focusing specifically on camera interactions.

Idle Time: Idle Time represents the duration a user is not
actively interacting with the navigation system.
Researchers determine Idle Time by subtracting the total
camera usage time from the overall navigation time. This
metric quantifies the pauses or inactive periods users take
while navigating the environment.
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Idlerime = Navigationqipme —

4. Result

The results of the study are presented in the appropriate
sections for each of the measurements defined above. We
elaborate more on these results in the discussion section.

CameraTotalyiy,,

Average Total Time (Seconds)

60.00

4153
40.00

20.00

Figure 7. Average total time of task.
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Figure 9. Average navigation tlme of task.
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Figure 10. Average Camera translatlon time of task
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Figure 11. Average Camera rotatlon time of task
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Figure 13. Average idle time of task.
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The interface y exhibited the shortest average total time
(41.53s, SD = 1.4315s), followed by interface B (51.73s,
SD = 1.9815s) and interface o (52.80s, SD = 1.689s) (see
Figure 7). A one-way ANOVA revealed a significant
difference in mean total game times across at least one
group (F(2, 87) = 452, p < 0.01). Interface vy
demonstrated significantly shorter game times compared
to interface a (WASD and mouse controls), while
interface p (WASD and trackpad) showed no significant
difference compared to either. This lack of a significant
difference between interface p (WASD and trackpad) and
interface y (trackpad only) indicates that trackpad-only
navigation could be as efficient as a combined WASD
and trackpad approach.

About average camera translation Interface o average
total time was 11.45s (SD 1.185s), interface § average
total time was 10.25s (SD 1.083s), and interface y was
14.85s (SD 2.065s). An ANOVA revealed significant
differences in camera translation and rotation (see
Figures 10 and 11). The average time for camera
translation for y was significantly different with F(2, 87)
=4.76, p < 0.0114. The average time spent rotating the
camera for Interface o was 12.52s (SD 2.255s), interface
B was 7.14s (SD 2.025s), and Interface y was 8.4s (SD
2.061s), which was also significantly different from F(2,
87) = 4.12, p = 0.02. Camera rotation times differed
significantly between control methods. Interface o
(WASD and mouse) was significantly faster than
interface y (trackpad-only). Interface p (WASD and
trackpad) did not significantly differ in rotation speed
from the other interfaces. This analysis revealed a
significant main effect of the control method on the
average camera total time: F(2, 87) =11.23, p = 0.00003.
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Post-hoc comparisons utilizing Tukey's HSD test [20]
demonstrated that interface o exhibited significantly
longer durations for camera tasks compared to both
trackpad-based control methods (B, p = 0.001) and
Trackpad only (y, p=0.005). However, the two trackpad-
based methods did not significantly differ (p = 0.999).

The ANOVA results are significant, revealing a
substantial main effect of the control method on
navigation times. The findings, with a significant main
effect of the control method on navigation times, F(2, 87)
= 10.23, p < 0.0001, are crucial for our understanding.
Post-hoc comparisons test further revealed that the
interface P took the longest time to navigate, while the
interface y took the shortest time.

The interface o had an average navigation time. The
results showed a significant main effect of the control
method on idle times, F(2, 87) 10.34, p
0.0002. Researchers observed that interface y had the
lowest average idle time, and interface a had the highest
idle time. This indicates that the control method
significantly influences idle times, with interface y being
the most efficient and interface o being the least efficient.

Assessing whether this aspect constitutes a disadvantage
necessitates considering additional metrics such as task
completion time and accuracy. The System Usability
Scale (SUS) [21] scores obtained for the three interfaces
indicate minor differences in perceived usability.
Interface o (WASD and mouse) recorded the highest
average SUS score of 70.15, followed by interface y
(trackpad only) at 69.66 and interface f (WASD and
trackpad) at 68.94. These findings have practical
implications for the design and implementation of control
methods in 3D navigation systems.

Although the differences in scores are relatively small,
they imply a slight preference for the traditional WASD
and mouse setup regarding overall usability in the context
of 3D navigation. Importantly, the usability scores for all
interfaces fall within the acceptable range, providing
reassurance that users did not perceive any interfaces as
unusable.

5. Conclusion and Future Work

The findings of this research demonstrate that interface v,
which relies solely on trackpad controls, exceeded
expectations  (RQ1). Although the traditional
combination of WASD keys and a mouse (interface o)
showed a slight advantage in overall navigation time, the
trackpad-only interface proved to be a surprisingly strong
contender. It stood out regarding navigation performance
and minimizing idle time, showcasing an efficient and
well-structured control approach. While interface vy
required slightly more time for camera translation, its
performance in other areas reinforces the trackpad's
potential as a capable and user-friendly tool. These



results suggest that trackpad-based controls can
challenge traditional human-computer interaction (HCI)
and virtual reality (VR) standards.

Moreover, the System Usability Scale (SUS) scores
revealed minimal differences in perceived usability
across the interfaces (RQ2). Interface o achieved the
highest average score of 70.15, but all interfaces (a, PB:
68.94, and y: 69.66) remained within the acceptable
range for usability. This indicates that all control schemes
can provide a user-friendly experience for 3D navigation
and instill confidence in users regarding their choices.
This study introduces alternative control methods for
navigating 3D virtual environments, with the trackpad-
only approach demonstrating competitive performance
against traditional methods. Despite a slight increase in
camera translation time, the trackpad-only interface
excelled in navigation efficiency. It reduced idle time,
confirming its potential as a practical and effective choice
for virtual space navigation.

Beyond exploring 3D navigation, this research allows
further improvements in trackpad usability across various
contexts. The results highlight the strengths and
limitations of trackpad navigation, particularly in terms
of accuracy, comfort, and cognitive load. These insights
can inform the development of interfaces that cater to a
broader range of users.

Finally, this study provides valuable guidance for game
designers and software developers seeking to create
products that maximize the functionality of trackpads.
The findings offer practical insights into designing
navigation systems that balance usability and
responsiveness to real-world user needs. This research
encourages the development of accessible and practical
products that enhance navigation and interaction in
virtual environments while delivering more user-friendly
solutions.
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ABSTRACT — In the banking business, predicting customer default payments has become a
crucial operation to prevent and mitigate risks caused by non-performing loans. Presently,
machine learning techniques are used alongside traditional methods for this task. This paper
explores several ways to apply machine learning techniques in predicting default payments. The
prediction development framework includes data encoding, data sampling, and model
development. At each step, various techniques are tested and compared to find optimal solutions
for business requirements. Our findings conclude that ensemble models are a good choice over a
single model to increase the precision of the default payment class. The Over-sampling method is
a suitable choice to increase recall of the default payment class, whereas the Under-sampling
method is not recommended. Furthermore, if the size of the input vector is a concern, the
Weight of Evidence encoding method can be used instead of One-hot encoding without a loss in
performance.

KEY WORDS -- Loan Default Payment, One-Hot Encoding, Weight of Evidence Encoding, Over-
Sampling Technique, Under- Sampling Technique, Decision Trees Classifier, Ensemble Methods

1. Introduction data related to loan default payments commonly
exhibits imbalance [2], with the number of default
payments smaller in comparison to non-default
payments. Additionally, information about new
customers, particularly those entering the workforce
for the first time, is often deficient. Consequently,
generating accurate predictions based on such limited
information is rather challenging. This paper seeks to
address these challenges.

In the banking business, assessing customer loans is a
crucial procedure to minimize the impact of default
payments and maintain risks at an acceptable level.
Currently, the loan evaluation process relies not only
on human expertise but also incorporates modern
analytics like machine learning. The prediction
model for loan default payments utilizes both current
and historical customer information to assess their
ability to repay on time [1]. An accurate prediction
model improves the decision-making of human
experts, instilling greater confidence. Consequently,
the development of a precise loan default payments
prediction system stands as a vital task for ensuring
the profitability and sustainability of the bank.

The paper is structured as follows: Section 2
introduces relevant literatures. Section 3 presents the
statistics of the loan default payments dataset.
Section 4 proposes the methodology and related
techniques. Section 5 presents the experimental
results followed by discussions. Finally, section 6 is

In the current landscape, machine learning our conclusion.

methodologies have become pervasive across diverse
industries, and the banking sector is no exception. 2. Related Works

The utilization of machine learning prediction Several studies on predicting loan default payments
models enables banks to anticipate the likelihood of favor the use of interpretable machine learning
loan default payments in advance, thereby facilitating models such as Decision Trees and their ensemble
proactive risk mitigation strategies. It is undeniable techniques. These models offer favorable prediction
that the efficacy of machine learning models depends results, relatively quick training times, require
upon the quality of the training data. Unfortunately, minimal data preprocessing, and provide a prediction
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mechanism that is easily understandable to humans.
The following literature reviews some of these
studies.

Soni and Shankar [3] employed Random Forest
classification to forecast bank loan defaults. They
asserted that the ensemble technique surpasses single
models like logistic regression, k-nearest neighbors,
support vector machine, and decision tree
classification. In a similar wvein, Shaheen and
ElFakharany [4] demonstrated that Random Forest
and Gradient Boosting Tree outperform individual
techniques in prediction accuracy when applied to
predict loan default datasets.

Fan [5] conducted a comparison between LightGBM
and Random Forest algorithms for predicting
personal loan defaults. He asserted that LightGBM
demonstrated superior predictive performance.
Similarly, Lai [6] affirmed the effectiveness of
AdaBoost, highlighting its superior performance
compared to XGBoost, Random Forest, K- Nearest
Neighbors, and Neural Network in predicting loan
defaults using real-world datasets from a prestigious
international bank. In another study, Barua et al. [7]
investigated the use of the CatBoost algorithm for
loan default prediction. CatBoost, known for its fast
learning and ability to handle categorical data, was
compared to Random Forest and Gradient Boosting
Tree. The authors claimed that CatBoost achieved the
highest accuracy among all other algorithms.

Al-gerem et al. [8] introduced various classification
methods, such as Naive Bayes, Decision Tree, and
Random Forest, for predicting loan defaults.
Additionally, they applied a range of preprocessing
techniques to the dataset and utilized three different
feature extraction algorithms to improve accuracy
and performance. In a related study, Patel et al. [9]
employed Logistic Regression, Gradient Boosting,
CatBoost Classifier, and Random Forest for
forecasting loan defaults. They contended that
Gradient Boosting and CatBoost Classifier offer
comparable accuracy, slightly surpassing Random
Forest. However, Logistic Regression yielded
unsatisfactory results.

Up to this point, one can see that the accuracy of
predictions depends on the dataset's characteristics,
especially its features and the information within
those features. Handling this challenge becomes
more complex when the dataset is imbalanced,
leading classifiers to potentially misclassify rare
samples from the minority class. It is not universally
true that one machine learning algorithm outperforms
others in all scenarios. Additionally, resolving this
issue doesn't solely rely on machine learning
algorithms; some additional techniques may provide
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assistance. Consequently, conducting a study is
imperative to identify appropriate solutions for this
task.

3. Loan Default Payments Dataset
The dataset in this paper is the loan default
payments of individual customers. As the source of
the data is confidential, the dataset is anonymized.
The prediction features of the dataset are
demographic information about the customers. The
original data consists of sixteen features, as shown
in Table 1. However, some redundant or impractical
features, such as CUSTOMER_DOB, LOAN_DATE, or
ZIP are not selected. The records containing missing
values are also removed.

The dataset contains 51,018 records of customer
information, which are labeled as default payments
(class = 1) and non-default payments (class = 0). The
dataset is divided into cross-validation data and final-
validation data, with the number of cross-validation
records being 38,263 and the number of final-
validation records being 12,755. The imbalance ratio
of cross-validation and final-validation data is 1:4.28
and 1:4.15, respectively. Table 2 presents some
statistics of numeric features, and Table 3 displays
some statistics of categorical features.

Table 1. Shows Loan Default Payments Dataset

No Features Type Use Value Range
1 | AGE Integer Y | [18,71]
2 | COMPANY_TYPE Category Y | 5Unique Values
3 | CUSTID Identifier | 'Y | -
4 | CUSTOMER_DOB Category N -
5 | EDUCATION Category Y | 4 Unique Values
6 | LOAN_AMOUNT Integer Y | [19415, 100513]
7 | LOAN_DATE Date N |-
8 | MARITAL_STATUS Category | Y | 4 Unique Values
9 | NO_OF DEPENDENT Integer Y | [0,44]
10 | SEX Category Y | 2 Unique Values
11 | STATE_NAME Category Y | 21 Unique Values
12 | TOTAL_MONTHLY_ Integer Y | [0, 1500000]
INCOME
13 | YEARS_OF EXPERIENCE | Integer Y | [0,70]
14 | YRS_IN_PRESENT_ Integer Y | [0, 60]
JOB
15 | ZIP Category N -
16 | LABEL Category Y | 2 Unique Values




Table 2. The dataset statistics of numeric features

Num Year Year
Statis Loan ber of Total of In
. Age Monthly Expe | Prese
tics Amount Depe :
Income rienc nt
ndent
e Job
mean 32.84 50895.28 0.95 16235.59 6.47 6.22
std 9.61 6474.09 1.28 11708.12 6.65 6.19
min 18.00 22830.00 0.00 0.00 0.00 0.00
max 71.00 96747.00 | 34.00 750000.00 70.00 | 60.00
skewn
ess 0.75 -0.14 1.71 13.94 2.18 2.10
kurtos
is -0.24 0.78 12.65 511.93 6.03 4.88

Table 3. The dataset statistic of category features

Features Category Code Counts
(0) Government, (1) (0) 8323, (1) 8467, (2)
COMPANY Ipd!V|duaI, (2) Private _ 22521, (3) 2360, (4) 9347
limited company, (3) Public
TYPE L
- limited company,
(4) Others
(0) High school, (1) (0) 18704, (1) 22286, (2)
EDUCATIO Graduate, 1149 (3) 8879
(2) Postgraduate, (3) Others
MARITAL 0) Marrled, (0) 37346, (1) 13534, (2)
STATUS — | (1) Single, 98, (3) 40
(2), Widowed, (3) Divorced
(0) Male, (1) 46040, (2) 4978
SEX (1) Female
(0) 5701, (1) 5158, (2) 4972, (3) 4580, (4) 4543, (5) 3775,
STATE (6) 3323, (7) 3295, (8) 2831, (9) 2599, (10) 1904, (11)
1827, (12) 1810, (13) 1457, (14) 842, (15) 659, (16) 592,
(17) 523, (18) 451, (19) 103, (20) 73

Principal component analysis (PCA) is employed for
the analysis of the dataset. Scatter plots between the
first and second principal components are depicted in
Figure 1. Observably, there is a mixing of minor
class datapoints (light + sign) into major class
datapoints (strong + sign), potentially introducing
challenges in prediction. This pattern is typically
observed in new customers for whom the bank has
limited information.

38

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 36-42

Principal Components
= F & FEF
+ +

10000 = F+ + +4 +
+* : +

o ¥

+

L +: +++ ﬁ*-rﬁ

] ++f + ¥ o+

++~+‘_‘-|.++:-4.+ + P

+ ' s

I ST s

Fooghr s e B 4

T S Y L
i ) +i
P L wF

P Y (AT

+,

7500

5000

2500 1 *,

W

PCA 2
=)

+
" P
—2500

—5000

¥

—10000 =~
0

PCA 1

Figure 1 illustrates scatter plot between PCAland
PCA2 of the dataset.

4. Prediction Methodology

The complete prediction methodology is illustrated in
Figure 2. The left segment of the figure represents
the operational part, while the right side represents
the modeling part. In the operational part, new vector
inputs undergo preprocessing to encode category
features into numeric features. Next, they are input
into the prediction module to determine the class
output. The input vector, comprising customer
information, is utilized to predict whether the
customer belongs to the default or non-default
payment class.

In the modeling part, the training data are fed into the
encoding process to convert category features into
numeric features. Next, the encoded training data are
sampled to train a machine learning model. It's
important to note that the sampling process is
optional, and the entirety of the training data may be
utilized instead. The parameters obtained from the
encoding process are employed in the preprocessing
module, while the trained model is applied in the
predicting module.



Vector Input Training Data
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Preprocessing .
= Encod
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Figure 2 illustrates overall prediction methodology

In practical applications, numerous machine learning
libraries tend to favor numeric features over
categorical ones. Consequently, it becomes necessary
to encode categorical features before training a
model. In the Category Encoder website [10],
Various category encoding methods have been
proposed. This paper opts for two widely recognized
encoding methods: namely, One-hot encoding and
Weight of Evidence (WoE) encoding methods.

One-hot encoding provides a straightforward method
to convert categorical data into numeric form using
binary encoding. This process entails establishing
binary columns for each category and designating the
presence of a category with a "1" in the respective
column. However, the number of binary features can
expand significantly based on the cardinality of the
original features. Consequently, this expansion may
lead to an increase in the size of the input vector.

WOoE is calculated based on the relationship between
the categories of a categorical variable and the
likelihood of the target event. The formula for
calculating the WoE for a particular category is as
follows:

Distribution of Good Events
Distribution of Bad Events

WoE = In (

In cases where the target variable is true
(representing non-default payment), it is considered a
good event, and vice versa is the bad event. WoE is
an encoding method that does not augment the size of
the input vector. However, when employed in a non-
parametric model for interpretable reasons, it may
pose challenges for human analysts in
comprehending the insights.
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To address the imbalanced class proportions often
observed in datasets, a sampling process may be
employed. Imbalance is a common occurrence in
datasets related to default payment problems. This
paper explores two imbalance sampling methods—
Over-sampling and Under-sampling—from the
Imbalanced-Learn community (https:// imbalanced -
learn.org/stable/#).

Several ensemble techniques involving decision trees
have gained popularity for addressing classification
problems in the banking domain. This study
evaluates various techniques, including Random
Forests, Bagging, AdaBoost, and XGBoost, all built
upon the Decision Trees classifier. The
hyperparameters for all models are chosen through
K-fold cross-validation, with k set to 5, to determine
the most optimized configurations.

Table 4 provides a summary of the combinations of
techniques. Given that the prediction objective
centers on the default payment class, this paper will
predominantly focus on the outcomes associated with
that class.

Table 4. Combinations of techniques in the
experiments

Experiment Sampling Encoding
A No One-hot
B No WOoE
C Over-sampling One-hot
D Over-sampling WOoE
E Under-sampling One-hot
F Under-sampling WOoE

5. Experimental Results

Table 5 presents the results of Experiment A. In
general, the ensemble techniques exhibit higher
accuracy compared to the single model. Regarding
Class 0, the precision of all models is relatively
equal, but the recall is higher in the ensemble
techniques. Conversely, for Class 1, the precision of
ensemble  techniques  significantly  improves
compared to the single model, while the recall
decreases notably.

Table 6 displays the results of Experiment B. The
average accuracy slightly decreases from Experiment
A. The average precision for Class 0 and Class 1
does not differ. The average recall for Class 0
decreases slightly, and vice versa for Class 1.
Interestingly, the WOoE method does not have a
significant impact on the recall of prediction models.
However, the Bagging technique benefits
considerably from this encoding method, resulting in
a 3% increase in the recall of Class 1. Similarly,
Random Forests also derive advantages from this




JIST Journal of Information Science and Technology

Volume 14, NO 2 | JUL — DEC 2024 | 36-42

method, with a 5% increase in the precision of Class Model Accu | Class0 Class 1
1. racy precis | recall | f1- precis | recall | fl1-
ion score ion score
. Decision | 0737 | 0.848 | 0.822 | 0.835 | 0.343 | 0.388 | 0.364
Table 7 and Table 8 display the results of Tree
Experiments C and D, respectively. In these two Random | 0.801 | 0.843 | 0.925 | 0.882 | 0.477 | 0.285 | 0.357
experiments, the over-sampling method is applied. Ff:jfests
Overall, the accuracy of the models slightl AdaBoost | 0.724 | 0.850 [ 0.800 [ 0.824 [ 0.331 | 0.412 | 0.367
decreases. Regardless g/f the encoding method gsedy XCBoost | 0.789 | 0846 | 0902 | 0873 L 0439 | 0320 | 0370
- Negi Ing used, Bagging | 0.799 | 0.844 | 0.920 | 0.881 | 0.472 | 0.295 | 0.363
the over-sampllng rr]e.thod tends to decrgase_ the re(;all Average 0.770 [ 0846 | 0874 | 0.859 | 0.413 | 0.340 | 0.364
of Class 0 and precision of Class 1, while increasing
the recall of Class 1. In th_e case of One-hot encoding, Table 8. Result of experiment D
AdaBoost seems to be significantly affected. Recall Model Accura | Class0 Class 1
from Class O decreases by 9%, precision of Class 1 cy precis | recall | f1- precis | recall | fi-
decreases by 7%, while the recall of Class 1 Secis T :)0248 055 gcé’;% :)Og53 BT, zcggz
improves by 9%. With WoE encoding, XGBoostand | 7> | ' ' ' ' ' '
Bagging exhibit a substantial effect. Recall of Class 0 Random | 0801 | 0843 | 0924 | 0882 | 0477 | 0287 | 0.358
decreases by 5%, precision of Class 1 decreases by Forests
about 9%, but the recall of Class 1 increases by about AdaBoost | 0.752 | 0.849 | 0.843 | 0.846 | 0.364 | 0.375 | 0.369
8% XGBoost | 0.786 | 0.846 | 0.898 | 0.871 [ 0.431 [ 0.322 [ 0.368
: Bagging | 0788 | 0.845 | 0.902 | 0.872 | 0.434 | 0.313 [ 0.364
Table 9 and Table 10 present the results of |3 0ce C—577 {0846 [ 0880 | 0862 | 0412 | 0.335 | 0.365
Experiments E and F, respectively, where the under-
sampling method is applled_. Under-sampling yle_lds Table 9. Result of experiment E
outcomes in the same direction as the over-sampling Model Accu | Class 0 Class 1
method, albeit with a larger magnitude. In One-hot racy | precis | recall | fi- precis | recall | fi-
encoding, the average recall of Class O decreases by _ ion score | ion score
0 ree
about 16%, and the average recall of Class 1 o g —ees 5570 (o589 0708 [ 0271 | 0634 | 0379
increases by about 30%. In WoE encoding, the Forests
average recall of Class O decreases by more than AdaBoost | 0.561 | 0854 | 0.550 [ 0.669 | 0.245 | 0.609 | 0.350
37%, the average precision of Class 1 decreases by XGBgost 0571 | 0.872 | 0549 | 0.674 | 0.262 | 0.665 | 0.376
about 21%, and the average recall of Class 1 Bagging | 0578 | 0873 | 0.558 | 0.681 | 0.265 | 0.662 | 0.378
increases by about 37%. It appears that under- Average 0573 | 0.865 | 0557 | 0.677 | 0.258 | 0.638 | 0.367
sampling has a more pronounced effect on WoE .
: Table 10. Result of experiment F
compared to One-hot encoding schemes. Model Aoy | Class 0 CTass 1
. racy precis | recall | fl1- precis | recall | f1-
Table 5. Results of experiment A ion score | ion score
Model Accu | Class0 Class 1 Decision | 0564 | 0.858 | 0.550 | 0.671 | 0.250 | 0.623 | 0.357
racy precis | recall | f1- precis | recall | f1- Tree
ion score ion score Random 0575 | 0.874 | 0553 | 0.677 | 0.264 | 0.668 | 0.379
Decision 0.743 | 0.845 | 0.834 | 0.840 | 0.347 | 0.366 | 0.356 Forests
Tree AdaBoost | 0.565 | 0.868 | 0.544 | 0.668 | 0.257 | 0.656 | 0.369
Random | 0.813 | 0.838 | 0.953 | 0.891 | 0.541 | 0.233 | 0.326 XGBoost | 0.567 | 0.868 | 0.546 | 0.670 | 0.258 | 0.654 | 0.370
Forests Bagging | 0567 | 0.866 | 0.548 | 0.671 | 0.256 | 0.647 [ 0.367
AdaBoost | 0.777 | 0.844 | 0.887 | 0.865 | 0.404 | 0.317 | 0.355 Average 0.568 | 0.867 | 0.548 | 0.671 | 0.257 | 0.650 | 0.368
XGBoost | 0.812 [ 0.841 [ 0946 | 0.890 | 0.534 | 0.256 | 0.346
Bagging | 0.808 [ 0.835 | 0.949 | 0.888 | 0.510 [ 0.219 [ 0.306 : : :
Average | 0.791 | 0841 [ 0914 [ 0875 | 0467 0278 |os3s | |1 experimental results yield the following
recommendations for achieving default payment
Table 6. Results of experiment B (class 1) pr_edlctlon: . . -
Model Accy | Class 0 Class 1 e Using One-hot encoding, a single decision
racy | precis | recall | fi- precis | recall | fi- tree model is a good choice for the use case
ion score | ion score when a higher recall measure is more
Decision | 0.743 | 0.843 | 0.837 | 0.840 | 0.341 | 0.350 | 0.345 important. In contrast, an ensemble method
Tree would be a suitable solution if precision
Random | 0.820 | 0.839 | 0.962 | 0.896 | 0.593 | 0.230 | 0.332 measure is crucial. Random Forests and
Forests XGBoost methods are recommended for the
AdaBoost | 0.743 [ 0.851 | 0.826 | 0.838 | 0.355 | 0.398 | 0.375 A .
XGBoost 1 0812 10841 10946 1089 | 0532 10255 | 0345 latter scenario. It's worth noting that One-hot
Bagging | 0.808 | 0.839 | 0.943 | 0.888 | 0513 | 0.247 | 0.333 encoding with high cardinality category
Average | 0.785 | 0.842 | 0.903 [ 0.871 [ 0.467 [ 0.296 | 0.346 features can result in a large input vector.

Table 7. Results of experiment C

40

Model interpretability = may  become




challenging when extracting knowledge from
decision trees in such cases.

Using WoE encoding, prediction performance
does not differ significantly from one-hot
encoding, but the input vector to the model is
smaller, thereby reducing some
computational cost. Random Forest gains
benefits from this encoding method with
higher precision, and the Bagging technique
also gains some benefit with higher recall. In
practical terms, if the size of the input vector
is a concern, the combination of WOoE
encoding with Random Forests or the
Bagging technique is our suggestion.

The over-sampling method outstandingly
boosts the recall measures of all models,
regardless of the encoding method used.
However, a decrease in precision measure is a
cost to pay. If the recall measure is the primary
objective of modeling work, the over-sampling
method is recommended. In the case of One-
hot encoding, the Bagging method is a good
solution. For WoE encoding, the Adaboost
method may be our choice.

Using the under-sampling method is not a
good consideration for this problem. Even
though the method outstandingly increases the
recall measure of class 1, it also decreases the
recall of class 0 and the precision of class 1
drastically. This condition occurs in both
encoding methods, especially in the WOoE
method. If the recall measure is the primary
concern, we recommend using the over-
sampling method instead.

In practice, data scientists do not limit
themselves to using only one model to predict
default payment; they may use a group of
models working together to pursue better
predictions. For example, employing two
models simultaneously, where one excels in

precision measure and another in recall
measure. Furthermore, if more customer
financial information is available, this

information can be used to develop another
prediction model in a modular manner. For
instance, considering customers who are not
new to credit or those whose transaction
behavior is available via digital payments.

In some cases, default payment prediction has
been performed using a traditional rule-based
method (traditional expert systems). This
condition could lead to the problem of how to
extract decision rules from trained machine
learning. It may be ftrivial if a single decision
tree model is wused, but the prediction
performance may be limited to the decision
trees. Thus, extracting decision rules from
ensemble methods is our future work.
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6. Conclusion

The prediction of customer loan default payment
holds significance within the banking sector for risk
mitigation. The difficulty of this predictive task is
particularly pronounced where customer information
is constrained, especially among new entrants to the
banking institution. This study introduces a
utilization of machine learning techniques to forecast
customer loan default events. The machine learning
techniques encompasses Decision Trees, Random
Forest, Bagging, AdaBoost, and XGBoost methods.
These methods are employed in conjunction with two
encoding methodologies, specifically One-hot
encoding and Weight of Evidence encoding.
Additionally, both Over-sampling and Under-
sampling  techniques are applied.  Several
combinations of these methodologies are evaluated to
find out optimal solutions matching to modeling
requirements. We found that, in general, all ensemble
techniques demonstrate an enhancement in precision
measures compared to individual models. Notably,
One-hot encoding and Weight of Evidence encoding
exhibit no difference in prediction performance but
diverge in input vector size. The Over-sampling
technique is observed to elevate recall measures but
concurrently diminish certain precision measures.
Finally, the deployment of machine learning
techniques proposed herein is served as a pragmatic
guideline for data scientists to design their
methodologies with business requirement.
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An intelligent watering system for sweet corn cultivation
with LoRa technology
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ABSTRACT - The cultivation of sweet corn is a field that utilizes a vast area, thereby the care and
watering of sweet corn plants are inconvenient and time-consuming. Currently, Internet of Things
technology plays a significant role in sending and receiving data, contributing to the development of
asmart farm system. However, the Internet of Things still has a limitation on the distance over which
data cannot be transmitted. Therefore, this research aims to develop a prototype smart watering
system for cultivating sweet corn using LoRa technology, which relies on both receiving and sending
data from water valve nodes and sensor nodes. These components communicate data in a peer-to-
peer format. The results of system development and testing lead to the conclusion that the system can
effectively operate the water valves in both on/off modes and successfully transmit values from
remote sensors. The research sample consisted of 5 program development experts and 15 general
users. The tools utilized in the research included a system performance evaluation form, and the
statistics employed for data analysis were the mean and standard deviation. The results of the overall
efficiency evaluation were at a high level, with a mean score of 4.43.

KEYWORDS: Smart Watering System, Internet of Things, Smart Farm, LoRa
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ABSTRACT —The elderly population is increasing rapidly in Thailand, with the majority of seniors
living alone at home. Statistics reveal that, on average, four elderly individuals die each day due to
falls. This research develops a standing up notification system for the elderly using Raspberry Pi to
transmit motion image when they rise from bed. The image is processed using keypoint extraction,
and the extracted points are used to verify the correctness of the standing posture by calculating
suitable angles from various body parts. The comparison of the detection accuracy of standing
postures between two libraries, MediaPipe and OpenPose, using the Root Mean Square Error
(RMSE) and Mean Absolute Error (MAE) shows that MediaPipe has lower errors at 25.19 and 20.35,
respectively. The accuracy of standing posture detection is further validated by calculating angles in
various degrees, revealing an overall highest average accuracy of 74.55%.

KEYWORDS: Elderly, Raspberry Pi, MediaPipe, OpenPose
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ABSTRACT - In Thailand, there has been a growing interest in agriculture among the population, both as a primary occupation and as a hobby.
Many individuals engage in small-scale farming, such as growing vegetables for personal consumption or for small-scale trade. A significant obstacle
they often encounter is the lack of sufficient equipment or resources. These resources are not always feasible to purchase due to infrequent use or
high costs, such as tractors, grass cutters, or battery-powered sprayers. To address this issue, the researchers propose the concept of an Agriculture
Virtual Banking Platform inspired by Thailand 4.0 principles. This system facilitates the exchange and lending of agricultural equipment, promoting
convenience and strengthening community resilience through the shared use of resources. The Agriculture Virtual Banking Platform is designed to
allow community members to exchange or rent agricultural resources. The system functions similarly to a financial bank, where members with
abundant resources can establish their own banks to offer rental services. Conversely, members with fewer resources can deposit their (virtual)
resources in a nearby bank and earn interest or rental fees when others rent their equipment. This system not only reduces the cost of purchasing
agricultural equipment but also extends the usability and durability of these resources. For instance, tools that are rarely used by their owners can
be rented out, thereby preventing rust and maximizing their utility. The Agriculture Virtual Banking Platform will promote the development of
quality of life and community, fostering tangible self-reliance among farmers and community members.

KEY WORDS - Agriculture, farming, farming equipment, farming resources, virtual banking, Digital Transformation, Thailand 4.0
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3.1 Agriculture marketing using web and mobile

based technologies [2]
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3.3 Developing An Agricultural products Online

Marketplace In Thailand Using Geolocation

technology [4]
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3.4 Designing and Developing an Agricultural Product

Sales Application Catalog with a Hybrid Application

Development Framework [5]

66

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

Ao Ay v Y a o A A
el laueuuinalumsiannuelnansuuuilene
HUDHANHEUEIMS UM AU UM VIR TN

a AAa = d A =
msnas luouTatlize Failuuuimenviaulovagi
Anonmlumstronuasnsmusield  aadunu wazveo

o 2 o

mmﬂmimmauﬁ’mNmymi:uuﬁ AUIVUY

BE

s A A o o 9
Qﬂi$ﬁ\iﬂLWE]L!ﬁﬂxiWﬂﬂﬂﬂ!cﬂﬂNﬂﬁLﬂHﬂﬂlﬂg’f]‘lgfgﬂﬂalﬁ

P
A

A A 1 o 9 ' D) A 1A v ¥
Gﬁﬂﬂﬁuiﬂﬂﬂﬂﬂﬂ‘]JPj‘lﬂﬂNTuﬂﬂMﬁﬁﬂ1§ﬂﬂﬂﬂﬂ§$ﬂU1W‘lﬁ

e

szuufisdadineddnn Wy unuidmiuszysumia

WNBUAZEINTDITINSUTAG BINAA UMD UNIRWIE

a

A o g Yo
o0 ¢ Lﬂ‘Hﬂiﬂiﬁnﬂiﬂ‘lﬂfJW’dﬁﬂm“ﬂﬂlﬂﬂﬁuqmﬂﬂﬁiﬂiﬂﬂﬂ

RQe D

2

A

a Yy 1y 1 "y =
UiIﬂﬂ‘H E]WﬂT]JaﬂIﬂElblllG]ENN1u WOATAUNA N HIVS

U

e

o q. ¥ Yo A ]
Vlﬂﬂmyﬁiﬂillﬂ‘i‘]J‘ﬂﬂWlL‘]Juﬁiillﬂﬂﬂ‘Uu

Yo91da : T0TVLANAAAUINITINYAT 1AL TR VRN

Pl Fl
@

MIADUINIITU
a Jd d Jd U v Aa %
3.5 ‘I.lﬁﬂ‘li"lﬁ’]ﬂﬂ!nﬁﬂﬁ'I'Jﬂﬂuﬂﬂﬁuﬂ'ﬁﬂﬂﬂuslﬂﬂ'lu

MInAAHSUNYAINT Inedsziannanssu [6]

Y k3
NuITeIEUe NI WaIUSMIAa1dmesIeluns
v a 9 Y Y
aadulaludumsnaiaveunyasns awsalidoya
V1IAIT 31A1NAN 1aLIIAIT-aeen T UM MIUAYAT

A a A A
LHBIN !ﬂ‘Hﬂiﬂi‘V]L‘W1$ﬂQﬂLWﬂﬂ1§W1m"]ffJuu'E]ﬁ]ﬂ5$ﬁﬂ

]
A a

"y o
nuwemsngmendseu lasnediaunale uazdaliusns

L
Y

a A A ] ~ v a
wanlaeu Fe-viaie liinuasnsiiTenalumsdaaule
42 o 4
lunisuanlaeu e-vielusiafaweanals 9910
Y '
et 1a14ma TuTadd o snad a3y KasedThai #a
1 1 Y
311 3 Taoma TuTagn 15 lunmsannszuueziasi
®  Operation System Microsoft Windows 10 (Lﬂ%@ﬂ
a Iy Y &
AouN AT Ia1jn)
®  AppServer
®  Sublime Text Version 3

®  MySQL Database

®  PhpMyAdmin



KasedThai.com

Hud

',_v' '.(,,.‘l \ B

A A ;- - a <
51/11 3 nwanlagy Fo-v1eauA w83y KasedThai

U

Y A

I < S A [l = a ~
Yo : luduledniinnmieulaazivanuaienimsi
edndulalumsnmsaaiaveunsas
Y o w = A 2 o 1 a 9
Yodna : szvuMsuanulasugmiewdumssudaduii

' S a 94 9a
wAnNIzUDLan)dsudumnuiass

A <

3.6 szUVRRIsIIHEMSINEAsERU |l [7]

g o o @ 7
auililumsiannszuuessadmiumanyaseou laiin
PONUVUNUNBFIBS1UIIANNAZAIN TUNITIANITNTIN

A ' P P 2. 9
soomstnuasiununaaesueeu lml szuuiiyjaniy

o 7o Y o v Y
mavianfangums ldnuneliinyasnsansadum
50NABINTIHT 9318821B8ANEINUTOLAZIIAT TINDI

T T a =1 g v A
mM390950 14410 9 Fiudumesiia venainil szuudal

I @ (3 9 12
Wandunisdanisniseessadiniudivesso uazns

a ' s E~- ) 2
IduSmsgnimduunaanesuoonlal Feremuniy

Y R a ' A a a
azanlumadidwsmamsanaziwlsgansaimlums
tamsms IdimmazmMsvessiven1sinbas

1 g . o d‘
szvuutag gy 3 @ degii 4
9
e dauaszuy
a 3 & %
®  MNFNVRIIVFIITA NI Inaaziluaz
a A qy 9
31802188950N1INMIINEAIIHE THgnA1984

=) )
[ ] QﬂﬂW](ﬂ’E'Nﬂﬁsl“lﬂ‘ll‘liﬂﬂNﬂTimH@]i

71Ji1 4 Context Diagram 7UUTEUUIONTNUNOMTNYAT

aou lar

67

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

Pof : HANUALAINALIYADAITAAADIBITANITIABAT
Y o W a v a o ]
Fodrna : vourvave el nanduileanu l seafunans
999509UY

1y a a do U
3.7 MSNARSTUUAAIANANNDIaNNITO HATAIHS
INHATNT MUNIVBUATHAHINMSINEATIVAT 1 JIHIA
wesalvial [8]

v
WH’J%fJaﬁH’CTu@ﬂ'liﬁﬂ‘kﬂ!!ﬂsﬁ’ﬁllu'li&"]J‘]JG]ﬂWﬂﬂﬂWﬁ
<
a

Lo

B1aANIONNTNOOAUUUNINDITLFO N T2 114

e D

o YA A 4 A ]
inpasnsnudse lunuimamitiovelszmalne Taonin
M o saq Y
msadrunaaresvesulanlfinvasnsainisaas
a yk o X
UTEMAVIIHAANANIINTINEAT LASHTDADINITHIYD
a 9 v a 1w 2
Fumannsafurazfnaenumnyaing 1a lasnsa szuuil
7w A '
Uszneulddreansunisldaunvainvale 15u n1s
= a a o I'd
amgifougd 19, myalszmaduming, msunimaanu
k2 ] ¥4
, MIAAABIDYY, LAZIZUUMIIANMIMAIFaUATNMTTTE
[y e Tomanamsaaiadmsunyasnsuazaie
' A Vo A A
Foamalumsiinse @i s unyasns lunun
Y A a o 4 Y =
Yoa : InyATAINNITIVINARS pivoIau 1@ vl
o A 2
szaninmuinuu
o [ T Aa o o %
P09190 : T0TVUANAANUNNITIAYAT AT TBITURNY
¥4 Y
MIHDUINITU
3.8 MIINBAIOIN3Y (Smart Farming)
v _a 3 { o
N1SINBATOINT 2 (Smart Farming) 1T wuuani1ainn
= Y ' bL 4 A
maTuTadmislmivszgnd 9 luninnisinyas ey
UszAniamnisnaa aadunu uazauaiuanudsdu lu

Uszimalnsnazaialszina Falidred19uITouas

17
o A4 g o o &
UIANTINNINYIVOINY Smart Farm A1l
maianszuuhiusiiezdrmiumnuasnsgaln

9 s o A a s < 2
91’3EJ”H@‘V\|(5]L!’Jii‘ﬂﬁlﬂﬂlm%ﬂu!ﬂﬂilu@‘ﬂ@\1ﬁiiWﬁ\i (IoT)

v
A

ao 9 g s @ a Y
NuITeHgadumsiaszuurhsudanios Tagly
s w o A o

yoraurTsialauag loT e rI8inyAINI TUNITTANIS
¢ A a a A o 2 o

vhinedaldszd@nTam szuuiiaNUNTINITIAITINIA
Y ¢ ' & a

wagaruguan mudadenluwisu 1wy anwiuluauy

Quuil uaruAIAIN FIFroMuNanaALazaan1s 1y

NINGINS [9]



=< = 4 o a A
MsanyIuIMIveunalulagisusiniozine
5095 UM STV UL UNAUIAT T At OIAT B DA Az FInN
1 A 2 Yo Y Y
giszmetne 4.0: nsdidneeuma liisaumhundy
= o Y 1 £
M3fneItd1sanNaeImsuazuuIn lumsdsols
maTuladvhiudanosluaaunalif iveaivayunis
o A o = Er - B
Waavavewlszmalne wanisAnusldinua nsih
maTuTadnldaunsoaadununisnan iNuguaINIag
WIATFIUVOIFUM HazannNuIFeINARg Bz Y
53U [10]
@ [4 [ a
mswaugduvuszuualrvguiisudinies lu
T5ei5ouignity Taoldaeuiunesuuudada
ao Aao ¢ A o ¢ o a
NIl Inglszasdme ATz uUAIUAUINISUDINT Bz
TulsaSeuilgniiy Tagldaeuiiamesunudadalunis
K4
A9 TADLAIVANANINIIAROY 1FU QU ANNFY
' A ] o A a A
wagueaed e iz aunumssgau Tavoans [11]
uIANTTUAIY Smart Farming Yea o saud
UTHN CombaGroup luaiaisasaud IdWmuITzIUMS
UgnAnddalulsuseu Tasldmalulagnisdgniiylu
81019 (acroponics) LALNITAIUANTNINDINA Fa32017
R Y o v ¥ A A
aunsndgninldmasansil aanmsldiuaziui nazan
m3tlaesmaiFounszan [12]
o ' s A '
MswauIueudiiesielunisimizignluy
a 4 Jd v a I3 o =
dIaesuaud nInemaainnaaniumalulad ETH o

a o A

Y o ' I o w
n %WGM‘L&muaumﬁmmmmnﬁammzm%ﬂﬁmwﬂu

4

A 4 £ 9 = A A a

nunwzlgn erreaans lsasmlnazmulszansam
[ 4
Tumsdaniswhiy [13]

I A A Vo ] ]
uWaaW o3y Smart Farm Nl ogunyudunisldy
a A A a a a o &
ma TuTagimomiulsz@ansammseanuaznssanmsvsy

TBQ!ﬂH@]iﬂi!L@iﬁSi?ﬂ “lummzﬁixumimﬂmﬁﬁauiﬁuﬁ'a

] v
ao

A o S 9 H £
mstnyasniaue luauisell mmummmﬂuuazh
o ' o &2 Y o 4
mwmmmunuiwgwu %Q%Uﬂﬁﬂﬁunuﬂﬁﬂﬂﬂ?@ﬂﬂiﬂ!

' a ' ¥ .
ﬁ\i!ﬁiﬂﬂ'ﬂﬂiﬁﬂﬁﬂ uazﬁiwmmﬁqwmumﬂu“};n%u

A a A

' < o
amuﬂugﬂ‘ﬁisu NITUITSUUTUINITITUDUITIND

Y [ = J=p=1 [
Maunyasn155mAuma TuTad Smart Farm Nillog 411130

Y ' Y ad
ﬁswﬂamﬁu@aszmnmﬂmmﬂuiaamugmazms

1 A

duasuanuiwileluguru Feezih ldgmsianuims

'
@

' ] Y
mymmqﬁuuazuﬂszammwmﬂaﬁu

68

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

MNUITeNNeI s nuNauIseduluginaue
o A o & a9
Mswaszumieaanusululunisviedudinig
' ' 3
M3nbasAiIunefIAuna1s Fuiluduaouvesnisvie
nandan §9liiaulanduaueszuuiifeavesny
P ~ P a ' &
nszuIuNIHanneuiz ldnandnoongaaia dalu

£ Y
uvenfute Idiuaue luauiiluideda lu)

adA o a a W

4. IFAUUUNITIVY

4.1 MIVBALVUUALM TN
wseionlFlumsiauunaanesuiluaaadagii 5 Tag
#7109 Backend 9% 19 Node.js 1481 Frontend 32149 React

~ s o o A . '

naglaeanIs¥IenaIfe Mui 1ag Bootstrap 108154
doyavz 19 Fetch API 30 Axios!io503v0T03ya91n
Node.js 1182 Node.js vz dadoyadulugiluu JSON i React

o I 4
a2 1dvhmsudauilu JavaScript objects e 19911

& .l TS G

no®d e %

7" Firebase

25 5

FUil 5 nsealion 1 lumsiiann

AGRICULTURE VIRTUAL BANKING FRAMEWORK

g & &

Google
Authenticator

&
&

user woww.avb.com

apache (web server) Login

API

>

React Google API

viorking system

J e Agriculture Virtual Banking Framework

Ul 6 uaAININ Framework voaunannlody
smsaioussadmiunsnyas Fedldmn 1ol
FLUVILADININITIUTUAIAUAIY Google Authenticator
e Login A3 anmndrda i Tals g szuuezlidadialals

Tdvesdl¥neu d1ndilus Iudeguds szvaziindrg

Y

4 g vy o 9 3 A
IZUUIUINT !!ﬁ%mﬂﬁl'IiJ']gTiu’l'ﬁﬁﬂLLﬁ'Jﬂﬁnﬂiﬂlﬁ’ﬂﬂ

WudlFaum ldviedondasuinisvesduesld Tae



' v
dhli}a Y @

s o ¢ Aa
ﬁ\?ﬂ“lfuﬂaﬂ an miu@luwmuﬂmma@lW@iuuu Use Case

] v
a2 =2

Diagram Uaasaanni 7 ¥91lsznenludne
1. szuvandnnumslasuudasszanldaruns1d
Y v E Y
AZUUWITAAIVDINTINGINTTN NITITZUVITARLT

Pl P
[

RS Y 2L o ]
mvﬂwa"lﬂuazmwmﬁmmi FEUULTAONIWANUIVU

gy

o ¥ o [l

PUNDIINATIUIUMTIFTUVDIANIFA HazIfia
o a @ I
SuUMTaads1eMINSnensueasuIas Il
) A A A Y ya
AWTEAVYDIANNUNFEND tHoToanuuazaar 19h
I a o a @
WuawluiiTansaisienis Idvwnadywiny
o ' o 99 9 1 A 9 o9 Y
FEUD AI081ILAVVBIF Y 13U 1TUAUAITEAD
A & gy 1 a 2
Bronze 321 sarduluamida o 18 1uinu 1 v

Y o v 2 v
fﬂ1’Hﬂ‘1/]Tﬁ‘iﬂ‘i‘illLLﬁgqﬂﬂglluu!iﬂﬂﬂiﬂﬂmﬁuﬂﬂ

a
Y

AR A o vy A 2 g . =
FUIMIAVUITOE 9 Teavz IaNuYITIY Silver Have
VA o P v Yo 2 2
aunsansunsnensndon o fulduuruInny
I
wudu

s d A & o A o W
2. WINFUMSAATUIMISIE N UITUNDMSINEATE T

s

yAa o = vyl X VA -
"]f‘l/]i]‘V]inJWﬂi‘V]ﬁWlﬂiﬂ‘l‘ﬂﬁﬂu“ﬁ'ﬂﬂnﬂ LBIYY YT0
= 2o A4 = ¢ 1
meﬂafm WQ“?W&Wﬂiiuﬂu‘ﬂu’]ﬂi?uﬂq Ql]ﬂim LYU
[ 1) = g Qy =) 1 +| )
5ﬂvlﬂ DINUYT DV LTYY ,qﬁﬂﬁu!ﬂa'ﬂﬁ 53] TJ‘EJ yI1u
Lyl ,!Lﬂg'ﬂ%}WﬂWﬂiﬂqﬂﬂﬁ H}u LL‘NﬂumﬂmﬁJ}W Lﬂuﬁ}u

vy X & o L g a
ﬂﬂﬂ%uuiu‘i:uumwmuninmu ﬁlﬂ%ﬂnﬂﬂuﬁhliniﬂ

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

a k2 N @ =
Wasuias 1 ualumssiauilueuiag e1aliszuy
aa ) s A 2

mseysiannvesuwaavle s uwLLIN

s a ¢ o A A
WIRFUMTAAATIBNITNTNINTVDITUIAT 1IN D

A A A

Vg 198N 3o uanlasuy

v @
WanFudumininensauanudosnisvesd 14 Tao

9 =) k2 Y 9 ]
Aldawnsadenwansauin ldauanudesnisisu
= = I
FEaMUAZIUUYDITUIAT I F8IUTZezN (Tl
Y
fu

R o {
ﬂﬁﬂ‘ﬂu!‘]ﬂﬂ%ﬂﬁu‘ﬂiWEﬂﬂi‘ﬂNﬂ'ﬁLﬂH@]i@nuﬁ %l“lsfl\i']u

U

g Ry

v
A0an13 Nl Mvuay 1A Wi TuzIa
1A ° Jy a &

Mgy zgniiualagsuiaisnlansuadaa
ninens

7w & o & 99 9
WanFude1wnTNe1NITNNMTNEATAINREG 1T
y
Aoams

S o { @ {
WanFunanudsuninensnianisinuasaiu

Y Y
AlFaudeans

J @ ] 4 @ a
WanFunsyanorIuuen 531119 5UININUANEN
TaoollHaonnswensidesms Tauds aunsodn

FTUVLFNNOWANBAIFTUINITII1V0INTWOINT 14

nounszdadulaiigsnssy

AVB 0 User A

'\ Oy

Gouve

List of

Resource
@& users Search

gy

Chat
/ G
Bank A
\ doyansluuav
sUIMs

\ Silver

. God

uanwasu

gi]ﬁ 7 Use Case Diagram U0\ Agriculture Virtual Banking Platform

69



Y v YV d
4.2 Megnaninvevammanosn
v 9 2 @ ' v Ay 9o
Tusadeiivzuaadredeueaninevesszuun lavaun
& v A 7 d o
Favzuaaunniznive i uilansundnaiu Use Case
v
Diagram fasie 1
711 8 w1113 login A28 Google Authenticator
b4 = wa Il va
dondu(uanssrenisneyda/lieyiia) nay

Aonssuvesnm (1szianan)

7V 10 naasmihaeadesuins deszuueg i
NTONTHATOTUINITHAZFOTUIAS 5IuDN0Y
A 9 ¢
surmsuazilou lulunisldausuiasTunsen
A9
= 9 a 9 9
JUii 11 waaavsensuIas azuuums 15

@ Y A

YA 1A o
UQﬂﬂTﬂiﬂm"ﬁﬂL‘HTﬂuﬂiWﬂ?ﬂi

tM

FU0 12 naeaninensIanInUNTWeINT 1 UINY

o 1A 3| Y
an MuuasIaus oy uau

A

= v Y @ 9
glh’l 13 !Lﬁﬂﬁﬂu1§]9ﬂﬁﬂuﬁ1ﬂﬂ/‘lﬂ1ﬂiIﬂﬂﬁﬁ"]ﬂ 1Io

Y
gnM

~ £ o @ ° oA
31/1’) 14 HHAINUIIDAIUITIUNITNITIYNITLY 18U

NINEINS

gljﬁ 9 1111 Main page YONTEUY Agriculture Virtual

Banking

70

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

{ ] o o

q??_]ﬁ 9 UFAAIVMUIIBYAN Main Page UDITSVUNAIN

]
a

a ] 9 &
NANWIYN Login W1 Google Authenticator FuSauds

v ]
A a

=< 12 g9 ¥ 1 A

FI9LUAAIINYNTVOINTHEINTNAAA IHIFITNIN
1 9 Y

5113019 9 uazlunduuyezilsznoulidae 4

& ' 1
Wangu I8un a¥esuas sumsvesn nasa

inuataguasaniaunaislauty Map
SR e I

ETRPERILIR PN T
ATLUUATINATIADIIAY
' & & & ST
Nuandon : fun
ATLuYInineIng
A A AhYI 45
nuandon : funn

vahiinoent | 28-03-2024 16:05:08

= 9. 9 Y A 99y
JUn 11 wiheems Miazunuugnamsed 1% Iaesums



s sfaRImls 2 a0

£U1A17 N1

dowiwang

dszinnutnrs

UAMNENIN N MTINEAT

Fnuniveng

JUil 14 miheemsmdunswensansuINg

4.3 WamMInAaauITUY
a Aaw Y o = " 9 ]
favelanmsdisrvanuiane lanems sz uuru
"9 v 1 Yt
suudouny TagngudaeuuuudeunmaInInaiugn
vy A g A o v ~
welddoyaosdunernuninudenislunsiissuy
[ 1 é Y U d' =
aana1 delszneulldrenquinasniilszneuedn
INBATNTINNIPENEUIMLATzauTymIvIALAaUY Y

v & i3 = VR A
‘VIinJ!LﬁSQﬂﬂiﬂ!‘V]Nﬂ'lim‘Hﬂi iauaaﬂauww"lu"lmﬂu

CRAaH

71

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

A 9 o

1 <3 1
INBATNTHEDIFN UATNAUTINMTINAT IuYUIAER 15U
Ao A A 9 Y R A
msmzilgnivardn luiufseuthuvesaues Wudu adl
#1061998 13 Persona YOUNHATNTH 14 191
= = Y 1 o
Persona 1: INBAIN3HE01BWAVIALADUNUNS WS
¥0: AUANTIO
01g: 52 1)
X 4o ' 9 A ~
wuiunmas: 10 15 @lgnihnazismyuideu)

P A a 9 1y
hne: desmsiuwardauazasdunulae ludes
asulugnsailni

9 o o A U2
AMUMINIG: Mauaaununing lun1sseginsal
M3ABAT 1B 0 lauaziATean LN
ANUMAKININTZUL:

1A S o o '
aunsoougUnsainsudulusiamdemen
= aq 9 ' Y 2 9 o
Hszvuildaudre uazmadinsdoyaginse lu

yuauldazain

29 o

<
Persona 2: ﬁnmummnmmmman

U

A =~

¥o: AU

01g: 35 1)

L A, v

wuRiunyas: southu (szana 50 A151927)

Y] Ao o A gy
ihwne: desmsdgniisdnaiuniuiieannldiie
luasaeunazadsediasy

9 (=Y 4 <3|
anuihme: Tullgdnsainumsinvasiluvesawes

1o Y 4 o A 9 i3
uaz lufinnuiisanenernumsidenldginssl
AMUAANTININTLVL:

Y K 9 C4 ! Y k4
awsanedoyaginssinazimnldan ldaunnu
o o
il
A o o o Y S A
fidmuzivfeanunsldgilnssivsomsinuaslu
gUunpEhledte

Yq Y a o Y
Persona 3: 1713159 Unsain15InEAsT (191909
FUIAT)
4 .
¥o: AUINYL
01g: 45 1)

Y o 1
unuIN: 1919e9ginsainsineas 1w 50 'louas

A o 9
1A303AANTN

Py Y E S [N v

hwne: inseldanms lisgunssin hides 14

jEARY



ANUINME: BN ITLVUNTIVVITMITIAMTNT 1T
nazAnn NIz YeIgUnsal
ANUMANTINNTLUL:

FTUVNYIBTANITAITIF (FU MTUTUABUAITAU

=)}

o Y Y
ginsalnazmsIiazunugnd
Y FY ] v v o Y
asanulinadluszuurmumssasudugiuaz
kY
1104
Y U 9 1
pamsaoutuUdounuLaasliiuglFudiu
[ J o o
Tugiiinnuiane lalud s Funisiiaueesszun
Taammz lundueansnoUaue A NUABINTNUTIT
' = a a s A a
yoanguivuie Feazeiurouaziasiziinmanlu

o a
W’J‘Uﬂ‘]JV]ﬁ?]JLLﬁ%ﬂTJ@‘H‘]JiWEJ

=\
5. unagduazmseniag
= I'4 A a o @
msanywaaresusUIATIANBUIIIE NS UNTIALAST
' s X
(Agriculture Virtual Banking Platform) nuIwaaesuil
, a9 o 2 P ,
yvaam lg1elunssagogunisitnuasnssy 1wy sa'lo
@ 9 v 1 5 Y a
FOAANN HAZHINUOUAIADS TAINITIRUTNS
A A o v
vanldeunazdunsnernsnumsinsasnielugusula
o819 sz AnTanuas S8y auFanInnensuIn

9 1
’d']ll']iﬂ@lQ‘ﬁu']ﬂ']3"1]’0\1@]ulﬂﬁlﬁ’i)ﬁlﬁ}U?iﬂWiL‘]ﬂuazail

=1 @ Y

niNe1ns vaznaunFnainineinsdesainisocn
@ . A o 9
nSne1ns luguny virtval ifoSuwanouuny 015l
s Ao A 3
unaaesulldisivannisi@ondninyesginsal
INEATNTTUIAZAUATUMIWNAUIAUA NG I Tuguas
a L4 @ 4
INMITAATIEHHATNTINNNITAB ULV UTOVD 1Y
Mernuanuianelavesdldau wungldaiu gl
= Y I o 3
anuiane Talududengsunisyiiauveszuy

Y =

Tagmmz lundueansaeUaUeIRaANNABINTNURIT

v
Yo A

' L1 a #
yoanguithvine Nallannsndnszd laaail
n. ANUASIIUANNRBIMSHUG M

7 o @ U 1 o
WanFundanvesz Uy 1wy ms-sugilnsainisinuas
msuanlasunineins uazmsthansneinslugiluuy

A o P S N v & '
ilou asanuaudesmsiuiazavedldnedengy

o A ' = 4 ) '
nan Ae nguinyasnInIAunangnsal: ManFum -
A U Y =K

' P ° 9 I o & Y
ﬂwaﬂaﬂmszﬂﬂmmuazm“lmmmqﬂﬂsmmuﬂu”lﬂ

X
J1gUU

72

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

Y9 ¥ a o ¢ o Y
ﬂ@lliil?ﬁlliﬂ'liﬂﬂ’vﬂ"lﬂi: Wansumseinuas 1den

o

alnsal

3

af1e5eldiaSunaziuns 195z Tewian
niwensniley

a a J v v
. 1J§zaﬂﬁmwmmﬂen‘uumiﬁ'umuazmsﬁmﬂ

U

nSnenns

LS

Y Y ' Yo
msnumgUnssindesnmsldauduszou ldsvaguuu
anuianelage iiesninszuudinIsouaasdoyad
A ) ' o ] Y]
nedU99 15U Usznveginsal anunienlea uag

9q 9 R v
FTYLNIINING1FU Farrgaanarlunmisauniuay
anaule

A, msl¥arudiguazadrniuliasdudly (User-

Friendliness)
v ' 19 9 <3 1 2 = 1
Aldauaiulug ldanuiunszoulianuisendenas
du A
IFnuazain Tagmmzlansunesnuuuinlfivuzay
o Y Aa Y Y = o i’ '
nudldaunianuddrumaluladluszdunugiu gy
Col Y A [
1135903991 NTAHIUTZUVLATMIUIUADUTDIULNITIH
1. MINOUAUINBANNABINMIITURNIZINIZDI
9 ' 7o v
Aldauuesieszyndendums Idazuuunazudasnay
a < U E Y o 9
Aauszniedldaunazidvesginssizieadeanu
Y o Y a A L P =
131919 luszuu i ldinannudeiulunis 19 da
Yy o ) a a 9
ADAAROINUANUABINTIFBINGANTTHUDIE 1911
2. YalaHaNUSIAZ VBN IS
91 o ¢ T A = o ' v
uiwadnsaziagtannuianela luszauge uadldau
! Y Y o d o A a v A
aau Idterusnus IdannWansumm@y wu msy

= 4 = aa Y ' v
T\lﬁlﬂiﬂTiL‘lr%fJUL‘V]fJTJi1ﬂ1l!ﬁ5‘5’3')%1ﬂ€ﬂ“]5\ﬂﬂﬂﬂu‘1’i11ﬂ

4 v
wWieselumsaadula

19NA13019949

[1] W3%e 192101 Hazau, MInMUIMsAnyIn1eld
asoullszmalne 4.0 g'rﬁmﬁyﬁ 21, (waln walal), wih
2.

[2] A. G. Abishek, M. Bharathwaj, and L. Bhagyalakshmi,
"Agriculture marketing using web and mobile based
technologies," in 2016 IEEE Technological Innovations in
ICT for Agriculture and Rural Development (TIAR),

Chennai, India, pp. 41-44, 2016,



[3] NbaL YAIWUEF0, 93NIT0 ABNED, 01585 N
wazawy, "dunuy Tueuelwanduunaaeduile
MINBATYAATADA," 2016.

[4] A. Wisitchainont, "Developing An Agricultural Products
Online Marketplace In Thailand Using Geolocation
Technology," Journal of Information System in Business,
vol. 3, pp. 30-47, 2015.

[5] A. Wibowo, R. Delima, and A. Rachmat, "Designing and
Developing an Agricultural Product Sales Application
Catalog with a Hybrid Application Development
Framework," IOP Conference Series: Materials Science and
Engineering, vol. 1077, p. 012050, Feb. 2021.

[61n. 1ffeegn3, “uS mswerldurinaradafuayuns
gagulasumsaaadmiunuasns Inedsziannans
U A1sHnUsIne M aasumyadia a1v13n
maluladarsawind, anzinaluladarsauing,
unImenaeraly, 2017.

[7] AUNT NILOOUUAD AanmiTo ﬁﬂaﬂi!ﬁﬂié nazailna
235A39, “sPUURIIieMsnATeau larl » 2021,
[S]FTAN LEIAT, “DITHAMUITLUUAAIANATS

@

Sidnnselnddmsunyasng d1indsouaziauins
neasuan 139 iaFeelvl,” 115a15391013015

2 ' §
UszgndldimaTuladarsaunse, laui 8, nii1 81-91,
2020.

1 o o a ) 19 '
[o] Mswaszuuvhiudansosdmiunuasnigalnil
v 14 S o a s I 2
aronauIssHalatazdumneStaveIdssnas (IoT),

a o

aﬁmsmymauﬂ%, https://1i01.tci-thaijo.org

=3 =Y 4 @ a A
[10] mMsAREMUINIVeuNa U ladvhsusansoziie
5095UMSTUIAAD UMK UWALIATTatNBIATHFAIIAY
o 1 ~ 2 Y o Y
daan gilszmelne 4.0: nsaidnuraaumald sauhu
uRa, SPUVUgIUTeYaNIINe 188515551 Tnws 5l
https://eresearch.rbru.ac.th

1 4 @ a
(1] mswangduuuszuuaruguvhsudinieslu
a o @

Tsasouilgnite Taeldnounuaesunuded, grudoya

Feuridnerdumaluladsisuinagirssugi,

https://research.rmutsb.ac.th

73

JIST Journal of Information Science and Technology
Volume 14, NO 2 | JUL — DEC 2024 | 62-73

o a J
[12] u$AN35NAIY Smart Farming ¥0d3a1505 10U,
#111nU19052N529013A19U 52INA, https://europetouch
.mfa.go.th
o ' s A
[13] maWauiyuesudaiieyislunisimizlgnlu

a3Aye511aUe, GLOB Thailand, htps:/globthailand.com


https://europetouch/

7 ﬂllﬁ"“l o JIST Journal of Information Science and Technology

. ‘ farmm ati Sei P N Volume 14, NO 2 | JUL — DEC 2024 | 74-83
»
)3 nformation %Ilrll[l‘ and ajlfljllﬂlﬂgl | : i (Online)

ISSN: 1906-9553 (Print)

—

f mMsnasnuelnANTH IS VINIMataz eI U NS e \

Development of a Web Application for Student Navigation
and Home Visits

929a guamad, Avsun3 neviln uazdlsissa uauyzuy’
Phuwadon Yubonmat Kacharin Thongfak and Wiraiwan Sanchana
a1 3vuna Ty lagmsauma angImemansuazma lu lagmanvas
a o = Y 2
i amenauna Iu lags1vuinad v ivey lan
Information Technology Program, Faculty of Science and Agricultural Technology, Rajamangala University

of Technology Lanna, Phitsanulok

\ Received: July 8, 2024; Revised: December 24, 2024; Accepted: December 24, 2024; Published: December 28, 2024 J

ABSTRACT - This research presents the development of a web application for student
navigation and home visits and evaluates the user satisfaction with the application. The users
are divided into three groups: responsible teachers (administrators), homeroom teachers,
and students. The system is developed using HTML, CSS, JavaScript, and Leaflet for
displaying maps and student home coordinates. The web application manages student and
homeroom teacher information, records student home coordinates, searches for routes to
student homes, logs home visit information, manages scholarships, and generates home visit
reports. The user satisfaction evaluation indicates a high level of satisfaction, with an
average score (X) of 4.48 and a standard deviation (S.D.) of 0.58.
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