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Abstract As the EduTech industry has been gaining momentum in recent times, there has been a steady
increase in the number of e-learning learners across various sectors. This trend indicates a growing
interest in and the need for e-learning, so it is essential to capture the diverse patterns of e-learners
and provide personalized learning methods. This study aimed to analyze actual EduTech industry data
using machine learning methods and propose a personalized e-learning management system for
e-learners. Initially, clustering analysis for e-learner type analysis through K-means clustering was
conducted. Then e-learning performance prediction was analyzed using different machine learning
models. Finally, random forest, an ensemble algorithm, was selected to identify the best prediction
accuracy (MSE: 0.011, MAE: 0.087). Extracted cluster types and predictions showed that optimal learning

environments that enhance learning efficiency can be provided.
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Table 1. Multi-learning in five stages of reading

I e o

2 Table 1

mﬂmrﬂﬂ

program
Stage Definition
Stage 1 (Warm Up) Study with a book word game

Stage 2 (Listen Up)

text

Listen to stories with voice without

Stage 3 (Read) Spontaneous reading

Stage 4 (Speak Up)

Listen to and repeat five key
sentences and check your score

Stage 5 (Wrap Up) Make a final check with a game

Table 2. Variables related to monthly learning

statistics

Respondents

Example

Study Time at Stage 1

1628 seconds

Study Time at Stage 2

1191 seconds

Study Time at Stage 3

1342 seconds

Study Time at Stage 4

639 seconds

Study Time at Stage 5

851 seconds

Monthly Study Days 14 days
Average Pronunciation Score 58.3
Total Number of Words (Books 36
Completed in Stage 3)
Total Number of Books (Completed 14

in Stages 1 to 5)
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Edutech industrial data

|

Data preprocessing

!

Edutech industrial data analysis

Learner type Performance
analysis based on prediction based on
K-means clustering machine learning

\/

Personalized e-learning
management system

Fig. 1. Overall process of proposed method
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Table 3. Main stages of K-means clustering for
proposed method

Main Stages Contents

To select the optimal number of clusters,

Initialization .
we use the silhouette factor to select K.

Each data point is assigned to the nearest
Assignment |cluster center, taking into account the different
learning features of the learner.

Repeat the process of assigning clusters

Convergence . . .
Check and updating centers for improving
the accuracy of learner clustering.
Result Suggest the personalized learning management
Retrieval for learners based on the cluster results.
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Fig. 3. Learning time distribution by each cluster
Table 4. Study data for each cluster distribution
Sk ; Z47
Respondents Cluster 1| Cluster 2 | Cluster 3 | Cluster 4 4.2 9'+‘=' |- |7_': EJ"I-
Smi}t’a:smle at 10862 1562 4595 1005 E AFolAE TR} <o “5‘ < A&9)A I
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Stage 4
Sm‘g:?; at 10262 1354 3783 724 Table 5. Performance prediction results of six
& machine learning models
Monthly Study 2 9 20 8
Days Model MSE MAE
Average
Pronunciation 47.2 46.7 41.9 4.7 Random Forest 8.01167 0.08759
Score Linear Regression 0.01581 0.10156
T%tvﬂl j\fugslbei{ of SVM 0.01685 0.10339
Cc?rrnpsletecc)loirsl 15908 2008 3684 5719 Gradient Boosting 0.01406 0.08983
Stage 3) Ridge 0.01604 0.10248
Total Number of
Books (Completed 105 17 &7 2 XGBoost 0.01573 0.10091
in Stages 1 to 5)
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Table 6. An example of comparisons between two

users
Respondents User 1 User 2
Study Time at Stage 1 11129 745
Study Time at Stage 2 16347 459
Study Time at Stage 3 15463 28213
Study Time at Stage 4 7234 491
Study Time at Stage 5 13105 684
Monthly Study Days 23 9
Average Pronunciation Score 40.9 24.6
(Books Comploned n Sege | 2185% | 32823
Total Number of Books 88 85
(Completed in Stages 1 to 5)
Performance Prediction
Next Month's Pronunciation Score | 43.9 | 31.9
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