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The selection of a thesis topic is very important because it determines the
focus of the research and its contribution to knowledge. However, many
students find it difficult to choose a topic that suits their interests and
expertise. This study models the thesis topics of students in the Department
of Informatics and Computer Engineering (JTIK) using the latent Dirichlet
allocation (LDA) method, with term frequency—inverse document frequency
(TF-IDF) as the model input. The data set includes 969 thesis titles from
2009 to 2024. The optimized LDA model identifies 17 main topics by
adjusting parameters such as the number of topics, alpha, and beta. The best
coherence value (0.7431) is achieved with alpha = 0.81, beta = 0.01, and 17
topics. The dominant themes included information system development,
computer networks, and multimedia, reflecting the main research areas of
JTIK. In addition, a web-based system was developed and integrated with
the best model to help students identify relevant topics and find thesis
references. This study demonstrates the effectiveness of topic modeling in
higher education and provides insights into academic research trends.

This is an open access article under the CC BY-SA license.

@ 00

Corresponding Author:

Dewi Fatmarani Surianto

Department of Computer Engineering, Faculty of Engineering, University of Makassar
South Sulawesi, Indonesia

Email: dewifatmaranis@unm.ac.id

1. INTRODUCTION

A thesis is a written work completed by students as a requirement for obtaining a bachelor’s degree
and reflects their specialization in a particular field of study [1]-[4]. Every year, the Department of Informatics
and Computer Engineering (JTIK), Faculty of Engineering, Makassar State University, graduates’ students from
two study programs, namely Computer Engineering (TEKOM) and Informatics and Computer Engineering
Education (PTIK), which have different research characteristics and specialization focuses. These differences
contribute to the diversity of thesis themes and research approaches produced by students.

The selection of a thesis topic is an important academic stage because it determines the direction and
contribution of the research [5], [6]. However, students often experience difficulties due to limited references,
mismatched expertise, and insufficient guidance [7]. Therefore, topic modeling can help students identify
research trends and align thesis topics with their interests, competencies, and academic goals [8].

Topic modeling is a probabilistic approach used to identify hidden topics in a collection of
documents [9]. One of the most widely used methods is latent Dirichlet allocation (LDA), which extracts
latent topics through groups of related keywords [10]. LDA has been widely applied in various domains,
including agricultural documents, social media data, research trend analysis, and student thesis titles [11]-[15].
However, previous studies generally produced relatively low coherence values, particularly on short-text
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datasets such as thesis titles. Alternative approaches such as latent semantic analysis (LSA) and BERTopic
have also been explored, but topic consistency and interpretability remain challenging [16], [17]. Therefore,
this study proposes the optimization of the LDA method for modeling JTIK student thesis topics to improve
topic coherence and representation quality. Improved coherence is expected to generate more accurate and
consistent topic interpretation, provide insights into research trends in the JTIK academic environment, and
assist students in determining relevant thesis topics.

2. METHOD

The research methodology involves steps or a series of processes to model topics in JTIK student
theses at Makassar State University. These steps include data collection, data preprocessing, implementation
of topic modeling techniques, and evaluation of results. Further details can be seen in Figure 1.

. Preprocessing Feature Application of the . Interpretation of System
[ Data Collection = Data Exdraction > "LDAMethog | | Mode! Bvaluation = Ty pesult *| Development ]

Figure 1. Research stages

2.1. Data collection

The initial stage of this research involved collecting thesis titles of students from the JTIK,
Makassar State University, from 2009 to 2024. The data were obtained from the JTIK e-scription website,
which stores published student theses. Examples of the collected data are presented in Table 1.

Based on a statistical analysis of the collected data, the average document length is approximately
15.28 tokens per title, with a minimum of 3 tokens and a maximum of 32 tokens. A statistical distribution of
the number of tokens per title is shown in Figure 2. As shown in Figure 2, most thesis titles range between 10
and 20 tokens, with the peak centered around the average value. The vertical line indicates that the mean
document length is approximately 15.28 tokens per title.

Table 1. Example of data used
No. Title
1 Study of generator protection systems at PT Semen Tonasa Power Plant
2 Development of a product sales information system at PD Putra Syarif in Soppeng Regency

Distribution of the Number of Citations per Thesis Title

Frequency

20
Humber O Tokens

Figure 2. Document length statistics

2.2. Data preprocessing

The next step is data preprocessing to remove redundant information and improve the model
learning process [17]. The preprocessing stages include case folding, stopword removal, and tokenization to
prepare JTIK thesis titles for further analysis. Examples of the preprocessing results are presented in Table 2.

Table 2. Example of preprocessing results
No. Title
1 [‘system’, ‘protection’, ‘factory’, ‘steam’, ‘PLTU’, ‘PT’]
2 [‘development’, ‘system’, ‘information’, ‘product’, ‘pd’, ‘son’, ‘syarif’]
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2.3. Feature extraction

At the feature extraction stage, this study uses term frequency—inverse document frequency (TF-
IDF) to represent documents because it considers both word frequency and word importance within the
corpus [18]. Previous studies have shown that TF-IDF is effective in highlighting meaningful words and
improving document representation quality for topic modeling tasks [19]. Table 3 presents an example of TF,
IDF, and TF-IDF values used for word weighting in this study. Each word has a TF, IDF, and TF-IDF value
that reflects its importance in the document. While all words have the same TF value, the IDF and TF-IDF
values vary depending on word frequency in the corpus. Words that appear less frequently, such as
“protection,” “generator,” and “steam,” obtain higher TF-IDF values, indicating stronger relevance, whereas
common words such as “system” produce lower TF-IDF values.

Table 3. Example of feature extraction results

ID Term TF 1D TF-IDF
10 System 0.16 1.18 0.20
16 Protection 0.16 6.88 1.15
17 Generator 0.16 6.88 1.15
18 Steam 0.16 6.88 1.15

2.4. Application of the LDA method

At this stage, the LDA method is applied to model topics in JTIK student theses. LDA will identify
latent or hidden topics in thesis documents. The process of finding hidden topics is done by grouping words
that have semantic relationships based on probability distribution calculations. The formula used in the
implementation of the LDA technique is in (1) [10]:

P(.Blzk' 01.p,Z1:p,1:n5 Wl:D,l:N) = [1*p(BkIn) H3=1 p(0g4la) (Hg=1 p (Zd,n | Od)p(Wd,nl Bk, Zd,n) (1)

BkODZDNWDN, Where the (1) describes the combined probability of topic parameters (1: 81: k), document
topic distribution (1: 61: D), topic word distribution in documents (1:,1: Z1: D, 1: N), and actual words in
documents (1:,1: W1: D, 1: N) in the document topic probabilistic model.

2.5. Hyperparameter adjustment

At this stage, hyperparameter adjustment is performed to optimize the performance of the LDA model.
The adjustment focuses on determining the optimal values of the alpha, beta, and number of topics
parameters based on the coherence score. The combination of hyperparameters that produces the highest
coherence score is selected as the optimal configuration for the LDA model.

2.6. Model evaluation

This stage evaluates the model using coherence values to measure the semantic relationship between
words within each topic. Higher coherence values indicate more consistent and meaningful topics. The topic
modeling results are then visualized using word distribution graphs.

2.7. Interpretation of results

At this stage, the resulting topics are analyzed and interpreted based on the keywords associated
with each topic. Topic visualization is conducted using the PyLDAVvis library to examine the distribution of
terms and the interrelationships among the identified topics. The resulting topic structures are further
evaluated to identify the dominant themes and thematic patterns within the thesis titles.

2.8. System development

At this stage, a web-based system is developed to present the topic modeling results. Flask is used to
implement the interactive interface for displaying the identified topics and thesis titles. The development
follows Agile principles through an iterative process to support continuous system improvement.

3. RESULTS AND DISCUSSION
3.1. Test results

Topic modeling in this study uses the LDA method as the main method. As a form of evaluation and
comparison, this study also applies other topic modeling methods, namely LSA, non-negative matrix
factorization (NMF), and BERTopic. The results of comparing these methods can be seen in Table 4.
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Table 4. Method comparison

Method Number of Topics Coherence
LDA 17 0.7431
LSA 17 0.3860
NMF 17 0.6591

BERTopic 17 0.6512

The comparison results show that LDA achieved the highest coherence value of 0.7431 with 17
topics, outperforming NMF (0.6591), BERTopic (0.6512), and LSA (0.3860). These findings indicate that
LDA is more effective for modeling short-text thesis title data and was therefore selected as the main method
in this study. Furthermore, a comparison between the original Bag-of-Words-based LDA [20] and LDA with
TF-IDF weighting was conducted to evaluate the effect of document representation on topic coherence. The
comparison results are presented in Table 5.

The comparison results show that LDA with TF-IDF weighting achieved a higher coherence value
(0.7431) than the original Bag-of-Words-based LDA (0.4779) using the same number of topics 17. This
indicates that TF-IDF improves the quality and coherence of topics generated from thesis title data. Based on
these findings, topic modeling was performed using LDA with parameter optimization of the number of
topics 2-19, alpha, and beta, resulting in 450 model combinations. The parameter ranges were determined
according to the characteristics of short-text thesis titles and previous studies suggesting that smaller alpha
and beta values produce more focused and coherent topics in sparse documents [21], while a small to
medium number of topics helps avoid topic fragmentation [22]. The parameter testing results are presented in
Table 6.

Table 6 shows the test results of 450 LDA models, where the best model was obtained with
parameters « = 0.81, 8 = 0.01, and 17 topics using TF-IDF input. This model achieved the highest
coherence value of 0.7431, showing a significant improvement compared to other parameters [23]. Based on
this best model, further tests were conducted to analyze the effect of § while keeping the number of topics
and o constant, with the results shown in Table 7.

Based on Table 7, the smallest beta value (0.01) produced more specific topics with focused words, resulting
in the highest coherence of 0.7431. As the beta value increased, the topics became more scattered and less
specific, decreasing coherence; at a beta value of 0.81, coherence dropped to 0.3628, indicating overly
general topics. Next, the effect of alpha value variation was tested while keeping the number of topics and
beta constant, as shown in Table 8.

Table 5. Comparison results of coherence between original LDA and LDA + TF-IDF

Scenario Number of Topics Coherence
Original LDA 17 0.4779
LDA +TF-IDF 17 0.7431

Table 6. Parameter adjustment results

No. Number of topics Alpha Beta Coherence
1 2 0.01 0.01 0.3975
2 2 0.01 0.21 0.3817
321 17 081 001 0.7431
Table 7. Beta value test results Table 8. Alpha value testing results
No. Number of Alpha Beta Coherence No. Number of Alpha Beta Coherence
topics topics
1 17 0.81 0.01 0.7431 1 17 0.01 0.01 0.5882
2 17 0.81 0.21 0.6843 2 17 0.21 0.01 0.6380
5 17 081 081 0.3628 5 17 081 001 0.7431

Based on Table 8, topic coherence increases as the alpha value rises, reaching the highest coherence
of 0.7431 at « = 0.81. This indicates that higher alpha values produce more evenly distributed and coherent
topics. Furthermore, the effect of varying the number of topics while keeping alpha and beta constant is
presented in Table 9.
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Table 9. Test results for number of topics
No. Number of Alpha Beta Coherence
Topics
1 2 0.81 0.01 0.4246
2 3 0.81 0.01 0.5442
16 17 081 001 0.7431

Based on Table 9, coherence values increased with the number of topics and reached the highest
value of 0.7431 at 17 topics, which was determined as the optimal number before coherence began to
decrease [24]. These results indicate that the combination of a high alpha value, low beta value (0.01), and an
optimal number of topics produces more specific, relevant, and semantically consistent topics for sparse

thesis title data.

3.2. Interpretation and analysis of topic modeling
After obtaining the model with the highest coherence, topic labeling was performed based on

dominant keywords and thesis titles with the highest probability in each topic and supported by the inter-
topic distance map visualization, which in Figure 3 displays 17 topics and 30 relevant terms, where topic 1
has proximity to topics 6, 14, and 15 (+6.3%) with the model’s main keywords, improving, learning, and use,

thus labeled as “technology-based learning model” [25].

Intertopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 1 (6.3% of tokens)
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2. relevance(term w | topic t) = A * p(w | 1) + (1 - A) * p(w | t)/p(w); see Sievert & Shirley (2014)

Figure 3. Topic distance map visualization

Keywords from topics 1-17 were used to assign topic labels (Figure 4). The labels were determined
through keyword analysis and visualization interpretation to represent the main research themes identified by
the LDA model. The resulting 17 topics were grouped into categories related to technology, information
systems, and learning, showing distinct research focuses despite some keyword overlap caused by the short-
text nature of thesis titles. To validate the semantic appropriateness of the labels, two experts evaluated each
topic using the percentage agreement method with a binary scale. The evaluation results are presented in

Table 10.
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Figure 4. Keywords for each topic

Table 10. Results of expert agreement evaluation on topic labels
Number of items  Items agreed Items disagreed  Percentage agreement (%)
17 13 4 76.47

The evaluation results show an agreement percentage of 76.47%, indicating that the majority of
topic labels have been assessed as appropriate and relevant by both experts. Thus, the resulting topic labels
can be declared qualitatively feasible [26]. However, this study has limitations due to the use of short text
data (thesis titles), which have limited context and low co-occurrence rates between words, potentially
affecting the LDA model’s ability to capture semantic relationships. Consequently, there remains a potential
for overlap between topics, and the results must be interpreted with caution due to the model’s sensitivity to
parameters.

3.3. System development results

After the tagging process, a web-based system was developed that is integrated with the LDA model
so that the research results are applicable and support academic decision-making in exploring and
formulating thesis topics. The product, in the form of a website for searching student thesis topics, represents
the practical application of topic modeling in higher education, with the interface, navigation, and main
functions shown in Figure 5.

Figure 5 shows the interface and main features of the website as a medium for exploring thesis
topics and titles. Figure 5(a) shows the main page with two menus, namely topic list and title
recommendations, as the initial navigation of the system. Figure 5(b) shows the topic list page, which
contains LDA model topic categories and a list of related thesis titles. Figure 5(c) shows the title list page,
which presents thesis titles according to the selected topic in a table containing the number, author, year, title,
and PDF link sourced from JTIK E-Scription, and is equipped with a search feature. Furthermore, Figure 5(d)
shows the title recommendations page, which predicts topics based on the titles entered by users, displaying
topic probabilities and a list of relevant titles as research references. After the development stage was
completed, system testing was conducted to evaluate the website’s ease of use and usefulness through the
system usability scale (SUS) method, involving users directly. The statement instruments for the SUS are as
shown in Table 11.

Based on the SUS instrument, respondents were asked to provide ratings using a scale of 1-5
according to their level of agreement with each statement related to the website for exploring student thesis
topics that was developed, with the research object being the website itself and a total of 10 respondents. The
results of the SUS score calculations for each respondent are presented in Table 12. Based on the results of
the SUS score calculation, the system obtained an average score of 77, which falls into the B grade category
and is at an acceptable level [27]. These results indicate that the system has a good level of usability and is
acceptable to users.
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Table 11. SUS statement instrument

No Statement Score
1 | want to use this website often. 1-5
2 I find this website too complicated to use. 1-5
3 Ifind this website easy to use. 1-5
4 I need help from others to be able to use this website. 1-5
5 I feel that the features on this website are well integrated. 1-5
6 | feel there are too many inconsistencies in this website. 1-5
7 | feel that most people will be able to learn this website quickly. 1-5
8 I feel this website is confusing to use. 1-5
9 | feel confident when using this website. 1-5
10 I need to learn a lot of things first before | can use this website. 1-5
Table 12. SUS test results
Respondents Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Score= (totalx2.5)
R1 4 2 4 2 4 2 4 4 4 3 82.5
R2 2 3 3 3 3 3 3 3 3 4 75
R3 4 2 5 4 3 3 4 2 3 3 82.5
R4 5 1 4 2 4 1 5 1 4 2 725
R5 2 4 4 3 4 2 4 1 4 2 75
R6 4 1 5 1 5 3 5 1 4 1 75
R7 5 1 5 1 4 2 5 1 5 1 75
R8 4 1 5 1 5 1 5 1 4 3 75
R9 4 2 5 1 5 2 5 1 5 2 80
R10 3 2 4 2 4 2 5 2 4 3 775
Total 770
Average SUS score 77

4. CONCLUSION

The results of the LDA method implementation test produced the highest coherence value of 0.7431,
which indicates a fairly good level of interrelation between words in each identified topic. This coherence
value was obtained using a high a parameter of 0.81. This high a parameter supports a more even
distribution of topics across documents, creating a balance in topic allocation between documents. On the
other hand, a low g parameter (0.01) contributes to topic specificity, resulting in more focused dominant
words in each topic. This helps clarify and strengthen the identification of more specific and focused topics.
The optimal number of topics 17, was found to create a balance between topics. Additionally, this study
provides scientific novelty through a comprehensive parameter optimization process on a large-scale thesis
title dataset, resulting in higher coherence compared to previous studies, while also strengthening the
effectiveness of LDA in mapping academic research trends more accurately.
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