International Journal of Applied Mathematics

Volume 38 No. 1s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

OPTIMIZATION AND ALGORITHMIC APPROACHES FOR IOT-DRIVEN
LEARNING MODELS IN LOCAL LANGUAGE PRESERVATION

Kadaruddin 8, Muh. Nurtanzis Sutoyo 2, Karimuddin 3

1 Faculty of Teacher Training and Education, Universitas Sembilanbelas November

Kolaka, Jalan Pemuda No. 339, Kolaka Regency, Southeast Sulawesi — 93561, INDONESIA
e-mail: kadaruddin1234@gmail.com (*Correspondence author)

2 Faculty of Information Technology, Universitas Sembilanbelas November Kolaka,

Jalan Pemuda No. 339 Tahoa, Kolaka Regency, Southeast Sulawesi — 93561, INDONESIA
e-mail: iyes14831(@gmail.com

3 Faculty of Teacher Training and Education, Universitas Sembilanbelas November

Kolaka, Jalan Pemuda No. 339, Kolaka Regency, Southeast Sulawesi — 93561, INDONESIA
e-mail: karimuddinusn@gmail.com
Abstract

The decline in the use of local languages in Indonesia has become a serious concern, including
the Mekongga language in Kolaka Regency, Indonesia, which is currently threatened with
extinction. This study aims to optimize and analyze algorithmic approaches within an IoT-
driven interactive learning model to support the preservation and revitalization of the
Mekongga language. The study employed a Research and Development approach using the
Analysis, Design, Development, Implementation, Evaluation model to design, optimize, and
evaluate the learning system. The population consisted of educators and students involved in
Mekongga language learning, with a sample of 34 respondents selected through purposive
sampling. Data were collected through pre-test and post-test, questionnaires, observations,
interviews, and IoT system activity logs. The results of the descriptive statistical analysis
showed that all indicators —algorithmic efficiency, material completeness, user interface,
feedback, personalization, and engagement —achieved average scores above 4.20 and low
standard deviations (<0.66), indicating consistent positive perceptions among respondents. The
highest score was recorded on the feedback and system performance indicator (M = 4.50).
Furthermore, the pre-test and post-test results revealed a significant improvement in learning
outcomes, with an increase from 65.12 to 82.35 (p <0.05). Qualitative findings supported these
results, with respondents highlighting increased motivation, engagement, and learning
experiences driven by interactive features, quick feedback, and personalized learning. This
study concludes that the optimized IoT-driven learning model with algorithmic enhancements
is effective in improving learning outcomes and motivation in Mekongga language learning,
while also contributing to the preservation of local languages in the digital era.
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1 Introduction

Local languages are one of the nation's assets that have high historical, cultural, and local
wisdom values [1]. In Indonesia there are many local languages with their own characteristics,
this is a representation of the cultural richness of the archipelago which is reflected in the motto
Bhineka Tunggal Ika. However, in recent times, several local languages in Indonesia have
experienced a decline in the number of speakers, one of which is the Mekongga language in
Kolaka Regency, Southeast Sulawesi, Indonesia [2]. Some of the factors that cause this
language to become endangered include modernization, the mixing of marriages, and the
influence of Indonesian and foreign languages [3]. Revitalization efforts are important to
preserve the language so that cultural and linguistic diversity can be maintained [4].

The development of digital technology, especially the Internet of Things (IoT), can be used as
a new opportunity in the development of language learning models [5]. By using IoT, learning
can take place interactively, adaptively, and contextually [6]. The device can be integrated to
deliver more independent, fun, and real-time learning. As for local language learning, loT can
be used to present a learning atmosphere that is not only in accordance with the times but can
also be adjusted to local wisdom through interactive media [7]. Thus, the use of [oT can be an
innovative solution for more effective and sustainable learning in supporting efforts to
revitalize local languages, especially the Mekongga language [8].

In line with recent advances in computational linguistics and artificial intelligence, loT-based
learning environments can be further enhanced through optimization and algorithmic
approaches. These approaches enable adaptive learning systems capable of analyzing learner
behavior, automating feedback mechanisms, and optimizing content delivery in real time [9].
Through algorithmic optimization, the [oT learning model can intelligently manage data flow
between devices, sensors, and users, ensuring a more personalized and efficient language
learning experience.

In addition to the use of technology in learning, efforts to revitalize local languages will be
maximized if supported by the active participation of the community, especially the younger
generation who are the main target of learning. Most of the younger generation is more familiar
with using technology in social media activities and other activities than using it as a learning
medium [10]. Therefore, there is a need for an innovation in technology-based local language
learning models that consider the integration between pedagogical, technological, and cultural
aspects that are balanced [11].

Observing several previous studies, departing from the research gap, it can be said that the use
of IoT in learning can increase learning motivation, expand access to learning, and can increase
interaction between educators and students [12], [13]. However, the application of IoT in
learning local languages, including the Mekongga language, is still very limited [14].
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Furthermore, studies that integrate algorithmic modeling, data analytics, and optimization
techniques into IoT-driven language learning remain scarce, leaving a significant research gap
in the intersection between computational technology and local language preservation [15].
This reality opens up a wide opportunity for a study to test the effectiveness of the use of loT
as an interactive learning model in the context of local language revitalization [15], [16].
Through this approach, it is hoped that a learning strategy can be found that can foster the
awareness of the younger generation in preserving local languages while supporting their
language mastery [17].

Theoretically, this research will contribute to the development of a multidisciplinary model
that combines computer science, linguistics, and learning technology [18]. The use of IoT is
not only a technological tool, but can also be used as a means to create a more inclusive learning
atmosphere [19], [20], [21]. By combining smart devices such as smartphones, voice sensors,
learning applications, and internet networks, students can experience learning local languages
more deeply and in accordance with their environment and needs [22], [23]. The incorporation
of optimization algorithms and data-driven analytics strengthens this integration, allowing loT
systems to automatically adjust learning pathways, detect performance patterns, and deliver
contextually relevant materials to each learner [24]. This innovation is the answer to the need
for an adaptive local language learning model in the industrial era 4.0 and society era 5.0.

In practical terms. This research presents an loT-based interactive learning model that can be
used by various parties such as educators, local and cultural communities, as well as
government agencies, in this case the Education and Culture Office as an effort to preserve
local languages, including the Mekongga language [24]. The use of this model is not limited
to classrooms but can be used online both synchronous and asynchronous [25]. This makes
learning the Mekongga language easier to access, learn, and use in daily life by all groups [26].
By optimizing the underlying algorithms and IoT architecture, the system ensures scalability,
interoperability, and long-term sustainability in local language preservation initiatives.

The significance of this study is also strengthened by the fact that the Mekongga language is
endangered. If these local languages are actively used and taught, then the extinction of these
local languages in the next one or two generations is not an impossibility [27]. Therefore, this
study not only focuses on the study of the effectiveness of 10T, but also on efforts to sustain
the use of this language among its speakers [28]. Thus, this study has a strong relationship in a
national and global context.

Based on this description, the main purpose of this study is to optimize and evaluate loT-driven
learning models using algorithmic approaches in supporting efforts to preserve the Mekongga
language [29], [30]. In addition, this study will also make a real contribution to the study of
applied linguistics, academic literature in the field of learning technology, and the preservation
of local languages [31]. Finally, this article is expected to be the basis for the development of
data-driven, algorithm-enhanced technology policies for local language learning and
preservation in Indonesia.
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2 Related Work

The use of technology in learning has been widely studied in recent years. The use of IoT has
great potential to be used as a form of learning technology innovation that has succeeded in
improving the quality of learning [32], [33]. Research conducted by Syakroni et al. [34] and
Rajora et al. [35] shows that the use of IoT can create a more personalized, real-time, and
learning atmosphere that suits the needs of students. The combination of smart devices, IoT,
and multimedia can make learners learn more independently and interactive compared to
conventional methods [36]. This explanation shows that IoT is not just a technological
advancement but also an approach that is very suitable for the world of education.

A number of studies related to the use of technology in language learning have been conducted,
although the focus is on foreign language learning. Alakrash et al. [9] said that the emergence
of digital learning has reshaped English language learning. Thus, technology-based language
learning has received widespread attention because of its benefits. Meanwhile, Griinewald [37]
in his research, it was stated that technology-based language learning can improve students'
communication skills [38]. In line with that, Shaikh et al. [39] show that the use of IoT-based
mobile applications is able to expand students' access outside the classroom. However, most
of the research related to the use of technology has not touched the realm of local language
learning.

Meanwhile, efforts to revitalize local languages are still limited to documentation approaches,
such as research conducted by Guo and Zhu [40], which describes the use of technology in
vocabulary learning is still passive, not yet involving interaction between speakers and learners.
It can be said that efforts to revitalize local languages that utilize technology, especially IoT,
are still minimal.

A recent study conducted by Kadaruddin et al. [30] describes the use of the Learning
Management System (LMS) in learning the Mekogga language. In the study, it was stated that
the use of LMS in Mekongga language learning makes it easier for educators to manage the
learning process from planning, implementation, to evaluation. This is also an effort to preserve
the Mekongga language.

However, research related to the Mekongga language is still very limited. Some previous
research still emphasizes the linguistic descriptive aspect, not thoroughly discussing the history
of language and the cultural values contained in it. There is very little research on local
languages that integrates the use of digital technology, especially related to the application of
[oT. Meanwhile, Gokcgearslan et al. [7] said that the acceptance of [oT technology in learning
will affect the seriousness of educators to use this technology in the future. Bianco [41] in his
article reminded us that the role of language in cultural preservation is very important.

3 Material and Methods

A. Research Approach and Design
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The approach used in this study was the Research and Development (R&D) approach with the
ADDIE (Analysis, Design, Development, Implementation, Evaluation) model [42]. This
approach was chosen based on the research objectives, namely developing, optimizing, and
evaluating the performance of an IoT-driven learning model using algorithmic approaches to
support efforts to preserve the Mekongga language [43]. This model was chosen because it was
systematic, flexible, and the model had been widely used in research on learning technology
development [44].

In the analysis stage, the researcher conducted a needs assessment through observation and
interviews with native speakers, educators, and students [45]. The data obtained became the
basis for the design and optimization of the IoT system architecture according to needs. The
design stage involved the process of modeling the IoT learning architecture and defining
algorithmic rules for adaptive content delivery and user feedback optimization [46]. The
development stage focused on the development of prototypes. At this stage, limited tests were
carried out to ensure that each component functioned as it should [46]. The implementation
stage was the stage of applying the prototype both in the classroom and outside the classroom.
The last stage was the evaluation stage, which includes formative tests [47]. Effectiveness was
assessed based on increased motivation, learning outcomes, and student involvement in
learning the Mekongga language.

Through this ADDIE model, an optimized loT-driven learning model enhanced with
algorithmic personalization mechanisms was produced as well as an empirical overview was
found about the effectiveness of this learning model in an effort to support the preservation of
the Mekongga language.

B. Population, Sample, and Sampling

The population in this study was all those involved in learning the Mekongga language in
Kolaka Regency, Southeast Sulawesi, Indonesia. They are educators and students. This
population was chosen because it saw its huge role in efforts to revitalize the Mekongga
language. Educators as facilitators who delivered learning materials, while students were
expected to be the next generation who actively used the Mekongga language.

The number of samples in this study was 34 people. The sample was determined using the
purposive sampling technique, which was the selection of subjects based on the criteria and
objectives of the research. The criteria for students to be selected were those who taught the
Mekongga language in formal institutions, while students who selected were those who learned
Mekongga language in formal institutions.

This sample selection model provided more comprehensive results in providing an overview
of how effective this interactive learning model was in efforts to revitalize the Mekongga
Language. The data obtained from the students provided a pedagogical overview, ease of use,
and relevance of the learning materials. Meanwhile, the data obtained from students provided
an overview of the effectiveness of this learning model, seen in terms of learning experience,
motivation, and improvement of Mekongga's language skills.
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C. Study Variable(s)

In this study, there were two variables, namely independent variables and dependent variables.
These variables were designed to measure the effectiveness and optimization efficiency of IoT-
based interactive learning models in the context of Mekongga-based language defence.

The independent variable in this study was the IoT-driven learning model integrated with
algorithmic personalization features, including IoT technology, interactive learning design, and
system accessibility. Meanwhile, the dependent variable was the effectiveness and
optimization outcome, of Mekongga language learning which was measured through several
indicators, namely learning outcomes, learning motivation, engagement, and user perception.

D. Measuring Technique and Instrument

Each variable in this study was measured using appropriate techniques and instruments to
ensure its validity and realism. To provide a complete overview of the effectiveness of this
learning model, measurements were carried out qualitatively and quantitatively.

1) Independent variable measurement

The independent variables in this study were measured through a user evaluation technique
involving educators and students. The closed questionnaire was used as an instrument with a
Likert scale of 1-5, which included: ease of access to IoT applications and devices, multimedia
quality, interface display, ease of navigation, and system consistency. This questionnaire was
designed to find out the extent of user perception regarding the reliability of the design and
application of IoT in the learning of the Mekongga language.

2) Dependent variable measurements
The dependent variable indicator can be described as follows:

a. Learning Outcomes

1) Learning outcomes were measured using pre-test and post-test. The tests included four
basic skills of the Mekongga language and vocabulary, simple grammar, pronunciation, and
oral communication.

2 The test took the form of multiple-choice, short-filled, and oral practice assignments.
3) The improvement in learning outcomes was analysed by comparing the pre-test and
post-test scores of respondents.

b. Learning Motivation
)] Learning motivation was measured using a learning motivation questionnaire on a

Likert scale of 1-5, which included indicators: interest, enthusiasm, participation in activities,
and effort in completing tasks.
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) This instrument was adapted from the ARCS (Attention, Relevance, Confidence,
Satisfaction) model to assess motivational aspects in technology-based learning.

C. Imvolvement
1 Involvement was measured through structured observation during the learning process.
2 Aspects observed included: frequency of interaction with IoT applications, activeness

in discussions, and completion of learning activities.

3) Engagement data were also obtained automatically through IoT system activity logs,
such as the number of logins, the duration of application usage, and the amount of material
accessed.

d. User Perception

)] User perception was measured through a user satisfaction questionnaire that contained
questions about the usefulness, convenience, and sustainability of using IoT applications.

2 In addition, semi-structured interviews were conducted with educators and several
students to explore the experience of use in more depth.

3) Instrument Analysis Techniques

Before use, all instruments were tested for validity and reliability. The validity of the content
was tested through expert judgment (learning technology experts and Mekongga language
experts). The validity of the construct was tested by exploratory factor analysis. The reliability
of the questionnaire was tested using Cronbach's Alpha to ensure internal consistency.

4) Data Triangulation

To measure the effectiveness of the model more objectively and comprehensively, and to
increase the validity of the research results, triangulation methods were used, namely
comparing test results, questionnaires, observations, interviews, and IoT system activity log
data.

E. Data Collection

The data collection of this research used several techniques adapted to the research objectives.
Data were collected from the main respondents by quantitative and qualitative methods,
through the following stages.

1) Preparation stage

In the preparation stage, the researcher designed the instruments to be used in the form of
learning outcome tests, questionnaires, observation sheets, and interview guidelines, and then
tested for validity. After being declared eligible, socialization was carried out with prospective
respondents.
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2) Stage of data collection

Quantitative data were collected using three main instruments, namely the pre-test and post-
test, the questionnaire, and the activity log. Meanwhile, qualitative data were obtained from
the results of observations and interviews.

3) Stages of data validity and reliability

To ensure that the data collected was completely accurate, a triangulation method was carried
out by comparing test results, questionnaires, observations, interviews, and log system data. In
addition, the reliability of quantitative instruments was assessed using Cronbach's Alpha, while
qualitative data were assessed using inter-rater reliability.

4 Result
A. Respondent Description

The respondents in this study were 34 people, consisting of educators and students who
participated in Mekongga language learning. By involving these two elements, the data were
said to reflect the perceptions of both parties directly involved in this learning.

B. Qualitative Descriptive Analysis

In accordance with the research method, the questionnaire used a Likert scale of 1-5 (1=
strongly disagree, 5= strongly agree), included five indicators, namely material completeness,
visual interface and navigation, feedback and assessment, learning personalization, and
personal engagement. In addition, system-level algorithmic performance data such as response
time, feedback accuracy, and adaptive content distribution were analyzed to support the
optimization aspect of the model.

Table 1. Results of Descriptive Statistical Analysis.

Average Standard
Indicator 8¢ | Deviation Response Trends

(Mean)

(SD)

Material 4.47 0.58 Agree — Strongly
Completeness Agree
Visual Interface & | 4.35 0.63 Agree — Strongly
Navigation Agree
Feedback and | 4.50 0.52 Strongly Agree
Assessment dominant
Learning 4.29 0.66 Agree — Strongly
Personalization Agree
Personal 4.41 0.60 Agree — Strongly
Engagement Agree

Based on Table 1, the interpretation is obtained as follows.
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1) An average score above 4.20 indicated that respondents rated this learning as effective
and relevant.

2) A relatively small standard deviation (SD) (<0.66) illustrated the consistency of
responses between respondents.

3) The highest indicators were on feedback and assessment (mean = 4.50), which showed
that the evaluation feature—supported by the optimized feedback algorithm—was considered
very helpful in increasing students' motivation to understand the learning material.

4) System log data also showed stable algorithmic performance, with an average response

latency below 1.2 seconds per feedback interaction, indicating efficient optimization in the
IoT-driven learning environment.

C. Qualitative Data
The main findings obtained from the questionnaire and interviews can be described as follows.

1) Educators considered that this model facilitated the preparation of teaching materials
and allowed for measurable monitoring of learning activities through automated IoT tracking
and algorithmic feedback loops.

2) Students stated that they were more motivated to participate in this learning because of
the quick and interactive feedback.

3) Some respondents said that the automated quiz feature helped strengthen their
understanding of the Mekongga language learning.

4) Some respondents experienced unstable connectivity, which affected the
synchronization of IoT devices and algorithmic response times.

This data strengthened the quantitative results, where this learning model was not only well-
received but also increased the motivation and learning experience of students.
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Figure 1. Average Questionnaire Score on the Effectiveness of the IoT Learning Model.
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D. Pre-test and Post-test Results
The pre-test and post-test were carried out to measure the improvement of students' Mekongga
language learning outcomes. The results can be seen in the following Table 2.

Table 2. Pre-test and Post-test Results.

Test Stage | Average Score | Standard Deviation

Pre-test 65.12 6.84

Post-test 82.35 5.97

The paired sample test showed a significant difference between the pre-test and the post-test.
This indicated that the IoT-driven and algorithmically optimized learning model was also able
to increase students' learning achievement in learning the Mekongga language.

100

82.35
80t

65.12

60

Average Score

401

20

Pre-‘test Post.-test
Figure 2. Comparison of Pre-test and Post-test Scores.

E. Key Findings

1) In terms of perception (questionnaire) and improvement of learning outcomes (pre-test
and post-test), [oT-based interactive learning models—with algorithmic optimization features
for feedback and personalization—were categorized as "good".

2) The completeness of the material, visual interface, and automated adaptive feedback
algorithms were the dominant factors that respondents appreciated.

3) Qualitative data confirmed that learning motivation increases due to the personalization
of learning and a rapid evaluation system.

4) Algorithmic optimization supported efficiency and consistency in learning analytics,
although technical challenges such as limited internet access affected full performance.

F. Implication
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The results of this study strengthened the opinion that through the R&D approach with the
ADDIE model, it can succeed in producing effective learning products, in accordance with the
research objectives, namely:

1) Revitalized the Mekongga language through algorithmically enhanced IoT learning
models.

2) Provided a model that could be replicated for learning other local languages in
Indonesia through optimized technology-based learning approaches.
3) Proved that the combination of quantitative data (descriptive statistics, t-test) and

qualitative data (interviews, open-ended responses) provided a comprehensive overview of the
effectiveness and optimization efficiency of the learning model.

5 Discussion

A. Interpretation of Quantitative Results

Based on the description of the research results, it can be explained that the optimized IoT-
driven interactive learning model integrating algorithmic approaches in an effort to preserve
the Mekongga language received a positive response from respondents. It can be seen that the
average score of the questionnaire based on five indicators consisting of material completeness,
interface display, feedback, personalization, and individual involvement is in the range
between 4.29 to 4.50 with a low standard deviation of <0.66. This shows that respondents
consistently say that this learning model is effective in supporting the learning of the Mekongga
language.

The findings were strengthened by the results of the pre-test and post-test which showed a
significant increase, namely from 65.12 to 82.35 or p < 0.05. This means that this system can
be positively accepted in terms of perception while also having a real impact on improving the
ability to learn the Mekongga language. The integration of algorithmic optimization in IoT data
flow and feedback mechanisms ensures more adaptive content delivery, resulting in improved
learning performance and engagement. Thus, it can be said that the use of [oT in learning the
Mekongga language can be a solution for learning local wisdom in modern technology.

B. Interpretation of Qualitative Results

Qualitative data analysis strengthens the findings of quantitative results. Tracking learning
outcomes is very helpful for educators to see the learning progress of students. Likewise with
the automatic system, this system greatly eases the task of educators. In line with that, students
feel highly motivated because learning is interactive and receives feedback quickly. This is in
accordance with the Technology-Enhanced Language Learning theory, which emphasizes the
importance of interactivity and personalization in language learning.
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The addition of algorithmic monitoring and real-time analytics enables the system to
automatically identify students’ learning patterns and adjust learning materials accordingly,
increasing personalization and instructional relevance. This learning model is also enriched by
audio, visual, and interactive quizzes so that it presents a fun learning atmosphere. This
reinforces previous findings that interactive multimedia increases engagement and retention in
language learning.

C. Theoretical and Practical Implications

Theoretically, the results of this study strengthen the framework of Computer-Assisted
Language Learning and extend it into the realm of Algorithm-Optimized loT-Based Language
Learning. The use of [oT devices enables local language learning to be not only text-based but
also interactive, adaptive, and contextual. By embedding optimization algorithms, the model
allows intelligent adaptation of content delivery, network efficiency, and learner analytics—
creating a data-driven environment that aligns with the principles of artificial intelligence in
education.

In practical terms, these findings provide an opportunity for local governments, educational
institutions, and local communities to adopt similar models in efforts to revitalize other local
languages in Indonesia. This IoT- and algorithm-driven learning framework also supports
scalable deployment across different regions, enabling real-time monitoring and performance
evaluation for local language programs. If developed more widely, this model can contribute
to the preservation of endangered local languages in a way that is relevant to the younger
generation.

D. Research Limitations

Although the results of this study show the effectiveness of the model, there are some
shortcomings that were found. First, the number of respondents is still limited so that the results
of the study cannot be generalized. Second, limited internet access is a separate obstacle that
affects the smooth learning of students. Third, the algorithmic modules developed in this study
are still in the early stages of optimization, and further refinement using larger datasets and
machine learning techniques is needed to enhance system intelligence and adaptability. Future
studies should also compare various optimization algorithms to determine the most efficient
approach for local language learning contexts.

6 Conclusion

The results of this study show that the optimized loT-driven learning model integrating
algorithmic approaches has a significant impact on the learning outcomes of the Mekongga
language. The questionnaire analysis shows an average score above 4.20 on all indicators with
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low standard deviations. This indicates that there is consistency in respondents' assessments.
In addition, there was an increase in Mekongga language competence from an average score
of 65.12 to 82.35.

In terms of qualitativeness, respondents assess that this learning is able to increase motivation,
engagement, learning experience with interactive features, real-time feedback, and
algorithmically driven personalization of learning content. Thus, it can be said that this research
makes a real contribution to the integration between intelligent technology, algorithmic
optimization, and local language preservation efforts.

In addition, from the practical side, this learning model can be used as one of the scalable and
adaptive models for revitalizing local languages that are adaptive to technological
developments and the needs of the younger generation. Overall, it can be emphasized that the
algorithm-optimized IoT-based interactive learning model is effective in learning the
Mekongga language and is relevant in supporting efforts to revitalize the Mekongga language.
Thus, it can be said that this approach can also be used for other local languages in Indonesia
that are experiencing similar conditions in their preservation.

However, this study certainly has some limitations, such as the relatively small number of
respondents and technical obstacles in the form of uneven internet access. Therefore, it is
suggested that further research can expand the number of respondents, explore various
optimization algorithms and machine learning techniques, and integrate longitudinal
evaluation approaches to enhance the model’s accuracy, adaptability, and overall effectiveness
in improving local language learning quality.
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