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ABSTRACT

Introduction: this study aims to develop a Problem-Based Learning (PBL) framework integrated with Artificial
Intelligence (Al) technology to enhance the critical thinking skills of students in the Mechanical Engineering
Study Program at Padang State University (UNP).

Method: a developmental research methodology based on the ADDIE framework was implemented in this
study. The subjects involved were students enrolled in the Mechanical Engineering Department at UNP.
Results: validation results from seven experts indicated that the developed product falls into the valid
category. In addition, the practicality test involving two lecturers and ten students yielded a score of 80,99
%, placing it in the “highly practical” category. Regarding effectiveness, the t-test produced a value of 0,000,
which is less than 0,05, indicating a statistically significant difference between the experimental and control
groups.

Conclusion: based on the findings from the validation, practicality, and effectiveness assessments, the Al-
supported PBL model is considered valid, highly practical, and effective in enhancing the critical thinking
abilities of Mechanical Engineering students at UNP.

Keywords: Model Development; Problem Based Learning; Artificial Intelligent; ADDIE.
RESUMEN

Introduccion: este estudio tiene como objetivo desarrollar un marco de aprendizaje basado en problemas
(PBL) integrado con tecnologia de inteligencia artificial (IA) para mejorar las habilidades de pensamiento
critico de los estudiantes en el Programa de Estudios de Ingenieria Mecanica en la Universidad Estatal de
Padang (UNP).

Método: se implemento una metodologia de investigacion de desarrollo basada en el marco ADDIE. Los
participantes fueron estudiantes del Departamento de Ingenieria Mecanica de la UNP.

Resultados: la validacion realizada por siete expertos indicé que el producto desarrollado se encuentra en la
categoria de valido. Ademas, la prueba practica, con dos profesores y diez estudiantes, arrojo una puntuacion
del 80,99 %, lo que lo sitla en la categoria de “altamente practico”. En cuanto a la efectividad, la prueba t
arrojo un valor de 0,000, inferior a 0,05, lo que indica una diferencia estadisticamente significativa entre los
grupos experimental y de control.

Conclusion: con base en los hallazgos de las evaluaciones de validacion, practicidad y eficacia, el modelo de
aprendizaje basado en problemas (ABP) con apoyo de IA se considera valido, altamente practico y eficaz para
fortalecer el pensamiento critico de los estudiantes de Ingenieria Mecanica de la UNP.
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INTRODUCTION

The higher education system plays a crucial role in facilitating effective student learning and in shaping
graduates who are well-prepared and competent. 23 To improve the competitiveness of the Indonesian nation
in facing globalization in all fields, it is necessary to develop science and technology.® Lecturers have an
important role in providing quality education services.® Higher Education requires students to develop a number
of skills and attitudes (Softskill and Hardskill) needed in the dynamic and global world of work and students
must have global and broad thinking.®”8 Students must be able to compete in this ever-changing world.
Students must be able to develop critical thinking skills, creative, communicative, collaborative, able to use
technology, critical thinking, and adaptive.®'® Soft skills in the form of Critical Thinking are the main goal
to make students able to face the development of today’s world. The development of the world today is
increasing as the complexity and dynamics of the world continue to change."?

Based on observations and the results of preliminary analysis conducted on Mechanical Education students
at the Faculty of Engineering, Padang State University (UNP), students still lack the skills they have. For
example, the way of thinking that has not been creative and critical (Critical Thinking). This can be seen when
they answer questions or problems given not yet at the analysis and evaluation stage. They have not been able
to analyze and develop the results of their thinking. As a result, they find it difficult to solve the problems given
and learning outcomes are low.

Student learning outcomes can be improved through increasing student Critical Thinking. Critical thinking
represents one of the advanced cognitive abilities, alongside skills such as creative thinking, reflective analysis,
and effective problem-solving.® As students’ critical thinking skills improve, their academic performance also
shows significant progress. Numerous experts have explored this relationship through a variety of research
efforts. Some use applications in the learning process,® using a practicum-based guided method, doing
collaborative work in groups,® and use a learning model in the form of PBL in learning. (7'

Problem Based Learning (PBL) not only improves students’ critical thinking, but also has an impact on
student learning outcomes. 20 PBL engages students in an active, cooperative, and student-focused learning
process.®) PBL initiates the learning process by posing a problem, then proceeds with organizing learning
tasks, guiding students through investigation, encouraging them to present their results, and ending with
reflection and evaluation of how the problem was addressed. A defining trait of PBL is the use of problems
as the starting point for learning.®? PBL is an instructional approach that enhances students’ participation in
learning and encourages them to articulate their thoughts more effectively.? The characteristics of PBL are
proposing problems, looking for knowledge linkages, conducting investigations, producing products, presenting
them, and group discussions.?¥ PBL is learner-centered learning that guides students in group learning.@ PBL
implementation steps are problem orientation, group division, group discussion, presentation of discussion
results, evaluation of discussion results.?® Through a student-focused framework, PBL motivates students to
become more involved, imaginative, and inventive, making the educational experience more self-directed,
relevant, and enjoyable.?”?® PBL is also able to improve and stimulate students’ critical thinking.?® Therefore,
PBL supports the development of students’ thinking abilities in addressing and resolving problems.

Improving students’ critical thinking has been done through previous studies as explained above. Here,
researchers try to make innovations in improving student critical thinking. That is, through the development
of an Al-based PBL model in improving student critical thinking, namely for students in the UNP Mechanical
Engineering department. The innovation that researchers do is to use various Al technologies in developing
PBL models. The goal is to maximize the guidance of students’ thinking skills and so that students do not
miss digitalization technology. The utilization of Al technology can increase the ability of human creativity
in thinking and facing the times.®® There are so many technologies that apply Al in everyday life. The Al
technologies that will be used are Chatgpt, Perplexity Al, Claude Al, Gemini Al. Al technology makes it easier
to find the information needed by students and provides novelty in today’s world of technology.®" ChatGPT, for
example, can also improve students’ critical thinking in the learning process.?

To prepare students for a rapidly evolving era and to ensure their competitiveness in the face of global
challenges across various sectors, it is essential to strengthen 21st-century skills—particularly critical thinking.
Critical thinking is a core competency that enables students to analyze, evaluate, and solve complex problems
effectively. Although numerous approaches have been implemented to foster students’ critical thinking skills,
challenges remain in aligning these methods with the current pace of technological advancement. This study,
therefore, aims to develop a Problem Based Learning (PBL) model integrated with Artificial Intelligence (Al) as
a strategic innovation to enhance the critical thinking abilities of Mechanical Engineering students at Padang
State University (UNP).
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METHOD

This research is conducted in the context of developing an innovative Al-based learning model in higher
education, specifically aimed at enhancing the critical thinking skills of Mechanical Engineering students at
Padang State University (UNP). The study follows a research and development approach and is tested in a
classroom setting using a quasi-experimental design. The trial subjects in this study are planned to include
two classes of students enrolled in the Machining Process Technology course. The independent variable or
treatment applied to the experimental group is the Artificial Intelligence (Al)-based Problem-Based Learning
(PBL) model. The dependent variable, which will be measured to determine the effectiveness of the developed
model, is the students’ critical thinking ability, assessed through pretests and posttests.

The instrument is a questionnaire used to conduct a needs analysis to measure the critical thinking of
Mechanical Engineering students at Padang State University. Questionnaires about student critical thinking are
based on theoretical studies and the suitability of items with the conditions to be revealed. As for validation,
and the practicality of the model will be prepared separate instruments. The research sample was UNP
Mechanical Engineering students. The type of data taken from the validation test results on model construction,
model content, RPKPS & SAP, learning modules, lecturer guidebooks, student guidebooks, and instruments in
model development. Assessment or validation conducted by a team of validators of the Al-based PBL Model
in the Machining Process Technology Course. The data collected during the trial phase includes the results of
practicality evaluations conducted by both lecturers and students. The research stages are illustrated in figure
1 below.

' Designing Al-based PBL

Needs Analysis -
s y Models

ADDIE

g% Development Model
Implementation 1 n

Implementing the model -2 :r- Developing an Al-based PBL Model
L}

~- Product Validation by Experts

- Practicality Test

'~ Effectiveness Test
Figure 1. Research Flow of ADDIE Development Model for Al Based PBL

First, the analysis stage involves conducting a needs analysis and curriculum analysis to assess the critical
thinking skills of Mechanical Engineering students at Padang State University (UNP), as well as reviewing
previous studies related to model development. Second, the design stage focuses on formulating a learning
model based on the results of the previous analysis, with the aim of strengthening students’ critical thinking
skills in a classroom setting. The next stage, development, involves constructing a PBL model integrated with
Al technology, refined based on expert input to better foster critical thinking. This stage includes validation by
seven experts. The validation process covers the model’s construction, content, course outline (RPKPS), lesson
plans (SAP), learning modules, lecturer’s guidebook, student’s guidebook, and model development instruments.
Data collection is carried out using a Likert scale with five response categories ranging from 1 (strongly not
representative or highly irrelevant) to 5 (strongly representative or highly relevant). The data collected are
analyzed using Aiken’s V technique, followed by revisions based on expert feedback. The implementation stage
involves applying the developed learning model in the classroom for Mechanical Engineering students at UNP.
Lastly, the evaluation stage assesses the model’s practicality and effectiveness. Practicality is evaluated by
having two lecturers and ten students complete a questionnaire after the implementation of the developed
model, with data analyzed using percentage-based techniques. Meanwhile, the model’s effectiveness is assessed
through students’ learning outcomes, which are analyzed using a t-test. Evaluation instruments designed by
considering High Order Thinking Skills (HOTS) questions at cognitive level C4 and above.

DEVELOPMENT

The PBL-AlI model is a refinement of the Al-enhanced PBL framework intended for implementation within
the learning sequence. This model consists of seven instructional steps, which are presented in figure 2 below.
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Figure 2. Syntax of Al-based PBL Model Development

According to figure 2, the PBL-Al model follows seven stages in its learning structure: (1) Introducing
the problem to students, (2) Organizing learners to examine the issue, (3) Designing Al-based instructions
through learner-Al communication, (4) Individual exploration and sharing results in peer groups, (5) Refining
group solutions based on collective Al-guided inquiry, (6) Presenting outcomes in a class-wide discussion, and
(7) Analyzing and reviewing the approach used to address the problem. Following the development of this
model, the Al-based PBL model was tested for validity, practicality, and effectiveness to ensure that it can be
successfully implemented in the learning process.

RESULTS

The first phase in the development research of an Al-based PBL model aimed at enhancing the critical
thinking skills of Mechanical Engineering students at Padang State University is the Analysis phase. During this
stage, various activities are conducted, including a needs analysis and curriculum analysis. The needs analysis
encompasses several tasks, such as identifying field-related issues, reviewing relevant literature, examining
the research context and environment, defining the research focus, and collecting preliminary data through
interviews and observations to assess needs and existing challenges. Additional analyses are also carried out to
ensure all necessary aspects are addressed.

The second phase is the Design stage. This involves setting specific, measurable learning objectives, selecting
instructional strategies aligned with PBL principles, and planning the integration of artificial intelligence to
enhance each phase of the learning process. Based on the findings from the analysis phase, a learning model is
formulated to improve the critical thinking abilities of Mechanical Engineering students at UNP. In this stage,
the researchers designed the Al-based PBL model by establishing clearly defined and structured learning steps
that integrate Al tools effectively.

The development of the Al-based PBL model book involved integrating and modifying the syntax of both
the traditional PBL model and Al components, resulting in a new set of instructional steps tailored for the Al-
based PBL learning model, which consists of seven distinct stages. The design of the lecturer’s guidebook using
the Al-based PBL model is as a lecturer’s handbook in the learning process so that the applied model can be
implemented properly. The lecturer’s guidebook using the Al-based PBL model is expected that lecturers can
apply Al-based PBL syntax in class learning activities. In addition, the student handbook designed for the Al-
based PBL model serves as a learning companion to ensure the effective implementation of the instructional
approach. And the design of teaching modules in the machining process technology course is a learning resource
used by students later in learning activities.

The third step is Development. This stage focuses on making and initial testing in the form of model prototype
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development and expert validation. In developing the prototype model, researchers developed Al-based PBL
modules or scenarios and made prototypes of devices and media used in learning. For expert validation,
involving 7 experts in education, technology, and mechanical engineering to evaluate the models and media
developed and make revisions based on input from experts. Validation is carried out on the construction of the
development model, model content, RPKPS & SAP, learning modules, lecturer guidebooks, student guidebooks,
and model instruments. The outcomes of the validation process are presented in table 1 below.

Table 1. Validity Results

No Validated Aspects Aiken’s V  Information

1. Construction of Problem Based Learning Model Based on 0,832 Valid
Artificial Intelligence

2. Contents of the Problem Based Learning Model Based on 0,838 Valid
Artificial Intelligence

3. RPKPS and SAP Model Problem Based Learning Based on Artificial 0,824 Valid
Intelligence

4. Machining Process Technology Module in the Development of 0,828 Valid
Artificial Intelligence-Based Problem Based Learning Models

5. Lecturer’s Guidebook 0,843 Valid
Student Handbook 0,837 Valid
Model instrument 0,848 Valid

Based on table 1 above regarding the results of the validity test using the Aiken’s V formula on the
validated aspects, namely in the form of model construction, model content, RPKPS & SAP, learning modules,
lecturer guidebooks, student guidebooks and model instruments. The validation procedure was conducted
to ensure that the developed Artificial Intelligence (Al)-based Problem-Based Learning (PBL) instructional
model is both theoretically and practically feasible before being implemented in the learning process. This
validation encompassed several components, including the model construction, model content, Semester
Learning Plan (RPKPS), Lecture Implementation Plan (SAP), learning modules, lecturer’s guidebook, student
handbook, and critical thinking assessment instruments. The instrument used in the validation process was a
rating questionnaire designed in the form of a Likert scale with five categories: 1 (strongly unrepresentative/
highly irrelevant), 2 (unrepresentative/irrelevant), 3 (moderately representative/moderately relevant), 4
(representative/relevant), and 5 (strongly representative/highly relevant). Each item in the questionnaire was
constructed to reflect the quality and relevance of the model components to the development of mechanical
engineering students’ critical thinking skills. The validation was carried out by seven experts with relevant
competencies and experience in their respective fields. These experts included: (1) a technical education
specialist, (2) a learning model development expert, (3) an educational technology expert specializing in
Artificial Intelligence (Al), (4) an instructional evaluation expert, and (5) senior lecturers experienced in the
implementation of PBL and technology-based learning. The experts were selected purposively to ensure the
credibility and validity of the feedback provided. Data obtained from the expert evaluations were analyzed
using Aiken’s V technique, which is used to measure the content validity of each item in the instrument. The
Aiken’s V value was calculated for each item, with a value of V > 0,80 indicating a high level of validity and
that the item is deemed appropriate. Conversely, items with a V value < 0,80 were revised based on expert
feedback. Revisions were made systematically to refine the model, ensuring it is suitable for implementation in
the learning context of Mechanical Engineering students at Universitas Negeri Padang (UNP). So from the results
of expert validation of model construction, model content, RPKPS & SAP, learning modules, lecturer guidebooks,
student guidebooks, and model instruments in the development of Al-Based PBL Models in Machining Process
Technology Courses can be stated in the valid category.

The fourth step is Implementation in the form of applying the model on a larger scale. The model was
implemented by applying the Al-based PBL syntax in learning activities involving Mechanical Engineering
students, monitoring and observing the course of learning to identify the success of implementation and
problems that arise, and collecting evaluation data through the use of instruments that have been designed to
measure the achievement of goals, especially increasing students’ critical thinking. At this stage, learning is
carried out according to the syntax of the development of the Al-based PBL model.

Finally, the fifth step is Evaluation. At this stage, an evaluation of the results and development process is
carried out as well as assessing the practicality and effectiveness. To assess the practicality of the developed
Al-integrated Problem-Based Learning (PBL) model, two subject-matter experts teaching the Machining
Process Technology course were asked to complete a structured questionnaire. The graphical summary of their
evaluations is presented in figure 3 below.
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Figure 3. Lecture Practicality Score

As shown in figure 3, the two lecturers rated the practicality at 84,55 % and 83,64 % respectively, which
were obtained through data processing using the percentage technique. Where between the assessments of the
two lecturers was not much different in value, which if converted the value was declared the product was very
practical. The findings from this evaluation indicate that the Al-integrated PBL model demonstrates a high level
of practicality in the Machining Process Technology course.

Furthermore, the practicality test of the Al-based PBL model through student responses in the Machining
Process Technology course was ten people. UNP Mechanical Engineering students were asked for their opinions
about the practicality of the Al-based PBL model. The practicality test outcomes are presented through a
questionnaire designed to evaluate the practicality of the developed Al-based PBL model. Student response
data from this test is illustrated in the graph shown in figure 4 below.

Practicality Rating

83% 83%
81% 81% 81%

82%

76%

Student
Number

Student 1 Student 2 Student 3 Student 4 Student 5 Student 6 Student 7 Student & Student9  Student 10

Figure 4. Student Practicality Ratings

Based on figure 4 above, the practicality assessment of the developed Artificial Intelligence (Al)-based
Problem-Based Learning (PBL) model was conducted by distributing a structured questionnaire to ten
undergraduate students who had engaged with the model during instructional activities. The questionnaire
was constructed based on key indicators of practicality, including clarity of instructions, ease of use, time
efficiency, and relevance to learning objectives. Each item was rated using a 5-point Likert scale ranging from
strongly disagree to strongly agree. The collected data were analyzed using a percentage-based technique. The
results are visualized in figure 4, showing the practicality scores of each student. The ratings varied, with the
highest scores of 83 % recorded by Student 3 and Student 7, and the lowest score of 68 % by Student 8. Most
students rated the model above 75 %, indicating that the Al-integrated PBL model was generally perceived as
practical, effective, and easy to implement in the learning process. These findings suggest that the model has
a high degree of practical applicability in real classroom settings, with minor variations likely attributable to
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individual differences in experience or familiarity with Al-based learning environments.

The effectiveness evaluation was conducted by analyzing student learning outcomes based on the final
test scores from both the experimental and control groups. This assessment took place after the completion
of the learning sessions in both classes. The post-test aimed to measure the impact of the developed learning
program on student performance. In the experimental group, students were exposed to the Al-based PBL
model, whereas the control group followed a conventional instructional method. Following the treatment, both
groups underwent a post-test to evaluate their competencies. A comparison of the post-test results between
the two groups is displayed in table 2 below.

Table 2. T-test of Post Test Values of Control and Experiment Classes

Independent Samples Test t-test for Equality of Means
95 % Confidence Interval of
Sig. Mean Std. Error the Difference
(2-tailed) Difference Difference Lower Upper
Hasil Belajar Equal variances assumed 0,000 -10,621 1,431 -13,535 -7,707
Equal variances not assumed 0,000 -10,621 1,440 -13,564 -7,678

As shown in table 2, the t-test analysis of the post-test scores from both groups, conducted using the
SPSS software, produced a significance level of 0,000, which is less than 0,05. This result suggests that
there is a notable difference in student learning outcomes between the control and experimental classes
at the conclusion of the course. Therefore, it can be inferred that the difference between the two groups
is statistically significant. The t-test findings confirm that the instructional strategy implemented in the
experimental class yields different results compared to the traditional method used in the control class.

DISCUSSION

This study seeks to design an Al-supported PBL model to enhance the critical thinking abilities of Mechanical
Engineering students at UNP. Within the educational context, critical thinking is a fundamental skill for addressing
intricate technical challenges. The research integrates Al with the PBL approach to develop an innovative
learning framework that is interactive, adaptive, and rooted in real-world problems. The development process
follows the ADDIE model, which consists of five key phases: Analysis, Design, Development, Implementation,
and Evaluation. During the analysis phase, the focus was on identifying instructional needs and student
characteristics. The design phase involved structuring the PBL model to align with Al functionalities in the
learning process. 3334353 |n the development phase, various instructional tools were created, including model
construction, content materials, lesson plans (RPKPS & SAP), learning modules, instructor manuals, student
handbooks, and assessment instruments. These tools were then systematically implemented and evaluated.

The validity test was carried out at the development stage involving 7 experts in education, technology,
and mechanical engineering to evaluate the models and media developed and make revisions based on input
from experts. The results of the validity test on model construction, model content, RPKPS & SAP, learning
modules, lecturer guidebooks, student guidebooks and model instruments, obtained results of 0,832, 0,838,
0,824, 0,828, 0,843, 0,837, 0,848. If the results of this validity test are averaged, the Aiken’s value> 0,600 is
obtained and then interpreted and has a high enough coefficient.®” From the results of expert validation of
model construction, model content, RPKPS & SAP, learning modules, lecturer guidebooks, student guidebooks,
and model instruments in the development of Al-Based PBL Models in Machining Process Technology Courses can
be declared in the valid category and can be used for the next step. (38394040

After the developed product is valid, this product can be implemented in learning to UNP Mechanical
Engineering students. Furthermore, the practicality test was carried out to find out how easy, feasible, and
practical the product was used by users. This practicality test was conducted on a small scale by two lecturers
and 10 student responses. From the practicality results, the practicality results from two lecturers were 84,09
% with a very practical category and from the average student response of 77,90 %. If this practicality value is
averaged, a value of 80,99 % is obtained. Based on the analysis of practicality ratings, the product is classified
as having a high level of practicality. “243:4445:46)

Furthermore, these findings align with Judith,“” who emphasized that ensuring validity from the initial
design phase is crucial in educational development research to prevent discrepancies between model structure
and pedagogical objectives. The high validity scores obtained in this study suggest that the Al-based PBL model
was built on a strong theoretical foundation and is well-aligned for implementation in the context of Machining
Process Technology instruction. In terms of practicality, the overall score of 80,99 %—comprising 84,09 % from
lecturers and 77,90 % from students—reflects a high degree of usability and favorable user reception. This
supports Julie’s,® assertion that practicality encompasses not only the ease of use but also the feasibility of
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applying the model in real classroom settings. The small-scale practicality test revealed no major obstacles,
indicating a strong potential for successful integration of Al-driven instructional innovations. “®50:5,52)

The final phase of this study involves evaluating effectiveness, which is determined through the post-test
scores of students from both the experimental and control groups. The post-test was administered after each
group underwent different instructional treatments. This assessment aims to determine how well the developed
learning program enhances student academic performance. Additionally, it serves to measure students’ final
competencies following the applied interventions. The analysis of the post-test results of both groups was
conducted using SPSS, and the significance value (Sig. 2-tailed) was obtained as 0,000 <0,05. This value indicates
that there is a significant difference in learning outcomes between the experimental group and the control
group at the end of the lecture.®¥ Based on these findings, it can be concluded that the development of the
Al-based PBL model is able to encourage the improvement of students’ critical thinking skills, which in turn
contributes positively to the improvement of their learning outcomes.

CONCLUSIONS

The findings of this study demonstrate that the implementation of an Al-based Problem-Based Learning
(PBL) model in the Machining Process Technology course has effectively enhanced students’ critical thinking
skills. This improvement was validated through the use of evaluation instruments designed with Higher-Order
Thinking Skills (HOTS) questions at the C4 cognitive level and above. The primary objective of this study was to
develop, validate, and evaluate the effectiveness of an Al-integrated PBL model that is not only theoretically
sound but also practically applicable and impactful in improving students’ cognitive performance. The study
results confirmed that the developed model met the standards of validity, practicality, and effectiveness,
making it suitable for integration into instructional practices. Furthermore, the model proved to be a valuable
pedagogical tool, particularly for theoretical classroom learning, as it enabled students to critically analyze and
address various complex, discipline-related problems. In line with the research objectives, it is recommended
that the Al-based PBL model be more widely implemented by lecturers and other stakeholders in the delivery of
the Machining Process Technology course or similar subjects that aim to foster students’ higher-order thinking
abilities.
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