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Abstract

General Background: Higher education learning systems require continuous improvement to ensure
learning quality, student participation, and satisfactory academic outcomes. Specific Background: In an
applied engineering course at a higher education institution in West Java, student attendance averaged
74.45 percent per meeting and was associated with incomplete learning experiences and repeat rates.
Knowledge Gap: Prior studies predominantly evaluated learning methods or attendance outcomes
without systematically designing learning innovations grounded in student needs and experiential data.
Aims: This study aims to apply design thinking as a structured framework to identify attendance-related
barriers and enablers and to formulate learning system innovations in an applied engineering course.
Results: Findings indicate strong student preferences for offline lectures and simulation-based learning,
while attendance is primarily enabled by interesting lecture materials and constrained by work
obligations. Significant relationships were identified between age and selected learning formats, as well as
between gender and specific assessment types. Incremental innovations such as flipped classrooms and
guest lectures, alongside radical innovations including experiential learning and Al-based learning
platforms, were formulated through the ideate phase. Novelty: This study frames student attendance and
learning quality as a design challenge and empirically integrates attendance data, student preferences,
and structured innovation using design thinking. Implications: The results provide a data-driven
framework for lecturers and academic managers to redesign applied engineering learning systems
through continuous improvement grounded in participation behavior and student-centered innovation.

Highlights
¢ Student attendance reflects learning system configuration.

* Design thinking structures learning innovation based on empirical data.

Continuous improvement aligns learning design with student needs.

Keywords

Design Thinking; Continuous Improvement; Applied Engineering Education; Learning System Design;
Student Attendance
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I. Introduction

As an industry engaged in the field of education services, it is a requirement that the quality of the learning system must be
achieved for the expected results and have an impact on learning satisfaction. Various factors cause the ineffectiveness of
achieving goals, which can be seen from the level of student attendance to the final grades students obtain. The higher
educational system should be able to provide accessible and available learning opportunities while maintaining good quality,
so that learning can take place effectively. Education is a part of sustainable development [[1]. SDG-4 stated that quality
education promotes the principles and practices of sustainable development to create opportunities for society in all areas of
education [2].

Various previous studies have examined the quality of learning and student attendance from the perspective of learning
outcomes, learning technology, and learning delivery models. However, most of these studies have focused on evaluating
conditions or comparing learning methods, without systematically designing innovative solutions based on student needs and
experiences.

The challenges faced by higher education include access and participation for the sustainability of learning, so that students
can achieve the expected outcomes in each course they take. One of the common problems encountered in higher education
is that lecture attendance does not reach 100%. This may lead to an incomplete understanding of the learning material,
which in turn affects the final grades obtained. [3] stated that attendance contributes to learning outcomes.

Although the relationship between attendance and learning outcomes has been widely discussed in the literature, student
attendance issues continue to arise in various higher education contexts. This indicates a research gap, particularly regarding
the need for more innovative approaches oriented toward designing solutions, rather than simply measuring phenomena.

This study analyzes the learning system in the applied engineering course in higher education in West Java. Since this study
program has been operating, this course has become compulsory and must be taken by students, and students must pass this
course. However, the phenomenon that occurs shows that the student attendance rate has never reached 100 percent; even
from the first meeting, it has indicated this (Table 1).

S b e i Actual Registered Attendance
Attendance Students (%)
1st Meeting 130 182 71.43
2nd Meeting 133 182 73.08
3rd Meeting 140 182 76.92
4th Meeting 144 182 79.12
5th Meeting 132 182 72.53
6th Meeting 128 182 70.33
7th Meeting 139 182 76.37
8th Meeting 148 182 81.32
oth Meeting 137 182 75.27
10th Meeting 148 182 81.32
11th Meeting 128 182 70.33
12th Meeting 133 182 73.08
13th Meeting 125 182 68.68
14th Metting 132 182 72.53
Average 74,45

Table 1. The average attendance per course meeting

The percentage of attendance per meeting did not reach 100 percent of the seven classes running. The average attendance of
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the 14 meetings was 74.45 percent per meeting. The background of the students is a combination of working students

(whether they are on shift or not) and those not yet working; some of them are married and have children, and some are not
yet married.

HA HA- B+ B EB- EC+ EC HC- ED HE
Figure 1. Final grade achievement of the course

Figure 1 shows the distribution of final grade achievements in applied engineering science courses. The student pass rate in
this course was 87.91 percent, and the repeat rate was 12.09 percent. According to [4], embedding a culture of continuous
improvement can promote rapid improvement and sustainability. Therefore, to ensure the effective implementation of this
applied engineering course sustainability, continuous improvement efforts are necessary. In contrast to previous research,
which tended to be descriptive or evaluative, this study positions the problem of attendance and learning quality as a design
challenge that requires a structured innovation process. This study will analyze the current learning system and design
innovations as a manifestation of continuous improvement to improve the quality of the learning system in the applied
engineering course. The novelty of this research lies in the application of design thinking as a systematic framework for
understanding student needs, formulating learning problems, and developing learning innovations.. The main objective of
this study is to implement design thinking to stimulate innovation in the applied engineering course.

II. Method

This research applied the steps of the design thinking. According to [5], design thinking is becoming a trend in the fields of
engineering education and management, where several researchers associate design thinking with 21st-century skills that are
highly demanded by industry. According to [6] and [7], there are five phases in design thinking: empathize, define, ideate,
prototype, and test. Empathize is the stage of understanding users through observation, interviews, or surveys. Define
formulates the synthesis of user needs and problems. Ideate generates as many ideas as possible. A prototype creates a
tangible model of the solution. Test evaluates the prototype with users and collects feedback.

The object of this research is 7th-semester students who have taken this applied engineering science course in the s5th
semester. The main topic asked is related to the learning system, including the form of learning, assignments, and exams
taken for one semester. The research design is exploratory. Design thinking in the front-end of innovation in this research
focuses on the empathize, define, and ideate phases to better understand the voice of the students and formulate the
strategies to answer them. The prototype and testing phases were developed as a proposed solution to address the problems
identified in the applied engineering course.

In the empathize phase, an analysis of students’ preferences regarding the variables of the current learning system was
carried out. Using an electronic questionnaire, the data collection technique was carried out by surveying students who had
taken one applied engineering science course in one of the study programs in the higher education service industry in
Karawang. Using the Slovin formula with a 9o percent confidence level requires 100 samples. From the total electronic
questionnaire distributed to all students registered in this applied engineering science course, with 182 people, 102 samples
were returned, conforming to the minimum sample size. The types of data used in this study are primary and secondary. The
data taken are from students' perceptions of their preferences for the learning system indicators. The secondary data used are
attendance data and students' final grade achievements. Data analysis was conducted on a questionnaire designed using a
Likert scale of 1-5 (1 indicates that students strongly dislike the learning system indicators, 2 indicates dislike, three is neutral,
four like, and five strongly like).

In the define phase, a correlation analysis and a Barriers/Enablers analysis were conducted. The correlation between student
categories (profile backgrounds) and learning form indicators was analyzed. Barriers/Enablers analysis was carried out to
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find the factors affecting the course attendance. Those analyses were carried out to better define the needs of the students.
During the ideate phase, both radical and incremental innovations were formulated. The Incremental and radical Innovation
design is proposed to carry out continuous improvement.

The research framework in this study is shown in Figure 2. The research framework in this study is based on the problems in
the learning system, indicated by the average attendance per meeting of 74.45 percent and the achievement of the final grade
with a repeat rate of 12.09 percent. The level of student preference is measured using a Likert scale for the learning system
that has been implemented.

Average attendance per course
meeting 74.45%

)

Innovation design of the course
for continuous improvement

Y
E A | Students’ preference level of
athize current learning system variables
Design Thinking ¥ Correlation analysis of students’
(Front-End of Define F--t-f1 profile and leaming system
Innovation) f variahles
v t-H BarrierEnzbler analysis
Ideate
v
Prototype
Test

Figure 2. Research Framework

Problems related to the learning system are caused by various factors. Several studies have analyzed the learning system in
Indonesia, such as research on online and offline learning systems [8], [9], as well as [10], which studied the e-learning
learning system. Research by [11] analyzed the student learning experience in terms of various indicators in the learning
system.

There are many possible factors related to student absence, both from the student's factors and the form of learning that is
less interesting in lectures, assignments, or exams prepared by the lecturer. Therefore, this study seeks to find out the barriers
and enablers of course attendance that do not reach 80 percent, and there has never been a single lecture meeting with 100
percent attendance. Information was collected to determine the students' preference for online learning, offline learning,
lecture-based learning, problem-solving exercises, simulation-based learning, individual assignments, group assignments,
offline exams, and online exams.

The problem in the applied engineering science course is that lecture attendance does not reach 100% per meeting. Student
absence causes incomplete learning of the course materials received by students, which can affect the understanding of the
lacking material and make the learning achievement less effective.

Correlation tests are carried out to see if there is a relationship between the student profile and the indicators of the selected
learning system, namely the form of learning, exams, and assignments. The students have a work background that is grouped
into three types of students: students only, students working who are affected by shifts, and students who are not affected by
shifts. Other profiles observed are gender, marital status (students can be single, married, and have no children, or married
and have children, which can affect their busyness), age, and study status.

Possible barriers to course attendance are elaborated, which cause the attendance rate to be less than optimal. Related to the
learning system in lectures, exams, and assignments, information is explored to determine the enablers for course attendance.
Various elements of the learning system have specific objectives that can be achieved using appropriate methods, media, and
learning strategies. Students can successfully pass the learning process by combining them appropriately with learning
objectives. This research focuses on the variables chosen for the learning system that are fully under the control of the
lecturer, while the infrastructure (such as building, AC, projector, et cetera) that supports the learning system was not
included because their maintenance is under the university's management control.
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III. Result and Discussion
A. Profile of Respondents

The profile of respondents who filled out this questionnaire is shown in Figure 3. Female respondents numbered 87%, and
male respondents numbered 13%. Respondents' age ranged from 33% <21 years, 53% aged 21-25 years, 9% aged 26-30 years,
and 5% aged > 30 years. Of the study status of students, 96% are regular students, and 4% are students who are repeating this
course. Marital status consists of single students, as many as 87%, students who are married and have children, as many as
11%, and students who are married and do not have children, as many as 2%.

13% 9% 5% 4% ‘
33%
96%
Woman = Man <21y =21-25y =26-30y =>30y Reguler students = Repeat students

11%
(J

2%
32% \ '
. 87%

Students only, not working Single students
= Students working non shift = Married students no children
= Students working on shift = Married students with children

Figure 3. Respondent Profile

This respondent profile is an important foundation in understanding student preferences, barriers, and attendance patterns,
so that the results in the empathy phase can be interpreted contextually and cannot be separated from the demographic
characteristics of students.

B. Empathize Phase of Design Thinking
During the empathize phase, an analysis was conducted on students’ preferences regarding the learning system. Students'

preference level was identified and is shown in Figure 4. Students who like and strongly like this applied engineering science
course are 84%. This shows that most students like this course.

13% 2% o
0

#5 =4 =3 =2 u]

Figure 4. Course Preference Level
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The preference level is also identified as related to the learning system. Based on the results of the questionnaire for students
with a sample of 102, the respondent profile is obtained, as shown in Figure 5. The level of preference for the learning system
uses five scales, namely five very much like, four like, three neutral, two dislikes, and one very much dislikes. Figure 4.2
shows the level of student preference for online and offline lectures. In terms of student preferences for online lectures, the
highest results were obtained on the scale of liking and neutral, each at 32%. However, students who like and strongly like
online lectures are 53%. At the same time, offline lectures show the highest results, with students strongly liking them at 46%,
while students who like and strongly like offline lectures are 85%.

1% _Online Lectures Preference Offline Lectures Preference
3%,0%
14% ' . 12% ‘

32%

5 w4 3 =2 n] a5 84 n3 w2 nl

Figure 5. Level of student preference for online and offline lectures

These results show that in this applied engineering science course, students show a higher level of preference for offline
lectures than online. This is because most of this course’s material requires applying calculations, so it is easier to understand
if students follow it directly in class, so that when there is something they don't understand, they can ask the lecturer directly.

Figure 6 shows students' preferences for lecture-based learning, problem-solving exercises, and simulation-based learning.
In lecture-based learning, students are neutral with the highest response at 39%, but students who like and strongly like
lectures are 50%. The problem-solving exercises obtained the highest results, with students liking it by 36%, and the total
number of students who liked and strongly liked problem-solving exercises was 61%. Likewise, simulation-based learning
obtained the highest results, showing that students liked it by 40%, and the total number of students who liked and strongly
liked simulation-based learning was 64%.

Lecture-based Learning Problem-solving Simulation-based Learning

8% 3% 170, Exercises 4% 1%

“’ 7% 3% sy, ‘.
“. 31%
39% 29% ’ ’

36%

a5 4 u3 =2 n] u5 54 u3 w2 m] u5 54 u3 m2 ml

Figure 6. Level of student preference for lecture-based learning, problem-solving exercises, and simulation-based learning

The results show that students prefer learning in the form of simulations (64%), followed by problem-based learning (61%)
and lecture-based learning (50%). The form of simulation-based learning can train students to choose the best solution by
comparing it with various alternatives. This can broaden their horizons and train their analytical thinking ability to be able to
choose the best solution based on certain criteria from the available choices. Problem-solving exercises can help students
understand the concept of obtaining optimal results and understand the meaning of the results achieved. Lecture-based
learning helps students understand science by opening up insights into the concepts of the material being studied and how to
analyze and draw conclusions. The high preference for simulation-based and problem-solving learning indicates that students
tend to value applied and contextual learning experiences. This finding suggests that student absenteeism is not solely due to
a lack of interest, but rather to a mismatch between the learning design and students’ actual needs.

Figure 7 shows individual and group assignments. Individual assignments received the highest score, namely neutral at 43%,
but students who like and strongly like individual assignments are 50%. In comparison, group assignments are preferred by
students by 31%, with a total of students who like and strongly like group assignments as much as 55%.
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Individual assignments Group assignments
preference preference
6% 1% 20% 14% 1%

» )

55 84 u3 =2 =] a5 84 u3 =2 n]

Figure 7. Level of student preference for individual and group assignments

The results show that student assignments appear neutral, and there is no significant difference between individual
assignments (50%) and group assignments (55%). Group assignments are slightly preferred over individual assignments.

Figure 8 shows the level of student preference for offline and online exams. Regarding offline exams, most students answered
neutrally at 36%, but students who like and strongly like them are 49%. Meanwhile, online exams are preferred by 43% of
students, and the total number of students who like and strongly like them is 77%.

Online Exam Preference Offline Exam Preference

1
' 10% % 16%
i
43 33%
5w4 u3 =2 n]l 5984 u3 m2 mu]l

Figure 8. Level of student preference for offline and online exams

The results show that online exams are preferred over offline exams. This is likely because online exams are usually
conducted with an open-book system, which can help students work on questions due to limitations in memorizing existing
calculation formulas. Besides, online exams make the students more relaxed in their selected places when taking them.

Related to student preferences, several variables in the learning system that were initially suspected of causing students to be
lazy in attending lectures were not proven. This is because, at the level of preference for the choices of like and strongly like
answered by students on the nine variables related to lectures, assignments, and exams, most students (more than 50%)
answered like and strongly like. Only related to offline exams (49%) and individual assignments (50%) did not reach a
preference level of more than 50%.

C. Define Phase of Design Thinking

In the Define phase, a correlation analysis was conducted to more clearly identify students’ needs, to foster their enthusiasm
and motivation to participate in lectures. Based on the case study in this applied engineering science of higher education,
variables were assessed for their correlation for further analysis. The correlation analysis was conducted using a correlation
test based on the available data type. Five indicators in the student profile variable (work background, gender, marital status,
age, study status) correlate with the learning system variable, consisting of 9 variables (online lectures, offline lectures,
lecture-based learning, problem-solving exercises, simulation-based learning, individual assignments, group assignments,
offline exams, and online exams), as well as the enabler and barrier of the course attendance.

The correlation is implemented most commonly using Spearman for ordinal data types. For a nominal data type, implement
chi-square association. According to [12], the Spearman coefficient is employed when analyzing a relationship based on
ranks. This approach is particularly appropriate for Likert-scale and ranked data, as it does not assume interval-level
measurement or normal distribution. The results of the correlation analysis identified a significant relationship. Some
variables correlated significantly at the 95% confidence level, which provides a strong basis for concluding. The 95%
confidence level (a=0.05) is widely adopted in social and educational research as it balances statistical rigor and sensitivity in
detecting meaningful relationships. The variables correlated were the relationship between age and online lectures, and age
and problem-solving exercises, which showed significance at a high level of confidence, indicating the relevance of the
relationship. On the other hand, the relationship between gender and individual assignments, gender and offline exams, age
and online exams, and age and simulation-based lectures showed significant results at a lower level of confidence (80-90%),
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thus offering opportunities for further exploration. These findings are interpreted as exploratory rather than confirmatory,
indicating emerging patterns that warrant cautious interpretation rather than definitive conclusions. The rest of the variables
didn’t correlate significantly. The absence of significance suggests that no observable association was detected within the
limitations of the current dataset and analytical scope. These findings extend previous studies emphasizing the relationship
between attendance and learning outcomes, demonstrating that certain student characteristics, such as age and gender, not
only confirm existing literature but also add a design-based perspective to understanding student attendance.

The 95% confidence level provides more reliable results, while lower confidence levels reveal potential relationships that
require further research. In addition, it is recommended that additional studies be conducted to validate less significant
relationships or those that only appear at low levels of confidence by utilizing larger samples or more detailed analysis
methods. Given the exploratory nature of this study, such follow-up research is necessary to enhance statistical power and
confirm the stability of these relationships. These findings provide initial exploratory insights into the variables studied.
However, the relationships identified through correlation analysis also need to be interpreted contextually, because the
implementation of student preference-based learning innovations can face structural constraints such as time constraints,
academic policies, and lecturers’ capacity to accommodate variations in learner needs.

Regarding the enabler of course attendance, as many as 55% of students are motivated to attend the course because of the
learning material. The second order of students is motivated to attend the course because it is held offline. The third order
that encourages students' attendance at this course is that they are happy with the lecturer in charge, especially in the
teaching style. Therefore, it must be maintained when managing the course. The fourth order is because of the attendance
prerequisites. This is somewhat concerning because students in this category are prone to not trying their best to understand
the material, only fulfilling the obligation to attend, so they must be directed. The last order is motivated by online learning.
Students in this category are generally busy with their work, so online learning makes it easier to manage time.

Effective learning can provide understanding according to the learning outcomes for students. Knowledge of the material in
each lecture can be achieved if every student who takes the course is present at each lecture session, so that students can learn
the learning material by listening, reading, practicing, discussing, asking questions, or sharing their opinions. The diverse
backgrounds of students are a challenge for lecturers to create satisfying learning experiences for the students. It is hoped
that they can understand the material clearly. Attendance at lectures is the first step towards understanding the material.
Therefore, student absence can be the cause of less effective learning outcomes.

While student preference for diverse learning formats is relatively high, these findings also indicate that preference alone does
not automatically guarantee increased attendance. This highlights an implementation challenge, where learning innovations
need to be accompanied by management of diverse student contexts to have a significant impact on lecture participation.

Based on the results of the questionnaire, barriers and enablers were identified in the case of attending the course. Figure 9
shows barriers and enablers to attending the course. The barriers of course attendance from the highest response are unable
to leave work (28%), having difficulty managing time with other lecture schedules (27%), doing a lot of lecture assignments
(19%), family matters that cannot be avoided (14%), being sick (11%), dislike the lecturer (1%). The enablers of course
attendance, starting from the largest, are the interesting lecture material (55%), the offline learning (18%), the lecturer (11%),
the prerequisites for attendance (10%), and the online learning (6%).

Barriers of attendance Enablers of attendance

14% 11% 6% 11%

0,
e ‘ 18% ‘
19% ’ 28% ‘

10%_W
Being sick 27%

Unable to leave work

55%

Lecturer

= Having difficulty managing time with other lecture schedules Interesting lecture materials

= Doing a lot of lecture assignments = Prerequisites for attendance

= Dislike the lecturer = Offline learning

= Family matters that cannot be avoided = Online learning

Figure 9. Barriers and Enablers of Course Attendance

Regarding barriers, being unable to leave work is the most common answer (28%). This is because as many as 68% of
students in the respondent profile are working students, and 40% are on shifts. This causes students to have to be good at
arranging their schedules to attend lecture meetings in the available classes. The second barrier is the difficulty of dividing
time with other lecture schedules. This is because students on shifts sometimes have to choose conflicting lecture schedules.
The third barrier is doing a lot of lecture assignments. A reasonably tricky challenge for working students is good time
management so that assignments do not interfere with lecture time. The next barrier is family matters that cannot be left,
being sick, and the last barrier is that one respondent answered that they did not like the lecturer. In this case, lecturers
cannot please all students, but they must remain wise and motivate students to succeed in their studies. These findings imply
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that learning innovation cannot be viewed as a single solution, but must be combined with learning management strategies
and institutional policies that support flexibility, especially for students with workloads and family responsibilities.

D. Ideate Phase of Design Thinking

Based on an understanding of student needs and the factors influencing attendance, the next phase focuses on formulating
innovative solutions that are not only responsive to student preferences but also realistic in the context of higher education.
According to [13] any teaching method that does not deviate from the main objective can be categorized as an innovative
teaching method. The essence of the teaching process is to transfer information or knowledge into students’ understanding
and to provide means and experiences that foster an innovative mindset.

In the ideate phase, an analysis of innovations in the learning system was carried out. Absence from lectures can have short-
term impacts on academic achievement and, in the long term, may reduce the likelihood of continuing to the next level of
education [14]. In addition, education is a key variable in a country’s development, and SGD-4 can lead to real changes in
individual behavior [15]. Therefore, innovation in education, especially in the learning system, needs to be carried out to
achieve this goal.

Based on the results obtained, some patterns of the lectures should be maintained due to the conformance of the students'
desire, such as offline lectures, simulation-based learning, and problem-based learning, since more than half of the
respondents liked them. However, some form of lecture needs to be improved, so innovations need to be proposed. Based on
the enablers of course attendance, which is only 55% motivated by learning materials, this needs to be considered to carry out
a different form of learning that students might prefer. Two types of innovation can be proposed for continuous
improvement: incremental or radical innovation. However, the implementation of innovation-whether incremental or
radical-has the potential to face challenges such as infrastructure readiness, lecturers' readiness for changing roles, and the
need for additional training to ensure the innovation’s long-term sustainability. Incremental innovation refers to
enhancements made within the boundaries of existing conditions or improvements upon what already exists. Radical
innovation involves solutions that are entirely new or have never been done before.

An incremental innovation that can be proposed for this course is integrating offline and online learning better by proposing
the flipped classroom. [16] mention that the flipped classroom is an active student-centered learning. The flipped classroom
approach offers advantages over traditional teaching methods in higher education [17]. The Flipped Classroom methodology
involves shifting the practical components of learning, such as activities and problem-solving, traditionally completed by
students outside the classroom, into the classroom setting. Meanwhile, tasks typically conducted during class, such as lectures
and information delivery, are assigned as preparatory work before the class session [18]. The flipped classroom approach is
characterized by the comprehensive use of video or digital media lessons provided to students before class, enabling them to
familiarize themselves with the learning materials beforehand. Additionally, students are required to complete assignments
or quizzes either before or at the beginning of the class session. During in-class activities, instructors facilitate the learning
process by addressing students’ questions and encouraging collaboration among them to practice and apply the concepts
introduced earlier [19]. So in the flipped classroom, students learn outside the classroom using the internet through audio or
video from experts and then attend class to discuss case studies, games, simulations, or experiments. In this way, online
learning is integrated with better offline learning. Another innovation for this course is to bring in practitioner speakers as
guest lecturers to share best practices in the industry related to this course, such as the PPIC or inventory/warehouse section.
According to [20], guest lectures can enhance student motivation by helping them conceptualize employability through the
relevance of lecture content to real-world work contexts, which prepares them for future challenges. Guest lectures are also
considered a method that brings relevance into the classroom and enhances student engagement [21].

A radical innovation that can be proposed for this course is experiential learning that has never been executed before, namely,
students visiting the industry to learn in the production planning or inventory control section. According to [22], experiential
learning with real-world projects enabled students to utilize their subject-specific knowledge while remaining adaptable to
changes, considering various limitations, and determining the most viable solutions for the industry collaborators. Engaging
with a range of individuals, such as instructors and industry representatives, can further broaden students’ understanding
and allow them to put their knowledge into practice, thus preparing them to manage the challenges of an increasingly
intricate and multifaceted professional environment. Another radical innovation that can be done for this course is
accommodating an Al-based platform for learning. [23] mentioned that an Al-based learning platform acts as a virtual
educator in the engineering field, allowing for tailoring each student’s experience to gain learning effectiveness. According to
[24], incorporating Al into engineering education is not just about technological advancement; it is critical to prepare
students to thrive in the increasingly complex and demanding field of engineering today.

Based on the innovative design, Table 2 shows the continuous improvement for the applied engineering course to achieve
learning effectiveness.

Before Improvement Plan Innovation Types
Lecture-based learning Fipped-classroom Incremental
Internal Lecturer Guest lecturer Incremental
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Lecture-based learning Experiential learning Radical

Problem-solving exercises, Al-based platform for learning Radical
simulation-based learning

Table 2. Continuous Improvement plan for the course

While the proposed innovations show potential for improving the quality of learning and student attendance, their
implementation requires institutional readiness, academic policy support, and faculty capacity to manage learning changes
sustainably. Without such system support, the innovations risk remaining partial solutions that are difficult to sustain in the
long term. It is expected that the continuous improvement plan will increase the course attendance and foster a more
effective learning process.

E. Prototype & Test Phase of Design Thinking

To ensure that proposed innovations do not stop at the conceptual stage, the prototyping and testing phases are crucial in
assessing feasibility, student acceptance, and initial impact on attendance and learning engagement. The prototype and test
phases operate as the iterative design. The prototype phase focuses on transforming ideas into tangible forms (from low to
high fidelity), while the testing phase focuses on examining the prototype and refining the design through iterative cycles to
validate the model.

Prototype
[ [ [ ]
[ [ [ [
Flipped Clasroom Guest Lecture Experiential Leaming Al-based Learning
Low Leaming Flow Guest-Lecture Leaming Experience Al Leamning Scenario
Fidelity Storyboard Collaboration Blueprint Canvas (Problem Map) (Interaction Map)
""""" o ""i;,'_'""f"".'é"" """"""""'_""?"" B D
Mid Micro-Module cg:?ﬂ;&f;mm;ﬂ Micro Project Tril AI Trial Task
Fidelity (Video & Activity Kif) st
High Real Guest Lecture & Full Experiential gt
e Live Implementstion Reflective Sessi rch Leamning
Fidelity efme Liss

Figure 10. Prototype iterative fidelity

In the flipped classroom model, the storyboard of the learning flow serves a conceptual function that illustrates how students
progress through each stage, beginning with pre-class engagement through video materials, followed by problem-solving
activities during class sessions, and concluding with a brief reflection phase. The flipped micro-module acts as an initial
prototype in the form of a short instructional video accompanied by a structured activity sheet, designed to stimulate student
learning engagement and ensure their readiness before attending the in-class session. The live flipped session is the
prototype stage implemented directly in the classroom to observe student interaction, engagement, and adaptation. The
lecturer will then evaluate whether the design is effective in fostering student participation in the learning process.

The collaboration blueprint is a systematic plan that outlines the involved stakeholders, targeted learning outcomes, the mode
of delivery (either synchronous or recorded), and its alignment with the competencies defined in the course. The pilot guest
session serves as an initial trial stage in the form of a simulation or recorded session, used to evaluate content relevance, time
allocation, technical flow, and the initial responses of the students before the official session is implemented. The actual guest
lecture and reflection session refers to the implementation phase with the real industry professionals, followed by reflective
activities to ensure that the session generates cognitive impact and industrial relevance for students.

The learning experience canvas is a design instrument that visualizes the learner experience pathway when interacting with
engineering cases or problems, while highlighting key learning touchpoints and expected outcomes. The micro project trial is
a small-scale experimental phase, intended to observe how the students respond to application-based tasks before entering
the full main project phase. The implementation of the full experiential cycle encompasses the entire sequence of project-
based learning, starting from problem briefing, exploration, and experimentation, to presentation of results, with observation
focused on students’ sense of ownership over their learning and the quality of engineering reasoning they develop.

An Al-based learning scenario is a conceptual framework that outlines the role and function of AI within the learning process,
as well as how students will interact with it as a form of cognitive scaffolding. The Al trial task serves as an exploratory phase
where students are asked to test AI on a specific task and develop an Al-augmented learning journal that records the AI’s
suggestions and documents how these interactions influence their reasoning process. The Al-integrated learning is a phase
where Al is fully embedded throughout the entire learning process to evaluate the extent to which AI enhances learner
autonomy, analytical capability, and professional judgment within engineering contexts.
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In the testing phase, a structured evaluation cycle is used where student engagement, decision quality, reflective insight, and
tool usability are observed using formative assessment. The test phase was not only conducted to examine the technical
feasibility of the prototype but also functioned to validate whether the learning strategies developed were capable of
addressing the main issue of student attendance rate. An increase in attendance and active participation can be used as the
key indicator of the effectiveness of the learning prototype. Therefore, design thinking-based learning innovation needs to be
understood not only as a pedagogical intervention but also as an organizational change process that requires continuous
evaluation, institutional support, and adaptation to student dynamics.

IV. Conclusion

Based on the research results obtained, design thinking in the front-end of innovation in the course includes the empathize
phase, the define phase, and the ideate phase. In the empathize phase, the level of student preference for the highest learning
system variables at the level of liking and strongly liking online lectures is 53%, offline lectures are 85%, lecture-based
learnings are 50%, problem-solving exercises are 61%, simulation-based learning is 64%, individual assignments are 50%,
group assignments are 55%, offline exams are 49%, and online exams are 77%.

In the define phase, the correlation results show a 95% confidence level, indicating a significant relationship between age and
online lectures, and age and problem-solving exercises. The relationship between gender and individual assignments, gender
and offline exams, age and online exams, and age and simulation lectures showed significant results at a lower level of
confidence (80-90%). Barrier/Enabler analysis of the student attendance that has an impact on the ineffectiveness of the
learning system show that the barriers for attending this course from the highest are unable to leave work (28%), difficulty
managing time with other lecture schedules (27%), doing a lot of lecture assignments (19%), family matters that cannot be
avoided (14%), being sick (11%), dislike of the lecturer (1%), and the enablers of student attendance are consecutively due to
interesting lecture materials (55%), offline learning (18%), lecturer’s teaching style (11%), attendance prerequisites (10%), and
online learning forms (6%).

In the ideate phase, the proposed incremental innovation design uses a flipped classroom and more interesting group project
assignments by solving real problems, which were taken as a case study in the company. The Radical Innovation design in the
proposed learning system brings guest lectures from practitioner speakers and experiential learning in collaboration with
industries. The proposed learning innovations were not designed conceptually, but directly derived from empirical findings
on attendance barriers and learning preferences, ensuring alignment between student needs and instructional design.

The prototype phase developed progressively through low, mid, and high fidelity levels, enabling lecturers to design a learning
strategy that was not merely conceptual but evolved dynamically based on students' responses. The implementation of
learning prototypes such as the flipped micro-module, industry guest lecture blueprint, experiential learning map, and AI-
based learning interaction demonstrated strong potential to trigger early student engagement, which then acted as a
motivational driver for attendance. The test phase did not merely function as a technical evaluation of prototype feasibility
but served as a validation mechanism to determine whether the learning intervention effectively addressed the core issue of
students' attendance. Improvement in attendance and active participation were used as the primary indicators of
intervention success.

This study implies that university lecturers should consistently pay attention to the results of the courses and innovate to
improve learning effectiveness. Lecturers should not hesitate to revise the instructional model based on observed
participation data and shifts in student motivation. Practically, this study provides a structured blueprint for lecturers and
program managers to redesign the learning system using design thinking as a continuous improvement mechanism grounded
in participation and attendance data.

From a practical perspective, this study contributes to the literature by positioning design thinking not merely as a
pedagogical method but as a systematic innovation framework that integrates student preferences, attendance behaviour, and
continuous improvement in higher education learning systems. This study is subject to several limitations, including the use
of a cross-sectional design and a case context limited to a single course and institutional setting. Future research is
encouraged to employ longitudinal or experimental designs to assess the long-term impact of design thinking-based learning
innovations, expand the study across multiple courses or institutions, and further examine the scalability of AI-supported and
experiential learning interventions.
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