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Abstract: In the era of Society 5.0, digitalization has changed the world of education and requires
schools to develop creative, critical thinking skills. Vocational schools such as Vocational High
Schools (SMK) play an important role in creating students who are ready to face the demands of
this era. The use of learning technology, including media such as PowerPoint and modules, has
become common but still needs innovation to reach the optimal level. Therefore, the
implementation of virtual-based learning media is important. One of the innovations in learning
media is the use of flipbooks with Augmented Reality (AR) in vocational schools. The main
objective of this research is to measure the level of critical thinking skills of vocational school
students. The results showed that the experimental class using Flipbook with AR achieved a
significant increase in N-gain value (0.6), indicating the effectiveness of Flipbook with AR in
improving students’ understanding. It can be seen from the average results of critical thinking
aspects in the experimental class which has a percentage of 85%, while in the control class, it is
55%. Thus, this Flipbook with AR successfully improves students' ability in critical thinking aspects
in SMK and shows great potential in the development of interactive learning technology for
education.
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1. Introduction

The era of society 5.0 is characterized by technological advances and resource skills that bring many
benefits, especially in the field of education (Tavares et al., 2022). Learners now have access to

facilities such as computers, laptops, and smartphones to access learning in an interactive format
(Farley et al., 2015). Interaction in the educational process is considered important, with media

defined as an intermediary that enables the transmission of information (Fortuna et al., 2023; Rini

etal., 2023). These media are tools and materials that can be implemented in software or hardware
(Puspitarini & Hanif, 2019). Moreover, digital technology has great potential, especially in the current

educational context (Hillmayr et al., 2020). The successful implementation of the learning process

cannot be separated from its elements (Abdulrahaman et al., 2020). Several factors influence the

course of a teaching-learning process. In the dynamics of learning, several aspects are
interconnected, they are: 1) the role of the teacher, 2) the role of students, 3) teaching materials,
4) teaching methods, 5) learning media, and 6) assessment of learning outcomes. These components
are interrelated and influence each other (Hassija et al., 2019).

In the context of implementing the Merdeka Curriculum for Vocational High Schools, there is Basic
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Programming subject that aims to train students to be proficient in analyzing building materials and
developing problem-solving skills (Putra et al., 2021). Due to the different learning styles in each

class, especially in subjects focusing on building sciences, the responses to the material may vary
(Ratten & Usmanij, 2021). This indicates the need for a variety of different teaching methods
according to the characteristics of each class (Shwartz-Ziv_& Armon, 2022). Learning in Basic

Programming subject that include green building and green material concepts can also improve
vocational high school students' critical thinking skills. The subject can stimulate students' critical
thinking skills in analyzing building materials.

Critical thinking skills become an important key in understanding material when students are faced
with problems that must be solved (Eebrianti et al., 2023; Kacophanuck & Chookerd, 2021). It is
important to train critical thinking skills as this ability is not a natural talent (Maknun, 2020).

Although the ability to think has been already own from the beginning, it needs to be continuously
trained because, without practice, will not develop into a strong skill (Bellacra etal., 2021). Critical

thinking involves a series of skills, such as recognizing sources of information, assessing reliability,
considering the fit of information with existing knowledge, and drawing conclusions based on
critical thinking (Syahril et al., 2021). Critical thinking is a logical, reflective, and responsible
thinking process for making reliable decisions (ERDOGAN, 2019). Individuals who think critically
have practical and creative abilities in formulating the right questions, obtaining relevant

information, selecting information, and providing logical arguments that support reliable

information and conclusions (Jalinus et al., 2023). Improving critical thinking skills in Basic
Programming subject can be done by inviting students to practice through questions that demand

higher—order thinking skills (HOTY).

A way to improve students' critical thinking skills is through the application of interactive learning

media (Ninghardjanti & Dirgatama, 2021). The use of interactive learning media, such as flipbooks
supported by Augmented Reality (AR), can facilitate the development of students' critical thinking
(Badriyah et al., 2023). AR is a technology that combines the real world with digital elements,

creating a unique interactive experience. In the context of teaching and learning activities, it is
greatly potential to improve the way we understand and assimilate information. Through the use of
devices such as smartphones, students can directly access additional information on the real world.
With the help of AR, students can directly analyze the shape and material of buildings from

projected visualizations (Ibili etal., 2020). This interactive learning media not only supports critical

thinking aspects, but also develops communication, collaboration, and creative thinking skills
(Rahim, 2022). Based on the views of several previous researchers, it can be concluded that the use

of interactive media can encourage students' active involvement in finding solutions to problems or

cases encountered, thus enabling them to solve these problems (Ahmad et al., 2020).

The use of technology, especially in the context of education such as PowerPoint, modules, and the
like, has been commonly used, but have not reached the optimal level yet (Abdulrahaman et al.,

2020). Therefore, innovation is needed in the form of virtual-based learning media, such as
flipbooks supported by Augmented Reality (AR), which can maximize the fulfillment of students'
needs in developing their skills in line with technological developments in the era of Society 5.0.

Flipbook is a simple interactive medium that can increase students' enthusiasm for learning

(Oktarina et al., 2021). Meanwhile, AR is a technology that projects virtual objects into a real
environment (Li et al., 2018). This research is focused on the use of flipbooks with AR as learning

media in vocational schools since the students have career choices that rely on critical thinking skills
in the era of Society 5.0. The novelty of this research is the combination of flipbooks and AR
technology which can create a more dynamic and interactive learning experience. By using special
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applications or devices, students can view additional information, animation, or multimedia content
that is directly connected to the images or texts in the flipbook. It not only increases the appeal of
learning, but also provides opportunities for students to explore the content further. In addition,
the implementation of this learning media can increase students' learning motivation and help
teachers provide more effective teaching through a more visual and practical approach. Therefore,
the novelty of this research can build the foundation for positive transformation in learning methods
in the digital era. The formulation of the problem that has been explained is how flipbooks and AR
as learning media can improve critical thinking skills of vocational school students. The main
objective of this research is to measure the level of critical thinking skills of students in vocational
schools such as Vocational High School. The benefit of this research is to provide an alternative
form of interactive learning media in the form of flipbooks that can be applied in the learning process
in vocational schools while improving critical thinking skills that can be improved or identified
through the use of flipbook learning media with Augmented Reality.

2. Methods

This research was conducted in a vocational school in Bandung which is a center of excellence
school. The subjects of this research are class X students of the Construction and Property
Engineering expertise program with elements of green building technology and materials in the
Basic Programming subject as learning material in the flipbook with AR.

This study used a quasi-experimental method (Non-equivalent Group Pre-test Post-test Design)
using a control group and an experimental group to measure the improvement of critical thinking
skills in students with the scheme in Fig 1 (Insani et al., 2018).

NR1 (o] X 02
NR; O3 Os

Figure 1. Model of non-equivalent group pre-test post-test design

This stage began with an instrument test in class X.1 to improve the quality of the items through a
validity test to determine the accuracy of item measurement, reliability to determine the quality of
item measurement, difficulty level to obtain information about the level of item categories, and
item differentiation to distinguish high ability students and low ability students.

The instrument that had been tested was used by researchers as an instrument to measure students'
critical thinking skills through pre-test and post-test. The pre-test was conducted to measure the
ability of students in both the control class, X.2, and the experimental class, X.3.

Furthermore, the experimental class was given treatment in the form of implementing flipbooks
with AR. Meanwhile, the control class was not given special treatment. Before implementing the
treatment, researchers had conducted a homogeneity test to ensure that both control class and
experimental class students had the same initial ability. After that, students in both experimental
and control class were given a post-test to measure differences in the level of students' critical

thinking skills.
The data collection technique used in this study was a test. The test was used to determine the

ability of critical thinking with indicators of analyzing sustainable building, green building, and
green materials obtained by students in the control and experimental class.
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The research step started with a test used to measure critical thinking skills conducted in class X.2
as the control class and class X.3 as the experimental class. The analysis technique used to measure
the increase of critical thinking skills was the N-gain formula developed by Melzer in 2002 by
categorizing learning outcomes in this experimental model. The difference between the results of
the pre-test and post-test scores of the control class and the experimental class was presented in the
form of a graph. The researchers used the N-gain interpretation to see the criteria index.

3. Results

The researchers used Unity software with Vuforia to create Flipbook with AR. This application can
be used on Android devices version 7 which is compatible with AR features. Flipbook with AR
consists of two main menus, including Flipbook which contains material in the form of text, audio,
and video, and Augmented Reality which projects 3D into the real world. In addition, some menus
contain Information, Credit, and Exit as shown in Fig. 2.
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Figure 2. Display of Flipbook Application with AR

Furthermore, to test the results of students' critical thinking skills improvement, the test items
were first tested limited to class X.1 to examine the quality of the items from validity, reliability,
difficulty level, and item differentiation in a limited sample. The researchers used the IBM SPSS
Statistics 27 application to analyze the statistical data. The following are the results of the item test
using SPSS.

a) Test Validity. With the Product Moment Correlation formula, a test with 20 items was
given to 30 students in class X TKP. The validity of this instrument was measured by
referring to the criteria table described in Table 1. This validity test was carried out by
comparing the value of rcount with rtable. If the significance value is <0.05, then it is said
as valid, and if the significance value is> 0.05, then it is said as invalid. The result obtained
from the tcount was more than rtabel = 0.362. It indicates that the validity of the test is in
the range of 0.356 to 0.661, and it can be concluded that the 20 items used are valid.
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Table 1. Validation of test instruments

Pears | 5 i 5] 5 i 4] 4 4] 6] 4] 5 4 A1 61
on 87 | 02 | 35 | 46| 87 | 35| 31 | 48 | 89| 88 | 43 | 82| 43 | 48 | 52 | 33| 65| 52 | 89 | el
Corr 6 "
elati
Sig. | 0, 0 0,00 o] ]o]o]lololo]olololo]olo]|o]o
@ 00| 00 [ 05| 01| 00| 00| ot |o1t| 00| 00| o00]| 00| o00]|ot|oo]|oo]o1]|oo]|oo0]| o0
taile | 1| 5 4| 1| 2 7] 3| 6| 6| of 7| of 3| 2| 2| o] 2| 6| o0
d)
b) Test Reliability. Using the Cronbach Alpha formula, the reliability was measured by
referring to the criteria table described in Table 2. This reliability test was carried out with
a positive r-Alpha, in which if the result is greater than rtabel, it is interpreted as reliable,
or with a negative r-Alpha, in which if the result is smaller than rtabel, it is interpreted as
not reliable. The results of the study obtained a reliability value of 0.926, so it is in the very
high-reliability category.
Table 2. Item reliability
Cronbach's Alpha N of Items
0,926 20
c) Level of Test Difficulty. This test was conducted by using the difficulty level formula which
is described in Table 3. To measure students' critical thinking skills well, the test must be
in the moderate and difficult categories or cognitive levels based on Anderson's formulation
(revision of Bloom's theory) at cognitive level of C4 (analyzing), C5 (evaluating), and C6
(creating). The results toward 20 items were in “moderate” to “difficult” category with 16
moderate items and 4 difficult items with a range of 0.33 to 0.60.
Table 3. Level of test difficulty
No Mean No Mean Category
1 0,53 Moderate 11 0,6 Moderate
2 0,6 Moderate 12 0,53 Moderate
3 0,37 Difficult 13 0,6 Moderate
4 0,37 Difficult 14 0,53 Moderate
5 0,53 Moderate 15 0,57 Moderate
6 0,37 Difficult 16 0,33 Difficult
7 0,6 Moderate 17 0,53 Moderate
8 0,53 Moderate 18 0,57 Moderate
9 0,47 Moderate 19 0,47 Moderate
10 0,4 Moderate 20 0,6 Moderate
d) Test Distinguishing Power. This test was conducted by using the distinguishing power

26

formula which is described in Table 4. The results showed that the test distinguishing power
of was in the range of 0.356 to 0.643. The category can be said as “moderate” if the
coefficient value is in the range of 0.3 to 0.39 and can be said as “good” if the coefficient
ranges between 0.4 to 1.00. Thus, it can be concluded that the 20 items used in the

instrument obtained good results with 1 fair and 19 good items.
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Table 4. Item distinguishing power

No rCount Category No rCount Category
1 0,587 Good 11 0,643 Good
2 0,502 Fair 12 0,482 Good
3 0,356 Good 13 0,642 Good
4 0,446 Good 14 0,448 Good
5 0,587 Good 15 0,552 Good
6 0,535 Good 16 0,533 Good
7 0,431 Good 17 0,465 Good
8 0,448 Good 18 0,552 Good
9 0,489 Good 19 0,489 Good
10 0,488 Good 20 0,611 Good

4. Discussion

The instrument that had been tested was used by the researchers as an instrument to measure
students' critical thinking skills through pre-test and post-test. The pre-test was conducted to
measure the initial ability of students in both the control class, X.2, and the experimental class,
X.3. After that, the experimental class was given a special treatment in the form of implementing
flipbooks with AR, while the control class continued to use conventional teaching media. Then, a
post-test was given to both experimental and control class to measure differences in the level of
students' critical thinking skills. Based on the results of the pre-test and post-test, it was concluded
that the control class had a lower N-gain value compared to the experimental class.

Based on the data in Fig.3 below, the indicator of understanding green building of the control class
was categorized “good” with the largest percentage was 77%. Meanwhile, the indicator for
understanding sustainable building was 41% as the smallest percentage. It is different from the
results of the experimental class in which all indicators were in the “very good” category with the
highest indicator reached 88% on understanding green materials. In fact, critical thinking skills are

intellectual capital for individuals and are a fundamental element in human development (Alvino et
al., 2020).

g g e s
Ay sl bl .
G G} 5

0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

m Control Class ~ m Experiment Class

Figure 3. Critical thinking skill results
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Based on the results of the pre-test and post-test, it was concluded that the control class had a lower
N-gain value compared to the experimental class. The control class got an N-gain score of 0.28
which was categorized “low” and the experimental class with an N-gain of 0.6 which was categorized
“medium”. Thus, the use of Flipbook with AR in the experimental class can be said to be more
improved than other conventional learning media such as PowerPoint in the control class

(Abdulrahaman et al., 2020). Based on the criteria for interpreting the N-Gain value, the use of
flipbook learning media with AR is interpreted as effective in improving critical thinking skills.

Table 5. N-Gain result

Class Statistic Std. Error
N-gain_Percentage Control Mean 28,0948 2,88930
Experiment Mean 60,7594 4,00506

This comparison indicates that the use of flipbook learning media with AR significantly contributes
to the improvement of students' critical thinking skills. With a higher N-gain score, the
experimental class shows that this learning approach can be more effective in stimulating the
development of critical thinking skills compared to the conventional method applied to the control
class.

As explained in the background, the importance of digitalization in education in the era of society
5.0, interactive learning media such as flipbooks with AR can make students more motivated to
learn (Jumaroh et al., 2023; Simatupang, 2021). The integration of augmented reality (AR) in

flipbooks leads the students to a learning experience that is more dynamic and relevant to the
demands of the digital era. By engaging students interactively, it not only increases the attractiveness
of learning, but also provides a deeper introduction to content (Al-Ansi et al., 2023; Nita et al.,

2023; Varadila et al., 2023). To conclude, flipbook learning media with AR has been proven
effective in improving students' critical thinking skills. It provides strong support for the
development and application of interactive learning technology in education, particularly in
improving critical thinking aspects in students.

5. Conclusion

The results confirmed the success of the experimental class that implemented Flipbook with
Augmented Reality (AR) in achieving a significant increase in N-gain value, reaching an N-gain of
0.6. This is clearly indicated of the effectiveness of Flipbook with AR in improving students’
understanding. Concrete evidence comes from the comparison of the mean of critical thinking
aspects, where the experimental class showed a percentage of 85%, while the control class only
reached 55%. This striking difference provides a clear picture of the positive impact on the use of
Flipbook with AR towards the progress of students’ understanding, especially in the development
of critical thinking skills. Hence, this research is relevant to its initial aim which is to determine the
increase of critical thinking skills of vocational school students by implementing the integration of
flipbook learning media with AR. This research is important to do since in the future, critical
thinking skills will be needed more. This ability not only supports wise decision making, but also
encourages innovation and creative problem solving which must be possessed by every individual,
especially future leaders. The sustainability potential of this research can be directed to a further
exploration of interactive learning media which aims to improve soft skills, including critical
thinking, which are crucial for facing future demands.
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