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ABSTRACT

Facing industry 4.0 literacy requires a role of literacy. One of the literacies that are suitable for
answering the challenges of this era is data and technology literacy. The STEM approach is the
learning approach used to address the challenges of the Industry 4.0 revolution. However, the actual
conditions in the field describing the application of interactive multimedia by integrating STEM and
integrating data and technology literacy in learning still need to be improved. The solution is to
develop interactive multimedia by integrating STEM. This research aims to produce valid and practical
interactive multimedia by integrating STEM to improve the data and technology of students. The
Research & Development stage was completed until limited product testing. The data in this research
was obtained from experts' validity and practical results from the students of class 11 science. The data
collection instrument consisted of the validity sheet given to the experts and the practicality sheet
given to the students of class 11 science. The analysis results show that the STEM-integrated interactive
multimedia produced is valid and practical according to students. The second value is included in the
very good category. Experts rationally state that interactive multimedia integrating STEM is valid
regarding material substance, visual communication display, learning design, software usage, and
assessment of STEM components. Students stated that the interactive multimedia presentation
integrating STEM was practical regarding usability, ease of use, attractiveness, and clarity.
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INTRODUCTION

The industrial revolution 4.0 demands innovation and creativity in all fields, including
education. Education in the industrial revolution 4.0 era supports students' learning and
thinking patterns to develop their potential, requiring new literacy. Students must have new
literacy to compete in the industrial revolution 4.0 era. Data, technological, and human
literacy are three new literacy skills that students must master (Ibda, 2019).

The importance of data literacy and technology literacy is increasing along with the
rapid development of technology. Data literacy and technology literacycan assist in
understanding and analyzingtechnology-generated data. For example, data from social
media, the internet, or other digital devices can provide essential information for decision-
making, both personally and professionally. Technology literacy can help someone use
existing technology and increase their productivity and creativity in various fields
(Anggaira, 2019; Fatmawati & Safitri, 2020).
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Information and Communication Technology (ICT) use in education is essential in the
industrial revolution 4.0 era. ICT can help increase learning effectiveness, efficiency, and
quality (Asrizal et al., 2022; Yusuf, 2018). In addition, ICT can also facilitate active and
participatory collaboration and student involvement in learning. El Janous et al. (2022) state
that using ICT in learning can significantly increase student motivation and
achievements.ICT in education can also improve students' ability to solve problems, critical
(higher-order) thingking, creatively, and collaborate (Fu, 2013).

The STEM approach is suitable for learning in the industrial revolution 4.0 era.
Through the STEM approach, students learn to become problem solvers, innovators,
inventors, technologically literate, and collaborators who are very important for the future
(Asrizal et al., 2022; Yusuf & Asrifan, 2020). The STEM approach connects and integrates
science, technology, engineering, and mathematics so that students can connect the
knowledge learned at school with real-world contexts (Anggraini & Huzaifah, 2017;
Ningrum & Rahmi, 2021). The characteristics of the STEM approach in the 2013 Curriculum
are in integrating STEM components to solve problems (Zuryanty, 2021). In addition, the
STEM approach can increase students' interest in science-related fields (Ainley et al., 2008).
Meaningful learning will be created by integrating knowledge so that students acquire
complete knowledge and skills (Asrizal et al., 2018). Therefore, STEM is mandatory and
essentialfor learning in the industrial revolution 4.0 era.

After the preliminary study, it was found that there was a difference between the
reality and the expected ideal conditions. Questionnaire analysis of teacher responses to
using interactive multimedia in high school physics learning got a low average (49.26). It
shows weaknesses in using learning media in schools, which are still relatively simple, less
interactive, teacher-centered, and less varied. In addition, the software used for making
learning media is only limited to Microsoft PowerPoint. Teacher textbooks are not well
integrated with STEM. The average integration of STEM in three physics books for class 11
science is 53.30 in the low category. The analysis showed that students' average data and
technology literacy skills were 48.44 and 41.32 in the low category.

Several preliminary studies by previous researchers also showed that students' data
and technology literacy was still low. Warschauer and Matuchniak (2010) show that US
students have limited access to technology and low data literacy.Yurnetti (2020) analyzed the
need to develop thematic science teaching materials by integrating new literacy. The score of
the new literacy component in science learning from this study is still in the low category.
These studies show a need to strengthen students' data and technology literacy to face the
challenges of the industrial revolution 4.0 era.

The solution to overcome these problems is to develop STEM-integrated interactive
multimedia. STEM is an acronym for Science, Technology, Engineering, and Mathematics.
This term was first coined by the United States National Science Foundation (NSF) in the
1990s. Initially, STEM was named SMET (Science, Mathematics, Engineering, and
Technology) but was changed to STEM to make it easier to pronounce and strengthen its
meaning (Kelley & Knowles, 2016; Mulyani, 2019). STEM has a close relationship with each
other. Mathematics is needed to process data in science, while technology and engineering
are science applications (Afriana et al., 2016).

One of the learning resources that helps optimize the learning process is interactive
multimedia. Presentation of material with audio, images, animation, and video makes it
easier for students to understand the material (Gunawan et al., 2017; Sugianto et al., 2013;
Tazkia, 2019). Interactive multimedia also makes it easier for teachers to deliver learning
materials more interestingly, effectively, and efficiently. Interesting learning can increase
students' interest and motivation so that all competencies can be appropriately achieved
(Istiglal, 2017; Tazkia, 2019).
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Several previous studies examined interactive multimedia. Khamzani et al. (2015)
researched the development of interactive multimedia based on problem-based learning
models in physics subjects with dynamic fluid topics for 11th-grade high school students.
The results showed that interactive multimedia effectively improved student learning
outcomes and helped students to be more active in understanding the material. In addition,
Sulaiman (2020) researched the development of mobile learning-based interactive
multimedia physics using a website builder and concluded that interactive multimedia is
effective in the physics learning process. Furthermore, Ridwan et al. (2021) examined the
development of interactive learning media based on problem-based learning models to
improve students' creative thinking abilities in physics. The results showed that interactive
learning media can increase student engagement, understanding of physics concepts,
creative thinking skills, and cooperation and communication skills between students.

Based on this background, it can be argued that this study differs from several
previous studies. The novelty in this research is integrating STEM into interactive
multimedia and two new literacy components in the industrial revolution 4.0 era: data and
technology literacy. For this reason, research to develop STEM-integrated interactive
multimedia to encourage students' data and technology literacy needs to be carried out. This
study aims to determine the results of the preliminary study, the results of the validity test,
the description of the interactive multimedia, and the results of the practicality test of the
STEM-integrated interactive multimedia.

METHODS

Research and development is the method in this research. The subject of this research is
STEM-integrated interactive multimedia to improve students' data and technology literacy.
The development model implemented in this study is the model proposed by Sugiyo (2012).
There are six steps of the development model implemented in this study: 1) determine the
potential and problems, 2) collect information, 3) design the research product, 4) validate the
research product design, 5) revise the research product and 6) test the research product.

Validators or expert appraisers carry out the validation of research products. The five
components assessed in the validity test sheet are the appropriateness of the substance of the
material, visual communication display, learning design, software use, and assessment of the
STEM component. After getting the validation results from the experts, the design revision
stage was carried out.

STEM-integrated interactive multimedia is being trialed on a limited basis. This limited
trial was conducted on thirty-three students of grade 11 science using a questionnaire sheet.
This limited trial aims to find out the practicality of interactive multimedia. Four components
are measured for practicality: usability, ease of use, attractiveness, and clarity.

The data collection instrument in this research is a need analysis instrument. The
instruments are in the form of questionnaires and interview sheets. Furthermore, the
instrument for the design, development, and product trial stages is a questionnaire of
product validity and practicality instruments.

Data analysis techniques used descriptive statistics. Descriptive analysis is displayed in
tables or graphs. This study assesses the validity and practicality of STEM-integrated
interactive multimedia to improve students' data and technology literacy. Data validity and
practicality test results are presented in graphics. The developed multimedia's validity and
practicality values refer to the following categories of assessment results: 86 to 100 is very
good, 71 to 85 is good, 56 to 70 is fair, 40 to 55 is poor, and less than 40 is very poor.
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RESULTS AND DISCUSSION

Results

Preliminary Study Results

The preliminary study concernsstudents' data literacy, technology literacy, and
knowledge. Students' data literacy and technology literacy data were obtained from work
assessment sheets, while students' knowledge data from learning outcomes. Based on initial
observations, the results obtained were students' data literacy, technology literacy, and
knowledge. The descriptive statistical parameter scores of the data are presented in Table 1.

Table 1. Descriptive Statistical Parameter Scores of Students' Literacy and Knowledge

Statistics Data Technology

Parameter Literacy literacy Knowledge
Mean 48.44 41.32 56.06
StandardDeviation 12.62 4.30 18.41
Variance 159.32 18.48 338.80
Lowest Score 31.25 31.25 25.00
Highest Score 75.00 50.00 100.00
Median 46.88 43.75 54.00
Modus 37.50 43.75 55.00
Score Range 43.75 18.75 75.00

From Table 1, the lowest scores from the assessment of students' data literacy,
technology literacy, and knowledge were 31.25, 31.25, and 25.00, while the highest scores,
respectively, were 75.00, 50.00, and 100.00. The scores of 31.25 and 25.00 mean that literacy
and knowledge performance assessment results are in the very poor category, 75.00 is in the
good category, 50.00 is in the poor category, and 100.00 is in the very good category. The
score range from the performance assessment results of data literacy, technology literacy,
and knowledge is 43.75, 18.75, and 75.00.

The average scores of the performance assessment for data literacy, technology literacy,
and knowledge are 48.44, 41.32, and 56.06. This average score indicates that students' data
and technology literacy are in the poor category, while students' knowledge scores are in the
fair category. The modus ofdata literacy, technology literacy, and knowledge assessments are
37.50, 43.75, and 55.00, respectively. These three scores are in the very poor and poor
categories. The median scores for students' data literacy, technology literacy, and knowledge
were 46.88, 43.75, and 54.00; all were in the poor category. Based on these three assessments,
students' data literacy, technology literacy, and knowledge have not achieved the expected
results, requiring innovation in learning so that later the results obtained are more optimal
and as expected.

The Description of STEM-Integrated Interactive Multimedia

STEM-integrated interactive multimedia developed in this study has uniqueness
compared to previous studies. Interactive multimedia in this study uses Articulate Storyline
3 software to make it more practical and interesting. In addition, this interactive multimedia
is also equipped with student worksheets as a guide in conducting virtual experiments using
PhET Simulation. STEM-integrated interactive multimedia is equipped with interactive
quizzes, exercises, and assessment using the Kahoot and Quiziz applications. The goal is that
students are more interested in doing it to increase knowledge, data literacy, and technology
literacy skills. The developed interactive multimedia products are presented in Figure 1.
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STEM-INTEGRATED INTERACTIVE-MULTIMEDIA
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Figure 1. Front Display of STEM-Integrated Interactive Multimedia

In the initial display are multimedia identities such as titles, subjects and classes, the
Tut Wuri Handayani logo, the product manufacturer's university logo, a personal symbol, a
question mark symbol, a volume symbol, and a cross symbol. The personal symbol allows
the user to see the identity of the creator of the interactive multimedia. The question mark
symbol provides a usage guide that assists the user in understanding how to operate the
product effectively. The volume symbol lets the user control the sound output according to
the desired preference. Lastly, the cross symbol makes it easy for the user to exit the product
quickly. In the initial display, there is also a "start" button; if the user presses the button, the
display will lead to the main menu. The main menu display is presented in Figure 2.

/ﬁ( Happy Learning!

.’

Basic Learning Activities and Exercise and References
Bl Competences Materials Work Assessment
and Indicators Instructions

MAIN MENU

Figure 2. Main Menu Display of STEM-Integrated Interactive Multimedia

The interactive multimedia presented has five main menus covering various learning
components. The first main menu is basic competencies and indicators to be achieved, which
serve as guidelines for learning objectives. The second is the learning materials menu, which
presents subject matter, sample questions, and learning videos to support student
understanding. Furthermore, the activities and work instructions menu integrates STEM
(Science, Technology, Engineering, and Mathematics) concepts into learning by providing
relevant assignments and instructions. In addition, the exercise and assessment menu allows
teachers and students to see learning progress and conduct self-evaluations. Finally, the
references menu provides a list of references to broaden students' knowledge. Teachers and
students can access each interactive multimedia main menu in the learning.

Validity Test Results

The STEM-integrated interactive multimedia validity test results were obtained from
the validity sheet instrument given to the expert. Validity assessment was carried out using
five evaluation components: material substance (K1), visual communication display (K2),
learning design (K3), software use (K4), and STEM assessment (K5). Through data analysis
from these instruments, a more comprehensive understanding of the validity and quality of
STEM-integrated interactive multimedia in the learning context can be obtained. The plot of
the average value of each component is shown in Figure 3.
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Figure 3. The Average Value of STEM-Integrated Interactive Multimedia
Validity Components

Figure 3 shows the average value of each validity component. The average values of
the five validity components are 89.06, 91.67, 88.89, 91.67 and 87.50. Based on the average
value, the validity value of the material substance, visual communication display, learning
design, software use, and STEM assessment are very valid. After the value of each
component is analyzed, the average value of the five STEM-integrated interactive
multimedia is 89.76. It means that the validity of STEM-integrated interactive multimedia is
very valid.

Practicality Test Results

The practicality of STEM-integrated interactive multimedia according to students was
obtained from students' practicality test instruments. There are four practicality test
components: usability (Ul), ease of use (U2), attractiveness (U3), and clarity (U4). Each
component has several assessment indicators for student responses to STEM-integrated
interactive multimedia. The students involved in this research were thirty-three students of
grade 11 science. The average value of the four components are 90.44, 92.05, 92.80, and 92.42.
The results of the average value plot for each component are presented in Figure 4.
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Figure 4.The Practicality Value of Using STEM-Integrated Interactive Multimedia

The first practicality component according to students is usability. The value of the
usability component ranges from 84.85 to 93.18. The lowest value is 84.85 on the indicator of
increasing student understanding. The highest value is 93.18 on the indicator "students can
use the internet and technology (computers, smartphones) wisely using interactive
multimedia." Based on the eight indicators' values, the usability component's average value
is 90.44 in the very practical category.

The second practicality component according to students is the ease of use. The range of
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values obtained from the ease of use component indicator is 86.36 to 96.97. The lowest value
is 86.36 on the indicator "navigation menu on interactive multimedia is easy to use." The
highest value is 96.97 on the indicator "interactive multimedia easily accessible using a
smartphone without an application." Based on the eight indicators' values, the usability
component's average value is 92.05 in the very practical category.

The third practicality component according to students is attractiveness. The range of
values obtained from the attractiveness component indicator is 89.39 - 96.21. The lowest
value is 89.39on the indicator "the color combination in each interactive multimedia part is
proportional." The highest value was 96.21 on the indicator "interactive multimedia presents
quizzes and learning evaluations using the Kahoot and Quizziz applications so that learning
is more interesting and fun." Based on the eight indicators' values, the usability component's
average value is 92.80 in the very practical category.

The fourth practicality component according to students is clarity. The range of values
obtained from the attractiveness component indicator is 88.64 - 95.45. The lowest value is
88.64 on the indicator "activities and work instructions are clear when students carry out
experiments." The highest value is 95.45 on the indicator "STEM information presented
clearly." Based on the eight indicators' values, the usability component's average value is
92.42 in the very practical category. This resultaligns with Asrizal (2021), who states that
clarity is the highest practicality component.

Figure 2 shows the average practicality of STEM-integrated interactive multimedia
components. The practicality value for each indicator is obtained in the range of 90.44 to
92.80. It means that the practicality value of each component is in the very practical category.
After analyzing the four components, the average practicality value of STEM-integrated
interactive multimedia was 91.93 in the very practical category. Based on this average value,
STEM-integrated interactive multimedia is in the very practical category.

Discussion

The results of the interactive multimedia validity were analyzed for each component.
Based on the analysis results, the validity of STEM-integrated interactive multimedia is very
good. The results align with Ilahi (2021) and Yulia (2022), where interactive multimedia is
valid regarding the components of material substance, learning design, visual
communication display, and software use. It shows that interactive multimedia is made
following the structure of developing ICT-based teaching materials, according to the
Ministry of National Education (2010).

According to the validator, proper layout, picture illustrations and illustrations and
proportional color combinations make interactive multimedia more interesting to read
(Fadhilah et al., 2020; Fitri, 2020; Kurniasari et al., 2014). It was concluded that STEM-
integrated interactive multimedia is valid in material substance, visual communication
display, learning design, software use, and STEM assessment.

Not all STEM-integrated interactive multimedia assessment components achieve
perfect values, so revisions are needed. After the revision, STEM-integrated interactive
multimedia is better than before, so its practicality can be tested. The practicality test results
of STEM-integrated interactive multimedia in this study are based on four components:
usability, ease of use, attractiveness, and clarity.

Innovative learning media can make the learning process more interesting and
meaningful for students (Dewi & Hilman, 2018; Khaira, 2021; Parlindungan et al., 2020).
Interactive multimedia can be used as independent learning material to improve students'
conceptual understanding and make it easy for students to evaluate learning independently
because they get feedback (Diyana, 2019). Based on the results, students stated that the
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STEM-integrated interactive multimedia presentation was practical in terms of usability, ease
of use, attractiveness, and clarity.

Interactive multimedia has several advantages, suchasbeing flexible and easy to access
on Android devices dan making it easier for students to learn independently (Sulaiman et al.,
2020). In addition, interactive multimedia based on mobile learning is economical, effective,
and efficient learning media (Rahardjo et al., 2019; Setiadi & Ghofur, 2020; Hingide et al.,
2021). Mobile-based interactive multimedia can be used in Physics learning to increase
student involvement and enable users to be active (Astuti et al., 2017; Zulham, 2020; Tabrani
et al., 2021).

CONCLUSION

Two conclusions can be put forward based on the research results and discussion.
First, the validity of STEM-integrated interactive multimedia is very valid. Second, the
practical value of interactive multimedia according to students is included in the very
practical category. STEM-integrated interactive multimedia is stated to be very valid in the
components of material substance, visual communication display, learning design, software
use, and STEM assessment. Students also stated that STEM-integrated interactive
multimedia presentations were very practical regarding usability, ease of use, attractiveness,
and clarity. Thus, STEM-integrated interactive multimedia is very valid and very practicalfor
increasing students' data literacy and technology literacy.
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