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Penerapan media interaktif di SMK sangat mendesak untuk meningkatkan efektivitas
pembelajaran. Dalam era digital, media interaktif dapat memotivasi siswa,
meningkatkan pemahaman, dan mempersiapkan mereka dengan keterampilan
berbasis teknologi yang relevan untuk masa depan. Oleh sebab itu, penelitian ini
bertujuan untuk menganalisis potensi dan peluang pengembangan sebuah multimedia
interaktif berbasis Lab — Virtual (V-Lab) untuk pembelajaran kearsipan di SMK.
Penelitian ini termasuk ke dalam pendekatan mixed method. Subjek penelitian terdiri
atas 2 guru, dan sejumlah 103 siswa. Sementara data yang dikumpulan berupa data
kualitatif dan kuantitatif. Data kualitatif dikumpulkan dengan Teknik pengamatan,
dan wawancara yang instrumennya yaitu lembar pengamatan dan pedoman
wawancara. Data kuantitatif dikumpulkan dengan Teknik non tes yatiu Angket dan
diikuti kuisioner sebagai instrumennya. Data hasil penelitian akan dianalisis dengan
secara deskriptif dengan analisis interaktif melalui pengumpulan data, reduksi data,

Multimedia, Archival Learning, ICT penyajian data, dan penarikan kesimpulan. Hasil penelitian menunjukkan bahwa

selama pelaksanaan pembelajaran, guru pada dasarnya sudah menggunakan media
berbasis TIK yang terbatas pada jenis slide presentasi, youtube dan internet, respon
siswa menyatakan mereka memikrikan kehadiran sebuah inovasi media yang
interaktif dan bisa dioperasikan di smartphone yang mereka miliki khususnya untuk
pembelajaran kearsipan, hampir sebagian besar siswa juga setuju terhadap
pengembangan multimedia interaktif berbasis Lab Virtual untuk memudahkan mereka
melakukan praktik, hal ini tentu merupakan inisiatif dan keinginan yang harus
diwujudkan agar tercipta pelaksanaan pembelajaran yang inovatif dan dinamis. Hasil
penelitian ini dapat dijadikan sebagai dasar untuk mengembangkan inovasi
pembelajaran dengan format yang interaktif dan memuat unsur digital karena bisa
dioperasikan di smartphone, serta dapat menunjang aktivitas pembelajaran di SMK.
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ABSTRACT

The use of interactive media in vocational schools is extremely important for improving learning effectiveness. In today's
digital era, interactive media can inspire students, improve understanding, and provide them with technology-driven skills
that are relevant for the future. Therefore, the aim of this study is to analyze the potential and opportunities for creating an
interactive multimedia platform called Virtual Lab (V-Lab) for archival learning in vocational schools. This research used a
mixed method approach, with a sample size of 2 teachers and 103 students. The data collected includes both qualitative and
quantitative data. Qualitative data was gathered through observation and interviews, using observation sheets and interview
guidelines as tools. Quantitative data was collected through non-test techniques, specifically questionnaires, followed by data
analysis using questionnaires as tools. The research data analyzed descriptively through interactive analysis, which involves
data collection, data reduction, data presentation, and drawing conclusions. The findings of this research showed that teachers
mainly used ICT-based media, such as presentation slides, YouTube, and the internet during the learning process.
Additionally, a large majority of students expressed their agreement towards the development of Virtual Lab-based
interactive multimedia, as it enhanced their practical learning experiences. This initiative and desire must be realized in order
to promote innovative and dynamic learning implementation. The outcomes of this research could serve as a basis for the
development of learning innovations, particularly in terms of interactive learning media that incorporate digital elements,
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which could be accessed through smartphones and support learning activities in vocational schools.
1. INTRODUCTION

The current state of education in Indonesia faces significant challenges in facing the 21st century.
Despite education reform efforts, there is still an imbalance in the utilization of information and communication
technology (ICT) to support the learning process (Agyei & Agyei, 2021; Siregar & Marpaung, 2020). In the era
of globalization and industrial revolution 4.0, the sustainability of education requires increased accessibility,
curriculum relevance, and the implementation of interactive media that can prepare students with relevant skills,
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such as digital literacy and problem solving, to compete in an increasingly digital and dynamic environment
(Dewi & Hilman, 2018; Laar et al., 2020). Meanwhile, the education system has important components that form
the main foundation of the learning process. One of the key components is the curriculum, which formulates the
material taught and the learning objectives (Ahern et al., 2012; Diana et al., 2019). Teachers, as the main agents
in the system, have a crucial role in implementing the curriculum. In addition, infrastructure, including
technological facilities and devices, is also an important part of the education system (Haldorai et al., 2021;
Hoesni et al., 2020). All these components interact and influence each other in creating an effective and quality
learning environment.

In addition, it is recognized that the development of digital culture in the 21st century encourages the
use of digital resources and communication tools in school learning activities (Christian Pilarta Oliquino, 2019;
Meilani & Aiman, 2020). Learner success in learning related to digital literacy. However, the use of digital
technology is not supported by digital literacy skills as basic literacy equivalent to reading, writing and
arithmetic skills (Ilomaéki et al., 2016; Misir, 2018; Muslimin et al., 2023). Digital literacy is not only about the
understanding of operating technology, but also the ability to manage information correctly, critical thinking
skills and also appropriate network behavior (Fazilla et al., 2022; Hamutoglu et al., 2019; Yudiono et al., 2022).
In addition to digital literacy, one of the important competencies to be mastered by other students is problem
solving (Hendriana et al., 2018; Techanamurthy et al., 2018). Problem solving is a critical skill that students
must master. It involves the ability to identify, analyze, and find solutions to complex or unstructured problems.
This skill involves several stages, such as understanding the problem, analyzing the causes, identifying solution
options, and evaluating the most appropriate solution (Abate et al., 2022; Rahman et al., 2022; Salsabila &
Pradipta, 2021; Yuliati et al., 2018).

The importance of this ability is not only limited to the academic context, but also has a significant
impact in everyday life and in the world of work. Students who are proficient in problem solving tend to have
better critical thinking skills, can tackle challenges with more confidence, and are able to deal with complex
situations (Findeisen & Wild, 2022; Wilkin, 2017). This ability also increases students' competitiveness in an
increasingly competitive job market, as many jobs today require problem-solving skills. In addition, problem
solving also supports the development of creative and innovative thinking skills, as it often involves
unconventional ways of thinking (Komaro et al., 2021; Sukmawati, 2021). Thus, this ability helps students to
become more independent individuals and able to face future challenges with confidence. Therefore,
understanding and mastering problem-solving competencies are very important in modern education.

One sign of progress in the utilization of digital technology can be observed through the increase in
internet usage. According to information from Indonesia's Central Bureau of Statistics in 2020, internet usage
reached 78.18%. The data shows that cell phone users reached 62.84%, while computer ownership has increased
to 18.83%. The APJII survey in 2017 also indicated that internet users in the 15-19 age group reached 91%. The
results of the digital literacy assessment of most youth in Indonesia, showed that the majority gave a score of 3
on a scale of 1 (poor) to 5 (excellent) (Brata et al., 2022; Htake & Tin, 2019; Swandi et al., 2020). Thus, the data
presented shows that digital literacy in Indonesia has not kept pace with the high internet usage in the country.

Therefore, learning activities certainly need to pay attention to components or aspects that can support
or optimize the learning process. As some opinions reveal about other advantages of interactive media that are
not only in the form of text but can include animated images video music or sound (Wiyono et al., 2019).
Moreover, in practical learning activities, practicum cannot always be carried out due to limited equipment and
time. With the advancement of computer technology, one of the things that can be done to overcome this is to
simulate some practical activities using multimedia with a virtual laboratory format. Several studies that have
been conducted related to interactive multimedia and virtual laboratories or V-Lab, As per the research
conducted by previous studies stated that interactive multimedia can improve learning outcomes carried out in
vocational schools and can help students' practical activities (Bima et al., 2021; Widodo et al., 2020). Other
study, the activity is carried out by the organization have also successfully developed a virtual laboratory capable
of improving practical skills for school students, and interactive multimedia that can also be developed for other
subjects as well as its impact that contributes positively to improving student academic achievement (Sriadhi et
al., 2021). Not only that, but other research conducted show the results showed that the use of virtual laboratories
can enhance 21st century skills, such as metacognition and literacy, where V-Lab has a positive impact on the
improvement of both 21st-century skills (Nirmala & Darmawati, 2021). Several studies have shown that they
have successfully developed a Virtual Lab media for enhancing 21st-century skills such as metacognition,
literacy, and problem-solving abilities. It is evident that there is potential for V-Lab to further enhance other
21st-century skills, such as critical thinking, which, according to some studies, has not yet been researched in
vocational secondary education.

Implementation of the new national curriculum called independent curricula means that teachers must
urgently innovate — innovate in order to harmonize the learning process with the learning supporting equipment
and media (Bilousova et al., 2020; Sihombing et al., 2021). The results of the field facts indicate the need for an
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integration of ICT into the learning process as one of the forms of learning innovation. Besides, students also
need to be equipped with the competences — competences required in the 21st century, one of which is problem-
solving or problem solving that is in line with the purposes set forth in the Merdeka curriculum (Septiana, 2023,
Widiyono, 2021). Nowadays, preparedness learning is already a lot that applies technology as a tool for learning,
both to explain the material and to be used as a support for the work of the Exercises. Nevertheless, no research
has been found to utilize ICT into preparedness learning with viral laboratory formats to enhance skill problem
solving of vocational students (Hoesni et al., 2020; Som, 2021). As one of the topics considered sufficiently
demanding skills to solve contextual problems, the combination of archival material and ICT is expected to
provide students with the option to practice and learn interactively (Salma Aprianka, 2020; V. S. Sari et al.,
2021). It also gives students greater hope of acquiring skills — skills that are needed in the 21st century (Habibi &
Suparman, 2020; Yulianisa et al., 2018).

Based on various descriptions derived from research findings, it is widely acknowledged that the
integration of ICT into the learning process, in line with the national curriculum, is of utmost importance. The
implementation and development of a virtual laboratory in archival learning holds significant potential, as it is
believed that relevant research synthesis can have a positive impact on students' competency achievement.
Furthermore, previous studies have extensively focused on the development and validation of virtual laboratories
for vocational schools and high schools, albeit with limited research on holistic planning for creating virtual
laboratories. It is undeniable that the integration of virtual labs in education is imperative to enrich the teaching
and learning process and enhance students' competencies. Recognizing this gap, a needs analysis is necessary to
explore the development opportunities of a virtual laboratory for archival learning in vocational schools. This
endeavor can be considered a novelty, as limited research has been conducted on this topic. It is crucial to
implement this initiative to ensure the creation of a v-lab product that aligns with students' characteristics and
addresses the skill requirements that need to be enhanced. Hence, the primary objective of this research is to
ascertain the prospects and possibilities associated with the integration of a virtual laboratory that aligns with the
attributes of the students, curriculum content, and fulfills the requirements of the school.

2. METHOD

In the implementation of this research, a mixed approach or mixed method was used to collect data.
This approach involves collecting data in both qualitative and quantitative forms (Creswell et al., 2003; McKim,
2017). To obtain quantitative data, this study will involve 103 students in Vocational High Schools as research
subjects. Quantitative data will be obtained through the use of a needs analysis questionnaire that has been
adapted from previous research and adjusted to the objectives of this study (Ormanci & Cepni, 2020; Susantini et
al., 2021).

Table 1. Quantitative Data Instrument Lattice

Aspect Indicator

Learning The attractiveness of the learning process
Subject preferences
Difficulty understanding the material
Instructional Media Use of ICT-based media
A view of the virtual laboratory

Adaptation from research (Ormanci & Cepni, 2020; Susantini et al., 2021)

Meanwhile, to collect qualitative data, a series of studies were conducted in April 2023 with research
subjects consisting of 2 Archival Subject Teachers. The research subject selection technique used purposive
sampling technique with the aim that the data obtained was in accordance with the research needs and was able
to answer the research questions posed (Sugiyono, 2018). For this qualitative data collection, interview and
observation methods were used with data collection tools in the form of interview guidelines and observation
sheets. Before being used, these instruments have been validated and consulted with a Supervisor who has a
Doctoral Education background, as an instrument validation step through expert judgment (Nurtanto et al., 2020;
Syauqi et al., 2020). The following is a lattice of instruments for qualitative data.

Table 2. Qualitative Data Instrument Grid

Data Collection Technique Aspect Indicator

Observation Opening Phase Providing motivation
Delivery of learning objectives
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Data Collection Technique Aspect Indicator

Delivery of Material Content Learning Management
Use of Methods
Use of Media
Assignment

Clsoing Phase Conclusion
Providing feedback

Interview Learning Material difficulty level

Student participation and activeness
Assessment results

The Use of Learning Media Use of different types of learning media
Mastery of ICT tools
Views on media innovation with ICT format

Adaptation from research (Dewantara et al., 2020; Widya et al., 2021)

The results of the data obtained will be analyzed, for research with quantitative data format has been
analyzed by descriptive percentage, while the qualitative data format was analyzed using the Bogdan and Biklen
model, and this explanation will be presented in the form of a narrative description that illustrates the strong
relationship between themes and subthemes (Fathoni et al., 2021; Roemintoyo & Budiarto, 2021). So that in
accordance with the research objectives, the data will be analyzed thoroughly and mutually reinforcing between
themes and subthemes.

3. RESULT AND DISCUSSION

Result

This planning activity is basically a series of needs analysis which is then followed up in the initial
design process related to virtual laboratory products that will be developed with the support of the Android
operating system, in order to improve students' problem-solving skills. Some of the data collection techniques
used at this stage consist of observations of the learning process, interviews with teachers who teach archiving
subjects at Vocational High School (SMK), and questionnaires analyzing the needs of interactive multimedia
development in virtual laboratory format to students.

Results of Interview with Archives Subject Teacher

At this stage of needs analysis, one of the methods employed for data collection is the interview
method. The interviews were conducted verbally with subject teachers in SMK. The data obtained from these
interviews will serve as a reference point for determining the needs of both students and teachers in terms of
interactive multimedia innovations in the virtual laboratory format. The following is a summary of the outcomes
derived from the interviews with the teachers. Multiple teachers were interviewed, and overall, they evaluated
that in recent years, students have displayed a tendency to be more passive during the learning process.
However, the teachers also noted that the low level of student engagement can be addressed by incorporating
quizzes or apperception questions at the beginning of learning activities. During the learning activities, it was
observed that teachers have been accustomed to utilizing a teacher-centered and one-way learning model,
primarily through lectures and assigning tasks. According to the teachers, lessons should always be
supplemented with assignments in the form of solving cases or problems. Thus far, it can be concluded that the
cognitive performance of students in answering questions and solving case-based assignments falls within the
satisfactory range. This is because there are some students who are able to answer assignments effectively, while
others struggle to provide comprehensive descriptions when answering questions or completing assignments.

Based on the interviews conducted, it was found that the majority of teachers utilized various learning
media such as textbooks, PowerPoint presentation slides, and online resources like YouTube and websites.
Furthermore, during additional questioning, the teachers unanimously acknowledged the significance of
problem-solving ability as a crucial skill for students. They also agreed that traditional lecture-based learning
methods and assignments alone are insufficient for enhancing problem-solving skills. They emphasized the need
for tools and resources that can deliver subject matter effectively and capture students' attention and engagement.

In this study, the subject teachers who participated as informants expressed their consensus on the
innovation of interactive multimedia with a virtual laboratory format. They believed that this approach would
facilitate student practice activities and provide an optimal learning experience. The teachers hoped that the
implementation of this media would stimulate students effectively and ultimately enhance their problem-solving
skills. Additionally, the teachers displayed a positive attitude towards an instructional product development plan.
Specifically, they supported the idea of interactive multimedia with a virtual laboratory format that can be
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accessed through students' smartphones. They viewed this as a valuable initiative to archive learning materials
and contribute to the improvement of students' problem-solving abilities.

Results of the Virtual Laboratory Development Needs Analysis Questionnaire

This section presents the findings of a study that aimed to identify the needs of students in relation to
the creation of interactive multimedia teaching materials in the form of V-Lab format, which supports archival
learning in Vocational High Schools (SMK). The survey was administered to a group of classes, with a total of
103 students participating as respondents. The survey consisted of various questions designed to gather
information on students' needs, including six optional questions and one open-ended question soliciting their
opinions or comments. The distribution of this questionnaire holds great significance, as it plays a crucial role in
the development of interactive multimedia learning products in the virtual laboratory format. It is essential to
consider the cognitive and affective development of students, as well as address the challenges they face in
acquiring specific competencies. By taking into account the characteristics and needs of students in real-world
settings, it is anticipated that this development will enhance the provision of learning stimuli and foster the
growth of students' critical thinking skills. The outcomes of the questionnaire administered to the students is
show in Table 3.

Table 3. Need Analysis Questionnaire Results

Response (%)

No Question

Yes No
1. So far, has the qrchlval learning process that you have participated in been 43% 579
fun and not boring?
2. Is this one of your favorite subjects? 26% 74%
3. In your opinion, are the materials in this course difficult to understand? 7% 23%
4. Have you been using ICT-based learning media? 38% 62%
5. Re!ated to_the previous question, do you need learning media in the form 84% 16%
of interactive multimedia?
6. Do you agree with the development and implementation of an interactive 89% 11%

multimedia innovation with a virtual laboratory (V-Lab) format?

Discussion

According to the findings derived from multiple meetings and interviews with mathematics teachers, it
can be concluded that the teacher's role remains highly influential in the learning process. Teachers tend to rely
on the traditional method of one-way lecturing, although there are slight variations in the types of assignments
given during these meetings. The results of the interviews with teachers further support this conclusion, and
observations in various classrooms also indicate that the learning process incorporates positive elements. In
terms of motivation, teachers actively encourage students to maintain their enthusiasm for learning at the
beginning of each session. However, the observations also reveal that teachers have not fully utilized ICT-based
learning resources, such as digital teaching materials and digital learning media. Instead, they primarily rely on
printed teaching materials, such as textbooks, without incorporating additional materials based on digital
technology. One technology that is widely used in various aspects of human life, including education, is the
smartphone. Based on the data presented in the results section, there are opportunities to utilize smartphones in
the learning process, particularly for vocational subjects in schools. The emergence of smartphones in the digital
era offers the potential for their use as technological devices in the learning process, commonly referred to as
mobile learning (Estriegana et al., 2019; Kumar & Chand, 2019; Suryanda et al., 2019).

In the present day, students have become accustomed to the ubiquity of technology. A survey conducted
among students revealed their desire for an innovative and interactive learning medium that can be accessed
through their smartphones. This inclination is evident from the majority of students who expressed their
preference for such a medium. The utilization of Android-based interactive multimedia in education can
undoubtedly yield positive outcomes in the learning process. It can facilitate easier comprehension of subjects,
enhance students' motivation to learn, and improve their overall academic performance and skills (Greene et al.,
2021; A. 1. Sari et al., 2019). In addition, smartphone-based learning can also help students master the skills
needed in today's digital era, such as critical thinking skills, innovation, communication skills, problem solving
and digital ethics (Kim & Park, 2019; Melumad & Pham, 2021).

It is crucial to prioritize follow-up actions aimed at enhancing the utilization of ICT and incorporating it
effectively into the learning process, as indicated by the findings of the needs analysis. Numerous research
studies validate that innovative learning is a method that highlights the exchange of information in a
bidirectional manner, along with the utilization of learning materials that are pertinent to the subject matter and
requirements. Consequently, this comprehensive approach enables the attainment of learning objectives
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encompassing cognitive, affective, and psychomotor aspects (Hakim, 2021; Ishaq et al., 2020; Prajana & Astuti,
2020; Rahmawati & Ramadan, 2021). It is customary for a developing nation to prioritize the adoption of digital
tools before achieving the utmost level of digital-driven economic optimization. A crucial initial measure
involves concentrating on the utilization of digital tools and enhancing their usage within the education sector.
Presently, the incorporation of ICT-based digital tools in the learning process within the education sector
remains significantly restricted (Lim et al., 2020; Roemintoyo et al., 2022).

If educators harness the potential of smartphones in the learning process, they can leverage the
opportunities that arise to create more inventive and imaginative learning materials. Numerous studies have
demonstrated that the implementation of V-Lab learning media has effectively enhanced student comprehension
and motivation, thereby encouraging active engagement in educational endeavors (Sriadhi et al., 2021; Yulando
et al., 2019; Amelia & Harahap, 2021). Hence, the integration of advanced and inventive instructional materials
can serve as a viable choice among the array of learning resources available to enhance the student learning
journey (Har et al., 2019; Munje & Jita, 2020), the integration of ICT into the learning aspect has demonstrated
its ability to positively contribute to the development and quality of education (Hoerunnisa et al., 2019; Siregar
& Marpaung, 2020). The results of this study indicate that the opportunity for v-lab-based interactive multimedia
to be used in the learning process is very large, through the utilization of mobile learning-based technology and
the support of educational institutions (schools), it is hoped that a dynamic, fun, and active learning environment
can be created in line with some research that has successfully obtained a positive impact from the application of
the application (Cukurbasi & Kiyici, 2021; Komalasari & Rahmat, 2019; Wiyono et al., 2019).

Overall, it looks good from the results of the research which shows that so far android-based interactive
media has never been developed and used by teachers to support learning activities, especially in archiving
subjects. The primary significance of this study lies in its ability to identify the potential and opportunities
associated with the utilization of v-lab in vocational high schools for the purpose of enhancing students'
problem-solving thinking abilities. This, in turn, offers valuable insights into the strategies and approaches
involved in the development of ICT-based learning tools, such as virtual laboratories. The findings of this
research can significantly contribute to the advancement of virtual laboratories in the context of archival
learning, thereby creating learning materials that are specifically tailored to meet the needs of students. However,
it is important to acknowledge that this study has a key limitation in terms of its generalizability, as it primarily
focuses on a single vocational school. Consequently, the applicability of these findings to other educational
institutions may be limited, emphasizing the importance of considering the unique characteristics of students
when developing learning products.

4. CONCLUSION

Through a series of investigations conducted in this study, it has been demonstrated that the learning
process implemented thus far has not been optimal in attaining the desired learning outcomes. The teacher's
instructional approach has been limited to utilizing ICT-based learning materials in the form of presentation
slides. This identified gap necessitates attention, particularly considering the wide array of ICT-based learning
resources available in today's digital age. Furthermore, the synthesis of various research findings indicates that
interactive multimedia learning materials in the form of virtual labs have a positive impact on enhancing
students' academic performance. Consequently, it is hoped that the outcomes of this study can serve as a
foundation for future researchers to further develop interactive multimedia products with a virtual laboratory
format in vocational high schools. Additionally, the findings of this research also serve as a motivation for
teachers to enhance their skills and competencies in creating multimedia or interactive materials, recognizing
that students nowadays are highly familiar with ICT-based devices.

5. REFERENCES

Abate, A., Atnafu, M., & Michael, K. (2022). Visualization and Problem-based Learning Approaches and
Students’ Attitude toward Learning Mathematics. Pedagogical Research, 7(2), em0119.
https://doi.org/10.29333/pr/11725.

Agyei, E. D., & Agyei, D. D. (2021). Promoting Interactive Teaching with ICT: Features of Intervention for the
Realities in the Ghanaian Physics Senior High School Classroom. International Journal of Interactive
Mobile Technologies, 15(19). https://doi.org/10.3991/ijim.v15i19.22735.

Ahern, A., O’Connor, T., McRuairc, G., McNamara, M., & O’Donnell, D. (2012). Critical thinking in the
university curriculum - the impact on engineering education. European Journal of Engineering
Education, 37(2), 125-132. https://doi.org/10.1080/03043797.2012.666516.

Amelia, D. P., & Harahap, A. (2021). Application of Interactive Multimedia-Based Mathematics Learning
Media to Increase Students’ Interest in Learning. Budapest International Research and Critics Institute

The Future of Archives Learning with Technology: Exploring the Potential of Virtual Labs 47



Yeni Purneni Susi Ernawati*, Asrowi?, Fatma Sukmawati® (2024). Journal of Education Technology. Vol. 8(1) PP. 42-51

(BIRCI-Journal): Humanities and Social Sciences, 4(2), 3153-3161.
https://doi.org/10.33258/birci.v4i2.2040.

Bilousova, L. 1., Gryzun, L. E., Rakusa, J. O., & Shmeltser, E. O. (2020). Informatics teacher’s training for
design of innovative learning aids. CEUR Workshop Proceedings, 2643.
https://doi.org/10.55056/cte.413.

Bima, M., Saputro, H., & Efendy, A. (2021). Virtual Laboratory to Support a Practical Learning of Micro Power
Generation in Indonesian Vocational High Schools. Open Engineering, 11(1), 508-518.
https://doi.org/10.1515/eng-2021-0048.

Brata, W., Padang, R., Suriani, C., Prasetya, E., & Pratiwi, N. (2022). Student’s digital literacy based on
students’ interest in digital technology, internet costs, gender, and learning outcomes. International
Journal of Emerging Technologies in Learning (1JET, 17(3), 138-151.
https://www.learntechlib.org/p/220512/.

Christian Pilarta Oliquino, J. (2019). 21st Century Skills of Students in a Technical Vocational Education and
Training Institution in the Philippines. Jurnal Pendidikan Progresif, 9(2), 146-155.
https://doi.org/10.23960/jpp.v9.i2.201903.

Creswell, Clark, P., Gutmann, & Hanson. (2003). Advanced mixed methods research designs. Handbook of
mixed methods in social and behavioral research.

Cukurbasi, B., & Kiyici, M. (2021). Instructional design and instructional effectiveness in virtual classrooms:
Research trends and challenges. Australasian Journal of Educational Technology, 37(6), 156-174.
https://doi.org/10.14742/ajet.6882.

Dewantara, R. B., Suarsini, E., & Lestari, S. R. (2020). Analisis Kebutuhan Pengembangan Multimedia
Interaktif Berbasis Problem Based Learning pada Materi Biologi SMA. Jurnal Pendidikan: Teori,
Penelitian, Dan Pengembangan, 5(2), 175. https://doi.org/10.17977/jptpp.v5i2.13163.

Dewi, S. Z., & Hilman, 1. (2018). Penggunaan TIK sebagai Sumber dan Media Pembelajaran Inovatif di Sekolah
Dasar. Indonesian Journal of Primary Education, 2(2), 48-53.
https://doi.org/10.17509/1JPE.\VV212.15100.

Diana, R., Kuswandi, D., & Ulfa, S. (2019). Konsep Pembelajaran Tringo Pada Mata Kuliah Model
Pengembangan Kurikulum. Jurnal Kajian Teknologi Pendidikan, 90-95.
https://doi.org/10.17977/um038v2i22019p090.

Estriegana, R., Medina-Merodio, J. A., & Barchino, R. (2019). Student acceptance of virtual laboratory and
practical work: An extension of the technology acceptance model. Computers and Education, 135.
https://doi.org/10.1016/j.compedu.2019.02.010.

Fathoni, A., Surjono, H. D., Mustadi, A., & Kurniawati, W. (2021). Peran Multimedia Interaktif Bagi
Keberhasilan Pembelajaran Sistem Peredaran Darah. Jurnal Kependidikan: Penelitian Inovasi
Pembelajaran, 5(2), 147-157. https://doi.org/10.21831/jk.v5i2.33931.

Fazilla, S., Yus, A., & Muthmainnah, M. (2022). Digital Literacy and TPACK ’ s Impact on Preservice
Elementary Teachers * Ability to Develop Science Learning Tools. Profesi Pendidikan Dasar (PPD),
9(1), 71-80. https://doi.org/10.23917/ppd.v9il.17493.

Findeisen, S., & Wild, S. (2022). General digital competences of beginning trainees in commercial vocational
education and training. Empirical Research in Vocational Education and Training, 14(1).
https://doi.org/10.1186/s40461-022-00130-w.

Greene, J. A., Copeland, D. Z., & Deekens, V. M. (2021). A Model of Technology Incidental Learning Effects.
In Educational Psychology Review (Vol. 33, Issue 3, pp. 883-913). https://doi.org/10.1007/s10648-020-
09575-5.

Habibi, H., & Suparman, S. (2020). Literasi Matematika dalam Menyambut PISA 2021 Berdasarkan Kecakapan
Abad 21. JKPM (Jurnal Kajian Pendidikan Matematika), 6(1), 57.
https://doi.org/10.30998/jkpm.v6i1.8177.

Hakim, B. (2021). Role of ICT in the process of EFL teaching and learning in an Arab context. Humanities and
Social Sciences Letters, 9(1), 58-71. https://doi.org/10.18488/JOURNAL.73.2021.91.58.71.

Haldorai, A., Murugan, S., & Ramu, A. (2021). Evolution, challenges, and application of intelligent ICT
education: An overview. Computer Applications in Engineering Education, 29(3), 562-571.
https://doi.org/10.1002/cae.22217.

Hamutoglu, N. B., Savasci, M., & Sezen-Giltekin, G. (2019). Digital literacy skills and attitudes towards e-
learning. Journal of Education and Future, 16, 93-107. https://doi.org/10.30786/jef.509293.

Har, E., Khairi, A., & Roza, W. (2019). Teachers’ skills and ICT facilities for science learning at senior high
school in Padang city. Australian Educational Computing, 34(2).
http://journal.acce.edu.au/index.php/AEC/article/view/177.

Hendriana, H., Johanto, T., & Sumarmo, U. (2018). The role of problem-based learning to improve students’
mathematical problem-solving ability and self confidence. Journal on Mathematics Education, 9(2),

p-ISSN: 2549-4856, e-ISSN: 2549-8290 48


http://u.lipi.go.id/1486478977
http://u.lipi.go.id/1488121543

Yeni Purneni Susi Ernawati*, Asrowi?, Fatma Sukmawati® (2024). Journal of Education Technology. Vol. 8(1) PP. 42-51

291-299. https://doi.org/10.22342/jme.9.2.5394.291-300

Hoerunnisa, A., Suryani, N., & Efendi, A. (2019). The Effectiveness Of The Use Of E-Learning In Multimedia
Classes To Improve Vocational Students’ Learning Achievement And Motivation. Kwangsan: Jurnal
Teknologi Pendidikan, 7(2), 123. https://doi.org/10.31800/jtp.kw.v7n2.p123--137.

Hoesni, W. E. W., Hassan, F. N. A., Ajmain, M. T., & Rosli, N. A. M. (2020). The Effects of ICT Towards
Students’ Attitude. Khazanah Pendidikan Islam, 2(2), 90-99. https://doi.org/10.15575/kp.v2i2.9270.

Htake, H., & Tin, K. (2019). Role of Internet of Things ( 10T ) for Smart Classroom to Improve Teaching and
Learning Approach. International Journal of Research and Innovation in Applied Science (IJRIAS) |,
IV(1), 45-49. https://lwww.researchgate.net/profile/Drhlaing-Htake-Khaung-Tin/publication/370950446.

lloméki, L., Paavola, S., Lakkala, M., & Kantosalo, A. (2016). Digital competence — an emergent boundary
concept for policy and educational research. Education and Information Technologies, 21(3), 655-679.
https://doi.org/10.1007/s10639-014-9346-4.

Ishaq, K., Azan, N., Zin, M., Rosdi, F., Abid, A., & Ijaz, M. (2020). The Impact of ICT on Students’ Academic
Performance in Public Private Sector Universities of Pakistan. International Journal of Innovative
Technology and Exploring Engineering, 9(3), 1117-1121. https://doi.org/10.35940/ijitee.c8093.019320

Kim, J. H., & Park, H. (2019). Effects of Smartphone-Based Mobile Learning in Nursing Education: A
Systematic  Review and Meta-analysis *. Asian Nursing Research, 13(1), 20-29.
https://doi.org/10.1016/j.anr.2019.01.005.

Komalasari, K., & Rahmat. (2019). Living values based interactive multimedia in Civic Education learning.
International Journal of Instruction, 12(1), 113-126. https://doi.org/10.29333/iji.2019.1218a.

Komaro, M., Suherman, A., Arifn, M. F. T., Putra, R. H., Darmawan, B., Ana, A., & Muktiarni, M. (2021).
Development of android-based multimedia application to overcome the difficulty of problem-solving in
the Fe-C Phase Diagram subject. Journal of Engineering Science and Technology, 16(5), 4149-4159.
http://jestec.taylors.edu.my/Vol 16 Issue 5 October 2021/16_5_36.pdf.

Kumar, B. A., & Chand, S. S. (2019). Mobile learning adoption: A systematic review. Education and
Information Technologies, January. https://doi.org/10.1007/s10639-018-9783-6.

Laar, E. V, Deursen, A. J. A. M. V, Dijk, J. A. G. ., & Haan, J. D. (2020). Determinants of 21st-century skills
and 21st-century digital skills for workers: A systematic literature review. SAGE Journal, 10(1), 1-14.
https://doi.org/10.1177/2158244019900176.

Lim, B. C. Y., Liu, L. W. L., & Choo, C. H. (2020). Investigating the Effects of Interactive E-Book towards
Academic  Achievement.  Asian  Journal of  University  Education, 16(3), 78-88.
https://doi.org/10.24191/ajue.v16i3.10272.

McKim, C. A. (2017). The Value of Mixed Methods Research: A Mixed Methods Study. Journal of Mixed
Methods Research, 11(2). https://doi.org/10.1177/1558689815607096.

Meilani, D., & Aiman, U. (2020). Implementasi Pembelajaran Abad 21 terhadap Hasil Belajar IPA Peserta Didik
dengan Pengendalian Motivasi Belajar. Indonesian Journal of Primary Education, 4(1), 19-24.
https://doi.org/10.17509/ijpe.v4il1.24419.

Melumad, S., & Pham, M. T. (2021). The smartphone as a pacifying technology. Journal of Consumer Research,
47(2). https://doi.org/10.1093/JCR/UCAAO005.

Misir, H. (2018). Digital Literacies and Interactive Multimedia-. International Online Journal of Education and
Teaching (IOJET), 5, 514-523. https://hdl.handle.net/20.500.14065/1930.

Munje, P. N., & Jita, T. (2020). The impact of the lack of ICT resources on teaching and learning in selected
South African primary schools. International Journal of Learning, Teaching and Educational Research,
19(7), 263-279. https://doi.org/10.26803/IJLTER.19.7.15

Muslimin, A. I, Mukminatien, N., & Ivone, F. M. (2023). TPACK-SAMR digital literacy competence,
technostress, and teaching performance: Correlational study among EFL lecturers. Contemporary
Educational Technology, 15(2), ep409. https://doi.org/10.30935/cedtech/12921.

Nirmala, W., & Darmawati, S. (2021). The effectiveness of discovery-based virtual laboratory learning to
improve student science process skills. Journal of Education Technology, 5(1), 103-112.
https://doi.org/10.23887/jet.v5i1.33368.

Nurtanto, M., Sofyan, H., Pardjono, P., & Suyitno, S. (2020). Development model for competency improvement
and national vocational qualification support frames in automotive technology. International Journal of
Evaluation and Research in Education, 9(1). https://doi.org/10.11591/ijere.v9i1.20447.

Ormanct, U., & Cepni, S. (2020). Views on interactive e-book use in science education of teachers and students
who perform e-book applications. Turkish Online Journal of Qualitative Inquiry, 11(2), 247-279.
https://doi.org/10.17569/t0jqi.569211.

Prajana, A., & Astuti, Y. (2020). Pemanfaatan Teknologi Informasi dan Komunikasi Dalam Pembelajaran oleh
Guru SMK Di Banda Aceh dalam Upaya Implementasi Kurikulum 2013. JINOTEP (Jurnal Inovasi
Dan Teknologi Pembelajaran): Kajian Dan Riset Dalam Teknologi Pembelajaran, 7(1), 33-41.

The Future of Archives Learning with Technology: Exploring the Potential of Virtual Labs 49



Yeni Purneni Susi Ernawati*, Asrowi?, Fatma Sukmawati® (2024). Journal of Education Technology. Vol. 8(1) PP. 42-51

https://doi.org/10.17977/um031v7i12020p033.

Rahman, K. A. A., Rozali, M. Z., Samah, N. A, Bakar, M. A., Ahmad, N. A, Gerijih, D. D., & Zakariah, S. H.
(2022). Conceptual Model of Video Learning based on Project-Oriented Problem-Based Learning and
Competency-Based Education for Technical and Vocational Education. Journal of Technical Education
and Training, 14(1), 38-53. https://doi.org/10.30880/jtet.2022.14.01.004.

Rahmawati, F., & Ramadan, Z. H. (2021). Improving High-Level Thinking Skills in Students Through Powtoon-
Based Animation Video Media. Journal of Education Technology, 5(4), 654.
https://doi.org/10.23887/jet.v5i4.41037.

Roemintoyo, R., & Budiarto, M. K. (2021). Flipbook as Innovation of Digital Learning Media: Preparing
Education for Facing and Facilitating 21st Century Learning. Journal of Education Technology, 5(1), 8.
https://doi.org/10.23887/jet.v5i1.32362.

Roemintoyo, R., Miyono, N., Murniati, N. A. N., & Budiarto, M. K. (2022). Optimising the utilisation of
computer-based technology through interactive multimedia for entrepreneurship learning. Cypriot
Journal of Educational Sciences, 17(1), 105-119. https://doi.org/10.18844/cjes.v17i1.6686.

Salma Aprianka, S. (2020). Penerapan Bahan Ajar Matematika Berbasis Realistic Mathematics Education
(RME) Terhadap Kemampuan Pemecahan Masalah Matematis Siswa. Jurnal PEKA (Pendidikan
Matematika), 3(2), 60-63. https://doi.org/10.37150/jp.v3i2.796.

Salsabila, A., & Pradipta, T. R. (2021). Mathematical Problem Solving Ability: The Impact of Mathematics
Learning Videos on an E-Learning Platform. Al-Jabar : Jurnal Pendidikan Matematika, 12(1), 83-88.
https://doi.org/10.24042/ajpm.v12i1.8708.

Sari, A. I, Suryani, N., Rochsantiningsih, D., & Suharno. (2019). The development of Android-based
smartphone learning application on teaching reading comprehension The Development of Android-
Based Smartphone Learning Application on Teaching Reading Comprehension. AIP Conf. Proc.,
020112(December), 0-7. https://doi.org/10.1063/1.5139844.

Sari, V. S., Purwaningsih, E., Winarto, & Pramono, N. A. (2021). Development of the Interactive Multimedia
Software “Inquiry Play-Room” as an Electronic Learning Resource for Rotation and Equilibrium Topic.
International Journal of Interactive Mobile Technologies, 15(7), 81-93.
https://doi.org/10.3991/ijim.v15i07.21561.

Septiana, A. N. I. M. A. W. (2023). Analisis Kritis Materi Ips Dalam Pembelajaran Ipas Kurikulum Merdeka Di
Sekolah Dasar. limiah Pendidikan Guru Sekolah Dasar, 1(2).
https://stahnmpukuturan.ac.id/jurnal/index.php/pgsd/article/view/3479.

Sihombing, A. A., Anugrahsari, S., Parlina, N., & Kusumastuti, Y. S. (2021). Merdeka Belajar in an Online
Learning during The Covid-19 Outbreak : Concept and Implementation. Asian Journal of University
Education (AJUE), 17(4). https://doi.org/https://doi.org/10.24191/ajue.v17i4.16207.

Siregar, Z., & Marpaung, T. B. (2020). Pemanfaatan Teknologi Informasi dan Komunikasi (TIK) Dalam
Pembelajaran di Sekolah. BEST Journal (Biology Education, Sains and Technology), 3(1), 61-69.
https://doi.org/10.30743/best.v3i1.2437.

Som, S. (2021). ICT In Education : Opportunities and Challenges. International Journal of Research, 7(1), 156—
163. http://wwwe.iisrr.in/mainsite/wp-content/uploads/2021/02/16.-Sanghamitra-Som-1CT-In-Education-
Opportunities-and-Challenges-converted.pdf.

Sriadhi, S., Restu, R., & Sitompul, H. (2021). Multimedia simulation model for electrical laboratory learning.
IOP  Conference  Series:  Materials Science and  Engineering, 1098(3), 032020.
https://doi.org/10.1088/1757-899x/1098/3/032020.

Sugiyono. (2018). Metode penelitian kuatintatif , kualitatif dan R & D. In Bandung: Alfabeta.

Sukmawati, R. (2021). Penerapan Model Pembelajaran Problem Based Learning untuk Meningkatkan Hasil
Belajar Matematika Kelas Il SDN Wonorejo 01. Glosains: Jurnal Sains Global Indonesia, 2(2), 49-59.
https://doi.org/10.36418/glosains.v2i2.21.

Suryanda, A., Sartono, N., & Sa’diyah, H. (2019). Developing smartphone-based laboratory manual as a learning
media. Journal of Physics: Conference Series, 1402, 077077. https://doi.org/10.1088/1742-
6596/1402/7/077077.

Susantini, E., Puspitawati, R. P., Raharjo, & Suaidah, H. L. (2021). E-book of metacognitive learning strategies:
design and implementation to activate student’s self-regulation. Research and Practice in Technology
Enhanced Learning, 16(1). https://doi.org/10.1186/s41039-021-00161-z.

Swandi, I. W., Wibawa, A. P., Pradana, G. Y. K., & Suarkad, 1. N. (2020). The digital comic Tantri Kamandaka:
A discovery for national character education. International Journal of Innovation, Creativity and
Change, 13(3). http://repo.isi-dps.ac.id/id/eprint/3740.

Syauqi, K., Munadi, S., & Triyono, M. B. (2020). Students’ perceptions toward vocational education on online
learning during the COVID-19 pandemic. International Journal of Evaluation and Research in
Education, 9(4), 881-886. https://doi.org/10.11591/ijere.v9i4.20766.

p-ISSN: 2549-4856, e-ISSN: 2549-8290 50


http://u.lipi.go.id/1486478977
http://u.lipi.go.id/1488121543

Yeni Purneni Susi Ernawati*, Asrowi?, Fatma Sukmawati® (2024). Journal of Education Technology. Vol. 8(1) PP. 42-51

Techanamurthy, U., Alias, N., & Dewitt, D. (2018). Problem-solving strategies among culinary arts students in
community colleges. Journal of Technical Education and Training, 10(1), 56-70.
https://doi.org/10.30880/jtet.2018.10.01.005.

Widiyono, A. M. (2021). Peran Teknologi Pendidikan dalam Perspektif Merdeka Belajar di Era 4.0. Journal of
Education and Teaching, 1-9. https://doi.org/10.51454/jet.v2i1.63.

Widodo, W., Sudibyo, E., Suryanti, Sari, D. A. P., Inzanah, & Setiawan, B. (2020). The effectiveness of gadget-
based interactive multimedia in improving generation z’s scientific literacy. Jurnal Pendidikan IPA
Indonesia, 9(2), 248-256. https://doi.org/10.15294/jpii.v9i2.23208.

Widya, Maielfi, D., & Alfiyandri. (2021). Need Analysis for Physics E-Module Based on Creative Problem
Solving Integrated 21st Century Skills. Journal of Physics: Conference Series, 1940(1).
https://doi.org/10.1088/1742-6596/1940/1/012110

Wilkin, C. L. (2017). Enhancing critical thinking: accounting students’ perceptions. Education and Training,
59(1), 15-30. https://doi.org/10.1108/ET-01-2015-0007

Wiyono, K., Ismet, I., Noprianti, N., Permawati, H., Saparini, S., & Zakiyah, S. (2019). Interactive multimedia
using multiple-intelligences-based in the lesson of thermodynamics for high school. Journal of Physics:
Conference Series, 1166(1). https://doi.org/10.1088/1742-6596/1166/1/012014.

Yudiono, H., Rusiyanto, Asri, S., Sudiyono, Widodo, A. P., Firdus, F. F., & Lailasari, A. N. (2022). Improving
the 21st Century learning skills of a vocational teacher candidate through an industrial project approach.
World  Transactions on Engineering and Technology Education, 20(3), 214-219.
http://www.wiete.com.au/journals/WTE&TE/Pages/Vol.20, No.3 (2022)/10-Yudiono-H.pdf.

Yulando, S., Sutopo, S., & Franklin Chi, T. (2019). Electronic Module Design and Development: An Interactive
Learning. American Journal of Educational Research, 7(10), 694-698.
https://doi.org/10.12691/education-7-10-4.

Yulianisa, Rizal, F., Oktaviani, & Abdullah, R. (2018). Tinjauan Keterampilan Abad 21 (21st Century Skills) di
Kalangan Guru Kejuruan (Studi Kasus: SMK Negeri 2 Solok). Journal of Civil Engineering and
Vocational Education, 5(3), 1-8. https://doi.org/doi.org/10.24036/cived.v5i3.102505

Yuliati, L., Riantoni, C., & Mufti, N. (2018). Problem solving skills on direct current electricity through inquiry-
based learning with PhET simulations. International Journal of Instruction, 11(4), 123-138.
https://doi.org/10.12973/iji.2018.1149a.

The Future of Archives Learning with Technology: Exploring the Potential of Virtual Labs 51



