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Abstract: This study aims to analyze the effectiveness of virtual collaborative learning in
developing elementary students' skills in the digital era. Using a qualitative research method
with a case study approach, the research was conducted on 28 fifth-grade students in Surakarta.
Data were collected through virtual observation, interviews, and documentation over one
semester. The results indicate that virtual collaborative learning enhances students' digital,
communication, creativity, and collaboration skills. Virtual learning platforms integrated with
collaborative activities proved effective in building active student engagement and developing

21st-century skills.
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Introduction

The digital era has fundamentally transformed the education system, especially at the
elementary school level, shifting students' learning patterns and demanding a paradigm change
in education ((Torres Chavez & Garcia Martinez, 2019). A longitudinal study by (Olmanson et al.,

2021) shows that digital technology impacts elementary school students' learning activities,



reflecting a significant shift from conventional learning methods. Teacher-centered learning
approaches are becoming less relevant in preparing students to face future challenges. A study
by Xu et al. (2020), revealed that 65% of the skills essential for the future are not taught in
elementary schools. On the other hand, Chamidah et al. (2024) and Chandra Wijaya
(2024)identify a gap between traditional learning approaches and the digital skills needed by
students. Studies by Ng et al. (2023) also emphasize that digital skills development should start

at the elementary education level to equip students for the Society 5.0 era.

In the rapidly evolving Society 5.0 era, education must leverage digital technology to enhance
critical thinking and creativity skills for the digital generation. As stated by Lasmana et al. (2024)
virtual collaborative learning that utilizes digital technology is not only effective in improving
students' critical thinking skills but also enriches their creativity. This technology provides an
interactive and contextual learning environment, highly relevant to the demands and needs of
today's digital age (Garcia-Martinez et al. (2019). By integrating virtual collaborative learning,
students can collaborate in broader and more dynamic contexts, allowing them to develop
critical thinking skills while enhancing their creativity in solving problems and challenges faced
in the digital world ((Lim, 2023)). However, the implementation of virtual collaborative learning
in elementary schools still faces various challenges, including limitations in technological
infrastructure, digital skills of both teachers and students, and a lack of student interaction in
class management ((Chien & Hwang, 2022; Lim, 2023; Parr & Hawe, 2022).

Shankar et al. (2022) propose a conceptual data model for multimodal learning analysis,
enabling the collection and interpretation of data from various sources to support more
effective learning. Imran & Almusharraf (2024) review the needs and application of quality 4.0
learning necessary to face future educational challenges, emphasizing the importance of using
digital technology to create more relevant and quality education. On the other hand, Irhamni &
Ashari (2023) systematically review the literature showing that the integration of digital
platforms can accelerate the development of more adaptive and innovative education. These
three studies provide valuable insights into the role of technology in supporting educational
development in the digital era, whether through learning data analysis, the application of 4.0

quality, or innovations in using digital platforms in elementary schools.
Research Aim and Research Questions

The aim of this study is to analyze the effectiveness of virtual collaborative learning in
developing digital skills, communication, creativity, and collaboration among elementary school
students in the digital era. This study aims to evaluate the impact of using virtual learning
platforms in enhancing students' active engagement, as well as to provide insights into the
achievement of 21st-century skills within the context of elementary education.

Based on the stated aim, the research questions in this study are as follows:

1. What is the impact of virtual collaborative learning on the development of digital skills

among elementary school students?



2. To what extent does virtual collaborative learning enhance communication,

collaboration, and creativity skills among elementary school students?

3. What factors influence the success or challenges in implementing virtual collaborative
learning to develop students' skills?

4. What is the distribution of skill achievement (digital, communication, collaboration,

creativity) among students participating in virtual collaborative learning?

Research Results

Virtual collaborative learning is based on the theory of social constructivism in a digital context.
This approach emphasizes that knowledge is constructed through social interaction mediated
by technology. Recent studies indicate that virtual collaborative learning plays a crucial role in
the development of 21st-century skills, especially at the elementary education level. This
framework is supported by recent research findings, which show a significant increase in student
engagement when learning is conducted collaboratively in a virtual environment. The results of
these studies include:

Table 1

Descriptive Statistical Analysis

Component Mean SD Min Max Mode

Attendance 90.75 03.21 85 98 92
Discussion

Participation 04.07 00.05 3 5 4
Task Completion 04.14 00.59 3 5 4
Collaboration 04.03 0,30416667 3 5 4
Creativity 04.11 0,32291667 3 5 4
Digital Skills 04.14 00.59 3 5 4

Source: author’'s own development

The table indicates that student attendance is very good, with an average of 90.75 out of 100,
reflecting high consistency in attendance with little variation. Discussion participation is also
quite active, with an average of 4.07 out of 5 and very little variation, suggesting that nearly all
students participate in the discussions. For the task completion component, the average is 4.14
out of 5, indicating that the majority of students are able to complete tasks well, though there is
slight variation among students. Collaboration has an average of 4.03, showing that students are
able to work effectively together. Student creativity is also quite good, with an average of 4.11
out of 5 and small variation, reflecting consistent creativity among students. Meanwhile, digital
skills have an average of 4.14 out of 5, indicating that most students possess strong digital skills.
Overall, the average scores and the dominant mode of 4 in almost all components suggest
stable and good performance by the students in every aspect.
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Figure 1

Student Skills Development Data
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Source: author (s) own development

The diagram illustrates the development of skills over six months, showing improvements across
all components: digital skills, communication, collaboration, and creativity. In Month 1, the
average skill level in each component was slightly above 3, indicating that students’ abilities
were at a moderate level initially. By Month 2, all components showed a slight increase, but a
significant improvement began to emerge starting from Month 3, especially in digital skills and
creativity, which each rose to 4.01 and 4.00, respectively. From Month 4 to Month 6, all
components continued to experience steady growth, with average scores exceeding 4. By the
end of the period in Month 6, the average digital skills score reached 4.07, communication 4.04,
collaboration 4.05, and creativity 4.06. This consistent improvement indicates significant positive
development in all measured skills, reflecting students' enhancement in digital skills,

communication, collaboration, and creativity over the months.
Table 2

Distribution of Skill Achievement Levels (N=28)

Category Total Percentage
students

Very Good (4.5-

5.0) 6 21.4%
Good (3.5-4.4) 18 64.3%
Satisfactory (2.5-

3.4) 4 14.3%
Poor (1.5-2.4) 0 0%
Very Poor (<1.5) 0 0%

Source: author (s) own development

Based on the available data, the majority of students demonstrate good performance, with
64.3% or 18 students falling within the "Good" category (3.5-4.4). A total of 21.4% or 6 students
achieved the "Excellent" category (4.5-5.0), indicating that they met the highest standards of



assessment. Meanwhile, 14.3% or 4 students were categorized as "Satisfactory" (2.5-3.4),
suggesting that there is potential for improvement to reach higher categories. There were no
students in the "Needs Improvement" category (1.5-2.4) or "Very Poor" category (<1.5),
indicating that all students met the minimum standards and did not face significant challenges
in achieving learning outcomes. Overall, this data illustrates that the majority of students

performed well, with only slight improvements needed
Conclusions

This study shows that virtual collaborative learning is effective in developing elementary school
students' skills in the digital era. The results reveal a significant improvement in students' digital
skills, communication, creativity, and collaboration. The high attendance rate (90.75%) and
active participation in discussions (average of 4.07) indicate strong engagement. Additionally,
students' abilities to complete tasks, collaborate, and work together were also recorded as
excellent, with average scores of 4.14 and 4.03, respectively. Students' creativity and digital
skills consistently improved, reaching average scores of 4.11 and 4.14. The distribution of skill
achievement shows that the majority of students (85.7%) fall within the "Good" and "Excellent"
categories, indicating the success of virtual collaborative learning in supporting 21st-century
skills. The skill improvement over the six months reflects steady and positive development in
digital skills, communication, collaboration, and creativity. Overall, virtual collaborative learning
has proven effective in preparing students to face the challenges of the digital era, developing

the skills necessary for the future.
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