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ABSTRACT 

	The purpose of this study was to measure the effect of digital literacy on student learning achievement in chemistry. Digital literacy is the ability to search for information, process it, and make decisions based on the knowledge gained. The current high level of digital literacy has not been able to improve the quality of human life. The study used a correlational method to measure the relationship between digital literacy and student learning achievement. The results showed that digital literacy did not affect learning achievement (sig.>0.05). Students who have well digital literacy skills do not necessarily have an impact on student learning achievement.
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1. INTRODUCTION 
In the current context of education, digital literacy skills are becoming increasingly important, especially in today's rapidly developing digital information era. The ability to access, understand, and evaluate information quickly and effectively through text is becoming increasingly important, both in academic and professional settings. Therefore, it is important for prospective teachers to improve their digital literacy skills in order to better face the challenges of the academic and professional world.
Students with strong digital literacy skills can access a wider range of information resources and understand course materials more effectively, which in turn improves their academic performance (Nabila, 2022). Similarly, strong digital literacy skills can also have a positive impact on technical, social-emotional, and cognitive dimensions (Watulak, 2016). However, students' digital literacy skills are often inadequate, especially among new students and those from backgrounds with limited reading and literacy skills (Reddy, 2020). This limitation can lead to difficulties in understanding reading materials related to science, which in turn can negatively impact students' academic performance (Verhoeven, 2024).
Digital literacy also encompasses critical thinking and problem-solving processes, in addition to skill-based competencies, including the ability to effectively solve problems in a technology-rich environment (Reddy, 2020). These digital literacy skills include decoding text, participating in text interpretation, using text functionally, and critically analysing and transforming text. Hobbs (2011) indicates that digital literacy encompasses several competencies, such as using technology to access information, and analysing and evaluating higher-order skills like evaluation, analysis, and synthesis (Nabila, 2022).
In addition to its direct impact on academic performance, high digital literacy skills also provide long-term benefits for students. Students with high reading literacy skills tend to have higher self-confidence in understanding course material, better critical thinking skills, and analytical abilities. Furthermore, good digital literacy skills can help students explore the digital world, enabling them to seek out more complex topics in science and areas related to their field in the digital realm to enhance their capabilities. Students with high reading and digital literacy skills will be able to use digital/internet as a means to enhance creativity and innovation to support 21st-century life skills.

2. material and methods 

Time and Place of Research
This research was conducted at the Universitas Kristen Indonesia, Department of Chemistry Education, Faculty of Teacher Training and Education. This research will be conducted at the beginning of the 2023 academic year.

Population and Sample
The sample used in this study consists of all Chemistry Education students (prospective teachers) at the Faculty of Teacher Training and Education (FKIP), Universitas Kristen Indonesia (UKI), from the 2022 cohort to the 2019 cohort. The sample used included all students, a total population of 20 students majoring in Chemistry Education, FKIP, UKI from the 2019 to 2022 cohorts.

Research Methodology
The methodology used in this study is the correlational method. The correlational research method is used to test the influence of students' digital literacy skills on their academic performance (in the category of understanding) in chemistry or prospective chemistry teachers.

Research Design
[bookmark: _Hlk203500606]This research was conducted using a quantitative approach with a correlational study/research design. The data obtained from this research will be used to examine the influence of digital literacy skills on the academic performance of Chemistry Education students at FKIP UKI or prospective chemistry teachers. The variables in this study are digital literacy, which is the independent variable, and academic achievement, which is the dependent variable.
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FIG 1. Research Design

Research Instruments
This study uses test instruments and non-test instruments to answer the research questions, including: 
1. Test instruments to assess students' academic performance or their ability to understand basic chemistry 1 and basic chemistry 2. 
2. Non-test instruments, namely digital literacy questionnaires/surveys to assess students' digital literacy skills. 
3. This study also collects data on other factors that may influence students' chemistry learning performance (such as educational background, motivation, and learning habits), structured interviews (in the form of checklists) to record control variables such as study time, the amount of material studied, and the duration of social media or digital media use (e.g., WhatsApp, Facebook, Instagram, etc.), 
4. Observations (secondary data) were conducted to obtain information about other variables that may influence students' chemistry learning achievements, such as the difficulty level of the chemistry course or the teaching methods used by lecturers.

3. results and discussion
Digital literacy is the ability to access, understand, use, evaluate, and create information from various digital sources by utilising information and communication technology devices wisely and responsibly. According to Naufal (2021), digital literacy is defined as the ability to obtain, understand, and use information from various sources in digital form. Digital literacy plays an important role in the development of knowledge and creativity, especially in the world of education, which is increasingly connected to technology. 
	According to Nasrullah et al. (2017), digital literacy is the ability and skill to manage digital media, digital tools, or networks to find, evaluate, create, and utilise information responsibly in daily life. Digital literacy also includes the ability to use technology wisely and understand its impact on oneself and others (Manubey et al., 2022). Digital literacy is an asset for students to obtain information in support of their academic achievement. 
    Academic achievement is the result achieved by students as a measure of success in the learning process, typically expressed in the form of grades, numbers, letters, or symbols reflecting mastery of specific subject matter and skills (Syafii, 2018). Academic achievement encompasses three main aspects: cognitive (knowledge), affective (attitude, interest), and psychomotor (skills) (Jeslin, 2019). In the realm of learning, academic achievement can refer to the concept of understanding. Students with high comprehension skills will also have pleasure learning achievements (Mahrawi et al., 2023). 
    In improving learning achievements, many factors influence, one of which is digital literacy. Digital literacy is the ability of students to recognise and access information, validate it, and understand it well. Digital literacy has a positive impact on students' learning achievements. Students with high digital literacy tend to have better academic performance because they are able to utilise digital technology to understand materials, complete assignments, and communicate effectively (Sugiantoro, 2024).
    Digital literacy enhances critical thinking, analysis, communication, and collaboration skills through the use of technology, which directly impacts academic achievement (Saputra et al., 2024). Quantitative research shows that digital literacy can contribute up to approximately 27% to 32% to variations in student and university student learning achievements, with the remainder influenced by other factors such as school infrastructure and socio-economic conditions (Yudha, Irawan, and Kuntari, 2023). The aspects of digital literacy that play a role include information competence, communication, content creation, and digital security. Mastering these aspects helps students access information quickly, learn more efficiently, and make better learning decisions (Antoro, Boeriswati, and Leiliyanti, 2021). Challenges such as limited technological infrastructure, insufficient teacher training, and low parental awareness remain obstacles in optimising digital literacy for academic achievement (Wulandari, Khusaini, and Syamiya, 2022).
Research conducted to measure digital literacy and the academic performance of Chemistry Education students at the Faculty of Teacher Training and Education found that the average digital literacy score of students (prospective chemistry teachers) was 60.9, which is considered good. The sample used in this study consisted of 20 students from several batches. The results of learning achievement measurements were based on three parameters, namely basic chemistry 1, basic chemistry 2, and GPA. The results of learning achievement showed the following scores:
[image: ]
Figure 2. Basic Chemistry 1, Basic Chemistry 2, and GPA Scores
From the diagram above, it can be seen that there is a variety of scores for Basic Chemistry 1, Basic Chemistry 2, and GPA. Students who have high scores in Basic Chemistry 1 and Basic Chemistry 2 will also have high GPA scores, for example in samples R3, R7, and R9. The average score for Basic Chemistry 1 is 88.7, while the average score for Basic Chemistry 2 is 85.05, both categorized as good. Additionally, the average GPA of students is 3.76. Therefore, students with high scores in Basic Chemistry 1 and Basic Chemistry 2 will also have a high GPA. 
The distribution pattern of students' digital literacy skills can be seen in the following graph:
[image: ]Digital Literacy Skills

Figure 3. Digital Literacy Ability Circle Diagram
The graph shows that 20% of students have good enough digital literacy skills, while 10% have fairly good digital literacy skills, and 70% have very good digital literacy skills. Digital literacy skills is well among the current generation, Gen Z, indicate that students are already accustomed to technology. From a young age, Indonesian children are already familiar with the use of technology, particularly gadgets or smartphones. This familiarity begins as early as three years old, making Indonesian children proficient in using gadgets (Ramadhani, Wardani, Samsiar, 2024). According to data from the Central Statistics Agency (BPS) in 2022, nearly half of young children in Indonesia have used smartphones or gadgets. Specifically, 33.44% of young children use mobile phones, and 24.96% can access the internet. Children aged 5–6 years have a higher usage rate (52.76%) compared to infants aged 0–4 years (25.5%) (Rahayu, Elan, Mulyadi, 2021). Gadget usage among school-aged children is also very high, with many children using gadgets for gaming, watching entertainment, and learning through educational apps (Mariyama, Lestari, Sari, 2021).
Data obtained from the sample indicates that the majority of students have well skills in using gadgets, with 80% of students able to use PowerPoint, video animations, applications, and learning management systems. The majority of students use gadgets for 5–10 hours per day, accounting for 78% of respondents (see Table 1). This significant potential greatly supports students' digital literacy skills. Additionally, in teaching, lecturers use email (60%), learning management systems (80%), and a variety of gadgets, including smartphones, laptops, and tablets (70%) (see Table 1).

Table 1. Result Digital Literacy Questioneries
	No.
	Using Aplication
	(%)
	Duration
	(%)
	Using email
	(%)
	Using Learning Management System (LMS)
	(%)

	1
	power point and video
	8
	3-5 hours
	2
	rare
	10
	Rare
	10

	2
	Animation video 
	12
	5-10  hours
	78
	quite often
	30
	quite often
	30

	3
	power point, animation video, aplication, and learning management system
	80
	>10  hours
	20
	often and very often
	60
	often and very often
	60



Frequent and proper use of gadgets in learning or daily activities will have a positive impact on digital literacy skills. Digital literacy skills will have a positive impact on learning outcomes, namely a high Academic Achievement Index. However, the reality is that statistical test results on students show the opposite. The normality test results show normal values (sig. > 0.05) (see Table 2).
Table 2. Normality Test
	One-Sample Kolmogorov-Smirnov Test

	
	Learning Achviement
	Digital Literacy Skills

	N
	20
	20

	Normal Parametersa,b
	Mean
	8,3000
	60,9000

	
	Std. Deviation
	1,26074
	8,07139

	Most Extreme Differences
	Absolute
	,261
	,106

	
	Positive
	,239
	,106

	
	Negative
	-,261
	-,070

	Test Statistic
	,261
	,106

	Asymp. Sig. (2-tailed)
	,100c
	,200c,d

	a. Test distribution is Normal.

	b. Calculated from data.

	c. Lilliefors Significance Correction.

	d. This is a lower bound of the true significance.



After the normality test, a statistical hypothesis test was conducted using a simple linear regression test to examine the effect of digital literacy skills on academic achievement. The results showed that digital literacy skills did not affect the academic achievement of chemistry education students (sig.>0.05). The regression test results also showed that the regression coefficient of the digital literacy variable (x) on the academic achievement variable (y) was only 2.5% (see Table 3). 



Table 3. Hypothesis Testing , (a)Model Summary, (b)Coefficientsa

	(a)Model Summary

	A
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	,158a
	,025
	-,029
	8,18805

	a. Predictors: (Constant), Learning Achievement



	(b)Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	52,490
	12,502
	
	4,199
	,001

	
	Learning Achievement
	1,013
	1,490
	,158
	,680
	,505

	a. Dependent Variable: Nilai Literasi Digital



Digital literacy is the ability to find information, validate it, and manage it into knowledge. These three things are components of digital literacy, so it is not just about being able to find information, but also having the ability to validate that information based on its source, as well as managing the information obtained properly. In addition, the content being searched for must be supportive of learning. Is the content being searched for educational content related to chemistry learning? Based on data from respondents, it was found that the majority of students use gadgets for entertainment and education. Social media applications are the most accessed by students besides YouTube. Based on the data obtained, social media such as TikTok and Instagram are the most widely used applications. 
The results of the regression analysis indicate that the level of digital literacy among students does not have a significant influence on the improvement or decline in academic performance. Students tend to only be able to find and copy information from the internet without processing or evaluating it. Additionally, learning discipline is a more dominant factor influencing academic performance than digital literacy (Salma and Siwi, 2023). Research by Aisyah and Dewi (2022): This study also found that there is no significant influence between digital literacy and academic performance. This indicates that improving digital literacy alone does not automatically improve students' academic achievement (Soraya, Kurjono, and Purnamasari, 2023). Based on the results of research by Nurhaliza et al (2024), the relationship between digital literacy and academic achievement is not always significant. There are students with low digital literacy but high achievement, and vice versa. Other factors also influence achievement.
Digital literacy is limited to the ability to search for and copy information. In practice, many students are only able to find and copy information from the internet without truly understanding, processing, and critically evaluating that information. As a result, even though they are digitally literate, the skills needed to improve learning outcomes, such as critical thinking and analysis, do not develop optimally. In some schools, the aspect that more significantly influences students' grades is discipline in completing assignments, not how proficient they are in digital literacy. This results in differences in digital literacy levels among students not contributing meaningfully to academic performance (Salma and Siwi, 2023). Students often use technology for purposes unrelated to learning (e.g., entertainment or social media), so their digital literacy does not directly correlate with improved academic outcomes (Dewi, 2023). Students often use technology for purposes unrelated to learning (e.g., entertainment or social media), so their digital literacy does not directly correlate with improved academic outcomes (Zakaria, 2023).
Data obtained from respondents generated data, regarding the sources of reading materials used by students, the majority of information is obtained from social media platforms such as blogs. However, many of these blogs lack credibility and are not supported by scientific research, making it difficult to assess their scientific validity (see Figure 4). Moreover, students tend to read online comics like manga and novels more frequently. The use of textbooks and scientific journals remains minimal.
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Fig. 4. Learning Resources
The use of scientifically grounded reading materials is crucial to ensure the credibility and reliability of information. Such materials play a significant role in enhancing students' cognitive abilities and critical thinking skills, more so than non-scientific sources or those not based on research. Information lacking scientific foundation is highly susceptible to containing hoaxes. Hoax news significantly undermines reading literacy, which in turn affects knowledge levels and increases the risk of poor decision-making (Nabilah, Manalu, & Santaosa, 2022). In developed countries, people exhibit strong reading habits, particularly by engaging with credible sources such as books, journals, and verified information. As a result, individuals in these societies tend to have strong critical thinking abilities and are better equipped to make informed decisions, as they are accustomed to verifying the accuracy of the information they receive (Verhoeven et al., 2024). 
In addition, observations of students and lecturers revealed that not all lecturers use learning management systems, email, or online information searches in their teaching. Many lecturers focus solely on the use of PowerPoint. Not all lecturers provide clear guidance on the use of technology to support learning.
In addition, some lecturers place more emphasis on discipline in collecting assignments than on students' digital literacy skills, so that the impact of digital literacy on academic achievement is small (Dewi, Syofyan, and Putra, 2024). The mismatch between teaching methods and the use of digital technology, as well as the lack of teacher training in integrating technology into learning, can hinder the optimal utilisation of digital literacy (Khasanah and Yushita, 2023). Many students simply copy information from the internet without evaluating the quality and relevance of the sources, so digital literacy does not develop to the stage of information processing that can enhance learning outcomes (Rini, Suryadinata, and Efendi 2022).
Based on the research findings outlined above, digital literacy is well does not necessarily influence academic performance. Many factors influence academic performance, including learning motivation, learning resources, teaching methods and media used, and others. However, in addition to good digital literacy, the scientific content studied in the digital world also influences academic achievement. Unfortunately, high gadget usage has not been able to influence student learning achievement.

4. Conclusion
Digital literacy is the ability to search for, validate, and manage information. High digital literacy skills will affect learning achievement, but research results show different results. Digital literacy skills do not affect learning achievement. Many factors affect learning achievement, but the most important thing is whether the gadgets used are oriented towards supporting learning. The results of this study indicate that students with high digital literacy skills do not influence academic performance (p-value > 0.05). High digital literacy skills still do not influence performance because many factors affect performance, one of which is the content being studied and the depth of understanding of the material being studied. Therefore, digital literacy skills alone are insufficient to influence students' academic performance. The recommendation for this study is that further research is needed to obtain more in-depth data and use a larger and more extensive sample.
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