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 This study aims to analyze the effect of an AI-assisted e-module for scientific 

writing on the digital literacy and critical thinking skills of Biology Education 

undergraduate students. The research was driven by a preliminary study 

showing that students’ digital literacy was moderate, while their critical 

thinking skills were still low. Using a quantitative approach, the study 

employed a quasi-experimental nonrandomized control-group pretest-posttest 

design. The participants were fifth-semester Biology Education students at 

Malang State University, consisting of two classes (59 students in total). The 

experimental class (31 students) used the AI-assisted e-module, while the 

control class (28 students) used PowerPoint during technobiology courses. 

Data collection involved pretest and posttest instruments: a digital literacy 

questionnaire with six indicators (e.g., source selection, evaluation, and 

production of original work), and descriptive questions on critical thinking 

with five indicators (e.g., application, evaluation, and synthesis). Independent 

sample t-test results showed that the AI-assisted e-module significantly 

improved students' digital literacy and critical thinking skills. This was 

evidenced by the higher post-test scores in the experimental group compared 

to the control group. 
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1. INTRODUCTION 

Writing scientific papers is one of the demands that must be fulfilled by students. This demand is based on 

the development of science that continues to move quickly and requires rapid dissemination. In addition, Director 

General of Higher Education Circular Letter Number 152/E/T/2012 explicitly requires students to compile 

scientific papers as part of their academic process. From an academic perspective, writing scientific papers aims 

to develop and disseminate knowledge by reporting the latest findings. Thus, the ability to write and publish 

scientific papers is an essential skill for students in the academic world (Fauziya, 2020). 

The process of writing scientific papers requires complex stages, from finding ideas to publication (Farid, 

2017). Students need qualified tools to improve the quality of their writing to comply with applicable academic 

standards (Fauziya, 2020). One solution that can be used is the utilisation of artificial intelligence (AI) in the 

scientific writing process. The development of AI technology has brought significant changes in various aspects 

of life, including education. In the academic world, the use of AI in writing scientific papers can provide 

convenience, but also poses its own challenges. Although AI can assist in writing academic essays, answering 

exam questions, and drafting contracts automatically (Zhai, 2022), its uncontrolled use can lead to academic ethics 

problems, such as decreased creativity and critical reasoning of students (Maulana et al., 2023). Therefore, it is 

important for students to understand the potential and limitations of the use of AI in academia and adhere to 

applicable academic ethics. 

Chatbots or conversational AI, such as ChatGPT, Copilot, and Gemini, have become increasingly popular 

tools in academic writing (Bubaš et al., 2023). Several studies have shown that chatbots can help students in 

brainstorming, outlining, and editing academic writing (Henry, 2023). However, the use of AI also exerts a broader 

influence on students' critical thinking abilities and digital literacy. Several studies have shown that students tend 
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to rely on AI in writing their academic papers, raising concerns among academics regarding students' academic 

integrity and critical thinking skills (Huang & Tan, 2023). As a solution to this problem, clear guidelines are 

needed for the use of AI in academic writing. One form of guidance that can be applied is through the development 

of e-modules that contain ethical and technical guidelines in utilising AI for academic purposes. E-modules are 

systematically designed teaching materials in digital form that can be accessed anytime and anywhere. The 

advantages of e-modules lie in their flexibility in improving learning effectiveness and their ability to present 

interesting content through various multimedia features (Triyono, 2021). 

Optimising the use of e-modules in AI-assisted scientific writing is expected to assist students in 

comprehending academic regulations and ethics while also enhancing their 21st-century competencies, 

particularly in digital literacy and critical thinking. Digital literacy includes the capability to comprehend and 

utilize information from various formats effectively (Pangrazio et al., 2020). Gilster in Pangrazio et al. (2020) 

emphasises that digital literacy is more than just technical skills, but also includes a critical thinking process in 

evaluating information found through digital media. The results of research conducted by Kaya & Korucuk (2022) 

on 688 students at universities in Eastern Anatolia showed that average digital literacy level of students remained 

at a low level. Research by Sumadi et al. (2023) on 108 biology education students also showed that only 50.93% 

of students had digital literacy in the moderate category, while 37.96% were classified as weak. 

In addition to digital literacy, critical thinking is also an essential skill in higher education and is part of 

Students in the 21st century are required to possess essential skills. One of these is critical thinking, which 

encompasses the capability to evaluate, analyse and synthesise information to generate deep insights (Greenstein, 

2012). Critical thinking includes the ability to evaluate ideas in depth, develop logical arguments, and analyse and 

synthesise information effectively (Oikonomidis & Sofianopoulou, 2023). However, previous research shows that 

many university students do not have adequate critical thinking skills, so intervention through appropriate training 

programmes is required (Pnevmatikos et al., 2023; Suciati et al., 2022). This is evidenced by the research of 

Pnevmatikos et al. (2023) at the University in Northwestern Greece on 243 socio-science students showed that 

53.9% to 66.3% of students did not have adequate conceptualisation of critical thinking, and their understanding 

of critical thinking was not aligned with academic standards. Similar findings were also found in a study by Suciati 

et al. (2022) on 107 biology education students from two different campuses, which revealed that students' 

capacity for critical thinking were still at the beginner level, with an average score of 30 out of 100. Inconsistency 

in answers and oversimplification without clear implications were the main factors for the low score. According 

to Pnevmatikos et al. (2023) showed that many students have inadequate conceptualisation of critical thinking, 

resulting in the low quality of their academic writing. 

Findings from the initial study indicate that the average percentage of digital literacy scores using the 

measurement of 6 indicators from Greenstein (2012) shows that students' digital literacy is at a moderate level. 

However, there is one indicator of student digital literacy that is still classified as low, namely the indicator 

"considers source, message effect", and there is one indicator that is classified as good, namely the indicator 

"finds". Meanwhile, The mean percentage score of critical thinking abilities using the measurement of 5 indicators 

from Greenstein (2012) showed that students' critical thinking skills were at a low level. However, there is one 

indicator of student digital literacy that has been classified as moderate, namely the "synthesize" indicator. 

According to research from (Putri et al., 2023), the implementation of e-modules has the potential to enhance the 

digital literacy skills of its users. Research from (Fakhri et al., 2024) also states that training in utilizing Artificial 

Intelligence for writing scientific papers can improve digital literacy. In addition, according to research from 

Khasanah & Indah (2024) that e-modules can develop students' capacity for critical reasoning. Research by 

Hendra et al. (2023) also stated that writing scientific papers can enhance learners' ability to think critically. 

Through the information above, it is evident that students' digital literacy tends to be in the moderate 

category and students' critical thinking skills tend to fall within the lower classification. Therefore, students' digital 

literacy and critical thinking skills in scientific writing assisted by AI (Artificial Intelligence) software still need 

to be improved. Based on this background, this study aims to determine the effect of e-module for scientific 

writing assisted by AI (Artificial Intelligence) software on digital literacy and critical thinking skills of Biology 

Education undergraduate students. This research is expected to provide insight into how AI technology can be 

integrated in the learning process optimally and ethically, and contribute to improving the quality of higher 

education in the digital era. 

 

2. RESEARCH METHOD 

Research for this study was undertaken at the State University of Malang. Participants in this study were 

5th semester students of S1 Biology Education at State University of Malang, which has a population of 2 classes 

consisting of 59 students (28 control class students and 31 experimental class students) who took Technobiology 

courses and will compile a paper. Research data were collected through digital literacy questionnaire instruments 

and critical thinking skills tests. The digital literacy questionnaire aims to measure students' digital literacy using 

six indicators, namely finds, uses multiple sources, selects, evaluates, considers sources, message effects, and uses 

to produce original work. Meanwhile, the critical thinking skills test aims to measure students' abilities using five 



BIOEDUKASI: Jurnal Biologi dan Pembelajarannnya Vol. 23 No 2, June 2025, page 156-162 

e-ISSN: 2580-0094; p-ISSN:1693-3931 

158 
The Effect of E-Module for Scientific Writing Assisted by AI (Artificial Intelligence) 

Software on Digital Literacy and Critical Thinking Skills of Biology Education 

Undergraduate Students (Ivan Ramadhani Putra) 

indicators, namely apply, evaluate, uses data to develop critical insights, analyse, and synthesize (Greenstein, 

2012). 

This study employs a quantitative approach and utilizes a quasi-experimental design with a non-

randomized control group pretest-posttest framework which aims to determine the cause-and-effect relationship 

between one variable and another (Leedy & Ormrod, 2021). This research design involves two classes namely the 

experimental class and the control class. The experimental group received treatment through the use of a e-module 

scientific writing assisted by AI software, while the control group used Power Point. 

Before the research instrument was used in the field, the digital literacy instrument and students' critical 

thinking skills were tested, which included expert validation tests and validation tests using Pearson correlation 

using IBM SPSS 27 statistical software calculations, then calculated using validity and reliability tests. Field trials 

were conducted to measure digital literacy using a questionnaire in the form of 12 statements and students' critical 

thinking skills using a test instrument consisting 10 description questions. Next, a preliminary test was conducted, 

specifically the test of normality (Shapiro-Wilk) and the test of homogeneity (Levene's Test of Equality of Error 

Variance), this test was carried out to determine whether the collected data followed a normal distribution and 

proved homogeneous or not. After the data was normally distributed and proved homogeneous, a t-test for 

independent samples was performed to assess whether the use of e-module scientific writing assisted by AI 

software had an effect on digital literacy and critical thinking skills of Biology Education undergraduate students. 

 

3. RESULT AND DISCUSSION 

Findings from study regarding the application of e-module scientific writing assisted by AI (Artificial 

Intelligence) software on digital literacy and critical thinking skills of biology education undergraduate students 

are presented in the form of tables and bar charts which are then described. This data was taken According to the 

pretest and posttest score results of digital literacy questionnaires and critical thinking skills questions that had 

been carried out in experimental and control classes. Table 1 below displays the average score per indicator taken 

from the pretest and posttest of the control class and experimental class. 

 

Table 1. Average PreTest and PostTest Scores of Control and Experimental Classes Per-Indicator 

Dependent 

Variable 
Indicators 

Control 

Class Pre-

test Score 

Control 

Class Post- 

test Score 

Experimental 

Class Pre- 
test Score 

Experimental 

Class Post- 
test Score 

Digital 

Literacy 

Finds 59 66 59 86 
Uses multiple sources 51 66 52 83 
Selects 55 63 55 80 
Evaluates 54 62 55 82 
Considers source, message effect 45 58 50 79 
Uses to produce original work 55 63 53 82 
Average 53,250 63,036 57,387 87,419 
Standard Deviation 1,538 7,300 1,462 9,542 

Critical 

Thinking 

Skills 

Apply 37 63 38 69 
Evaluates 37 64 39 73 
Uses data to develop critical insights 38 67 42 80 
Analyse 42 65 41 78 
Synthesize 41 64 35 81 
Average 39,250 64,821 39,194 76,677 
Standard Deviation 4,394 14,213 4,061 10,937 

 

Based on the table above, it can be seen that the digital literacy post-test score found the highest value in 

the "finds" indicator in the experimental class, namely 86, this is also supported by evidence that students in the 

experimental class were able to find information through AI software which was then included in scientific papers 

in the form of papers that they compiled. Meanwhile, the critical thinking skills post-test score found the highest 

value on the "synthesize" indicator in the experimental class, namely 81, this is also supported by evidence that 

students in the experimental class were able to make information through AI software into a single unit which 

was then used as the final conclusion in scientific work in the form of papers they compiled. 

The average of the pre-test and post-test scores of digital literacy and critical thinking skills of students 

needs to be known to determine the comparison of the influence given by the dependent variable on the 

independent variable. Based on the data above, it can be seen that the average pre-test and post-test scores of 

digital literacy and critical thinking skills of the control class and experimental class have increased. In the pretest 

data, the average value of digital literacy in both classes is 53.250 and 57.387, while the average value of critical 

thinking skills in both classes is 39.250 and 39.194, respectively. In this experiment, a score of 100 is considered 

a perfect score. By using the e-module, in the digital literacy post-test, the experimental group obtained an average 

score of 87.419, while the control group obtained a score of 63.036, while in the critical thinking skills post-test, 
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the experimental group obtained an average score of 76.677, while the control group obtained a score of 64.821. 

Based on these findings, the experimental group obtained a better posttest score than the control group. In addition, 

the highest increase in student digital literacy was found in the experimental group, which reached 30.032. While 

the highest increase in students' critical thinking skills was also found in the experimental group, reaching 37.483. 

This shows that the increase in the average score of the experimental group is higher than the average score of the 

control group. 

The presentation of hypothesis testing of research results begins with prerequisite tests which include 

normality and homogeneity tests. This test was conducted after the data of pretest scores and posttest scores of 

experimental and control class students were collected. The Shapiro-Wilk test at the 5% significance level was 

conducted to determine whether the research data were normally distributed. Based on the results of the normality 

test that has been carried out, a significance value of 0.343 has been obtained in the digital literacy pre-test of the 

control class; 0.072 in the digital literacy post-test of the control class; 0.200 in the digital literacy pre-test of the 

experimental class; 0.105 in the digital literacy post-test of the experimental class; 0.056 in the critical thinking 

skills pre-test of the control class; 0.132 critical thinking skills post-test control class; 0.343 critical thinking skills 

pre-test experimental class; and 0.505 critical thinking skills post-test experimental class, using a significant level 

(α = 0.05), which means that the overall significance value obtained in the Shapiro Wilk normality test is more 

than 0.05. So it can be that the sample is taken from a normally distributed population. 

The Levene test, which is set at a significance level of 0.05, is used to determine whether the research data 

from the control group and the experimental group are homogeneous. According to the homogeneity test results 

that have been conducted, the obtained significance value is 0.378 has been obtained on the pre-test digital literacy 

data; 0.104 on the post-test digital literacy data; 0.489 on the pre-test critical thinking skills data; and 0.064 on the 

post-test critical thinking skills data using a significant level (α = 0.05), which means that the overall significance 

value obtained in the Levene homogeneity test is more than 0.05. So it is stated that all variances are homogeneous. 

So it can be stated that all variances are homogeneous. 

The data followed a normal distribution and exhibited homogeneity variance after undergoing the 

prerequisite test. Therefore, the independent sample t-test can be used to continue hypothesis testing. Table 2 

displays the evaluation of statistical findings from the independent sample t-test. 

 

Table 2. Independent Sample T-Test Hypothesis Test Results 
Dependent Variable Test F Sig. (2-tailed) 

Digital Literacy Pre-test 0,791 0,056 

Post-test 2,727 <0,001 

Critical Thinking Skills Pre-test 0,486 0,959 

Post-test 3,555 <0,001 

 

The initial ability of students can be known through the acquisition of pre-test scores that have been done 

by students. Table 4 shows that the results of the independent sample t-test test found a significance value (2- 

tailed) of digital literacy pre-test data and critical thinking skills of 0.056 and 0.959, respectively, from the 

independent sample t-test test of digital literacy data and critical thinking skills of control classes and experimental 

classes at a significant level (α = 0.05). So it can be said that the pre-test data of digital literacy and critical thinking 

skills are not different. Therefore, both classes can be declared to have the same or equal initial ability. 

After both classes were treated, further analysis showed that the independent sample t-test test on the post-

test data of digital literacy and critical thinking skills which both had <0.001, from the independent sample t-test 

test of digital literacy data and critical thinking skills of the control class and experimental class at a significant 

level (α = 0.05). Thus, it can be concluded that the data from the post-test of digital literacy and critical thinking 

skills are significantly different. Therefore, it can be concluded that the e-module scientific writing assisted by AI 

(Artificial Intelligence) software has an effect on digital literacy and critical thinking skills of Biology Education 

undergraduate students. 

The experimental class was given material about writing scientific papers in the form of an e-module which 

contained content that could train each indicator in digital literacy from finding, using multiple sources, selects, 

evaluates, considers sources, message effects, to uses to produce original work. There are many explanations in 

the e-module that are coherent, concise, and easy to understand to add insight into student digitalisation in writing 

scientific papers. In addition, the e-module is also accompanied by support in the form of videos, scientific 

references, and external website links to provide support in improving students' digital literacy. This is evidenced 

by the results of scientific work in the form of papers from experimental class students which have more 

references, complexity, and quality, compared to the control class. Therefore, the indicator 'uses multiple sources' 

of digital literacy showed a significant increase among students in the experimental class, which contributed to 

improvements in other digital literacy indicators. This notable increase is likely influenced by the interactive 

features of the AI-assisted e-module, which not only provided access to a wider range of references but also 

encouraged students to critically evaluate and compare information from multiple digital sources. The integration 
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of AI tools within the e-module, such as real-time suggestions, keyword-based search assistance, and content 

analysis support, may have played a key role in guiding students to consult various credible sources before 

constructing their scientific writing. Additionally, the AI's ability to offer feedback and recommendations likely 

fostered a habit of information triangulation, prompting students to cross-check and validate data across several 

platforms. As a result, students became more engaged in the research process and demonstrated greater initiative 

in selecting and using diverse sources, which in turn positively impacted the development of other digital literacy 

skills such as evaluating content credibility, understanding the impact of messages, and producing original work. 

In addition, the material about writing scientific papers in the e-module contains content to train each 

indicator in critical thinking skills from applying, evaluating, using data to develop critical insights, analysing, to 

synthesising. There are evaluation exercises and group assignments in the e-module to provide training for 

students' critical thinking skills. This is evidenced by the outcomes of academic work presented through the papers 

from experimental class students who are more in-depth and thorough in their discussion and final conclusions, 

in contrast with the control class. Therefore, a considerable increase was recorded in the "synthesize" indicator of 

critical thinking skills among students in the experimental class. This improvement may be attributed to several 

factors related to the design and implementation of the AI-assisted e-module. One possible reason is the presence 

of structured tasks and scaffolded writing steps within the e-module, which gradually guided students to combine 

information from various sources and formulate original arguments. In addition, the integration of Artificial 

Intelligence played a key role by offering real-time feedback, generating alternative perspectives, and suggesting 

relevant content that encouraged students to think beyond surface-level understanding. The interactive nature of 

the AI-assisted tools may have stimulated higher-order thinking by challenging students to analyze, compare, and 

integrate ideas critically. As a result, students were better equipped to synthesize knowledge, which not only 

enhanced this particular indicator but also had a positive cascading effect on other aspects of critical thinking, 

such as evaluation, application, and analysis. This suggests that the synergy between e-module features and AI 

interaction contributed significantly to fostering deeper cognitive engagement and more independent, reflective 

thinking processes. 

The e-module treated in the experimental class has the features of self instruction, self contained, stand 

alone, adaptability, and user-friendliness so that enable it to provide comfort and convenience for students in the 

experimental class in exploring the material for writing scientific papers in biology education assisted by AI 

(Artificial Intelligence) software. While the control class is only given material for writing scientific papers on 

biological education assisted by AI (Artificial Intelligence) software in the form of Power Point. 

The e-module applied to the experimental class positively influenced students’ digital literacy and critical 

thinking skills in writing AI-assisted scientific papers within the Technobiology course. This effect is attributed 

to the e-module's design as a self instructional, self contained, stand alone, adaptive, and user friendly learning 

resource. Such characteristics stimulate the development of 21st-century skills, particularly digital literacy and 

critical thinking. Pratiwi & Indana (2022) emphasized that e-modules provide guidance for online learning, offer 

access to videos and relevant articles, and include interactive quizzes, features that help strengthen digital literacy. 

Similarly, research by Putri et al. (2023) and Rachmawati et al. (2024) affirmed the effectiveness of e-modules in 

enhancing digital literacy. In addition, Astuti et al. (2022) and Imam et al. (2024) stated that e-modules oriented 

toward biological content are well-suited to developing students’ critical thinking skills, a claim further supported 

by Mahmudah et al. (2022). The structure of the e-module encourages active student engagement in preparing 

scientific papers. However, during implementation, certain limitations were observed, such as varying levels of 

student engagement with the module, technical challenges in using AI software, and the need for additional 

guidance for students unfamiliar with digital platforms. These factors may have influenced the overall 

effectiveness and should be considered in future research. 

 

4. CONCLUSION 

This study employs a quantitative approach to examine the effect of an AI-assisted e-module for scientific 

writing on the digital literacy and critical thinking skills of Biology Education undergraduate students. The 

findings indicate that the implementation of the e-module in guiding students to write academic articles, 

particularly in technobiology courses, significantly enhanced both digital literacy and critical thinking. This is 

supported by hypothesis testing results and a substantial increase in the mean scores from the pretest to the posttest 

in the experimental group that utilized the e-module as a learning medium. Given these promising outcomes, 

further research is suggested to explore the long-term impact of AI-assisted e-modules across different biology-

related courses and educational levels. It is also recommended to investigate students’ perceptions and 

engagement levels when using such digital tools to gain deeper insights into their learning experiences. 
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