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positively to the integration of Al in learning. Al-based applications were
perceived as effective in supporting plant identification, understanding
complex morphological characteristics, accelerating access to scientific
references, and improving classification accuracy. Most students also
demonstrated the ability to critically interpret Al-generated results,
compare them with manual field observations, and use digital
technology responsibly. In addition, students reported an improvement
in their overall digital literacy skills after using Al in learning. In
conclusion, Al technology plays a significant role in supporting
interactive learning and strengthening digital literacy skills in the Plant
Taxonomy course, indicating its potential for broader integration in
biology education.
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1. Introduction

The development of digital technology and artificial intelligence (Al) in the era of the Fourth
Industrial Revolution has brought significant changes across various sectors of life, including
higher education (Sinaga et al., 2024). The paradigm shift from conventional to digital learning has
become an inevitability that must be faced by both lecturers and students (Silaban et al., 2021).
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Universities are now required not only to produce graduates with strong academic competence but
also to equip them with adequate digital literacy skills to adapt to global changes (Silaban et al.,
2021). Digital literacy has become a fundamental 21st-century competency, encompassing the
ability to access, understand, analyze, evaluate, and communicate information effectively and
ethically through digital technologies (Silaban et al., 2024).

In the context of biology education, particularly in the Plant Taxonomy course, students’ digital
literacy skills play a crucial role (Pardede et al., 2024). Plant taxonomy is a branch of biology that
studies the classification, identification, and naming of plants based on morphological, anatomical,
and molecular characteristics (Sirait et al., 2025). To this day, taxonomy learning in higher
education tends to remain conventional, relying heavily on direct observation of specimens and the
use of manual determination keys (Pasaribu et al. 2024). While this method trains accuracy and
observational skills, it does not sufficiently facilitate students in integrating information technology
into their learning process (D. L. Pardede et al., 2025). As a result, students tend to only understand
the descriptive aspects and lack the ability to process, interpret, and utilize the vast digital data
sources available regarding plant biodiversity (Alexander, Siregar, et al., 2025).

The emergence of Artificial Intelligence (Al) offers tremendous opportunities to overcome these
limitations (Pardede et al., 2024). Al can function as an intelligent learning assistant that helps
students automatically recognize plant species through image recognition, machine learning, and
natural language processing technologies (Sibarani et al., 2023). With the support of Al, students
can digitally analyze plant morphology, access global taxonomy databases such as The Plant List
or GBIF (Global Biodiversity Information Facility), and obtain scientific classification
recommendations more quickly and accurately (Sirait et al., 2019). The use of such technology not
only improves learning efficiency but also strengthens students’ digital literacy skills, as they
actively interact with data-driven and algorithmic systems (Sirait et al., 2023).

Although the potential of Al in education has been widely discussed, its implementation in biology
learning—especially in Plant Taxonomy—remains relatively limited (Silaban et al., 2020). Based
on preliminary observations, most students are still unfamiliar with using Al-based applications to
support laboratory or field data collection activities (Simatupang et al., 2025). They remain
dependent on conventional taxonomy manuals and determination keys (Sirait et al., 2024).
Meanwhile, lecturers face challenges in designing pedagogically sound and effective learning
models that integrate Al technology (Alexander et al., 2023). This situation reveals a research gap
between the significant potential of Al application and the reality of learning practices that remain
traditional and less innovative (Sirait et al., 2023).

Previous studies have demonstrated the effectiveness of digital technology in improving the quality
of science education. For instance, (Alexander et al., 2024) found that the use of digital learning
management systems can enhance student engagement and participation in biology learning.
(Sholikhah et al., 2025) also noted that Al implementation in science education helps students grasp
abstract concepts through interactive simulations and automated analysis. Similarly, (Febrianti et
al., 2025) highlighted that Al-based image recognition systems can significantly accelerate plant
species identification compared to manual methods (Sinurat et al., 2024). However, most of these
studies have focused on improving learning outcomes or the effectiveness of digital media use
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(Barus et al., 2024), without specifically exploring how Al contributes to enhancing students’
digital literacy in classification-based courses such as Plant Taxonomy (Pane et al., 2025).
Furthermore, digital literacy in the context of science education extends beyond technical
proficiency in using digital devices; it also includes cognitive, critical, and ethical dimensions.
According to (Siahaan et al., 2023), digital literacy is the ability to understand and use information
in various digital formats effectively. In modern biology education, this implies that students
should not only be capable of using software for plant identification (Sirait et al., 2021) but also be
able to assess data validity, manage scientific information from online sources, and critically and
responsibly utilize Al-generated analyses (Sirait et al., 2023). Therefore, research on the
application of Al in Plant Taxonomy learning should be directed toward strengthening these digital
literacy aspects, rather than merely focusing on technological efficiency (Sirait., 2025).

Based on the aforementioned background, it can be identified that the main problem lies in the low
level of Al integration in Plant Taxonomy learning and the limited digital literacy skills among
biology students (Sirait et al., 2025). This condition highlights the need for innovation in
instructional design that can leverage artificial intelligence as an adaptive and interactive learning
medium (Silaen et al., 2025). Thus, this research aims to bridge the gap between theory and practice
by exploring in depth the role of Al technology in improving students’ digital literacy skills in the
Plant Taxonomy course (Silaban et al., 2025).

The objectives of this study are to analyze the extent to which the implementation of artificial
intelligence technology contributes to enhancing biology students’ digital literacy skills and to
identify the most effective forms of instructional interventions applicable in the context of Plant
Taxonomy learning. This research is expected to provide theoretical contributions to the
development of Al-based biology learning models and offer practical implications for lecturers
(Harita et al., 2025) and higher education institutions in integrating intelligent technologies to
support adaptive, innovative, and digitally oriented 21st-century learning (Silaban et al., 2024).

2. Methods
This research employs a quantitative approach using a survey method through the administration
of questionnaires to students as respondents. The quantitative approach was chosen because this
research aims to objectively measure the extent to which artificial intelligence (AI) technology
influences the enhancement of students’ digital literacy skills in the Plant Taxonomy course (Sirait
et al.,, 2023). Through this approach, the researcher can obtain numerical data that can be
statistically analyzed to explain the relationships among the studied variables. The survey method
is considered the most appropriate because it allows for the collection of data from a larger number
of respondents within a relatively short period of time and can provide a representative description
of students’ perceptions and levels of digital literacy skills (Sirait et al., 2025).
a. Type and Research Design

This study belongs to the category of descriptive quantitative research, as it focuses on
describing ongoing phenomena without manipulating variables. The researcher does not provide
any specific treatment but aims to describe how Al technology plays a role in the Plant Taxonomy
learning process and how it relates to students’ levels of digital literacy. This design enables the
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researcher to obtain factual, systematic, and accurate information regarding students’ perceptions,
experiences, and attitudes toward the use of Al in learning.
b. Population and Sample

The population in this study consists of all students in the Biology Education study program
who have taken or are currently enrolled in the Plant Taxonomy course during the current academic
year. Sampling was carried out using the purposive sampling technique, in which respondents were
selected based on specific considerations relevant to the research objectives, such as active
involvement in Al-based learning activities or the use of digital platforms within the course. The
sample size was determined by considering population representativeness and data adequacy
principles for statistical analysis, ranging between 30-50 respondents, which represents the
minimum requirement for descriptive quantitative research.
¢. Data Collection Techniques

The primary data collection technique in this study was a closed-ended questionnaire,
constructed using a five-point Likert scale, namely: (5) Strongly Agree, (4) Agree, (3) Neutral, (2)
Disagree, and (1) Strongly Disagree. The questionnaire was distributed online using digital survey
platforms such as Google Forms to ensure efficiency and accessibility for all respondents. Before
large-scale distribution, the researcher conducted a pilot test with a small group of students to
ensure the clarity of wording and the ease of response. The questionnaire instrument was divided
into three main sections:

¢ Respondent identity, including (optional) name, gender, semester, and learning experience
with Al technology.

e Statements related to the use of Al technology in Plant Taxonomy learning (e.g., the use
of Al-based plant recognition applications, digital learning platforms, and automated
assessment systems).

o Statements regarding digital literacy skills, covering aspects such as the ability to access
information, analyze and evaluate digital sources, think critically about Al-generated
results, and use technology ethically in the learning process.

d. Instrument Validity and Reliability

To ensure the appropriateness of the research instrument, tests of validity and reliability were
conducted on the questionnaire. Content validity was assessed by three experts with backgrounds
in biology education, educational technology, and digital literacy. These experts evaluated the
relevance of each item to the research variables, the clarity of wording, and the content’s alignment
with the research objectives. The expert validation results showed that all questionnaire items had
a calculated validity coefficient (r<sub>count</sub>) greater than the critical value
(r<sub>table</sub>) = 0.30, indicating that the items were valid and appropriate for use.
Reliability testing was carried out using Cronbach’s Alpha coefficient. The calculation result
showed an a value of 0.87, which indicates a very high reliability level (> 0.80). Therefore, the
questionnaire instrument can be considered reliable for consistently measuring the variables under
investigation (Alexander et al., 2025).
e. Instrument Scoring Rubric
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The instrument rubric was developed to interpret the questionnaire scores, with the
measurement scale based on the average Likert score obtained from each respondent. The
interpretation of the results is presented in the following table:

Table 1.
Students’ Digital Literacy Category

Average Score Category of Students’ Digital Literacy

4.21 -5.00 Very High
3.41-4.20 High
2.61 -3.40 Moderate
1.81-2.60 Low
1.00 - 1.80 Very Low

This rubric was used to determine students’ levels of digital literacy after overall analysis and to
compare them with the level of Al technology utilization in learning (Sinaga et al., 2026).
f. Data Analysis Technique

The questionnaire data were analyzed using quantitative descriptive analysis techniques. The
steps of data analysis included:

e Collecting and tabulating questionnaire data from all respondents.

e Calculating the total and average scores of each variable indicator (Al utilization and digital

literacy).

Interpreting the results based on the categories defined in the scoring rubric.

Analyzing the relationship between variables using the Pearson Product-Moment
correlation technique to determine the degree of correlation between the use of Al
technology and students’ digital literacy skills.

The results of the analysis were presented in the form of tables and charts to facilitate data
interpretation (Susanti et al., 2025). Through this method, the study is expected to objectively
describe the extent to which Al technology contributes to enhancing students’ digital literacy skills
in the Plant Taxonomy course, while also providing an empirical foundation for the development
of Al-based learning models in the future (Pardede et al., 2026).

3. Result and Discussion
Result
The results of this research includes:

a. Question 1 : I often use Al-based applications to assist in plant identification during
Taxonomy practical sessions.
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Figure 1.
The results of Question 1

Saya sering menggunakan aplikasi berbasis Al untuk membantu identifikasi tumbuhan saat
praktikum Taksonomi.

32 jawaban

@ Sangat Setuju
® Setuju
Ragu-ragu
® Tidak Setuju
@ Sangat Tidak Setuju

Out of a total of 32 respondents, all (100%) provided a positive response regarding the use of Al
applications in Taxonomy practicals. Specifically, 75% (24 respondents) stated "Agree" and 25%
(8 respondents) stated "Strongly Agree." There were no respondents who expressed hesitation or
disagreement. This data indicates that Al technology has become a primary tool fully accepted by
students to assist in plant identification.

b. Question 2 : I utilize Al technology to understand the morphological features of plants
that are difficult to observe directly
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Figure 2.
The results of Question 2

Saya memanfaatkan teknologi Al untuk memahami ciri morfologi tumbuhan yang sulit diamati

secara Iangsung.
32 jawaban

@ Sangat Setuju

@ Setuju

@ Ragu-ragu

@ Tidak Setuju

@ Sangat Tidak Setuju

Based on data from 32 respondents, all students (100%) provided a positive response regarding the
use of Al to understand plant morphology that is difficult to observe directly. Specifically, 62.5%
(20 respondents) stated "Agree" and 37.5% (12 respondents) stated "Strongly Agree." There were
no respondents in the "Undecided" or "Disagree" categories.

¢. Question 3 : Al helps me find scientific references related to plant classification more
quickly.

Figure 3.
The results of Question 3

Al membantu saya menemukan referensi ilmiah terkait klasifikasi tumbuhan secara lebih cepat.
32 jawaban

@ Sangat Setuju

@ Setuju

@ Ragu-ragu

@ Tidak Setuju

@ Sangat Tidak Setuju
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Based on the data from 32 respondents, all students (100%) agree that Al helps them find scientific
references related to plant classification more quickly. The breakdown of the data shows that 53.1%
of respondents stated "Agree" and the remaining 46.9% stated "Strongly Agree". No respondents
provided "Undecided" or "Disagree" answers.

d. Question 4 : The Al application used is easy to operate during the Taxonomy learning
process.

Figure 4.
The results of Question 4

Aplikasi Al yang digunakan mudah dioperasikan dalam proses pembelajaran Taksonomi.
32 jawaban

® Sangat Setuju
® Setuju
Ragu-ragu
@ Tidak Setuju
@ Sangat Tidak Setuju

Based on the survey results from 32 respondents, indicates a high level of satisfaction regarding
the operational aspects of the technology used. The majority of respondents, at 59.4%, Agreed that
the Al applications used were easy to operate within the Taxonomy learning process, while another
37.5% Strongly Agreed. There was a small portion of respondents, amounting to 3.1%, who
responded as Undecided. No respondents expressed disagreement or strong disagreement.

e. Question 5 : The use of Al makes Plant Taxonomy learning more engaging and
interactive.
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Figure 5.
The results of Question 5

Penggunaan Al membuat pembelajaran Taksonomi Tumbuhan menjadi lebih menarik dan interaktif.

32 jawaban

@ Sangat Setuju
® Setuju
Ragu-ragu
@ Tidak Setuju
@ Sangat Tidak Setuju

The utilization of artificial intelligence (Al) technology has brought significant transformations to
the learning methods and practical sessions of Plant Taxonomy for students. Based on a survey of
32 respondents, all students (100%) confirmed that they frequently use Al-based applications to
assist in plant identification, with 75% agreeing and 25% strongly agreeing. This high usage rate
is closely related to Al's ability to visualize details that are difficult to reach manually; as many as
62.5% of respondents agreed and 37.5% strongly agreed that AI helps them understand
morphological characteristics that are difficult to observe directly. Furthermore, Al features were
considered effective in supporting the understanding of taxonomic relationships between species,
as stated by 71.9% of respondents who agreed and 25% who strongly agreed.

f. Question 6 : The use of Al accelerates my understanding of plant classification and
nomenclature concepts.
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Figure 6.
The results of Question 6

Penggunaan Al mempercepat pemahaman saya terhadap konsep klasifikasi dan nomenklatur
tumbuhan.

32 jawaban

@ Sangat Setuju

® Setuju

@ Ragu-ragu

® Tidak Setuju

@ Sangat Tidak Setuju

Based on data from 32 respondents, the majority of students experienced a positive impact of Al
on the speed of understanding fundamental material. A total of 68.8% of respondents Agreed and
25% Strongly Agreed that the use of Al accelerates their understanding of plant classification and
nomenclature concepts. A small portion of respondents provided Undecided (3.1%) and Disagree
(3.1%) responses.

g. Question 7 : The use of Al helps me identify plant species with a high level of accuracy.

Figure 7.
The results of Question 7

Penggunaan Al membantu saya mengidentifikasi spesies tumbuhan dengan tingkat akurasi tinggi.
32 jawaban

® Sangat Setuju

® Setuju

@ Ragu-ragu

@ Tidak Setuju

@ Sangat Tidak Setuju
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Based on the survey results of 32 respondents, the majority of students acknowledge the reliability
of Al technology in the species identification process. A total of 59.4% of respondents stated Agree
and 37.5% stated Strongly Agree that the use of Al helps them identify plant species with a high
level of accuracy. There was a small portion of respondents (3.1%) who responded as Undecided,
yet not a single respondent expressed disagreement.

h. Question 8 : I support the broader implementation of Al technology in biology learning.

Figure 8.
The results of Question 8

Saya mendukung penerapan teknologi Al secara lebih luas dalam pembelajaran biologi.
32 jawaban

® Sangat Setuju
® Setuju
Ragu-ragu
@ Tidak Setuju
@ Sangat Tidak Setuju

Based on data from 32 respondents, there is very strong support from students regarding the
expanded implementation of Al technology in the field of biology. A total of 59.4% of respondents
stated Agree and 31.3% stated Strongly Agree in supporting the broader application of Al in
biology learning. Although the majority gave a positive response, 9.4% of respondents remained
Undecided, yet no respondents rejected or expressed disagreement.

i. Question 9 : I am able to distinguish valid scientific information from unreliable
information on the internet.
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Figure 9.
The results of Question 9

Saya dapat membedakan informasi ilmiah yang valid dengan informasi yang tidak dapat dipercaya

di internet.
32 jawaban

@ Sangat Setuju
® Setuju
Ragu-ragu

® Tidak Setuju
@ Sangat Tidak Setuju

Based on data from 32 respondents indicates a fairly high level of student confidence in selecting
digital information. A total of 68.8% of respondents stated Agree and 15.6% stated Strongly Agree
that they can distinguish between valid scientific information and unreliable information on the
internet. However, 9.4% of respondents felt Undecided and 6.3% of respondents stated Disagree
regarding their ability to validate such information.

jo Question 10 : I am able to process and compare data generated by Al with the results of
manual field observations.
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Figure 10.
The results of Question 10

Saya dapat mengolah dan membandingkan data hasil Al dengan hasil pengamatan manual di

lapangan.
32 jawaban

@ Sangat Setuju

@ Setuju

@ Ragu-ragu

@ Tidak Setuju

@ Sangat Tidak Setuju

Based on the data from 32 respondents, the majority of students feel capable of performing
independent data verification. A total of 68.8% of respondents stated Agree and 28.1% stated
Strongly Agree that they can process and compare Al-generated data with manual observation
results in the field. Only a small portion of respondents (3.1%) expressed Disagree, and no
respondents provided undecided or strongly disagree answers.

k. Question 11 : I often use Al-based applications to assist in plant identification during
Taxonomy practical sessions.

Figure 11.
The results of Question 11

Saya memahami etika penggunaan Al, termasuk hak cipta dan sumber data digital.
32 jawaban

@ Sangat Setuju

@ Setuju

@ Ragu-ragu

@ Tidak Setuju

@ Sangat Tidak Setuju
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Based on data from 32 respondents, the majority of students stated that they understand the moral
aspects of using digital technology. A total of 71.9% of respondents Agreed and 18.8% Strongly
Agreed that they understand the ethics of using Al, including issues regarding copyright and digital
data sources. Nevertheless, some respondents provided Undecided (6.3%) and Disagree (3.1%)
responses regarding their understanding of these ethics.

I. Question 12 : I use digital technology responsibly in collecting and publishing taxonomic
data.

Figure 12.
The results of Question 12

Saya menggunakan teknologi digital secara bertanggung jawab dalam mengumpulkan dan

mempublikasikan data taksonomi.
32 jawaban

@ Sangat Setuju
® Setuju
Ragu-ragu
@ Tidak Setuju
@ Sangat Tidak Setuju

Based on the survey results of 32 respondents, all students (100%) provided a positive response
regarding their commitment to using technology ethically. The data shows that 65.6% of
respondents stated Agree and 31.3% stated Strongly Agree that they use digital technology
responsibly in collecting and publishing taxonomic data. There was a small portion of respondents
(3.1%) who expressed Disagree, but no respondents provided undecided or strongly disagree
answers.
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m. Question 13 : I feel that my digital literacy skills have improved since using Al technology
in learning.

Figure 13.
The results of Question 13

Saya merasa kemampuan literasi digital saya meningkat sejak menggunakan teknologi Al dalam

pembelajaran.
32 jawaban

@ Sangat Setuju
® Setuju
Ragu-ragu
@ Tidak Setuju
@ Sangat Tidak Setuju

Based on data from 32 respondents, the majority of students experienced a positive impact on their
digital skills. A total of 62.5% of respondents Agreed and 31.3% Strongly Agreed that their digital
literacy skills have improved since using Al technology in their learning. A small portion of
respondents, amounting to 6.3%, provided an Undecided response, while no respondents expressed
disagreement.

Discussion

The findings of this study confirm that Al integration in Plant Taxonomy learning supports the
development of students’ digital literacy skills. The positive student responses align with previous
research indicating that Al-based learning tools enhance access to information and promote
interactive learning environments.

The improvement in students’ critical evaluation skills suggests that Al does not merely function
as a source of information but also encourages students to engage in reflective and analytical
thinking (Sinurat et al., 2026). By comparing Al-generated outputs with traditional learning
resources, students develop a deeper understanding of plant taxonomy concepts and strengthen
their critical literacy skills (Hai et al., 2025).

Furthermore, the increase in ethical awareness highlights the importance of integrating digital
ethics into Al-supported learning. This finding supports earlier studies emphasizing the role of
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digital literacy education in fostering responsible and ethical technology use among students
(Sitorus et al., 2025).

4. Conclusion

This study concludes that the integration of Artificial Intelligence in the Plant Taxonomy course
plays a significant role in enhancing students’ digital literacy skills. Al-based applications support
interactive learning, facilitate access to scientific information, and promote critical evaluation and
ethical awareness in digital technology use.

The findings suggest that educators are encouraged to integrate Al tools into biology learning to
strengthen students’ digital competencies. Future research may explore experimental designs or
broader samples to further examine the impact of Al integration on learning outcomes and digital
literacy development.
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