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Abstract: Digital literacy is essential in biology learning as students increasingly use digital
sources to access scientific information. However, many students still struggle to evaluate
online information, while digital platforms often emphasize content delivery rather than
digital literacy development. This study examined the effectiveness of a Google Sites-based
digital module integrated with RICOSRE in improving students’ digital literacy. This study
employed a quasi-experimental method by comparing two intact groups through pretest and
posttest procedures. The participants involved 70 students: 34 in the experimental group and
36 in the control group. Data were collected through a test instrument that had been validated
and developed with reference to Greenstein’s framework, covering information finding, use
of multiple sources, information selection, information evaluation, source and message
consideration, and production of original work. Data were analyzed using ANCOVA, N-gain,
and effect size. The analysis revealed a significant difference in digital literacy scores, with the
experimental group outperforming the control group after controlling for pretest scores, F =
128.008, p < 0.001, partial n? = 0.656. The N-gain score was also higher in the experimental
group, 0.57 versus 0.28. These findings indicate that the module effectively strengthens
students’ digital literacy in biology learning.
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Abstrak: Literasi digital menjadi kompetensi penting dalam pembelajaran biologi karena
siswa semakin bergantung pada sumber digital untuk mengakses informasi ilmiah. Namun,
banyak siswa masih kesulitan mengevaluasi kredibilitas informasi daring, sementara
platform pembelajaran digital sering berfokus pada penyampaian materi, bukan
pengembangan literasi digital secara eksplisit. Tujuan dari penelitian ini menguji efektivitas
modul digital berbasis Google Sites yang terintegrasi dengan model RICOSRE dalam
meningkatkan literasi digital siswa SMA. Penelitian menggunakan desain kuasi-eksperimen
pretest-posttest dengan kelompok kontrol nonekuivalen, melibatkan 70 siswa: 34 siswa
kelompok eksperimen dan 36 siswa kelompok kontrol. Data penelitian dihimpun melalui tes
literasi digital tervalidasi berdasarkan kerangka Greenstein, mencakup pencarian informasi,
penggunaan berbagai sumber, pemilihan informasi, evaluasi informasi, pertimbangan
sumber dan efek pesan, serta penggunaan informasi untuk menghasilkan karya orisinal. Data
dianalisis menggunakan ANCOVA, N-gain, dan ukuran efek. Hasil menunjukkan kelompok
eksperimen memperoleh skor literasi digital lebih tinggi secara signifikan daripada kelompok
kontrol setelah mengontrol skor pretest, F = 128.008, p < 0.001, partial n = 0.656. Capaian N-
gain kelompok eksperimen menunjukkan lebih tinggi daripada kelompok kontrol, sebesar
0.57 dibandingkan 0.28. Temuan ini mengindikasikan bahwa modul digital berbasis Google
Sites terintegrasi RICOSRE efektif memperkuat literasi digital siswa dalam pembelajaran
biologi secara lebih terstruktur.

Kata kunci: Literasi digital, modul digital, Google Sites, RICOSRE, informasi ilmiah
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INTRODUCTION

Digital transformation has changed the way students learn through the availability of
abundant information and knowledge, as well as fast and relatively unrestricted access
(Haleem et al,, 2022; Hinostroza et al., 2024; Petchamé et al., 2023). The learning process
has moved away from being predominantly led by the teacher, evolving instead into an
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approach that emphasizes student engagement within digital environments. In this context,
students face both opportunities and challenges, particularly in identifying relevant and
credible information (Jenkins, 2009). Therefore, students must both obtain information and
apply it critically and meaningfully as part of digital literacy competencies (OECD, 2019).

Mastery of digital literacy is increasingly vital for students in 21st-century learning
environments. This competency requires students to find, assess, produce, and share
information using digital tools while applying critical thinking and ethical considerations
(UNESCO, 2018). Digital literacy can be understood as a set of interrelated skills, including
technical abilities, cognitive strategies, and socio-emotional competencies, applied when
engaging with digital technology (Ng, 2012). Recent studies suggest that digital literacy
involves more than just the basic ability to operate digital devices, but also involves critical
evaluation of digital information, including the ability to asess credibility, validity, and
potential misinformation (Bermes, 2021; McGrew & Breakstone, 2023; Polizzi, 2020).

Even though the current generation is often referred to as “digital natives,” the
assumption that students automatically possess adequate digital literacy has been widely
criticized (Kirschner & De Bruyckere, 2017). Experience in using technology does not
always correlate directly with the ability to think critically, evaluate sources, and utilize
technology for academic purposes (Selwyn, 2009). Empirical findings also show that
students often struggle to assess the credibility of online information despite having broad
access to digital technology. In Indonesia, The 2022 PISA assessment reveals that students
still face difficulties in reading, interpreting, and evaluating complex information, which
reflects a broader challenge in developing critical information-processing competencies.
This condition highlights a gap between access to technology and students’ actual digital
literacy competencies (Kominfo, 2023). This situation highlights a gap between technology
access and actual digital literacy competencies.

Digital literacy is particularly relevant in biology education because biological
knowledge is organized across multiple and interconnected levels, rom molecular and
organelle levels to cells, tissues, and organs, then to organ systems and organisms,
continuing to populations, and finally encompassing ecosystems (Schneeweif? &
Gropengiefder, 2019). Understanding biology therefore requires more than memorizing
isolated concepts; students need to construct coherent explanations by relating structures,
processes, including how biological components are connected, and how biological
components influence one another across different levels. This demand is consistent with
systems thinking in biology education, which emphasizes the ability to interpret biological
phenomena as dynamic systems involving components, boundaries, interactions, feedback,
and emergent patterns (Verhoeff et al., 2018). Many biological phenomena, however, are
not directly observable and are commonly represented through diagrams, microscopic
images, graphs, simulations, animations, databases, and other forms of scientific
visualization (Gafur et al., 2024). Thus, digital literacy supports conceptual understanding
in biology not merely by facilitating access to digital resources, but by enabling students to
critically evaluate online scientific information, interpret digital visualizations and data, and
integrate evidence into coherent explanations of biological phenomena (Vuorikari et al,,
2022). From this perspective, strengthening students’ digital literacy through biology
learning should not be treated as an additional or separate instructional goal but as an

282



essential condition for helping students engage with biological knowledge in a critical,
meaningful, and evidence-based manner.

Although digital technology has been widely integrated into biology education,
previous implementations have rarely targeted the explicit development of students’ digital
literacy. Prior innovations in web-based learning media in science education have
predominantly emphasized content delivery and accessibility, without systematically
guiding students in acquiring, evaluating, integrating, and producing information from
digital sources (Bedenlier et al.,, 2020; OECD, 2021). A digital module developed through
Google Sites can effectively addressing this issue because it can organize biology content,
multimedia resources, learning instructions, and evaluation activities within a single web-
based learning environment, thereby supporting accessibility, multimedia integration, and
ease of use in digital learning. This potential is also evident in studies using platforms such
as Google Sites, which are flexible and capable of integrating various digital resources into
biology content (Jayanti, 2023; Wulandari et al., 2024; Yusha & Risnani, 2023). However,
digital modules developed in previous studies have often remained limited to the
digitization of instructional materials and content repositories rather than being designed
as structured learning environments that explicitly guide students’ digital literacy practices
(Fisher et al., 2017; OECD, 2021). Most previous research has not directly measured
students’ digital literacy development, focusing instead on engagement or general learning
outcomes. This leaves a gap in understanding how digital modules can explicitly support
students’ digital literacy in biology learning. Addressing this gap requires an intervention
that intentionally integrates digital literacy into the learning process by guiding students to
search, evaluate, synthesize, and produce knowledge using digital resources. Therefore, the
present study develops a Google Sites-based digital module designed around the RICOSRE
model, with digital literacy positioned as a central learning objective. This approach aligns
the affordances of digital platforms with the pedagogical goal of fostering students’ ability
to critically interact with digital information, transforming technology use from mere
content delivery into a means of developing meaningful digital literacy (McGrew &
Breakstone, 2023; OECD, 2019). This suggests that digital technology should not be treated
merely as an instructional medium, but as a pedagogical space in which students are
systematically guided to practice digital literacy in relation to biological knowledge.

To operationalize the intervention, the present study adopts the RICOSRE learning
model as a pedagogical framework for structuring students’ digital literacy practices.
RICOSRE is relevant for this purpose because its six stages (1) reading, (2) identifying a
problem, (3) constructing the solution, (4) solving the problem, (5) reviewing the problem
solving, and (6) extending the problem solving provide a sequential framework for guiding
students from information acquisition to knowledge construction and extension (Mahanal
et al, 2019). Previous studies have shown that RICOSRE supports students’ thinking
processes, particularly in problem-solving and higher-order thinking, by engaging them in
reading, analysing problems, developing solutions, evaluating ideas, and extending their
understanding (Mahanal et al.,, 2022; Ramdani et al.,, 2025). However, these strengths do not
automatically address digital literacy unless the model is implemented through learning
activities that require students to search, evaluate, integrate, and communicate information
using digital resources. In conventional implementation, RICOSRE may guide students’
problem solving processes, but it does not necessarily provide a structured digital
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environment where students can critically interact with online scientific information, visual
representations, and evidence based resources. Therefore, integrating RICOSRE into a
Google Sites-based digital module is necessary to align each stage of the model with digital
literacy practices. Through this integration, the digital module can support students in
reading digital biology resources, identifying problems based on scientific information,
constructing and solving problems using credible digital evidence, reviewing the validity of
their understanding, and extending their knowledge through digital learning activities.
Thus, the integration of RICOSRE and a Google Sites based digital module functions beyond
a simple technological adaptation and serves as a pedagogical strategy to transform the
stages of RICOSRE into structured digital literacy practices in biology learning.

Conceptually, each stage of the RICOSRE framework is linked to part of digital literacy
competence. The “reading” and “identifying” stages develop the capability to access and
select information; the stages of “constructing” and “solving” develop the ability to evaluate
information and draw connections among ideas; and the stages of “reviewing” and
“extending” develop the ability to evaluate and produce knowledge (Mahanal et al.,, 2019).
This alignment is consistent with the digital competency framework, which emphasizes the
ability to critically access, evaluate, and create information (UNESCO, 2018). Therefore,
RICOSRE provides a pedagogical sequence through which digital literacy can be explicitly
practiced in biology learning.

Considering the above, there is a need for educational innovations that integrate
digital literacy, instructional models, and digital media. Previous research has been limited
in examining the integration of the RICOSRE model with a digital module developed through
Google Sites and tailored to strengthen learners’ digital literacy in biology education. As a
result, this study aims to test the effectiveness of a Google Sites-based digital module
integrated with the RICOSRE model in enhancing students’ digital literacy in biology
learning.

METHOD

The research was conducted quantitatively by comparing two intact groups through
pretest and posttest procedures within a quasi-experimental framework. This design was
used to compare the effects of two instructional treatments on students’ digital literacy. In
this research, the instructional treatment served as the independent variable, while the
dependent variable was students’ digital literacy. Two groups participated in this research:
an experimental group taught using the RICOSRE model supported by a Google Sites-based
digital module and a control group taught using the RICOSRE model without digital module
support. The research design is presented in Table 1.

Table 1. Overview of the quasi-experimental procedure
Pretest Treatment Group N Posttest
01 Experimental group (RICOSRE assisted by a
Google Sites-based digital module)
Q3 RICOSRE 36 Q4

34 Q2

This research identified all Grade 11 students at the selected high school during the
2025/2026 academic year as its population, comprising five biology classes. The sampling
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units were whole classes because the students had already been organized into fixed
classroom groups, making individual randomization impractical. Sampling was conducted
at the class level by drawing lots. Of the five available classes, two were selected as the study
sample consisting of one treatment group and one comparison group. Before the treatment
was administered, both groups were tested for equivalence to ensure that the students’
initial abilities were relatively comparable. The participants were between 16 and 17 years
old. The experimental group consisted of 34 students who received RICOSRE instruction
supported by a Google Sites-based digital module, whereas the comparison class included
36 learners who participated in RICOSRE-based learning without digital module support.

The research instrument for assessing students’ digital literacy took the form of a
digital literacy test developed based on Greenstein’s digital literacy framework. The
instrument consisted of 27 items covering six indicators: 3 items for “finds,” 6 items for
“uses multiple sources,” 5 items for “selects,” 4 items for “evaluates,” 5 items for “considers
source and message effect,” and while 4 items focused on “uses information to produce
original work.” These six indicators were used to measure students’ ability to find
information, use multiple sources, select relevant information, evaluate information,
consider source and message effects, and use information to produce original work in the
context of biology learning. The instrument was scored using a five-point scale to indicate
the level of students’ digital literacy achievement.

The instrument was first reviewed by experts to assess the alignment of the items
with Greenstein’s digital literacy indicators, their relevance to the biology context, the
clarity of the language, and the appropriateness of the cognitive level. This expert review
was conducted as a way to confirm the instrument’s content validity and construct validity..
Subsequently, the instrument was pilot-tested with students beyond the selected sample.
On the basis of the pilot test findings, the item validity was analyzed using SPSS to perform
Pearson’s product-moment correlation analysis, while Cronbach’s alpha was used to
evaluate the reliability of the instrument. The analysis results revealed that every item was
valid and that the instrument achieved a very high reliability level, indicated by a Cronbach’s
alpha coefficient of 0.932. Therefore, the instrument was considered suitable for use in this
study.

This study began with the administration of an initial test in both the treatment and
comparison groups to assess learners’ baseline digital literacy prior to the implementation
of the intervention. Subsequently, instruction was conducted in accordance with the
research design. The treatment group participated RICOSRE model supported by a Google
Sites-based digital module, whereas the comparison group learned through the RICOSRE
model without support from the digital module. The implementation of instruction in both
groups followed the six stages of the RICOSRE model: Reading, Identifying Problem,
Constructing Solution, Solving Problem, Reviewing, and Extending, as presented in Table 2.
In the experimental group, the Google Sites-based digital module served as the primary
medium to support information-seeking, information evaluation, and information-
processing activities at each stage of instruction. During the learning process, the
implementation of the RICOSRE stages was observed using an observation sheet to ensure
implementation fidelity across both groups. After all treatments were completed, both
groups were administered a posttest to measure students’ digital literacy after instruction.
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The sequence of the research procedures consisted of pretest administration, treatment
implementation, observation of implementation fidelity, and posttest administration.

Table 2. RICOSRE model syntax

The Steps Student Activity
1 Read Students read and understand the text describing the
problem presented
2 ldentifying the Students identify and formulate the problem to be solved
problem
3 Construction the Students design appropriate problem-solving strategies or
Solution steps
4  Solving the Problem Students conduct research and collect data to arrive at a
solution
5 Reviewing the Learners review and assess whether the proposed solution
Problem Solving is appropriate.
6 Extending the Learners use the proposed solution to address comparable
Problem Solving problems in new contexts.

The data were examined using descriptive and inferential statistics. Descriptive
analysis was used to summarize the pretest and posttest mean scores and the development
of students’ digital literacy in both groups. Before hypothesis testing, the data were
examined to verify their suitability for ANCOVA analysis by checking several requirements:
normal distribution through the Shapiro-Wilk test, variance homogeneity through Levene’s
test, linearity between the covariate and dependent variable, and homogeneity of
regression slopes. Hypothesis testing was carried out through ANCOVA, in which pretest
results were treated as the covariate for adjusting differences in students’ initial abilities.
This analysis was used to determine how the instructional treatment influenced learners’
digital literacy scores in the posttest. The strength of the treatment effect was reported
using partial eta squared. In addition, N-gain was calculated as a supplementary descriptive
analysis to describe the magnitude of improvement in students’ digital literacy scores. Thus,
ANCOVA served as the primary inferential analysis, whereas N-gain was used to provide
additional descriptive information about score improvement. All statistical procedures
were performed with SPSS, applying a 0.05 significance threshold.

RESULTS AND DISCUSSION

Assumption test result

Assumption test findings indicated that learners’ digital literacy pretest and posttest
scores in the treatment and comparison groups followed a normal distribution and showed
homogeneous variance. These findings indicate that the data fulfilled the basic statistical
requirements needed for further inferential analysis. Thus, ANCOVA became a suitable
method for assessing how the instructional treatment influenced learners’ digital literacy,
with their initial digital literacy scores controlled statistically.
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Table 3. Results of data distribution and variance homogeneity tests

Shapiro-Wilk Normality Test Levene’s Homogenity Test
Data Levene’s
G -val -val Data Vari
roup p-vatue Distribution  Statistic p-vatue ata variance
E :
xperimental 0.274
pretest Normal 1.296 0.259 Homogeneous
Control pretest 0.076
B .
xperimental 0.084
posttest Normal 2.375 0.128 Homogeneous

Control posttest 0.729

Descriptive results of students’ digital literacy

Descriptively, students’ digital literacy scores increased within both the treatment
and comparison groups, but the increase was more pronounced in the experimental group.
The mean score for the treatment group showed an improvement, rising from 64.06 at the
pretest stage to 84.31 at the posttest stage, representing a gain of 20.25 points. Meanwhile,
the mean score for the comparison group showed an increase from 57.97 to 69.27,
representing a gain of 11.30 points. These descriptive findings suggest that the RICOSRE
model supported by a Google Sites-based digital module contributed to a greater
improvement in students’ digital literacy than RICOSRE instruction without digital module

support.
Table 4. Students’ digital literacy score and percebtage improvement
Digital Control Group Experimental Group
Literacy Mean Score Improvement Mean Score Improvement
Indicator Pretest Posttest (%) Pretest Posttest (%)
Finds 60.74 68.33 19.34 66.27 83.92 52.33
Uses
Multiple 56.76 69.54 29.55 58.14 84.22 62.30
Sources
Selects 58.78 70.44 28.30 65.29 84.35 54.92
Evaluates  57.22 69.31 28.25 64.71 87.06 63.33
Considers
SOUNCe, gsa4 6911 30.67 6494  84.24 55.03
Message
Effect
Uses to
produce o059  68.89 24.32 6500  82.06 48.74
original
work
Average 57.97 69.27 26.74 64.06 84.31 56.11

Based on the digital literacy indicators, all aspects showed improvement within the
treatment and comparison classes. In the experimental group, the highest increases were
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observed in the “Evaluates” indicator at 63.33% and the “Uses Multiple Sources” indicator
at 62.30%, whereas the lowest increase was found in the “Uses Information to Produce
Original Work” indicator at 48.74%. In the control group, the highest increase was observed
in the “Considers Source and Message Effect” indicator at 30.67%, while the lowest increase
was found in the “Finds” indicator at 19.34%. These descriptive findings suggest that the
Google Sites-based digital module integrated with the RICOSRE model contributed more
strongly to improving students’ ability to evaluate digital information and use multiple
digital sources than to developing their ability to produce original digital works.

Students’ posttest digital literacy scores across indicators are shown in Figure 1. The
graph shows that learners in the treatment group outperformed those in the comparison
group across all digital literacy indicators. This pattern supports the descriptive evidence
that the integration of the Google Sites-based digital module with the RICOSRE model
provided greater support for students’ digital literacy development than RICOSRE
instruction without digital module support.

100.00

90.00 83.92 84.22 84.35 87.06 84.24 82.06
80.00  ¢g33 69.54 70.44 69.31 69.11 68.89
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
Finds Uses Multiple Selects Evaluates Considers  Uses to Produce
Sources Source, Original Work
Message
Effectiveness
H Control Group ¥ Experimental Group
Fig. 1. Digital literacy posttest scores by indicator
ANCOVA results

The ANCOVA findings indicated a statistically significant difference in learners’
posttest digital literacy outcomes across the treatment and comparison groups, with pretest
scores statistically adjusted, F = 128.008, p < 0.001. This finding suggests that learners’
digital literacy was significantly influenced by the instructional treatment. The partial eta
squared value of 0.656 indicates a large effect size, suggesting that the Google Sites-based
digital module integrated with the RICOSRE model made a substantial contribution to
strengthening learners’ digital literacy.

The ANCOVA results (Table 5) also showed that pretest scores did not significantly
affect posttest scores, p = 0.998. This suggests that students’ initial digital literacy did not
significantly contribute to the variation in posttest scores. Therefore, the posttest digital
literacy gap across the treatment and comparison groups remained evident after controlling
for students’ initial abilities.
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Table 5. Statistical results of ANCOVA for digital literacy scores

Source Type III Sum df Mean F sig. Partial Eta
of Squares Square squarred

Corrected Model 3929.145 2 1964.572 68.504 0.000 0.672
Intercept 13051.992 1 13051.992 455.119 0.000 0.872
XLD 0.000 1 0.000 0.000 0.998 0.000
Class Group 3671.036 1 3671.036 128.008 0.000 0.656
Error 1921.441 67 28.678
Total 416733.000 70
Corrected 5850.586 69
Total

N-gain results

The improvement in students’ digital literacy was further examined using N-gain as a
supplementary descriptive analysis. The results showed that the treatment group obtained
a moderate N-gain value of 0.57, whereas the comparison group recorded a low N-gain
value of 0.28. These findings indicate that learners in the treatment group showed stronger
development in digital literacy compared with learners in the comparison group. This result
supports the ANCOVA findings, suggesting that the Google Sites-based digital module
integrated with the RICOSRE model provided stronger support for students’ digital literacy
development than RICOSRE instruction without digital module support.

Table 6. Digital literacy n-gain comparison

N-gain Score Effectiveness
Experimental Group 0.57 Moderate effectiveness
Control Group 0.28 Low effectiveness

These results reinforce the ANCOVA findings, showing that the implementation of a
digital module developed through Google Sites in combination with the RICOSRE model
contributed to greater improvement in students’ digital literacy than RICOSRE instruction
without digital module support. However, N-gain was used only as a supplementary
descriptive analysis, whereas the primary evidence of the treatment’s effectiveness was
based on the ANCOVA results.

The findings indicate that RICOSRE instruction supported by a Google Sites-based
digital module was more effective in improving students’ digital literacy than RICOSRE
instruction without digital module support. This effectiveness was reflected in the more
substantial improvement observed in the treatment group, the significant ANCOVA result
after controlling for pretest scores, the strong magnitude of the treatment effect, and the
better N-gain outcome recorded by the treatment group. These findings suggest that
improvement in students’ digital literacy was influenced not only by their initial abilities,
but also by the quality of the digital learning design, which provided a structured and
purposeful learning pathway. In this study, the Google Sites-based digital module served not
merely as a medium for presenting biology content, but also as a digital learning space that
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guided students in navigating information, following task sequences, and maintaining focus
on the problem-solving process. Therefore, the function of the digital module extended
beyond content delivery and contributed to shaping students’ digital literacy practices in a
more systematic manner. This finding aligns with theoretical and empirical perspectives
indicating that well-designed digital learning environments can strengthen digital learning
behaviors and support improved learning outcomes. In addition, digital literacy programs
can be considered effective when the learning process facilitates digital fluency, information
verification, and the critical, ethical, and responsible use of technology (Buchan et al., 2024;
Ernest & Putra M, 2023; Yuan et al., 2025).

The greatest improvements in the “Evaluates” and “Uses Multiple Sources” indicators
point to the intervention’s strong role in strengthening learners’ capacity to compare, verify,
and assess the quality of digital information. Theoretically, the finding aligns with a
principle of digital literacy development: learners strengthen this competence when they
are trained to evaluate sources, integrate evidence, and engage in information-based
reasoning using more than one source (Barzilai et al,, 2020). In the experimental group,
students did not merely stop at finding information; they were guided to explore multiple
sources, compare information across sources, and determine which information is most
appropriate and trustworthy to support problem-solving. Thus, the learning process
involved not only passive information reception but also deeper cognitive processing in
selecting and evaluating information. This pattern aligns with previous studies, which
emphasize that learners develop stronger understanding when they are trained to
systematically integrate and synthesize evidence from various sources (Barzilai et al., 2020;
List & Alexander, 2017). These findings are also supported by previous studies indicating
that many learners still tend to engage in superficial information evaluation; therefore,
instruction must explicitly train students in reflective and evidence-based evaluation
strategies (McGrew, 2020; Nagel & Zlatkin-Troitschanskaia, 2025; Trixa & Kaspar, 2024).
Therefore, the ability to evaluate credible digital information needs to be developed through
task designs that explicitly train students to search for, select, verify, and account for the
information used in problem-solving.

The “Uses Information to Produce Original Work” indicator showed improvement,
although its achievement was still lower than the other indicators. This finding implies that
not all dimensions of digital literacy develop at the same rate, and that the creation
dimension requires more complex cognitive processes than the evaluation dimension
(Fraillon, 2025; Vuorikari et al., 2022). This finding requires careful interpretation, as the
low increase in this indicator does not necessarily mean that the intervention was
ineffective; rather, it indicates that the ability to produce original work is a more complex
dimension of digital literacy. From a cognitive taxonomy perspective, creative activities are
at a higher cognitive level than evaluative activities because they require students to
generate new representations based on previously analyzed information (Anderson &
Krathwohl, 2001). This process involves a higher cognitive load, a longer practice period,
and more intensive feedback to ensure the quality of the resulting products (Deschénes,
2024; Fiorella, 2023; Vandermeulen et al., 2024). In accordance with this interpretation,
Findings from recent studies indicate that digital literacy is associated with students’ ability
to engage in knowledge production and digital creation; however, this ability tends to
develop more effectively when students are supported by an adequate digital learning
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environment and are given repeated opportunities to create, revise, and communicate
digital products (Zhao et al., 2025; Zhou et al., 2025). Therefore, the lower achievement in
the “Uses Information to Produce Original Work” indicator suggests that media support and
a structured learning framework can provide an initial foundation for digital literacy, but
strengthening the creation dimension requires more intensive, sustained, and feedback-
oriented pedagogical intervention.

The unequal outcomes recorded in the two groups indicates that the RICOSRE model
provided a structured problem-solving framework, but its effect was stronger when
supported by a Google Sites-based digital module. The improvement observed in the control
group suggests that changes in learning outcomes were influenced not only by digital media
implementation, but also by the contribution of the RICOSRE framework itself. However,
without structured digital module support, students had fewer opportunities to explore
multiple sources, verify source credibility, organize information, and document their
learning process at each stage of RICOSRE. In this context, Google Sites functioned not only
as a platform for presenting content, as an organized learning setting that enabled learners
to interact with digital information. This finding is supported by previous research, which
emphasizes that learners’ interaction with digital technology should be positioned as an
essential element of instructional design because it supports the teaching of digital literacy
skills more effectively (Nkomo et al., 2021). It is also consistent with studies emphasizing
that effective digital literacy learning requires digital support that helps students locate
relevant information, assess its quality, choose appropriate sources, organize the
information, and apply it to address authentic problems (Al Mamun & Lawrie, 2024; Li &
Lau, 2025; Thomann & Deutscher, 2025)

Conceptually, the evidence from this study confirms the importance of digital literacy
in biology education does not develop simply because students have access to technology.
A more crucial factor is how technology is integrated into learning tasks that encourage
critical reading, problem identification, evaluation of information quality, and current
findings provide support for the idea that digital. In the current study, the strength of the
intervention lies in the integration of the RICOSRE framework and the features of the digital
module, which guided students’ activities gradually and systematically. The theoretical
implication of these findings is that digital literacy can be understood as the result of the
interaction between pedagogical design, the quality of engagement with digital sources, and
structured problem-solving processes. The practical implication is that teachers need to
design digital tasks that require students not only to locate information, but also to critically
assess, compare, and transform it into new products or solutions. However, the relatively
lower achievement in the “Uses Information to Produce Original Work” indicator suggests
that access to information and the ability to evaluate it do not automatically lead to the
ability to produce original digital work. Therefore, future instructional development should
place greater emphasis on tasks that promote knowledge transformation, argument
construction, and the creation of information-based products, while maintaining rigorous
source evaluation exercises (Mayer, 2024; Wineburg & McGrew, 2019).

This study has certain limitations due to the narrow sample scope, as it involved only
two classes at a single grade level; therefore, generalizing the findings requires caution. In
addition, the limited duration of the intervention may have affected the development of
students’ digital creativity, which generally requires longer practice and repeated feedback.
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The findings may also have been influenced by teacher and school context factors.
Therefore, future studies should involve more schools, longer intervention periods, and
more diverse implementation designs.

CONCLUSION

This study demonstrates that a digital module developed through Google Sites in
combination with the RICOSRE learning model significantly enhances learners’ digital
literacy in biology instruction compared to RICOSRE instruction without digital module
support. The main findings of the study indicate that this intervention is more effective in
enhancing students’ ability to evaluate digital information and utilize various information
sources, but remains less effective in developing their ability to produce original digital
works. Further research should involve a broader sample, more diverse school contexts,
and a longer intervention duration to test the sustainability of digital learning’s impact on
more complex dimensions of digital literacy, particularly the ability to produce original
digital works.
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