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ABSTRACT

Scientific literacy is a critical skill in the era of Smart Society 5.0. Recent studies show that 76.9% of students are
in the lowest category, the nominal level, in terms of science literacy. This prompted the researchers to examine
the effectiveness of the H5P-assisted Differentiated-Independent Learning model in enhancing the scientific lit-
eracy of low-ability students. The state of the art in this research is demonstrated through a review of previous
studies that explored the implementation of innovative learning models to promote scientific literacy. However,
these models either fail to integrate the use of technology with pedagogical approaches or do not specifically ad-
dress students with low ability. Therefore, the novelty of this study lies in the integration of H5P learning media
as a technological resource, alongside a targeted focus on lower ability students as the primary research subjects.
This study employed an experimental method with a one-group pretest-posttest design, including a replication
class. The study revealed that the H5P-assisted Differentiated-Independent model was effective, as indicated by an
average n-gain score of 0.74, which falls within the high category. The paired t-test demonstrated a significant dif-
ference between the pretest and posttest scores across all classes. Furthermore, the independent t-test indicated a
consistent increase in scientific literacy skills in all classes, with 83% of students responding very positively based
on the questionnaire. In summary, the H5P-assisted Differentiated-Independent model has a positive impact on
enhancing the scientific literacy skills of low-ability students.
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INTRODUCTION learning and Smart Education. Smart Education

encourages students to construct new knowledge

In the Smart Society 5.0 era, humans live
side by side with technology, resulting in signi-
ficant changes in how people live, work, and
interact (Wang et al., 2024). Smart Society 5.0
is characterized by increasingly sophisticated
technology, complex problems, a high demand
for innovation and creativity, and a more compe-
titive work environment. The strategy to face the
challenges of the Smart Society 5.0 era is Smart
Education (Dimitrova et al., 2024). In Smart
Society 5.0, traditional learning has shifted to e-
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through technological mastery, enabling them
to search, analyze, and innovate (Shakhina et
al., 2023). Smart Education requires the ability
to understand, evaluate, and use knowledge and
technology. This is known as scientific literacy.
Scientific literacy skills encompass several se-
quential categories, starting from the most basic
skills: nominal, conceptual, functional, and mul-
tidimensional (Istyadji & Sauqina, 2023).
According to Yudha et al. ( 2023), ninth-
grade students’ scientific literacy skills are ade-
quate. On the other hand, Saraswati et al. (2021)
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found that the literacy skills of junior high school
students were in the low category with a score of
75. According to the PISA results in 2018, the
scientific literacy skills of Indonesian students
did not improve from 2000 to 2018, with Indone-
sia ranked 69th out of 77 countries. In 2019, stu-
dents’ scientific literacy skills remained stagnant,
placing them ninth from the bottom (Lestari et
al., 2024). Being in the highest level of education,
university students should have high scientific li-
teracy (Berlian et al., 2021). However, 76.9% of
university students are at the most basic level, or
nominal category, in terms of scientific literacy
(Muhajir et al., 2021). The finding of previous
research revealed the low level of students’ scien-
tific literacy (Syahmani et al., 2024). Individuals
with low literacy skills will encounter difficulties
in processing and understanding scientific infor-
mation (Yang et al., 2024).

Education is important for improving the
quality of human resources to face the Smart So-
ciety 5.0 era (Kahar et al., 2021). Therefore, the
learning model that has been applied needs to
be improved to increase students’ scientific lite-
racy. Classroom learning can increase scientific
literacy (Jihannita et al., 2024). The low scienti-
fic literacy of students, particularly among those
with low abilities, is attributed to unequal access
to learning opportunities. Low-ability students
are defined as those who experience difficulties
in identifying, analyzing, and solving problems;
these students also struggle to evaluate and reflect
on their actions (Theasy et al., 2017). Learning is
considered inappropriate for their needs and abi-
lity levels. Therefore, this study is important as
the implementation of a learning model is belie-
ved to accommodate low-ability students and en-
hance their scientific literacy. One learning model
that can provide equitable access to all students,
including those with low abilities, is the differen-
tiated learning model (Langelaan et al., 2024).

Differentiated learning is a pedagogical-di-
dactic approach that allows educators to choose
different initial steps for each student to meet va-
rious learning needs (Smale-Jacobse et al., 2019).
This approach is recommended to be applied in
order to achieve learning objectives. Haelermans
(2022) stated that students’ performance, cogni-
tive abilities, motivation, and self-regulation in
classes that utilize differentiated learning are bet-
ter than those in classes that do not. According to
Nasution et al. (2023), the differentiated learning
model yields a significant positive impact on imp-
roving mathematical reasoning skills.

In differentiated learning, lecturers are
required to accommodate the diverse learning
needs of students through independent strategies
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(Kahmann et al., 2024). The approach to diffe-
rentiated learning is divided into three compo-
nents: content, process, and product (Suwandi et
al., 2023). Learning that applies a differentiated
learning approach provides opportunities for
low-ability students to learn according to their
readiness, interests, abilities, learning styles, and
needs (Widarti et al, 2020; Febriana et al., 2023;
Kalinowski et al., 2024). Lecturers can also adjust
the difficulty level of assignments or activities to
align with students’ abilities.

Low-ability students also have low lear-
ning independence (Silviawati & Kurniawan,
2023). Learning independence is one of the pre-
dictors of scientific literacy skills (Doshi et al.,
2024). One approach to achieving learning inde-
pendence is self-regulated learning. Through this
approach, students organize learning strategies in
such a way as to achieve learning goals (Hemm-
ler & Ifenthaler, 2024). Students undergo several
phases: designing learning, monitoring, evalu-
ating, and reflecting (Zimmerman & Schunk,
2011). Self-regulated learning is fully regulated by
students and encompasses a learning cycle which
includes planning, performance, and reflecti-
on (Jarveld & Hadwin, 2024). Learning models
that use this approach are believed to increase
students’ learning independence. According to
Arista and Kuswanto (2018), Android-based lear-
ning media can enhance students’ learning inde-
pendence. According to Brata et al. (2021), digital
learning utilizing the discovery learning method
can enhance students’ learning independence.
Additionally, e-learning has a significant impact
on students’ independence (Pramita et al., 2021).
Web-based media positively affects the scientific
literacy skills of students with high learning in-
dependence (Cahyana et al., 2019). One of the
models that integrates differentiated learning and
independent learning is the Differentiated-Inde-
pendent Learning (DIL) model. The implemen-
tation of the DIL model within the scope of this
study holds significant potential for achieving the
Sustainable Development Goals (SDG) 4, which
focuses on ensuring educational quality. By fos-
tering equitable access to learning opportunities,
the unique characteristics of each student will be
developed. Furthermore, the learning model will
enhance the realization of inclusive, fair, equitab-
le, and high-caliber educational outcomes.

Students with high learning independen-
ce can learn anywhere and at any time, utilizing
various learning resources, as the self-regulated
learning approach is pertinent to lifelong lear-
ning (Latva-aho et al., 2024). On the other hand,
educational technology also influences how well
students achieve learning objectives (Weng et
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al., 2024). The learning independence of low-
ability students can also be enhanced by utilizing
technology in education through interactive me-
dia, such as H5P, which can be employed to cre-
ate interactive videos. Therefore, one alternative
for improving the scientific literacy of low-ability
students is to develop an H5P-assisted differenti-
ated learning model that is grounded in learning
independence.

H5P is one of educational technologies
in the form of interactive media that can be app-
lied to learning for low-ability students. H5P or
HTMLS5 Package is a website for content collabo-
ration with open and free access (Schez-sobrino
et al., 2024). H5P facilitates the creation, sharing,
and reuse of interactive HTMLS5 content, such as
videos. Interactive videos offer advantages rela-
ted to flexibility and accessibility (Dreisoerner et
al., 2023). Videos with specific scenarios are up-
loaded to H5P and are accompanied by various
interactive tasks and quizzes (Soong et al., 2024;
Susanti et al., 2023).

The presence of H5P as a form of digital
technological integration is profoundly pertinent
and relevant to the Smart Education concept. Ho-
wever, the use of this technology can significantly
enhance both the efficiency and adaptability of
the learning process, fostering a more dynamic
and personalized educational experience. Uns-
worth and Posner (2022) utilized H5P to design
and teach interactive virtual labs. The H5P media
developed by Putri et al. (2024) successfully imp-
roved students’ mathematics skills. Rahmi et al.
(2024) stated that interactive content created with
HS5P in Moodle can enhance students’ knowled-
ge, skills, and satisfaction. H5P also motivates
students to be active participants in their learning,
as they understand that their engagement can be
measured, thereby fostering independent lear-
ning and self-assessment of their abilities (Naidu
etal., 2021). One of the advantages of H5P is that
educators can tailor teaching materials to meet
the needs of low-ability students, resulting in a
more personalized learning experience (Zagulova
et al., 2023). Interactive H5P media can enhance
students’ motivation and participation in the lear-
ning process (Bakri, 2021).

Previous studies have generally not been
specifically designed for technology-assisted
instructional learning models for low-ability
student groups. In light of this gap, the present
research aims to explore a novel approach by
evaluating the effectiveness of the DIL model,
supported by H5P, in enhancing the scientific li-
teracy of low-ability students. This model is meti-
culously designed to address the unique needs of

students, employing differentiated instructional
strategies underpinned by interactive technology.
Consequently, the primary focus of this study is
on low-ability students, which constitutes a limi-
tation of the scope of this research. The pivotal
aim of this study is to implement a learning mo-
del that can accommodate the needs of low-abili-
ty students in order to significantly promote their
scientific literacy. In summary, this study aims
to describe the effectiveness of the H5P-assisted
DIL model in enhancing the scientific literacy
of low-ability students. The H5P-assisted DIL
model is expected to improve scientific literacy
skills, particularly for low-ability students, and
contribute to the more effective development of
technology-based learning strategies within the
context of Smart Education.

METHODS

The quantitative method and quasi-experi-
mental design with replication classes were emp-
loyed in this study (Fraenkel et al., 2015). The
research design utilized was a pretest-posttest
design. The study subjects consisted of 100 stu-
dents from the Physics Education and Elemen-
tary School Teacher Education programs. The
subjects were selected using purposive sampling
based on their low scientific literacy skills. Low
scientific literacy skills were determined based
on the students’ scientific literacy profiles follo-
wing the initial assessment. The research process
began with a preliminary study, followed by a
quasi-experiment, analysis of the results from the
science literacy tests, interpretation of the test re-
sults, and culminated in the formulation of con-
clusions and recommendations. A more detailed
representation of the research stages is provided
in the following figure (see Figure 1).

Preliminary Quasi
study » experiment
Interpretation of .
science literacy test | “\!1‘11- sis of science
resull literacy test result

L Conclusion and

recommendation

Figure 1. Research Stages

During the preliminary study stage, both
field studies and a comprehensive review of rele-
vant literature were conducted. The instruments
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employed included a structured interview guideli-
ne for lecturers and student questionnaires. At the
quasi-experiment stage, the learning process was
implemented using the DIL model, augmented
by H5P. Both the model and the learning tools
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have been rigorously validated to ensure they are
ready for use. The syntax table of the DIL model
and the measured levels of scientific literacy are
presented in Table 1.

Table 1. Syntax of DIL model and Science Literacy Level Measured

No. Learning Phrase Trajectory Science Literacy Level Measured
1.  Initial Assessment Nominal
2. Objective Learning Plan Nominal
3.  Differentiated Content and Process Conceptual
4.  Differentiated Product Functional
5. Presentation Result Multidimensional
6.  Objective Learning Evaluation Multidimensional

The research instruments utilized in this
stage comprised: (1) pretest and posttest assess-
ments of scientific literacy, (2) observation sheets,
and (3) student response surveys. The subsequent
stage involved a thorough analysis and interpreta-
tion of the students’ scientific literacy test results.
Following this, the study concluded with the for-
mulation of recommendations in the final stage.

The effectiveness of the learning model
was analyzed based on the average normalized
gain (n-gain), t-test results, and student respon-
ses. The increase in students’ scientific literacy
was determined from the pretest and posttest
scores, calculated based on the normalized gain
(n-gain) (Sutinah & Ristiana, 2023). The n-gain
is obtained by comparing the difference between
the pretest and posttest scores with the difference
between the pretest and the maximum score. The
n-gain scores are then compared according to the
criteria presented in Table 2.

Table 2. N-Gain Category (Hasyim et al., 2020)

N-Gain Score

N-Gain Category

0.70<N-Gain High
0.30<N-Gain<0.70 Moderate
N-Gain<0.30 Low

The learning model effectively increases
students’ scientific literacy skills if the n-gain
score is moderate (n-gain < 0.30). The t-test is a
statistical test used to determine whether there is
a significant increase in students’ scientific lite-
racy (Hasyim et al., 2020). The student response
questionnaire was analyzed both quantitatively
and qualitatively. Quantitative analysis was con-
ducted by calculating the percentage comparison
between the overall and highest combined scores.
The results of this calculation were then compa-
red with the criteria presented in Table 3.

Table 3. Percentage Criteria for student Respons-
es

Percentages (%)  Assessment Criteria

81 -100 Excellent
61-80 Very Good
41 -60 Good
21-40 Fair
0-20 Poor

The model is considered effective if it
meets the following three criteria: (1) there is a
significant increase in scientific literacy at a >
0.05; (2) the n-gain falls within the moderate ca-
tegory; and (3) student responses are categorized
as good (Hasyim et al., 2024).

RESULTS AND DISCUSSION

The DIL model is considered effective. To
assess its effectiveness, the DIL model must meet
three evaluation criteria: n-gain, t-test, and stu-
dent response questionnaire. The n-gain is calcu-
lated from the pretest and posttest data obtained
from the scientific literacy test instrument. The
results are presented in Tables 4 and 5. Table 4
displays the n-gain for Class A.

Table 4. N-Gain of Class A

L. Class A
Description
Pretest Posttest
Lowest Score 23 45
Highest Score 44 85
Average Score 35 74
Number of Students 41 41
Average N-Gain 0.74
Category High
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Table 4 shows that the average posttest sco-
re is greater than the pretest score. The n-gain for
this class is 0.74, placing it in the high category.
Meanwhile, the n-gain for Class B is presented in
Table 5.

Table 5. N-Gain of Class B

L. Class B
Description
Pretest  Posttest
Lowest Score 23 45
Highest Score 44 85
Average Score 35 74
Number of Students 59 59
Average N-Gain 0.74
Category High

Table 5 also shows that the average posttest
score is greater than the pretest score. The n-gain
for this class is the same as that of Class A, at
0.74, thus placing it in the high category as well.

Subsequently, a normality test was con-
ducted using the Shapiro-Wilk test (Anwar et al.,
2024) and a homogeneity test using Levene’s test
(Thomann et al., 2024). The data utilized were
the n-gain scores from Classes A and B. This test
was performed to determine whether there was
a significant increase in scientific literacy skills
after the implementation of the DIL learning
model. The results of the normality tests are pre-
sented in Table 6.

Table 6. Normality Test
Shapiro-Wilk test

Class — - Conclusion
Data Statistic Sig.
A N-gain 0925 0.221 Normal
B N-gain 0956 0.128 Normal

Based on Table 6, the significance values
for classes A and B are 0.221 and 0.128, respecti-
vely. Both classes are normally distributed becau-
se they have significance values above 0.05. The
results of the homogeneity tests are presented in
Tables 7.

Table 7. Homogeneity Test

Levene’s test

Class - Conclusion
Data Sig.
A N-gain 0.578  Homogenous
B N-gain 0.786  Homogenous

Based on Table 7, the significance values
for classes A and B are 0.578 and 0.786, respecti-
vely. Both classes are homogeneous because they
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have significance values above 0.05. Since both
classes are normally distributed and homogeneo-
us, the paired t-test and independent t-test are
used to test the effectiveness of the DIL model.

The paired t-test determined whether the-
re was an increase in scientific literacy skills after
implementing the DIL model. The data used were
the pretest and posttest scores in classes A and B.
The results of the paired t-test are displayed in
Table 8.

Table 8. Paired T-test

Class Data Sig. Conclusion

A Pretest - <0.001 There is a dif-
Posttest ference.

B Pretest - <0.001 There is a dif-
Posttest ference.

Based on Table 8, the significance value
is <0.001 or less than 0.05. This value indicates
a significant difference between the pretest and
posttest in classes A and B. This finding indica-
tes increased scientific literacy skills after the DIL
model was applied.

Meanwhile, the independent t-test deter-
mined whether the DIL model consistently in-
creased scientific literacy skills. The data used
were n-gain in both classes. The results of the in-
dependent t-test are displayed in Table 9.

Table 9. Independent T-test

Class Data Sig. Conclusion
A N-gain 0.678 There is no differ-
ence.
B N-gain 0.722  There is no differ-
ence.

Based on Table 9, the significance value is
greater than 0.05. This value indicates that there
is no significant difference between the average
n-gain in Classes A and B. This finding suggests
that the DIL model consistently enhances scienti-
fic literacy skills.

100

Differentiated learning  Self-regulated
learning

Figure 2. Students’ Responses

Science literacy
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Responses from students as research sub-
jects also need to be identified because they
impact the implementation of the DIL model.
The impact can be in the form of advantages
and disadvantages of implementing the model.
Student responses were collected using a questi-
onnaire at the end of the learning session. The
results of the student response questionnaire are
presented in Figure 2.

Based on Figure 2, students responded to
several aspects, such as differentiated learning, in-
dependent learning, and scientific literacy skills.
The average for each aspect reached 83% in the
very good criteria. This finding indicates that stu-
dents responded positively to the implementation
of the DIL learning model. They felt that their
learning needs were accommodated through dif-
ferentiated instruction, their independent lear-
ning was fostered (Torres et al., 2024), and their
scientific literacy skills were enhanced. This fin-
ding aligns with Koskinen et al. (2023), which
suggests that the difficulty level of assignments
must be adjusted to match students’ abilities; ot-
herwise, students’ motivation to learn may dec-
rease. This finding further supports the model’s
effectiveness, demonstrating that the DIL model
can enhance scientific literacy skills among low-
ability students.

The syntax of the DIL model consists of
six phases: 1) initial assessment, 2) objective lear-
ning plan, 3) differentiated content and process,
4) differentiated products, 5) presentation results,
and 6) learning objectives evaluation. The first
phase, or initial assessment, is one of the cha-
racteristics of differentiated learning. The initial
assessment measures students’ initial readiness
and understanding (Gusteti & Neviyarni, 2022).
The initial assessment results are used as a basis
for differentiation in learning. The second phase
is objective learning plan. In this phase, students
must be independent in determining the learning
targets they want to achieve. This phase is also
one of the indicators of self-regulated learning,
which determines the learning objectives (Kho-
timah et al., 2023). The third phase is the diffe-
rentiated content and process. In teaching and
learning process, several types of content and
processes are provided. The students can choose
which content and processes are appropriate with
their learning styles as well as their understanding
levels.

The next phase is differentiated product.
Differentiation of content, process, and product
is a strategy employed in differentiated learning
(Suwandi et al., 2023). At this phase, students can
more easily understand scientific concepts both
nominally and conceptually, as the content has
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been tailored to their level of understanding. Di-
verse learning processes can also assist students in
developing scientific thinking skills. Furthermo-
re, the freedom to choose products can enhance
students’ communication skills and demonstrate
their understanding. During this phase, students
learn to find evidence for scientific claims, which
is essential for developing scientific literacy skills
(Sarvary & Ruesch, 2023). The fifth phase is the
presentation of results. Communication skills in
presenting work results can also improve scienti-
fic literacy at the functional and multidimensio-
nal levels. The sixth phase is the evaluation of
learning objectives. In this phase, students must
re-evaluate and reflect on whether the learning
objectives determined at the beginning of lear-
ning have been achieved. This phase is another
indicator of self-regulated learning, the phase of
evaluating the learning process and results (Kho-
timah et al., 2023).

Based on the explanation, the purpose of
developing a model to increase students’ scienti-
fic literacy is in the third, fourth, and fifth phases.
The model was developed by combining the diffe-
rentiation and self-regulated learning approaches.
The differentiation approach is shown in phases
1, 3, and 4, while the self-regulated learning ap-
proach is displayed in phases 2, 4, 5, and 6.

What is the role of H5P in the DIL model
in promoting students’ scientific literacy? H5P
within the DIL model assists low-performing
students in enhancing their scientific literacy
through interactive content and self-directed lear-
ning. Through interactive videos, virtual simu-
lations, and adaptive quizzes, students are able
to understand scientific concepts that align with
their individual learning styles. The differentiati-
on of content, process, and product allows them
to become independent learners, guided by direct
feedback from H5P. Furthermore, the branching
scenario and formative assessment features help
students identify mistakes, review course ma-
terial, and gradually comprehend the content
in depth. This approach is designed to enhance
their critical thinking and problem-solving skills,
as well as to foster their independent learning.

Which level of scientific literacy increased
significantly through the implementation of the
DIL model? Based on the pretest and posttest re-
sults, all levels of scientific literacy showed imp-
rovement. This finding aligns with (Taufiq et al.,
2024), who state that integrating learning with
technology makes the educational experience
more targeted, flexible, and interactive.

At the nominal level, students begin to re-
cognize terms and fundamental concepts through
interactive quizzes and flashcards. The simu-
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lations and interactive videos assist students in
understanding the relationships between scienti-
fic concepts more clearly, which is processed at
the conceptual level. Meanwhile, at the functio-
nal level, students start to apply these concepts
in real-world contexts through case studies and
virtual experiments. At the multidimensional le-
vel, students are encouraged to integrate science
with social, economic, and technological aspects
through problem-based discussions and collabo-
rative projects.

However, the most significant increase oc-
curs at the conceptual level, as students can easily
understand the relationships between concepts
through H5P, which presents simulations, inter-
active videos, and adaptive exercises. In contrast,
the smallest increase is observed at the multidi-
mensional level. At this level, students are requi-
red to integrate their disciplinary knowledge and
apply it in real-world contexts. Nevertheless, H5P
continues to support this process through discus-
sions, problem-based projects, and reflective exer-
cises to encourage students’ critical thinking. By
employing appropriate learning strategies, H5P
can be optimized to promote scientific literacy
among students at all levels.

This finding aligns with Mutawa et al.
(2023), who state that H5P is the most effective
platform for students. However, interactive videos
do not facilitate the functional and multidimen-
sional levels, except through the differentiation of
products and the presentation of work phases in
the DIL model. This finding indicates that stu-
dents must engage in independent learning, parti-
cularly at the multidimensional level, as noted by
Sajidan et al. (2024).

Despite the findings, this study has seve-
ral limitations. Firstly, the model applied in this
study is specifically designed for low-ability stu-
dents; therefore, its effectiveness for students with
intermediate or high ability levels remains une-
xamined. Secondly, this research was conducted
at only one educational institution, which means
that the findings cannot be generalized to other
institutions, particularly those with differing cha-
racteristics. Thirdly, the model was implemented
over one semester, so the long-term impact on
students’ scientific literacy has yet to be adequa-
tely assessed.

The implications for future researchers are
as follows: future researchers can expand the par-
ticipant scope by implementing the model with
students of various ability levels (higher, inter-
mediate, and low) to assess its effectiveness more
broadly. Additionally, future researchers can con-
duct this study across several educational institu-

tions simultaneously over a relatively longer peri-
od to determine how this model can be adapted
in different environments.

CONCLUSION

The H5P-assisted Differentiated-Indepen-
dent model is effective based on an average n-gain
score of 0.74, categorizing it in the high range.
The paired t-test indicated a significant difference
between the pretest and posttest scores across all
classes, while the independent t-test demonstra-
ted a consistent increase in scientific literacy skills
among all students. Additionally, 83% of students
responded very positively based on the question-
naire. The H5P-assisted Differentiated-Indepen-
dent model has a positive impact on enhancing
the scientific literacy skills of low-ability students.
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