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Abstract: Scientific literacy skills are one of the needs of students in the 21st century which
is experiencing very fast changes. This study aims to determine the characteristics,
feasibility, and effectiveness of the guided inquiry-based E-temperature and heat module
in improving students' scientific literacy. The learning steps in the E-module are structured
with guided inquiry syntax which is integrated with scientific literacy indicators. The type
of research used is research and development using the Borg and Gall model which is
modified into 9 stages, namely: 1) preliminary research and information gathering, 2)
planning, 3) initial product development, 4) initial product testing, 5) initial product
revision. 6) limited trial phase, 7) second product revision, 8) operational trial, 9) final
product revision. The data analysis technique used is descriptive analysis to describe the
characteristics of the E-module, the feasibility analysis of the E-module based on the criteria
score, and the analysis of the effectiveness of the E-module to improve students' scientific
literacy based on the N-gain score. The results showed that the temperature and heat E-
module has been successfully developed according to the guided inquiry model to improve
students' scientific literacy, the guided inquiry-based temperature, and heat E-module is
very suitable for use in learning, and the guided inquiry-based temperature and heat e-
module is effective in improving the scientific literacy of students with a high category N-
gain score.
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Introduction are 371 for reading skills, 379 for math skills, and 396

The development of the 21st century is marked
by the rapid development of science and technology.
One of the goals of education in the 21st century is to
encourage students to have the skills to be responsive
to rapid changes in line with the times (Sutrisna, 2021).
However, the reality is that the scientific literacy
ability of students in Indonesia is still far from
expectations, which is ranked 72 out of 79 test-taking
countries. The results of the average score of students
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for science skills. This achievement score is still below
the average of 79 test-taking countries, namely 487 for
reading ability, 489 for math and science ability
(OECD, 2019). Based on this information, it shows that
most of the students in Indonesia have not been able
to analyze and apply science concepts to solve a
problem. Students' interest in reading and writing is
very less. Most of the students are good at memorizing
but are still less skilled in using their knowledge, so
that knowledge of other literacy is reduced (PISA,
2018).Scientific literacy is the ability needed to
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understand and engage in critical discussions on issues
which include the ability to explain natural
phenomena and their implications for society, the
ability to use knowledge and understanding of
scientific inquiry to identify questions, interpret and
evaluate data and evidence scientifically (PISA , 2018).
Scientific literacy is very important for students to be
able to apply science in everyday life and not just
understand science as a concept. In an effort to be
scientifically literate, students must be able to build
and apply logical, critical, innovative knowledge
information and be able to analyze and utilize the
surrounding natural phenomena as a meaningful
learning resource which is then applied contextually in
everyday life.

On the other hand, the low scientific literacy of
students also occurs at the school level. Based on the
results of initial observations of students and teachers,
in the implementation of learning activities there are
still many students who have difficulty understanding
the concept of physics. Students assume that
temperature and heat are difficult materials to
understand. This is supported by the results of the
initial profile test of students' scientific literacy abilities
which obtained an achievement of 41% which indicates
that achievement is still low. The low scientific literacy
of students is due to the fact that at the time of learning
activities students receive more material that is lectures
so that the learning process received is still teacher-
centered. Many students have difficulty in building
their own knowledge in using science concepts in a
meaningful way.

Several other factors that influence the low
scientific literacy of students in learning activities,
namely teachers still have difficulty in developing
learning tools such as presenting scientific literacy
questions and the less optimal integration of technology
in science learning. Meanwhile, schools have facilitated
adequate facilities and infrastructure to support
learning, including science laboratories, LCDs, and
computer laboratories but have not been used to their
full potential. Then, the teaching materials used in
learning are still limited and students only use printed
teaching materials for learning. Printed teaching
materials such as books and Student Worksheets have
limitations in their use, namely they are not able to
display =~ phenomena or events dynamically,
interactively, and do not support multi-source learning
(Aulia & Andromeda, 2019). The low scientific literacy
of students must of course be trained and improved by
providing the widest possible opportunity for students
so that students are able to build and develop their own
concepts and knowledge and the teacher only acts as a
facilitator. Students' scientific literacy skills can be

trained by applying appropriate learning models with
inquiry-based learning.

One of the appropriate learning models is guided
inquiry. The guided inquiry learning model is learning
that maximally involves all students' abilities in finding
and investigating concepts and relationships between
concepts in a systematic and logical manner (Zaini,
2018). Guided inquiry learning is considered a place if it
is applied to seventh-grade junior high school students
because it can motivate students to raise questions,
formulate problems, analyze data and conclude but is
still under the guidance of the teacher. Through guided
inquiry students can learn like a scientist, namely
through investigation and experiment activities
(Zulaichah, et al., 2021). The syntax of guided inquiry
according to Llewellyn includes: (1) investigating a
phenomenon, (2) focusing on questions, (3) planning an
investigation, (4) carrying out an investigation, (5)
analyzing data and evidence (6) building new
knowledge, (7) communicate new knowledge (Prasetiyo
& Rosy, 2020).

Guided inquiry learning has  several
shortcomings that were found during research, one of
which is that it requires a long time and takes a lot of
time (Rosmala, 2021). These weaknesses can be
overcome by developing guided inquiry-based learning
E-modules that can be used by teachers as supporters in
the learning process as well as to train and improve
students' scientific literacy skills. E-modules have the
advantage of being able to present complete elements
including audio, video, text, and graphics that allow
users to interact interactively through the available
features (Aulia & Andromeda, 2019). The learning
activities presented in the guided inquiry E-module are
to train and improve students' scientific literacy skills
which include identifying scientific issues, explaining
scientific phenomena, and identifying scientific
evidence.

The materials used in the development of the
guided inquiry E-module are temperature and heat.
Temperature and heat are some of the physical concepts
that are often encountered in everyday life (Rahayu, et
al., 2019). However, there are still students who have
difficulty understanding the concept. At the time of
learning activities, students were still burdened with
memorizing formulas that only relied on the ability to
remember and had not directed students to learn
independently in finding concepts so that temperature
and heat material became one of the materials
considered difficult by students. Therefore, it is
necessary to develop an E-module based on guided
inquiry on temperature and heat material which is
expected to improve students' scientific literacy. In this
study, the formulation of the problems included: (1) the

characteristics of the guided inquiry-based science E-
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module, (2) the feasibility of the guided inquiry-based
science E-module, 3) the effectiveness of the guided
inquiry-based science e-module to improve students'
scientific literacy.

Method

This research is a type of research and
development or Research and Development using the
Borg and Gall development model which has been
modified into 9 stages, namely: (1) preliminary
research and information gathering, (2) planning, (3)
initial product development, (4) initial product trial,
(5) initial product revision, (6) limited trial phase, (7)
second product revision, (8) operational trial, (9) final
product revision (Arifin, 2018). The preliminary
research stage and initial information collection, the
planning stage, and the initial product development
stage were made a draft of an E-module with
characteristics according to the guided inquiry model
that was integrated with students' scientific literacy.

The initial trial phase was carried out to obtain
a qualitative evaluation of the E-module draft that
had been designed by validators of material, media,
language, and learning experts. Then a limited trial
was conducted on 23 grade VII A students of SMP N
1 Gunem to test the usability and readability of the
developed E-module. The operational field trial phase
was conducted to determine the effectiveness of
guided inquiry-based E-modules in improving
students' scientific literacy. The subjects of the
operational field trial were 48 students of class VII
SMP N 1 Gunem and 48 students of class VII MTs.
Manbaul Ulum Pancur. Operational field trials using
a one-group pretest-posttest design. The operational
field trial design is presented in Table 1.

Table 1. One group pretest - posttest Design

Pretest Treatment Posttest
0. X 0.
(Zulaichah, et al., 2021)
Description:
X, = Treatment using the guided inquiry E-module
0, = Pretest
0, = Posttest

The characteristics of the developed E-module
were analyzed using a descriptive method. While the
feasibility of the E-module is analyzed based on the
results of validation by material, linguists, media, and
learning experts. E-module eligibility criteria are
presented in Table 2.

Table 2. E-Module Eligibility Criteria

Percentage (%) Criteria

0-20 very Eligibility
21-40 not Eligibility
41-60 Eligibility enough
61-80 Eligibility

81-100 Very Eligibility

(Putra, 2021)

The effectiveness of the E-module was obtained
based on the results of operational field trials to
determine the increase in students' scientific literacy.
Changes before and after were calculated using the N-
gain test with the SPSS application developed by Hake
(March, 2021). The N-gain score can be calculated as
follows.

N gain _ Spm_?ir—s pre
Smoks - 5 pre

To determine the effectiveness of the e-module,
the interpretation criteria for the N-gain score are
presented in Table 3.

Table 3. Criteria for N-Gain Interpretation.

N-gain value Criteria
g>07 High
03<g<07 Medium
g<0.3 Low

Hake (Donna, et al., 2021)

Furthermore, guided inquiry-based electronic
temperature and heat modules are said to be effective if
they have an N-gain score in the medium or high
category.

Result and Discussion

The e-module developed is on temperature and
heat material which refers to Basic Competencies 3.4
understanding the concepts of temperature, expansion,
heat, heat transfer, and their application in daily life
including mechanisms to maintain body temperature
stability in humans and animals as well as Basic
Competencies 4.4 Perform An experiment to investigate
the effect of heat on the temperature and shape of
objects as well as heat transfer. The e-module is
organized into 3 learning activities including: (1)
temperature, (2) heat and heat transfer, (3) the effect of
heat on changes in the shape of objects.

The characteristics of the developed E-module
that follows the guided inquiry learning syntax include:
(1) investigating a phenomenon, (2) focusing on
questions, (3) planning an investigation, (4) conducting
investigations, (5) analyzing data and evidence (6)
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build new knowledge, (7) communicate new
knowledge. In each syntax, activities are inserted to
train students' scientific literacy including indicators:
(1) identifying scientific issues, (2) explaining scientific

phenomena, (3) using scientific evidence. The
relationship between the guided inquiry learning
model and scientific literacy is shown in Table 4.

Table 4. Patterns of Relationship between Guided Inquiry and Students' Scientific Literacy

Scientific Literacy
Indicator

Guided Inquiry Syntax

E-Modul

- Identify issues of
scientific problems

- Investigate a phenomenon
- Focus on the question

- Planning an investigation
- Carry out investigations
- Analyze data and evidence

- Explain scientific
phenomena

- Interpret data and
evidence scientifically

- Build new knowledge

- Communicating new knowledge

- Presenting scientific phenomena and problems
in everyday life

- Presenting questions to answer the formulation
of the problem

- Experiment activities

- Entering the experimental results into the table

- Problem-solving activities based on the results
of data analysis and evidence after conducting
experiments

- Directions to be able to conclude based on
knowledge

- Directions for communicating the results of
the investigation

The draft of the Science E-module which has
been developed according to the characteristics of
guided inquiry and scientific literacy indicators is then
used for the initial trial stage. The initial trial was used
to determine the feasibility of the E-module through
validation by material expert lecturers, language
experts, media experts, and learning experts. The

following are the validation results presented in Table
5.

Table 5. E-Module Validation Results

Validator Score (%) Qualification
Materi 89 Very Worthy
87 Very Worthy
Language 95 Very Worthy
85 Very Worthy
Media 86 Very Worthy
100 Very Worthy
Learning 91 Very Worthy
92 Very Worthy

Based on the results of validation by experts
contained in Table 5. E-modules were declared very
feasible to be used in learning activities. The feasibility
of the E-module is indicated by the material that is
complete, extensive, in-depth and accurate. The e-
module is also equipped with sample questions and
quizzes for each learning activity as well as material
components that can stimulate students to build their
own knowledge. The feasibility of the E-module
language is demonstrated by the use of communicative,
dialogical, and interactive language that can be used
according to student development and the use of
language and terms that are in accordance with the

Source: (Rini,. et al, 2021)

General Guidelines for Indonesian Spelling. The
feasibility of the E-module media is shown by the
presentation technique and the completeness of the
presentation, including the cover design and the
excellent content design of the E-module. Systematic
and sequential e-modules make it easier for students to
learn. The feasibility of learning in the E-module is
shown by the complete components, the fulfillment of
guided inquiry characters, and learning activities that
can train students' scientific literacy.

After the e-module was validated and improved
according to the advice of learning experts, linguists,
media experts, and material experts, a limited trial was
then carried out on 23 grade VII A students of SMP N 1
Gunem to test the readability and usability of the e-
module. The results of the limited test obtained an
average value of 91% indicating that the e-module is
very feasible and can be used for operational trials
using a one-group pretest-posttest design.

Operational field trials were conducted to
determine the effectiveness of guided inquiry-based e-
modules in improving students' scientific literacy.
Operational field trials using a one-group pretest-
posttest design. Guided inquiry-based e-modules can
be used by students to support independent learning
activities both at home and at school. Before being
given learning, students are given a pretest to
determine the students' initial scientific literacy ability.
Then after learning, students are given a posttest of
scientific literacy so that it can be seen the increase in
students' scientific literacy. Learning using the guided
inquiry e-module is carried out in groups consisting of
4 to 5 students. Students carry out every learning
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activity starting from investigating a phenomenon,
focusing on questions, planning investigations, carrying
out investigations, analyzing data and evidence,
building new knowledge, and communicating new
knowledge gained. The tabulation of students' pretest
and posttest scores can be seen in Figure 1.

100
80
60
40
20

The Average Value Pretest-
Postest Learning Outcomes

Indicator 1 Indicator 2 Indicator 3
M Pretest 42 39 43

Posttest 85 86 89
Figure 1. Pretest-Posttest scores of students' scientific literacy

The results of the initial test of scientific literacy
for students at SMP N 1 Gunem and MTs. Manbaul
Ulum Pancur obtained an average achievement of 41%
in every aspect of scientific literacy competency
indicator, this shows that students still have difficulty in
applying scientific knowledge and difficulties in solving
scientific literacy problems on material concepts. The
low scientific literacy of students is influenced by the
learning model, the method used in the learning
process. As well as the inability of students to work on
scientific  literacy = questions that require an
understanding of the problem.

Furthermore, based on Figure 1. it can be seen
that the posttest score is better than the pretest score
covering aspects of competence in explaining scientific
phenomena, the ability to identify scientific issues, and
the ability to interpret data and evidence.

The pretest and posttest scores were used to
calculate the N-gain value which interpreted the
effectiveness of the e-module in improving students'
scientific literacy. The results of the N-gain score are
presented in Table 6.

Table 6. Results of N-gain Student Science Literacy

Scientific Literacy =~ MTs N-Gain MTs N-Gain Criteria
Indicator Score. Manbaul Score. Manbaul

Ulum Ulum
Explain scientific ~ 0.72 0.72 High
phenomena
Identify scientific ~ 0.73 0.79 High
issues questions
Interpret dataand  0.76 0.82 High
evidence
scientifically

The average N-gain score of MTs students'
scientific literacy. Manbaul Ulum Pancur is 0.74 and the
average N-gain of science literacy for students of SMP
N 1 Gunem is 0.78. So, it can be concluded that learning
using guided inquiry-based temperature and heat e-
modules is effective in improving the scientific literacy
of students with high N-gain categories. In Table 6. the
largest N-gain score is found in the aspect of indicator
competence in interpreting scientific data and evidence.
The achievement of literacy skills on these indicators is
reflected in the ability of students to interpret scientific
problems as evidence in making a conclusion and
understand the reasons behind the conclusions that
students get.

Aspects of competence on indicators of ability
achieved by students in explaining phenomena
scientifically amounted to 0.72 for MTs students.
Manbaul Ulum Pancur and SMP N 1 Gunem. One of
the scientific literacy questions on the indicator is
presented with questions relating to everyday events
about radiation heat transfer and the reasons why a
person is not recommended to wear black clothes
during the day. Students' abilities on these indicators
relate to aspects of students' scientific knowledge in
solving problems on material concepts which include
the ability to describe or interpret scientific phenomena.

Aspects of competence indicators of the ability
achieved by students in identifying questions on
scientific issues amounted to 0.73 in MTs. Manbaul
Ulum Pancur and 0.79 at SMP N 1 Gunem. The ability
achieved by students on these indicators is related to
the aspects of scientific knowledge they understand
related to the basic concepts of science. The analytical
questions on the items of scientific literacy ability
contained in this study connect cognitive aspects with
examples of events encountered in everyday life, such
as the hydrological cycle and its relation to temperature
and heat. In these indicators, the cognitive quality
contained in students' memory affects students' ability
to identify scientific issues.

Aspects of competence on the indicator of the
ability to interpret data and scientific evidence of 0.76 in
MTs. Manbaul Ulum Pancur and 0.82 at SMPN 1
Gunem. One of the scientific literacy questions on the
indicator is presented with questions related to
everyday events about heat and changes in the state of
matter such as why ice that falls on the floor turns into
water. This indicator requires students to be able to use
the findings as evidence in making a conclusion and
communicating the reasons behind the conclusion (Rini,
etal., 2021).

By comparing the pretest and posttest answers, it
can be seen that students' scientific literacy has
increased after learning using guided inquiry-based

temperature and heat E-modules. One of the cores in
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inquiry learning activities is that students conduct
experimental activities in groups to obtain the concepts
of temperature and heat. Scientific literacy can improve
well if using several strategies that have aspects of
scientific literacy, including teaching material with
experiments that can stimulate high-level thinking and
are contextual in nature. This is a step-in inquiry
learning, mnamely planning and carrying out
investigations so that they can train students' scientific
literacy in the aspect of identifying indicators of
scientific problem issues. The resulting electronic
module can be seen in the following image example.

ILMU PENGETAHUAN ALAM (IFA)

E-modul Berbasis Inkuiri Terbimbing
Untuk Kelas VIl SMP/MTs

Penulis:
Sri Andriani, S.Pd

Pendahuluan VR

Deskripsi Singkat

kegiatan belajar ini

—— D

Figure 3. Introduction of electronic E-modules

Figure 4. Contents of the E-module

E-\odul Inkuirs Terbimbing
...........

Kegiatan Belajar 1
Suhu

A. Tujuan Pembelajaran

2iki Fenomena

lakukan penyelidikan marilah kita mengamati fenomena
percobaan tentang subu berikut s dan lakukan pesyelidikan bersama
kelompoksms yang terdirs dar 4-5 oran,

Apakah Indra dapat digunakan sebagai Pengulkur Subu yane
Handal?

Figure 5. Activity in E-module

Guided inquiry-based learning can build the
basic elements, construction, and knowledge in
scientific literacy (Schiefer, et al., 2020). In inquiry
learning students will be physically and mentally
involved in solving problems to be able to draw
conclusions (Putri & Aznam, 2020). Problems related to
temperature and heat in everyday life are presented in
e-modules to be solved by students so that students get
their own concepts and discoveries. This is supported
by the results of research which states that inquiry-
based e-modules are effective in increasing students'
scientific literacy in terms of the N-gain score with an
average posttest of scientific literacy of 76.09 which is
greater than the minimum determination of the
Benchmark Reference Assessment of 66, so it is stated
effectively (Mijaya, et al., 2021)

In the guided inquiry-based e-module is also
equipped with videos, animations, pictures, along
quizzes to measure understanding of concepts and
materials on temperature and heat. The developed
guided inquiry e-module can be run through Android
so that it helps students increase learning independence
in understanding concepts. In guided inquiry-based E-
modules students are given the widest opportunity to
express ideas by answering discussion questions in the
e-module. Thus, through the application of guided
inquiry-based e-modules, students can improve
scientific literacy.

Conclusion

The results of this study indicate that an e-
module of temperature and heat has been developed
which has characteristics that are in accordance with
the syntax of guided inquiry learning to improve
students' scientific literacy. Based on the results of the
validation of expert lecturers, the e-module developed
is very feasible to support student learning activities.
The results of the operational field trials show that
guided inquiry-based science e-modules are effective in
improving students' scientific literacy with each
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scientific literacy indicator including, explaining
scientific phenomena, identifying questions about
scientific issues, and interpreting data and evidence
scientifically.
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