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Abstract. Through the mastery of scientific literacy, students are expected to be
able to participate in solving real problems through understanding science and
technology based on a scientific approach. This study aims to develop an elec-
tronic module (e-module) based on socio-scientific problems with the help of a
Quick Response Code (QR Code) on Ecosystem material that has been tested for
validity, practicality, and effectiveness to improve scientific literacy for class X
students of SMAN 1 Kepanjen. This study uses the ADDIE development model,
which main activities are analyze, design, develop, implement, dan evaluate. The
results of the validity test were obtained through expert validation of learning
devices, materials, assessments, teaching materials, and teachers sequentially,
namely: 98.75%; 100%; 100%; 99.5%; and 95% which as a whole belong to the
very valid category. The practicality test results show an average of 93% which
belongs to the very practical category. Data on the effectiveness of the e-module
obtained from the implementation stage is 0.66 which indicates that the e-module
has a moderate level of effectiveness. The use of e-module is able to improve
students' scientific literacy skills by 85% which is in the high category. The re-
sults of observing the implementation of the Socio-scientific Problem Based
Learning (SSI) model show an average score of 98% which is included in the
very well implemented category. Based on the research data, the e-module based
on socio-scientific problems assisted by the QR Code is classified as valid, prac-
tical, and effective for enhancing scientific literacy for class X students of SMAN
1 Kepanjen, so that it can be applied in learning activities.
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1 Introduction

Science education aims to prepare students who are able to adapt to the progress of
life in the 21* century, namely by mastering several life skills needed in the 21* century.
In relation to the characteristics of the 21 t century, there are several key skills that are
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important for students to master, one of which is scientific literacy [1]. Scientific liter-
acy is defined as the skill of using scientific knowledge to explain scientific phenomena,
understand and provide scientific evidence, and conclude based on scientific evidence
[2]. The need to master scientific literacy for the world community arises because each
individual is expected to participate in solving real problems through understanding
science and technology based on mastery of biology, physics, chemistry, mathematics,
and the environment [3]. According to Nofiana [4], scientific literacy is multidimen-
sional, meaning that individuals who have scientific literacy are characterized by their
ability to utilize science concepts, science process skills, and science values in solving
everyday problems and understand the interactions between science, technology, and
society including the development of social and economic aspects.

Based on the assessment of science learning outcomes in the aspect of science liter-
acy conducted by The Organization for Economic Co-operation and Development
(OECD) in the Programme for International Student Assessment (PISA) shows that the
scientific literacy of Indonesian students is still relatively low when compared to the
average international score [5]. As quoted from the OECD, the results of the last PISA
test in 2018 showed an average student literacy, science and mathematics score of 396
which made Indonesia rank 70th out of 78 countries. The scientific literacy of students
in Indonesia is at level 1 where students can only use basic knowledge to recognize or
identify simple scientific explanations. The low PISA score also shows the initial pic-
ture of students' scientific literacy and the quality of learning at the previous level [6].

The data on the low scientific literacy of students by the OECD shows compatibility
with the results of the preliminary study of measuring scientific literacy using the En-
vironmental Change material adapted from Suwono, et al's [7] research to 32 students
of grade XI SMAN 1 Kepanjen on December 12, 2022. The Environmental Change test
questions were used because these questions have been validated and are in accordance
with the scientific literacy indicators. The test results showed that the average score of
all scientific literacy indicators, which include: explaining phenomena scientifically,
designing and evaluating scientific investigations, and interpreting data and evidence
scientifically was 49%. According to Purwanto [8], the average score obtained by stu-
dents shows that students' scientific literacy is still very low. Low scientific literacy
scores indicate that the learning process does not lead to a scientific literacy context, so
it has not provided opportunities for students to develop problem-solving skills through
a science approach [9].

The observation of learning activities in class X-2 SMAN 1 Kepanjen on August 22,
2022 showed that learning activities did not reflect student centered learning, so stu-
dents were classified as passive individuals. Learning is dominated by verbal infor-
mation delivery activities about a biological concept and students are less involved in
field investigation activities. Learning activities have not implemented the syntax of a
particular learning model and there is no integration of scientific literacy indicators.
Learning is carried out with discussion activities using Student Worksheets (LKS) de-
veloped by the teacher, but has not applied special problems based on contextual prob-
lems and has not been based on digital technology innovation. The results of an inter-
view with one of the biology teachers of SMAN 1 Kepanjen on December 12, 2022
showed that the teacher had developed special problems that presented several contex-
tual problems, but students did not have the skills to reason critically and analytically,
as evidenced by students giving answers referring to the textbooks provided by the
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school. Based on the results of the interview, information was obtained regarding the
curriculum applied at SMAN 1 Kepanjen in learning activities, especially in class X,
namely implementing the Merdeka Curriculum. One of the urgencies of implementing
the Merdeka Curriculum is to improve aspects of student learning outcomes in the most
essential aspects, among numeracy and literacy in reading, mathematics, and science
so that it is indirectly related to the development of scientific literacy [10]. The imple-
mentation of the Merdeka Curriculum has a distinctive feature, namely learning only
focuses on essential material and there is a development of soft skills and character
based on Pancasila values [11].

Learning problems are supported by the results of a questionnaire on December 12,
2022 regarding the needs analysis of 32 students of class XI SMAN 1 Kepanjen on the
implementation of the learning process and teaching materials used. According to stu-
dents' opinions, the teaching materials used are less able to facilitate learning activities,
because they only contain practice questions and a little summary of the material with-
out presenting other supporting information in the form of websites or learning videos
that can be an alternative learning resource for students. Students have difficulty under-
standing a concept by relying on teacher explanations, discussions, and presentations
carried out during the learning process, so 97% of students think it is necessary to de-
velop teaching materials to visualize and support in mastering a biological concept that
leads to scientific literacy activities.

Several ways can be done to improve scientific literacy, including: developing strat-
egies, teaching materials, and teaching media based on a multidisciplinary approach
that is integrated with science problems [12]. The selection of appropriate strategies,
teaching materials, and teaching media in accordance with the development of science
and technology is expected to facilitate student learning activities, so as to create ideal
learning and develop students' scientific literacy in accordance with the 21st century
learning criteria. Ideal learning places students as objects in learning activities accord-
ing to their respective characteristics, so it is expected that learning uses innovative
teaching materials in accordance with the development of the 21st century [13].

Teaching materials in the form of electronic modules (e-modules) can be used as an
alternative solution to overcome problems that occur in learning. E-Module has several
characteristics, including: adaptive, self contained, stand alone, self instruction, and
user friendly [14]. In accordance with research by Inanna, et al. [15], the use of e-mod-
ules has advantages over other teaching materials, namely e-modules are economical
and practical, so that they can facilitate students to learn independently because they
can access e-modules flexibly, not bound by space and time. The use of e-modules that
are structured, interactive, and equipped with animations, video shows, and various
learning resources can enrich students' learning experiences and effectively improve
students' scientific literacy [16].

The E-Module was developed with a Quick Response Code (QR Code) and pre-
sented in the form of a flipbook online. Based on research conducted by Lee [17], the
use of QR codes in learning can be a means for teachers to create more interesting
biology learning, so as to increase student learning motivation. QR Code is able to con-
vey information in the form of images, videos, and learning materials easily and
quickly, so that it can be a means of information distribution and instant access to in-
formation [18]. The flipbook presentation form is a form of presenting a document in
the form of a set of pages that can be moved like the pages of a book, and can be added
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to various other supporting media [19]. The integration of technology in the developed
e-module product is expected to improve students' scientific literacy and train other
21st century skills, namely students' skills in mastering technology.

The development of e-modules should be relevant to the material included and
adapted to a particular learning model to meet the established Competency Outcomes
(CP) [20]. The e-module teaching materials to be developed contain the syntax of the
Problem-Based Learning model that uses Socio-scientific issues as the basis for prob-
lem solving (SSI). The combination of problem-based learning with socio-scientific
issues can provide real and more meaningful learning to students, so it is expected to
improve scientific literacy. Socio-scientific issues provide contextual learning situa-
tions that have opportunities for the development of argumentative scientific skills, ex-
ploration of moral issues, development of moral reasoning, and reflective judgment
skills, so that students are able to make decisions on issues that are presented scientifi-
cally and have social value and indirectly help train scientific literacy [21]. SSI in biol-
ogy subjects can be applied to Ecosystem material [22]. The application of SSI in learn-
ing Ecosystem material can be done by presenting local and global issues related to
ecosystems that are complex, controversial, and are real-world problems involving so-
cial, economic, ecological, and ethical approaches, so that they can become the basis
for scientific literacy education [23]. Ecosystem material is contextual material related
to the surrounding environment, so there are many phenomena related to socio-scien-
tific issues that can be raised as a basis for problem solving in learning using the SSI
model [24]

Considering previous research related to the development of biology e-modules to
improve scientific literacy, there is no research that develops e-modules based on socio-
scientific problems specifically on Ecosystem material [25]. Based on the above back-
ground, research and development was conducted to develop an e-module based on
socio-scientific problems assisted by QR Code on Ecosystem material that was tested
for validity, practicality, and effectiveness to improve the scientific literacy of class X
students of SMAN 1 Kepanjen.

2 Research Methods

This research uses the research and development method with the aim of producing
a teaching material product in the form of an Ecosystem e-module based on socio-sci-
entific problems assisted by QR Code to improve students' scientific literacy. The de-
velopment model used by the research is the ADDIE development model [26]. The
ADDIE development model consists of several stages, namely: analyze, design, de-
velop, and implement Fig.1. The ADDIE development model contains comprehensive
instructions and there is a revision stage that is used as a consideration to improve the
quality of the product developed [27].

The research conducted based on the problems that arise, namely related to low sci-
entific literacy. The subjects involved in the research and development were validation
experts of teaching materials, learning devices, materials, assessments, field practition-
ers (teachers) and students of class XI MIPA 1, X-1, and X-2 SMAN 1 Kepanjen. Ex-
pert validators of teaching materials, learning devices, materials, and assessments have
met the criteria of research subjects, namely having expertise in teaching materials,
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learning devices, materials, and assessments, and have taken a minimum education
level of Master of Biology Education or Biology. Field practitioner validators (teach-
ers) are Biology teachers of SMAN 1 Kepanjen with a minimum education of S1, have

teaching experience of five years or more and have been certified.
*  Validation of problems in the field

+  Define instructional goals

+  Confirmation of development goals

+  |dentify required resources

+  Define potential delivery systems

+  Prepare a research and development implementation plan

+  Designing e-modules to be developed, compiling Learning Objectives Flow (ATP) and
teaching modules, validation sheets, practicality questionnaires, scientific literacy test
questions, and PBMS implementation observation sheets

+  Several aspects contained in the e-module that will be developed include: 1)
intraduction: preface, table of contents, list of tables, e-module profile, instructions for
use, description of navigation buttons, self-assessment instructions, pre-test, maps
cancept 2) core: learning activities one to two, 3} closing: summary, glossary,
reference list, post-test, and developer profile

+  The E-Module aims to study Ecosystem material, namealy: Ecosystem Components,
Interactions Between Compaonents in an Ecosystem, and Ecosystem Problems

=  E-Module is made using Microsoft Word 2013 for the content section, e-module cover
is made using Canwva, QR Code is made using the QR Code generator website, the final
product is converted into a flip book form through the website heyzine.com

=+ Develop learning tools in the form of Learning Objective Flows (ATP) and teaching
modules as instructions for teachers

=+  Conduct formative revisions in the form of expert validation tests {learning tools,
materials, assessments, and teaching materials) and practicality tests (one to one trials
for 2 students of class Xl MIPA 1, small group trials for 10 students of class ¥I MIPA 1,
field trials for 33 students of class XI MIPA 1, and & pilot test on 38 students who have
not taken the ecosystem material in class X-1 and teachers, in each activity carried out
an students with high, medium and low average academic scares)

=  Teaching Ecosystem e-module based on sociesdentific problems assisted by QR Code
which has been developed to students who have never taken Ecosystem material,
namely to 36 students of class ¥-2 SMAMN 1 Kepanjen to increase students’ scientific
literacy

=  Asgessing the results of the learning process using the developed e-module, so thata
conclusion can be drawn regarding the quality of the e-module that has been
developed in increasing the scientific literacy of SMAN 1 Kepanjen students

Fig 1. Modification of ADDIE development stages

The research and development was conducted from December 2022 to May 2023.
The data collection instruments used in research and development are described in Ta-
ble 1.
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Table 1. Data Collection Instruments

Data Type Data Source Data Collection Instrument
Needs Analysis Teacher Interview guideline sheet
Learning activity observation sheet
Students Needs analysis questionnaire
Scientific literacy pre-test
Validity Test Experts on teaching ma- Validation sheet (teaching materi-

terials, learning tools, als, learning tools, materials, assess-
materials, assessments, ments, and field practitioners
and field practitioners (teachers))

(teachers)
Practicality Test ~ Students Student response questionnaire
sheet
Field practitioners  Field practitioner (teacher) response
(teachers) questionnaire sheet
Effectiveness  Students Scientific literacy pre-test and post-
Test test question sheets

The data analysis technique of this research is qualitative-quantitative data analysis.
Qualitative descriptive data analysis obtained from the review results in the form of
comments and suggestions for improvement obtained from the questionnaire validation
results of teaching materials, learning devices, materials, assessments, field practition-
ers (teachers) and students after using the developed e-module. The qualitative data
obtained was used as a reference for revising the developed e-module. Quantitative data
comes from the results of the needs analysis questionnaire, validity test, practicality
test, and effectiveness test with the following description.

2.1  Validity Test

The results of the validity test data analysis were obtained through a data collection
instrument processing questionnaire scores from experts on learning devices, materials,
assessments, and teaching materials on the e-module developed. The percentage of va-
lidity of the teaching materials developed is calculated using the following formula.

V=22 x100% I
rXi
Description:
V = Validity
XX = Total validator answer score
2Xi = Total ideal score

2.2 Practicality Test

The practicality of the developed e-module was obtained through the results of
teacher and student questionnaires after using the e-module. The percentage of data
from the practicality test was analyzed using the practicality analysis formula as fol-
lows.
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K =% X 100% 2
Xi

Description:
K = Practicality
>X = Total score of respondents' answers
>Xi = Total ideal score

The results of the calculation of the validity and practicality of the e-module devel-
oped, then concluded with criteria for validity and practicality, the standard used by
researchers related to validity and practicality that the PMBS-based e-module aided by
QR Code is declared theoretically feasible if the average assessment is > 70, 01%.

2.3  Effectiveness Test

Measurement of the effectiveness of the developed e-module is calculated through
an increase in the results of the pre-test and post-test of students' scientific literacy. The
effectiveness of the e-module was analyzed using the N-Gain formula.

N-Gain= ,02;01 3
Maximum score—01
Description:
O1 = Pre-test measurement results
02 = Post-test measurement results

Data analysis of the effectiveness of using e-modules to improve students' scientific
literacy is concluded by referring to N-Gain Criteri, the standard used by researchers
related to the effectiveness that the PMBS-based e-module assisted by QR Code is de-
clared theoretically feasible on average assessment 0.30 < g <0.70.

3 Result And Discussion

This research and development produces a final product in the form of a QR Code-
assisted socio-scientific problem-based e-module aimed at improving the scientific lit-
eracy of class X students of SMAN 1 Kepanjen, especially on Ecosystem material. The
developed e-Module can be accessed by scanning the QR Code that is disseminated to
students through the Google Lens feature or pressing the link provided with the QR
Code. The E-Module developed in this study follows the ADDIE model stage devel-
oped with the following procedures.

3.1 Analyze

The analysis stage aims to identify problems that arise and find solutions to overcome
existing problems [27]. Problems in the field were identified through observation of
learning activities, interviews with biology teachers, namely Mrs. Umu Halimah,
M.Pd., analysis of student needs and student scientific literacy.

The results of the needs analysis stage show that students have a very low level of
scientific literacy, which shows the average of each scientific literacy indicator of 49%.
The problems found are due to the lack of innovative teaching materials and learning
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activities that have not integrated the syntax of a particular learning model. Based on
the results of the analysis found gaps regarding learning activities, it is necessary to
develop an e-module based on socio-scientific problems assisted by QR Code to im-
prove the scientific literacy of students of SMAN 1 Kepanjen.

The required resources include human resources and learning facilities. The human
resources needed are validators to validate the developed e-module, namely: expert val-
idators of teaching materials, learning devices, materials, and assessments namely Drs.
H. Triastono Imam Prasetyo. M.Pd. and field practitioner validator (teacher) namely
Umu Halimah, M.Pd. The facilities needed in this research and development include:
gadget (laptop or smartphone), Microsoft Office, Canva, QR Code generator, heyz-
ine.com website, classroom, LCD and projector, and whiteboard.

3.2  Design

The design stage is carried out after knowing the problems in learning activities based
on the results of the analysis which is used as a reference in determining research solu-
tions, so that the specifications of the e-module product functions developed are ob-
tained. The design stage includes various stages, namely: compiling a list of tasks, com-
piling performance objectives, and creating an assessment strategy. The results of the
design stage are described as follows.

The preparation of the task list aims to determine the performance plan needed in
developing the e-module, which includes: e-module design draft, validation sheet, stu-
dent response questionnaire, scientific literacy test sheet, learning tools in the form of
learning objectives flow (ATP) and teaching modules, and learning implementation ob-
servation sheet.

The E-Module developed is adjusted to the learning model, competencies to be
achieved, and other teaching media used in learning activities on Ecosystem material.
The learning model chosen is a socio-scientific problem-based learning model, the
competencies to be achieved are scientific literacy, and the teaching media applied are
QR codes. The addition of QR Code facilities embedded in the e-module can help stu-
dents access contextual information and make learning more practical and is one of the
means of technological innovation in learning. QR Code can be used as a container for
information in the form of websites, articles, images, videos, materials, competency
tests, and feedback. Cahyadi [28] stated that e-modules equipped with audio, visuals,
links, and QR codes can improve student understanding and create learning situations
that are not boring, so that they can increase student learning motivation. The Ecosys-
tem material presented in the e-module is adjusted to the material indicators that stu-
dents must master based on the Learning Outcomes (CP) including discussing: Ecosys-
tem Components and Interactions between Components and Ecosystem Problems.

3.3 Development

The development stage in the ADDIE model contains product design realization activ-
ities, in this study what is meant is teaching materials. The develop step in this study
includes: generating content, selecting or developing supporting media, developing
learning instructions for students and teachers, and conducting formative revisions. The
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e-module developed in this research refers to the guidelines for writing e-modules from
Kemendikbud [29]. The e-module is made using Microsoft Word 2013 for the contents,
the e-module cover is made using Canva, and the QR Code is made using the QR Code
Generator Website, after all parts are put together it will be converted into pdf format
and then converted into a flip book form through the hyzine.com Website. The E-Mod-
ule contains content and several learning activities on Ecosystem material which also
contains the latest and relevant socio-scientific issues to find solutions by students, so
that it is expected to have an impact on increasing students' scientific literacy.According
to Faridah [30], the content and learning activities contained in the e-module are based
on up-to-date and relevant sources. Up-to-date and relevant teaching materials play an
important role in learning activities, so as to realize a quality learning process and be
able to improve students' understanding of a concept [31]. The results of e-module de-
velopment can be seen in.

The e-module that has been developed is tested for validity and practicality by sev-
eral experts so that data is obtained in the form of validity and practicality results which
are used as a reference in carrying out formative revisions to improve the quality of the
e-module and ready to proceed to the next stage. The level of validity and practicality
of the e-module was measured using a Likert scale (score 1-5), then converted based
on the percentage score formula in (%), and concluded to know the category based on
the instrument developed by Akbar [32]. The results of the validity and practicality tests
are described as follows.

Validity Test Results. The validation data was obtained through a data collection in-
strument processing questionnaire scores from experts in learning devices, materials,
assessments, teaching materials, and field practitioners (teachers) on e-modules. The
following is a description of the data from the e-module validation results.

Validation of Learning Device Experts. Validation by learning device experts was
carried out on March 13, 2023. The results of the validation of learning devices in Fig
2 show an average percentage of 98.75%, including a very valid category. Based on the
results of the validation of learning device experts, it is recommended to improve the
Flow of Learning Objectives (ATP) on several Learning Objectives (TP) because there
are several Operational Verbs (KKO) that are not suitable so they need to be revised.
TP contains the competencies that students achieve while carrying out learning activi-
ties, including attitudes, knowledge, and skills, so that to make it easier to achieve a TP,
an appropriate KKO is needed [33].

The tools are prepared referring to the SSI model that integrates scientific literacy
indicators in it. Learning tools act as a reference for implementing learning activities
using e-modules to empower scientific literacy. According to Ardianto & Rubini [34],
learning tools that use a particular learning model syntax can overcome problems that
occur in learning activities, for example: low mastery of material, learning skills, learn-
ing experience problems, and problems related to interactions between students and
teachers in learning.
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Assessment Aspects
Fig 2. Recapitulation of Validation Results by Learning Device Experts

Material Expert Validation. Validation by material experts was carried out on March
13, 2023. The material validation results in Fig 3 show an average percentage of 100%
and are included in the very valid category, meaning that all the material presented in
the e-module is correct, complete, and in accordance with the level of high school stu-
dents. Based on the results of the material expert validation, no comments or sugges-
tions were found for the material included in the developed e-module. According to
Kosasih [35], the content in the form of material in a teaching material must be in ac-
cordance with the learning objectives so that learning can be meaningful. This is in
accordance with one of the characteristics of the e-module, namely self contained,
meaning that students can learn as a whole a basic competency in a teaching material

[36].
100 100 100 100
&
=
(0]
=
8
=
Q
(]
¥
Content Language Aspects  Aspects of Presentation
Appropriateness Supporting Media  Aspects of E-
Aspect Presentation Module
Supporting
Components

Assessment Aspects
Fig 3. Recapitulation of Validation Results by Material Experts

Assessment Expert Validation. Validation by assessment experts was carried out on
March 13, 2023. The results of assessment validation carried out on scientific literacy
pre-test and post-test questions, LKS questions for Learning Activities 1 and Learning
Activities 2, and competency tests for Learning Activities 1 and Learning Activities 2
in Fig 4 show an average percentage of 100% and are in the very valid category. Based
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on the results of the assessment expert validation, no comments or suggestions were
found for the assessment included in the e-module. The questions in the e-module are
arranged based on the question indicators developed from the TP. The preparation of
question indicators that are adjusted to the TP aims to measure the achievement of a CP
[37]. CP achievement shows that students have completely mastered a material and can
proceed to the next CP.

100 100 100 100

Pre-test & Post-test ~ Worksheet Competency Test Competency Test
scientific literacy Questions Learning Activity 1Learning Activity 2

Percentage (%)

Assessment Aspects
Fig 4. Recapitulation of Validation Results by Assessment Experts

Expert Validation of Teaching Materials. Validation by teaching material experts
was carried out on March 13, 2023. The results of teaching material validation in Fig 5
show an average percentage of 99.5% and are in the very valid category. The developed
E-Module is in accordance with several characteristics, namely: adaptive, self con-
tained, stand alone, self instruction, and user friendly [38]. The adaptive aspect has been
fulfilled because the e-module is in accordance with the development of science and
technology that is all digital, especially through the QR Code contained in the e-module
and in accordance with the habits of students in using gadgets during learning activities.
The self contained aspect is fulfilled because the learning material has been packaged
in a complete and complete unit to achieve a CP by paying attention to a clear and
correct systematic according to the scientific hierarchy. The stand alone aspect is ful-
filled because the developed e-module is equipped with various learning resources in
the form of websites, videos, and images to support students in learning Ecosystem
material. The self-instruction aspect is fulfilled because the e-module has been arranged
systematically and in detail because it contains several essential components in learning
activities, which include: concept maps, learning objectives, complete, and relevant
material descriptions, worksheets, competency tests, assessment instruments that allow
students to carry out self-assessment, and there is feedback on self-assessment carried
out by students, so that e-modules help students learn independently. The user friendly
aspect is fulfilled because the e-module has been adapted to the interests and needs of
students in learning activities, namely not dominated by reading text, provided learning
video features, interesting animations and illustrations to clarify concepts, use simple
and easy-to-understand language, and navigation features that are easy to operate and
understand by students.
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Fig 5. Recapitulation of Validation Results by Teaching Material Experts

Field Practitioner Validation (Teacher). Validation by field practitioners was carried
out on March 15, 2023. The results of the validation of field practitioners (teachers) in
Fig 6 show an average percentage of 96% with a very valid category. Suggestions for
improvement given by field practitioners are the addition of character education aspects
in the e-module. Character education originating from Pancasila values is an important
part of the implementation of the Merdeka Curriculum [39]. Character education for
the Pancasila Student Profile in school students must be considered in order to form a
noble moral foundation for students. The integration of Pancasila Student Profile char-
acter education aims to make students have an awareness of the importance of Pancasila
values and have a commitment to do good in everyday life and at the next level of
education [40].

100
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o 60
& 40
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integrated
with scientific
literacy

Assessment Aspects

Fig 6. Recapitulation of Validation Results by Field Practitioners (Teachers)

Practicality Test Results. The practicality test was conducted on March 17 to April 4,
2023 to determine the level of ease of operation, attractiveness, graphics, and ease of
understanding of the developed e-module. The practicality test was carried out on stu-
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dents who had studied Ecosystem material and on students who had never taken Eco-
system material and teachers through filling out a practicality questionnaire after using
the e-module. At the practicality test stage, no learning activities were carried out, only
explaining the contents of the e-module and filling out the practicality response ques-
tionnaire. Referring to Branch [41], the practicality test stage consists of several activ-
ities, namely: one to one trial, small group trial, field trial, and pilot test. Data from the
practicality test results at each stage are used as a reference in carrying out formative
revisions, so that they can be continued at each stage of the practicality test.

Based on several stages of the practicality test in Fig 7, the average practicality test
results were 93% and indicated that the e-module developed was in the very practical
category. The level of practicality of the e-module in the very practical category corre-
lates with an increase in the percentage of practicality test results at each stage. The
increase in practicality test results is partly due to formative revision activities at each
stage based on comments and suggestions for improvement from respondents, so as to
obtain results in the form of improving the quality of the e-module developed [42].

100

80
60
40
20

0

Oneto One Small Group  Field Trial Students Pilot Teacher Pilot
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Fig 7. Recapitulation of Practicality Test Results

There are comments and suggestions for improvement obtained from the results of
the practicality test, one of which is related to the discovery of typos in several parts of
the e-module. Referring to Lathifah & Susilo [43], a good teaching material is indicated
based on linguistic aspects. The writing aspect is related to the language aspect, both of
which determine the ease of users in understanding the e-module. Errors in spelling or
writing can interfere with the learning communication process conveyed through the
content contained in teaching materials, therefore there needs to be a checking stage so
that the teaching materials developed minimize spelling or writing errors [44].

Students provided suggestions or improvements to several e-module components,
such as: adding hyperlinks to the table of contents, adding a list of images, and sum-
maries in each learning activity. The table of contents is an important part of a document
that is located at the beginning of the page. The table of contents is organized system-
atically and presents an overview of the content or material contained in a teaching
material [45]. According to Imaningtyas [46], the purpose of adding hyperlinks to each
point in the table of contents aims to make it easier for students to navigate and access
the material. In addition to the table of contents, at the beginning of the e-module there
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is also a list of images that function to provide a sequence of images contained on a
page, making it easier for e-module users to find the position of the image they want to
go to [47]. The summary is located at the end after the presentation of the material.
According to Agustine, et al [48], a summary given at the end of a book can provide
opportunities for students to review important ideas or concepts about the material that
has been learned.

3.4 Implement

The implementation stage is carried out by teaching the SSI e-module that has been
developed to students who have never taken Ecosystem material, namely to 36 students
in class X-2. The implementation stage was held on April 5 to May 3, 2023. This stage
aims to determine the effectiveness of the e-module based on the increase in students'
scientific literacy after learning by using the e-module. According to Branch [49], there
are two main activities in the implementation stage, namely: preparing teachers and
preparing students which are described as follows.

Researchers act as teachers who teach e-modules based on the components that have
been prepared in the form of ATP, teaching modules, and e-modules. Scientific literacy
is empowered through learning activities using the SSI model carried out four times a
meeting (two SSI model learning cycles). The first and second meetings students
learned about Ecosystem Components and Interactions between Components with two
socio-scientific issues. The issue of "The Massive Stocking of Catfish in the Mataram
Sewer can Disrupt the Ecosystem" was done by odd group students, while the issue of
"Rice Fields Threatened with Harvest Failure Due to Rat Pest Attack" was done by
even groups. Issues The third and fourth meeting students learned about Problems in
Ecosystems with a socio-scientific issue in the form of "The Impact of IKN Develop-
ment on the Coastal Pesut Population of the Mahakam River".

The SSI model used in the e-module can facilitate and familiarize students in taking
real-life experiences or simulations and applying their knowledge to take appropriate
action on problems in their environment, thus helping to develop their scientific literacy
[50]. Through socio-scientific problem-based learning, during field investigation activ-
ities students are directed to conduct investigations and collect data through interviews
with catfish farmers or farmers. Direct field investigation activities can increase stu-
dents' learning motivation and curiosity in solving social problems through considera-
tion of science concepts, with attention to positive impacts on social, environmental,
economic and science. SSI allows students to take real-life experiences or simulations
and become independent learners, thus improving students' skills to solve problems in
accordance with learning objectives and familiarizing students in applying their
knowledge to take appropriate action on problems in their environment [51]. SSI also
facilitates students to learn and develop scientific literacy indicators such as: explaining
phenomena scientifically, designing and evaluating scientific investigations, and inter-
preting data and evidence scientifically [52].

During learning activities, students look enthusiastic and motivated in learning eco-
system material using e-modules based on socio-scientific problems assisted by QR
Code that has been developed, in this case students feel facilitated and easy to under-
stand the material through learning resources contained in the QR Code. The use of e-
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modules in learning activities can help students learn independently [53]. Student inde-
pendence can be seen when learning activities take place, students' dependence on the
teacher begins to decrease, because each student is able to access the material that is
the subject of discussion independently and is free to repeat the explanation if they feel
they have not understood a concept. The QR Code contained in the developed e-module
is intended as an information container to facilitate students in accessing learning vid-
eos, materials, character education content, biological facts, learning evaluations, col-
lecting worksheets, pre-test and post-test, and carrying out self-assessment.

3.5 [Evaluate

The evaluation stage is carried out to assess the results of the learning process using
the developed e-module, so that a conclusion can be made about the quality of the e-
module that has been developed. The results of the evaluation stage included in the
form of data from the test results of the effect of using the e-module developed on
scientific literacy and the implementation of the learning process using the SSI model.

The effectiveness of using e-modules to improve students' scientific literacy is
known based on the results of the N-Gain analysis. Based on the N-Gain calculation,
the result is 0.66, meaning that the effectiveness of the e-module to improve students'
scientific literacy is included in the moderate category. According to Sudjana [54], the
effectiveness of the teaching materials developed is declared theoretically feasible if
the average assessment is 0.30 < g < 0.70.

Test data were used to determine the effect of using e-modules on students' scientific
literacy obtained based on the results of the pre-test and post-test. The test results show
that after the use of the e-module, there was an increase in students' scientific literacy
in each indicator with the indicator that experienced the highest increase, namely inter-
preting data and scientific evidence by 91% while the indicator that experienced the
lowest increase was designing and evaluating scientific investigations by 77% Fig 8.
The overall average of students' scientific literacy increased by 31% Fig 9. After using
the e-module, the average scientific literacy was 85% which indicates that students'
scientific literacy is in the high category. The results of research conducted by Irwan-
syah, et al., [55], show that the use of e-modules by adopting problem-based learning
is able to facilitate the development of critical thinking skills and student motivation
including scientific literacy, when compared to conventional learning, so it is feasible
to use in learning.

Indicators of explaining scientific phenomena are developed in the orient students to
problems and hypotheses phase through activities to identify phenomena, formulate
questions and hypotheses about the problems presented. During learning activities, stu-
dents are directed to find and understand in detail the phenomena regarding the socio-
scientific issues presented, so that students can define problems and organize the inves-
tigation process. Furthermore, students are directed to offer appropriate hypotheses to
be examined later in the field investigation stage. Based on the research results, the
indicator of explaining the phenomenon scientifically shows a percentage of 87%
which is classified as a very high category. According to Rahrdjo, et al [56], problem-
based learning can place problems as the starting point of learning, so that students
learn and try to explore to explain the problems or phenomena presented and develop
scientific thinking skills.
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Fig 9. Summary of Comparison of Pre-test and Post-test Results of Students'
Scientific Literacy

The QR Code listed in the organize students to study phase is intended to help stu-
dents improve scientific literacy. The QR Code plays a role in providing references and
helping students to get learning resources to support their understanding of concepts
before being ready to carry out investigative activities in the field. The QR Code avail-
able on the e-module is connected to a learning resource link which is expected to fa-
cilitate learning activities to understand a science concept on Ecosystem material.
Based on research conducted by Savitri, et al., [57], the use of QR Code as a learning
media makes students motivated to develop their scientific literacy because QR Code
is able to collect various teaching materials and resources in one container so that stu-
dents have a clear picture of the problem and have the desire to solve the problem.

Indicators of designing and evaluating scientific inquiry are developed through the
doing investigation phase. Students are directed to design an investigation framework
in the form of a mind map that contains: the main problem, the possible causes of the
problem, the possible consequences if it is not resolved or found a solution, and alter-
native solutions in terms of science, social, economic, and environmental. In the next
stage, students are directed to conduct interviews in accordance with the instructions
presented in the e-module to test several alternative solutions that they have offered.
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After obtaining data in the field, students are directed to conduct discussions to analyze
and evaluate problem solving data to conclude the most efficient solution. Based on the
research results, the indicator of designing and evaluating scientific investigations
shows a percentage of 77% which is classified as a high category. The learning process
based on socio-scientific issues is suitable for training scientific literacy skills because
it can be used as a link to real problems in society and stimulate students to think at a
higher level. Students are ultimately able to design scientific investigations, assess their
impact, and make decisions regarding appropriate actions to address existing problems
[58]. Scientific literacy empowered through socio-scientific issues effectively improves
students' understanding of science in various contexts, argumentation skills, empathy,
and moral reasoning [59].

Indicators of interpreting data and scientific evidence are developed in the develop
and present the work phase. Indicators of scientific literacy are measured through stu-
dents' ability to formulate explanations about the data from interviews in the field and
find conclusions in the form of scientific concepts based on evidence from the results
of the investigation. Students are directed to communicate the results of the investiga-
tion carried out through presentations in front of the class by exchanging ideas or feed-
back between groups and teachers. This also shows students' mastery of the topic of
investigation that they have carried out. Based on the research results, the indicator of
interpreting data and scientific evidence shows a percentage of 91% which is classified
as a very high category. According to Imaningtyas, et al. [60], socio-scientific problem-
based learning connects phenomena and knowledge possessed by students, so that stu-
dents are trained to have the ability to analyze the information collected and establish
causal relationships to determine various possible solutions to problems.

The e-module product developed contains learning activities using the SSI model.
The e-module is designed to create student-centered learning activities. The implemen-
tation of Socio-scientific Problem-Based Learning is obtained based on the results of
observations of learning implementation by observers. Observation of learning imple-
mentation shows a result of 98% and indicates that SSI learning activities are very well
implemented, so it can be concluded that learning activities are carried out in accord-
ance with the teaching module that has been prepared in Table 2. When learning activ-
ities take place, the teacher acts as a facilitator who assists in checking the results of the
formulation of problems and hypotheses made by students, monitoring student investi-
gation activities, and facilitating students if they have problems in operating the e-mod-
ule.

Table 2. Summary of Learning Implementation Observation Results

Meeting Score Each Activity Score Score Percentage  Description
Phase Phase Phaselll Phase Phase IX IXi (%49)
I I v v
I1I 14 34 19 5 10 33 &5 08 Very good
-1V 14 34 20 5 9 83 85 08 Very good
Overall average o8 Very good
Description:

2 X = Total score obtained
2Xi = Total ideal score
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Suggestions for Product Utilization and Development. The developed E-Module
aims to facilitate student learning activities, so it is expected to be able to facilitate
students in learning the material presented. Presented a variety of interesting illustra-
tions to add aesthetics and attract students' interest in learning Ecosystem material. The
benefits of the e-module developed in this study, namely: training students to learn and
find concepts of Ecosystem material independently, helping students achieve CP and
TP on Ecosystem material, alternative teaching materials to overcome library shortages,
a place to increase students' scientific literacy.

The advantages of the developed e-module are: e-module has gone through the val-
idation stage so that it is suitable for learning in schools, e-module is arranged according
to SSI syntax so that it is suitable for learning using the Merdeka Curriculum, the ex-
istence of socio-scientific issues regarding Ecosystem problems spurs students' interest
in learning because students are directed to carry out problem solving by direct inves-
tigation through interview activities in the field, e-modules are packaged in electronic
form accompanied by QR codes and links that can be shared and accessed flexibly and
independently by students, e-modules contain illustrations and interesting features such
as biological facts (Fabi) and character education Pancasila Student Profile (Peka), and
e-modules are equipped with links presented in the form of QR codes aimed at making
it easier for students to access information, learning videos, materials, pre-test and post-
test, learning evaluation, collection of worksheets, and implementation of self-assess-
ment.

The shortcomings of the developed e-module are: the material is limited to Ecosys-
tems, only implemented in one class, need to adjust the characteristics of the e-module
if it will be developed in different schools because the e-module developed is only tai-
lored to the needs and characteristics of SMAN 1 Kepanjen students, and a stable net-
work is needed in order to access the e-module without constraints.

4 Conclusion

Based on the results of research and development of e-modules based on socio-scien-
tific problems assisted by QR Code can improve the scientific literacy of class X stu-
dents of SMAN 1 Kepanjen which is indicated based on the increase in the percentage
of students' pre-test and post-test scores by 31%. The results of the validation test ob-
tained through data collection instruments in the form of processing questionnaire
scores from learning device experts, materials, assessments, teaching materials, and
field practitioners (teachers) on the e-module that has been developed sequentially,
namely: 98.75%, 100%, 100%, 99.5%, 95% which are classified as very valid. The
practicality test results showed an average of 93% which was classified as very practi-
cal. The e-module effectiveness data obtained from the implementation stage is 0.66
which indicates that the e-module has a moderate level of effectiveness. The use of e-
modules is able to improve students' scientific literacy with an average of 85% which
is in the high category. The results of the observation of the implementation of the
PBMS model showed an average score of 98% which included a very well implemented
category. Based on the research data, the Ecosystem E-Module based on Socio-scien-
tific Problems assisted by QR Code is valid, practical, and effective to enhancing the
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scientific literacy of class X students of SMAN 1 Kepanjen, so it can be applied in
learning activities.
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