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ABSTRACT

This study aimed to analyze and describe the potential of Android-based learning media to train students' critical
thinking skills and scientific attitudes. The learning media were Andro-Webcomic (called Androwebic) and E-
Booklet of plant diversity in Banjarnegara (abbreviated as E-Bokartumban). This research was a pre-experimental
research, the type of One Group Pretest-Posttest Design. The research subjects included 196 students of grade X
fromthreehigh schoolsin Banjarnegaraand 105 students ofgrade XI from threehigh schoolsinJepara. Thesample
was determined using purposive sampling technique. The data collected included critical thinking skills, students'
scientific attitudes, and teacher and student responses. The instruments used were test & non-test sheets, interview
sheets, observation sheets for students' scientific attitudes and environmental care, and student and teacher response
questionnaires. Data was analyzed using qualitative descriptive statistics and quantitative (n-gain test). The results
showed that: (1) E-Bokartumban media had supporting component in facilitating competence of analytical thinking
andcaringfortheenvironment. Androwebicmediawasabletotrain92.38% analytical thinking skills,and scientific
attitudeof85.66%. (2) Studentand teacherresponsesto Androwebicwere 89.59% & 87.36%. Conclusion: Android-
based media in form of Androwebic and E-Bokartumban has the potential to train critical thinking skills,
environmental care, analytical thinking skills, and scientific attitudes.

© 20xx Science Education Study Program FMIPA UNNES Semarang
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INTRODUCTION

Biology learning involves skills and

reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills,
learning is needed that can emphasize the
aspects of application, analysis, synthesis,
and evaluation, not only emphasizing aspects
of understanding and knowledge. For this
reason, alearning process is needed that can
improve cognitive, affective, psychomotor
competencies, as well as learning methods
that can motivate students to be creative,
confident,and thinkcritically (Pujiasihetal.,
2020). Basically, students have the ability to
think critically in learning, but this

*Correspondence Address
E-mail: wiwiisna@mail.unnes.ac.id

ability sometimes does not develop properly.
Therefore, itis necessary to use methods that
areableto develop students' critical thinking
skills. Students who have critical thinking
skills will find it easy to analyze, evaluate,
and be able to relate to evidence or
arguments, before deciding or assessing
information (Mutakinati et al., 2018). In
learning process, students' critical thinking
skills play an important role in achieving
learning achievement, formal reasoning, and
creativity (Puspita et al., 2017).

Biology learning in schools is still
dominated by textbooks and modules with a
few pictures, and learning is still teacher-
centered. This causes the students 'mindset to
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be limited, and the students' understanding of
biology concepts weakens, so that their
critical thinking skills and scientific attitudes
are still weak. This statement was
strengthened by the results of interviews by
several teachers of SMA/MA in
Banjarnegara and Jepara. The information
obtained from the interviews included: (1)
The learning had not made optimal use of
student-centered media; (2) Students were
allowed to bring smartphones but it had not
been well utilized; (3) Teachers had not used
technology (smartphones) as atool or media
that could support learning; (4) limited
learning time.

Based on the results of interviews with
the teacher, it could be concluded that these
problems could be minimized by utilizing
technology owned by students, and making
maximum use of student-centered learning in
thelearning process. In this case, there were
subject matter that needs to be taught using
learning media, including material on the
circulatory system and material on
biodiversity systems. The choice of
circulatory system material was because it
had acomplicated concept,soitneeded tobe
presentedin an attractive manner. Then, the
selection of material on biodiversity systems
was very necessary to optimize electronic
media that could make it easier for students
to present diversity in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students so that learning activities will be
more effective and efficient (Puspitasari et al.,
2018). The existence of learning media can
facilitate ease of learning, foster interest in
learning, and facilitate independent learning
for students so that the learning process will
be more effective (Surjanti et al., 2018). The
use of android media can make students
more interested in learning. Students are also
more interested in using pictorial technology
as opposed to using textbooks. Taking this
into account, itis clearthatthereisanurgent
need to optimize modern technology to be
used as a learning media.

Based on the existing problems, it is
clear that current research is needed to
optimize learning media that can visualize
learning material appropriately. The media
should have a simple structure thatfocuses
on one goal. Learning media that are

expected to be useful (good) to overcome the
learning problems mentioned before is media
that is easy to carry and use anywhere. One
of these media is android based media. The
android-based media referred to in this article
ispresentedin formofane-bookletaboutthe
diversity of plants in Banjarnegara (named E-
Bokartumban), and the circulatory system
webcomic (named Androwebic). The media
is expected to improve students' critical
thinking skills and scientific attitudes.

Based on the problems above, the
following questions can be formulated:

e How to improve students' critical thinking
skills and scientific attitudes in biology
learning using Android-based learning media?

e How do students and teachers respond to
biology learning using Android-based learning
media?

METHOD

Types of research

The type of research used in this
research was pre-experimental, with a one
group pretest-posttest design (Sugiyono,
2015).

Research Samples

The samples (subjects) of this study
were 196 students of grade X from three high
schools in Banjarnegara and 105 studentsof
grade XI students from three high schools in
Jepara. The sample/research subject was
selected by wusing purposive sampling
technique.

Research Data and Instruments

The data collected included data on
critical thinking skills, student scientific
attitudes, and teacher and student responses
about Android-based media used in biology
learning. The research instruments used
included test and non-test sheets; interview
sheet; observation sheet for students' scientific
attitudes and environmental care; as well as
student and teacher response questionnaire
sheets. Test sheets (pretest and posttest) were
used to measure the improvement of students'
critical thinking skills and analytical thinking
skills. The non-test sheet in form of an
observation sheet is used to determine the
scientific attitude and environmental care
attitudes of students.

Data analysis

The data analysis technique in this
study used descriptive qualitative and
quantitative statistical methods. The data



analysis techniques were (1) n-gain test to Scientific Attitudes

analyze data on students' critical thinking

skills and analytical thinking skills; (2) Androwebic's role in learning Biology
qualitative analysis techniques were used to Data on students' critical thinking
analyze data on scientific attitudes, gkillsandscientificattitudesinlearning using
environmental care for students, as well as  , | droid-based media (Androwebic and E-

data on the implementation of the learning .
process, and the responses of teachers and Bokartumban) were obtained from test results

students regarding Android-based media used (pretest and posttest) and non-test. Student

in Biology learning. learningoutcomesinlearning using Android-
based media (Androwebic and E-
RESULTS AND DISCUSSION Bokartumban) are presented in Table 1, Table
2, Table 3, Table 4, Table 5, Table 6, and
Students' Critical Thinking Skillsand Table 7.

Tabel 1. Students’ Pretest andPosttest Score in Biology Learning Using Androwebic Media

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number of students completed 11 97
Number of students is not complete 94 8
Classical completeness% 10.48 092.38

Table 1 shows that there is a becauseitisequippedwithvariousdiscussion
significant difference between the pretest and questions that contain problems in the context
posttest scores obtained by students. The of everyday life. This can stimulate students'
pretest results shows an average value of curiosity and encourage students topractice
53.65. This score is still less than the KKM, solving problems. Both activities require
which has not reached the score of 75. The analytical thinking skills, so that students'
posttest score achieved by students averaged abilities in this matter are properly trained.
88.83 (having exceeded the KKM by 75). This is in accordance with the research of
The improvement of students' Prawita et al. (2019) and Sari et al. (2019)
analytical thinking skills was obtained from which stated that the use of learning media
theresultsofthen-gaintestonthepretestand that presents problems can improve learning
posttest scores achieved by students. The outcomes and analytical thinking skills in
results of the n-gain test are presented in Table students.

During the discussion stage in learning
using Androwebic media, students are

Table 2. The Results of N-Gain Test for directed to discuss with each other and

Students' Analytical Abilities after Learning exchange ideas about problem solutions

Process Using Androwebic Media systematically and logically. Thus students
N Percentage Category N-Gain(%) becometrainedtothinkanalytically. Thisisin
High Moderate Low accordance with the statement of Sari et al.

105 72 24 4 (2019) which proved thatlearning by actively

From these data it can also be stated that
almost all students achieve an increase in

involving students to solve problems can
improve analytical thinking skills and student
learning outcomes.

Information about students' scientific
attitudes in learning using Androwebic media
was obtained from the observation process
using student scientific attitude observation
sheets. Androwebic media was created
analytical abilities. specifically,insuchawaythatithad anumber

Androwebic media has such potential of useful facilities for practicing 6 aspects of a
4

From Table 2 it is known that most
students achieved a high category increase.

critical thinking skillsin the moderate to high
category. The results of the analysis indicate
that Biology learning using Androwebic
media is effective in improving students'



scientific attitude (see Table 3). The results of
observations of students' scientific attitudes

during the learning process using Androwebic
media are presented in Table 3.

Table 3. Scores of Students' Scientific Attitudes During The Learning Process Using

Androwebic Media
Indicator X Score Score (%)  Criteria
Score

Attention to every new thing 1086 1260 86.19 Very good
Appreciate and draw conclusions according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

Average of each aspect 85.66 Very good

In Table 3, it can be seen that the
average scientific attitude of students is in very
good category. This happens because sincethe
beginning of the learning process, students
were always motivated to learn and seek
information independently, so that during the
learning process in the classroom students
showed a more attentive, respectful attitude,
drawn conclusions according to facts. During
the learning process, students were also
accustomed not to feel always right, dared to
ask questions, dared to express opinions, be
active in groups, and recorded complete

The role of E-Bokartumban in Biology learning

E-Bokartumban media hada
components that could support in faciliating

observations. In the learning process students
must solve discussion questions that contain
contextual problems. Every activity carried
out during the discussion process made a
positive contribution to the formation of a
scientificattitude. Thisiswhat can encourage
students to think analytically in solving
problems. This is in accordance with the
statement of Dwianto et al. (2017) that the
application of learning media that presents
contextual problems through discussion can
make a positive contribution to the formation
of scientific attitudes in student.

the competence of critical thinking skills and
evironmental care attitudes presented in Table
4.

Table 4. E- Bokartumban Media Components that facilitate critical thinking skills competencies

No. Aspectsand Indicators

Media Components

Critical thinking skills

1 Give asimple explanation

2 Build basic skills

3 Conclude

4 Identifytermsand consider a definition

5 Set strategy and tactics

Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets

Table 4 shows the media E-
Bokartumban has a component that has a
function for each competency that exist in the
research of this research. According to Ennis
in Goal for A Critical Thinking Curriculum is
presented in journal Kartimi and Liliasari
(2012), there are five stages of thinking with

5

each indicator, that are Giving simple
explanation, Building basic skills, Summing
up, Identifying terms and considering a
definition, Setting strategies and tactics. This
indicators of thinking can be measured when
the students do the worksheets discussion
and evaluation questions that exist in the



media. Wiguna et al. (2019) and Damopolil &
Kurniadi (2019) which explains about the
case of improving student learning outcomes
after following the process of learning that
implement Android-based media. Arista &
Kuswanto (2018) stated that media that can

be operated using a smartphone can increase
enthusiasm, interest, and motivation in
learning activities. All things that can
enhance independence and understanding of
concepts in students .

Table 5. E- Bokartumban Media Components that facilitate thencompetence of

Environmental care attitudes

No. Aspectsand Indicators Media Components
Environmental Care Attitude

1 havethought that plantsand animals haverightswereequaltohu  Introduction to the material
mans

2 havefeelings / emotions abouthuman actionsthat causedisaster ~ Introduction to the material

3 have thinking that the environment is very fragile and easily Student discussion sheets, material on
disturbed balance the media

4 have feelings and tendencies of behavior that the tendency of Student discussion sheets, material on
human beings there is a limit in controlling nature the media

5 have atendency of behavior totake advantage of the sourcepower  Student discussion sheets, material on
of nature that has been used the media

6 have a tendency of behavior not to be arbitrary towards the Student discussion sheets, material on
environment the media

7 havethoughtsand attractedinenvironmentalissues Student discussion sheets, material on

the media

8 have emotional feelings about actions that can cause Student discussion sheets, material on

environmental damage the media

From Table 5 can be known the indicators
of environmental care attitudes that used scale
that was adapted from NEPS case of aspects, 1)
have thought that plants and animals have
rights were equal to humans, 2) have the feeling
/ emotional against the actions of man that
cause disasters , 3) have thinking that the
environment is very fragile and easily disturbed
balance, 4) have feelings and the tendencies of
behavior that the tendency of human beings
there is a limit in controlling nature, 5) have a
tendency of behavior to take advantage of the
source power of nature that has been used , 6)
have a tendency of behavior for not arbitrarily
towards the environment, 7) has thoughts and
attracted in environmental issues , and 8) have
emotional feelings about actions that can cause
environmental damage, can be measured as
long as students using the media to read the
material and when the process of discussion
groups take place in learning process.

Learning with media E-Bokartumban acan
make a positive contribution in improving
students'  attitudes  environmental care.
Environmental care is an attitude and actions that
always try to prevent damage to the surrounding
natural environment and develop efforts to repair
natural damage (Yaumi, 2014). An attitude of
caring for the environment can be demonstratéd

by attitudes and actions that always try to
prevent environmental damage and seek to
repair natural damage that has occurred
(Mardikaningtyas, 2016).

Based on the description in the paragraph
above, can be stated that the use of media
android-based learning is very effective to
enhance students' understanding. This is in
accordance with the opinion of Sudarsana et al.
(2019) which stated that the use of technology-
based learning media can improve student
learning outcomes. Junaedi et al. (2018) and
Damopolil & Kurniadi (2019) find that learning
by applying android-based media can improve
students’ learning outcomes . Learning process
that using technology can increase student
interest and learning outcomes (Sudarsana et
al., 2019). Wiguna et al. (2019) and Damopolil
& Kurniadi (2019) reported the case of
improving student learning outcomes after
follow learning that implement Android-based
media. This statement is also accordance with
the explanation of Jeno et al. (2017), that stated
the process of learning that uses Android-
based media can improve student learning
outcomes.

Results of Student and Teacher
Responses to Learning Using Android-
Based Biology Learning Media



lesson. Information about students' positive
responses to Androwebic media is presented in
Table 6.

Student and teacher responses to the
learning process using Androwebic media

Student responses to learning using
Androwebic media were obtained from student
response questionnaires given at the end of the

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good

ThedatainTable 6 showsthattheaverage
of each aspect/indicator shows very good criteria.
In some aspects, the student's response rate shows
the maximum score. This showed that students
were interested and motivated to learn with comics
in the media. Apart from being interested and
motivated by comics, students also admitted that
the material equipped with pictures on
Androwebic media was very helpful and made it
easier for students to learn, because it was
summarized in a structured manner. The problems
presentedin Androwebic mediaare also problem-
ableto provide the right visualization. This makes
it easier for students to understand abstract
about the circulatory system. The use of
appropriate learning media and in accordance with
the character of students in learning, can help
students to find concepts in context. The media in
question must be interesting, contain extensive
learning resources, contain information that is
presented with visual images.The use of a problem-
based learning approach that is complemented by
the use of learning media is proven to be able to

based learning oriented which can increase student
activity in learning activities. In the learning
process, students not only listened, but also tried,
found, and concluded. Therefore, students'
understanding, analytical thinking skills, and
scientific attitudes will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This showed that students were very
interested in the appearance of Androwebic media.
Androwebic media is equipped with images on
every detail of the material,so that it is
circulatory material. Androwebic media canalso
help students understand and discover concepts
foster student interest and motivation to be more
active in learning so as to create enjoyable
learning, understanding the circulatory system
material  will increase  (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

The level of positive response from the
teacher to the implementation of the learning
process using Androwebic media, obtained from
the teacher's responses are presented in Table 7.

Table 7. Levels of Teacher's Positive Response to Androwebic Media

Indicators/aspects SvurE Max.  Percentage(%)  ~,ifaria
Obtained Score

Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known
that the average score for each aspect is
87.36%, with the very good category. The
teacher said that Androwebic media was very
good, easy to use, up to date, the material
presented was equipped with attractive
visuals, could be used anytime and anywhere
withthe condition of using an android device.

This confirmed by Sung et al. (2016) which
stated that the use of Android devices such as
smartphones in learning is better and more
effective than conventional learning. Students
are more enthusiastic because the learning
process is student-centered, while the teacher
only directs and guides. This is in accordance
with the findings of Ali (2019) which proved



that student-centered learning will improve
students' ability to understand the material
being studied and the ability to solve
problems. Insuch circumstances, the teacher
is sufficient to direct and guide as needed.
Student and Teacher Responses to The Learning
Process Using E-Bokartumban Media

Media E-Bokartumban wasused in this
study is able to assist students in building
material concept of biodiversity. Teachers
also gave feedback positively on the activities
of students in learning, because it made
students becoming very enthusiastic when
they hold discussions. The teacher said that
the E-Bokartumban media was attractive,
contemporary, easy to use, easy to carry, and
the material presented was very clear.

Based on the results of data analysis,
obtained information that the media
Androwebic can train analytical thinking
skills in students by 92.68% and scientific
attitudes of 85.66%. Android-based media
taken as positive by students and teachers.
Levels of positive responses from students and
teachers to the media media Androwebic of
89.59% and 87.36%. Based on that it can be
concluded that the media Androwebic and E-
Bokartumban were used in Biologylearning
was very potential to train critical thinking
skills and scientific attitudes of students.

CONCLUSION

Two types of media based on Android,
namely Androwebic and E-Bokartumban,
which were used in biology learning had
proven potential to train high school students'
critical thinking skills and scientific attitudes.

The authors would like to thanks Prof.
Dr. Enni Suwarsi Rahayu, M.Si., and Prof.
Dr. Retno Sri Iswari, S.U., as the material
expert validator, Dr. Budi Naini Mindayarto,
M.App.Sc., and Mohammad Fikri, S.Sn
(Pusdatin Kemendikbud) as media expert
validators who have provided very useful
suggestions forimproving this research. This
research was supported by the Lembaga
Penelitian dan Pengabdian Masyarakat
Universitas Negeri Semarang, which has
funded this research.
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JPIl Team
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7 | 26-10-2021| Mengirimkan artikel berbahasa Indonesia format pdf (atas inisiatif

sendiri) dan Letter of Statement yang telah ditanda tangani.
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8 | 02-11-2021

Menerima pemberitahuan hasil review pertama telah diunggah di
0JS; Author diminta merevisi artikel, dan mensubmit hasil revisi paling
lambat tanggal 5 November 2021;

Submit artikel hasil revisi pertama pada tanggal 5-11- 2021.

Hasil revisi pertama disubmit dalam dua versi, yaitu versi Bahasa
Indonesia dan Bahasa inggris.

Author submit artikel hasil revisi pertama pada tanggal 5 — 11 — 2021, tetapi ternyata ada kekeliruan pada
artikel, sehingga artikel yang dikirim ranggal 5 November saya delete. Selanjutnya artikel hasil revisi
pertama saya submit ulang pada tanggal 6 — 11 — 2021.

Pada hasil review yang

pertama terdapat beberapa hal mendasar pada artikel yang harus diperbaiki. Catatan

tentang bagian yang di revisi dan hasil revisinya, disajikan pada Tabel 1: Daftar catatan reviewer.
Tabel 2 merupakan daftar cek/checklist Penilaian artikel

YN L

Update: Manuscript Review Inbox = v

Jurnal Pendidikan IPA Indonesia <. Tus. Nov2. 2021, 857AM Yy &

?“ tome «

Dear Authors,

We are pleased o inform you thai the reviewer has uploaded the revigw resuits of
your article.

Please check your OJS account for the newest review results. You can use the file
from the review for your ravision

We are looking forward to your revision no later than November 05, 2021

Thank you.

Best regards,
JPIl Team
Jurnal Pendidikan IPA Indonesia
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Tabel 1. Tabel Daftar Catatan dari Reviewer Pertama & revisi pertama yang dilakukan author

No. Catatan Reviewer Tindakan Revisi
1 INTRODUCTION should:

« contain urgency (importance) to research Dilakukan revisi menyeluruh, sesuai

« contain a carrying capacity in the form of supporting data and facts masukan/koreksi Reviewer, dengan

« contain a preliminary study as a basis for the importance of the lebih menegaskan tentang urgensi

research conducted masalah ini untuk diteliti,

« contain a GAP ANALYSIS Departing from the preliminary study, menambahkan hasil studi terdahulu,

analysis of published articles formulated in the Gap analysis menegaskan tentang anaalisis gap

GAP ANALYSIS refers to articles published in various internationally | mengacu kepada berbagai artikel yang

reputable journals to emphasize the novelty of research. memadai.

« clear limitation of research objectives Menegaskan tentang novelty
Memerjelas tentang pembtasan
masalah

2 | METHODS should Sudah diperbaiki sesuai saran/koreksi
« contain detailed research stages dari reviewer
+ Each stage is explained and analyzed by what method
+ Data analysis must be with clear references
* The research instruments used were elaborated to the data
analysis technique
« It is hoped that there will be a modification in the stages of research
from sources referred by the researcher
3 | RESULTS AND DISCUSSION Sudah diperbaiki sesuai saran/koreksi
e Tables or graphs (one selected) must represent different results | dari reviewer
e  The results of data analysis must be strong in answering the
analysis gap
e Display of results other than those narrated in table-graph-
image-modeling
e  The research novelty has not been clear enough
« It is recommended not to repeat the references in the
introduction, using previous research findings.
« References used should be taken from reputable journals.
It is necessary to explain the specifications of the findings in this study
that show
4 | Make it in the Acknowledgement part. Include the contract number of Sudah diperbaiki sesuai saran/koreksi
the funding letter. dari reviewer.
5 | 1. Please provide at least 30 references which 80% of them are taken Sudah diperbaiki sesuai saran/koreksi

from the last 10 years (>2011) articles of no-predatory journals, written
in accordance with the APA Standard. You may go to Google Scholar
and find the right format for APA Style provided.

2. For books, please refer to the original/primary book reference no
matter the date.

3. All of the listed references must be cited in the body of the article,
and vice versa.

dari reviewer
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Tabel 2: Check List Penilaian artikel untuk paper / artikel berjudul:

Paper title: POTENTIAL ANALYSIS OF THE ANDROID-BASED LEARNING MEDIA AS A

MEANS TO TRAINCRITICAL THINKING SKILLS AND SCIENTIFIC ATTITUDES

Parts of
review

Guidelines

Yes

Partly

No

Reviewer’s
note for
improvement

Author’s
responds
(highlight
of revision)

Title

Does the subject matter fit within the scope of
journal?

Does the title clearly and sufficiently reflect its
contents?

Abstract

Does the abstract contain informative, including
Background, Methods, Results and Conclusion?

Back-ground

Is the background informative and sufficient (include
the background problem and objectives)?

Is research question of the study clear and
understandable?

Does the rationale of the study clearly explained
using relevant literature?

Is the “aim” of the manuscript clear and
understandable?

Methods

Is the methodology chosen suitable to the nature of
the topic studied?

Is the methodology of the research described
clearly?(including study design, location, subjects,
data collection, data analysis)

Is there adequate information about the data
collection tools used? (only for empirical studies)

Arethevalidityand reliability of data collectiontools
established? (only for empirical studies)

Are the data collection tools suitable for the
methodology of the study? (only for empirical
studies)

Results &
Discussion

Arethetables, graphs and pictures understandable,
well presented and numbered consecutively?

Do the data analysis and the interpretation
appropriate to the problem and answer the
objectives?

Does the “discussion” section of the manuscript
adequately relate to the current and relevant
litarature?

Are the findings discussed adequately considering the
research question(s), sub-question(s) or hypothesis?

Conclusion

Isthe conclusion clear and in the form of a narration
instead of pointers?

Isn’t the conclusion a summary and consistent
between problems, objectives and conclusion?

References

Do the references and citations match?

Are the writing of references correct?

Add thelatest
sources from
reputable
journals.

Quality

Criteria

Do the title, problem, objectives, methods and
conclusion are in line? Is it well organized?

The quality of the language issatisfactory

The work relevant and novel

Aretherestrongconsistenciesamongthepartsofthe
manuscript? (introduction, methods, results and
discussion, and conclusion)
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10-11-2021 | Pemberitahuan hasil evaluasi terhadap artikel hasil revisi pertama; Artikel

diterima dan akan dipublikasikan pada edisi Desember 2021;

-
e

Jurnal Pendidikan IPA Indonesia.. Wed, Nov10,2021,4:43PM Yy € :
tome «

Dear Author,

Congratulations. Your article has been chosen to publish in JPIl December 2021
Issue. Now that our publication payment is done before the final review process, so
we would like to inform you about the publication fee. The next reviews process will
still be going on. When the review has been done by the reviewers we would inform
you afterward.

10

1-12-2021 | Menerima pesan untuk merevisi artikel (revisi kedua) dengan cara

memeriksanya di OJS, dan mensubmit artikel hasil revisi kedua di OJS paling
lambat 5 -12-2021;

~#  Jurnal Pendidikan IPA Indonesia .. Wed, Dec 1, 2021, 8:54 AM %

ﬁ, tome =

Dear Authors,

We are pleased to inform you that the reviewer has uploaded the review results of
your article.

Please check your OJS account for the newest review results.

We are looking forward to your revision no later than December 03, 2021.

Thank you.

Best regards,
JPIl Team

Proses revisi kedua membawa perubahan mendasar terhadap artikel ini, yang membawa kepada

perubahan Judul dan metode penelitian. Hal sangat penting pada revisi kedua ini disajikan pada Tabel 3

(Daftar Catatan dari Reviewer kedua)
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Tabel 3: Daftar Catatan dari Reviewer Kedua dan revisi kedua yang dilakukan author

No. Catatan Reviewer Tindakan Revisi
1 |The Titlle: Change the title of the article to
Use the other term instead of potential analysis. Analysis of The Role of Android-Based
A means means tools? Learning Media in Learning Critical
Thinking Skills and Scientific Attitude
2 | General: Revise the rethe research methods,
Pre-experimental research is a kind of beginner research | With improved it to an in-depth
whose validity and reliability cannot be justified, unless | descriptive study, which was
it is coupled with development research or combined analyzed/ dlgcussed in depth and
o . L comprehensively.
with in-depth qualitative research. Therefore, this article
can be considered if accompanied by research on media
development or with in-depth descriptive research, and it
should be analyzed /discussed in depth and
comprehensively.
11 | 08-12-2021 | Menerima pesan untuk merevisi artikel (revisi ketiga) dengan cara

menggunakan bahasa Inggris.

pada Tabel 4.

memeriksanya di OJS, dan mensubmit artikel hasil revisi (revisi ketiga) di
OJS paling lambat 14 Desember 2021. Artikel yang dikirim hanya

Daftar Catatan dari Reviewer Ketiga dan Revisi Ketiga yang dilakukan author disajikan

5% Jurnal Pendidikan IPA Indonesia.. Wed, Dec8,2021,10:39AM Y €

'E' tome

Dear Authors,

Woe are pleased to inform you that the reviewer has uploaded the review results of

your ariicle.

Please check your OJS account for the newest review resulits.
We are looking forward to your revision no later than December 14, 2021. You may

submit your revision using English only.
Thank you.

Best regards,
JPII Team
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Tabel 4: Daftar Catatan dari Reviewer Ketiga dan Revisi Ketiga yang dilakukan author

No. Catatan Reviewer Tindakan Revisi

1 Bagian INTRODUCTION Memperbaiki bagian Introduction
This section must cover the background, gap analysis, research sesui koreksi/catatan reviewer
objective, research status, research urgency, research novelty
supported by the data of previous research.

NOTE: Research status is the point of this study towards other
studies, whether it supports, debates, or corrects, and this section lacks
of it. In addition, the research novelty and urgency have not also been
stated clearly.

2 Bagian: Data Analysis Memperbaiki bagian analisis data
Need more information of the data analysis used in this study. sesuai koreksi/catatan reviewer

3 Why using purposive random sampling? And what are the Menjelaskan alasan menggunakan
considerations choosing this sample? purposive random sampling.

4 Data research & n instrument Menjelaskan jenis tes yang
What is the type of test? Multiple choice test or open ended digunakan.
questions?

5 KKM Menjelaskan/mendeskripsikan
What is KKM? Significant difference need to prove by statistical tentang KKM. Pada bagian ini tidak
analysis. dilakukan analisis statistic, karena

hasil pre dan post test tidak
dimaksudkan untik melihat beda di
antara keduanya, tetapi kedua hasil
tersebut digunakan untuk
menentukan besarnya peningkatan
hasil belajar antara sebelum dan
sesudah belajar menggunakan media.
6 RESULT & DISCUSSION Memperbaiki bagian ini sesui
You need to explain the learning media used in this study Androwebic | Koreksi/ catatan reviewer
and E-Bokartumban. Probably, you can explain the part of these
learning media.
7 Very good: From where this criteria are coming from? Memberi penjelasan tentang hal ini.
Why all criteria are very good
8 Table 5. Competency indicators of environmental care attitudes in Memperbaiki artikel sesuai

students and components of the E-Bokartumban media that
facilitate the emergence of these attitude indicators.
You need to put figure of each part of media component

saran/koreksi reviewer, dan
menambahkan beberapa gambar yang
sesuai.

Komentar terhadap paragraph ini

The availability of various menus on Androwebic media (see Fig 1
and Table 2) stimulates students' curiosity and encourages students to
practice problem solving. Both activities require analytical thinking skills,so
that students' abilities in that regard are well trained.
Could you explain more of this statement?

Memperbaiki / mejelaskan bagian ini
dengan nmemberikan contoh-contoh
masalah yang diajukan dalam menu
diskusi yang terkait dengan peristiwa
keseharian antara lain ialah tentang
kerja jantug, keadaan darah yang
normal dan tidak, tentang golongan
daran. Itu senua adalah hal-hal
keseharian yang sangat seruing
dialami siswa.

“It happened because since the beginning of the learning
process using androwebic media students are always motivated to
learn and seek information independently. During the learning process
assisted by Androwebic media students show a more caring attitude,
respect, and draw conclusions according to facts.”

Is this statement related to learning media used in this study?

Menjelaskan keterkaitan antara
pernyataan itu dengan penggunaan
media pembelajaran pada penelitian
ini
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This study is lack of discussions.

The discussion chapter is where you delve into the meaning,
importance and relevance of your results. It should focus on
explaining and evaluating what you found, showing how it relates to
your literature review and research questions, and making an
argument in support of your overall conclusion.

Menambahkan diskusi sesuai koreksi
reviewer

Put in the acknowledgement

Menambahkan acknowledgment

Referrence
Add more the latest sources from reputable or international journals.
Taken from the last 10 years (>2011)

Menambahkan referensi sesuai
catatan reviewer

12

15 -12-2021| Menerima pemberitahuan tentang penerimaan artikel (Article Acceptance)

paska revisi ketiga, dan tentang rencana jadwal publikasi; Perlu melakukan
proofreading artikel pada lembaga professional, dan melakukan
pemeriksaan similarity (cek Turnitin) terhadap artikel ini.

Hal di atas harus disubmit tanggal 19-12-2021.

~%r—  Jurnal Pendidikan IPA Indonesi.. Wed, Dec15,2021,10:01AM ¢ €

@ tome «

Dear Author;

We are pleased to announce that your article is going to be published in the further
edition. At this stage, there are two aspects required from you:

1) You should make sure you do proofreading effectively in order to produce a quality
publication in JPII. Proofread must be from an official, reliable, and professional
institution. When the proofread is done please send us the article that has been
proofread and the official letter or certificate from the proofread institution. If you have
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ABSTRACT

This study aimed to analyze and describe the potential of Android-based learning media to train students' critical
thinking skills and scientific attitudes. The learning media were Andro-Webcomic (called Androwebic) and E-
Booklet of plant diversity in Banjarnegara (abbreviated as E-Bokartumban). This research was a pre-experimental
research, the type of One Group Pretest-Posttest Design. The research subjects included 196 students of grade X
from three high schools in Banjarnegara and 105 students of grade XI from threehigh schools in Jepara. The
sample was determined using purposive sampling technique. The data collected included critical thinking skills,
students' scientific attitudes, and teacher and student responses. The instruments used were test & non-test sheets,
interview sheets, observation sheets for students' scientific attitudes and environmental care, and student and
teacher response questionnaires. Data was analyzed using qualitative descriptive statistics and quantitative (n-gain
test). Theresults showed that: (1) E-Bokartumban media had supporting component in facilitating competence of
analytical thinking and caring for the environment. Androwebic media was able to train 92.38% analytical
thinking skills, and scientific attitude of 85.66%. (2) Student and teacher responses to Androwebic were 89.59% &
87.36%. Conclusion: Android-based media in form of Androwebic and E-Bokartumban has the potential to train
critical thinking skills, environmental care, analytical thinking skills, and scientific attitudes.

© 20xx Science Education Study Program FMIPA UNNES Semarang

Keywords: androwebic; e-bokartumban; critical thinking skills; scientific attitude

INTRODUCTION

Biology learning involves skills and
reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning
is needed that can emphasize the aspects of
application, analysis, synthesis, and evaluation,
not only emphasizing aspects of understanding
and knowledge. For this reason, a learning
process is needed that can improve cognitive,
affective, psychomotor competencies, as wellas
learning methods that can motivate students to
be creative, confident, and think -critically
(Pujiasih et al., 2020). Basically, students have
the ability to think critically in learning, but this

*Correspondence Address
E-mail: wiwiisna@mail.unnes.ac.id

ability sometimes does not develop properly.
Therefore, it is necessary to use methods that are
able to develop students' critical thinking skills.
Students who have critical thinking skills will
find it easy to analyze, evaluate, and be able to
relate to evidence or arguments, before deciding
or assessing information (Mutakinati et al.,
2018). In learning process, students' critical
thinking skills play an important role in
achieving learning achievement, formal
reasoning, and creativity (Puspita et al., 2017).

Biology learning in schools is still
dominated by textbooks and modules with a few
pictures, and learning is still teacher-centered.
This causes the students 'mindset to be limited,
and the students' understanding of biology
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concepts weakens, so that their critical thinking
skills and scientific attitudes are still weak. This
statement was strengthened by the results of
interviews by several teachers of SMA/MA in
Banjarnegara and Jepara. The information
obtained from the interviews included: (1) The
learning had not made optimal use of student-
centered media; (2) Students were allowed to
bring smartphones but it had not been well
utilized; (3) Teachers had not used technology
(smartphones) as a tool or media that could
support learning; (4) limited learning time.

Based on the results of interviews with the
teacher, it could be concluded that these
problems could be minimized by utilizing
technology owned by students, and making
maximum use of student-centered learning in the
learning process. In this case, there were subject
matter that needs to be taught using learning
media, including material on the circulatory
systemand material onbiodiversity systems. The
choice of circulatory system material was
because it had a complicated concept, so it
needed to be presented in an attractive manner.
Then, the selection of material on biodiversity
systems was very necessary to optimize
electronic media that could make it easier for
students to present diversity in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence of learning media can facilitate
ease of learning, foster interest in learning, and
facilitate independent learning for students so
that the learning process will be more effective
(Surjanti et al., 2018). The use of android media
can make students more interested in learning.
Students are also more interested in using
pictorial technology as opposed to using
textbooks. Taking this into account, it is clear
that there is an urgent need to optimize modern
technology to be used as a learning media.

Based on the existing problems, it is clear
that current research is needed to optimize
learning media that can visualize learning
material appropriately. The media should have a
simple structure that focuses on one goal.
Learning media that are expected to be useful
(good) to overcome the learning problems
mentioned before is media that is easy to carry
and use anywhere. One of these media is
android based media. The android-based media
referred to in this article is presented in formof
an e-booklet about the diversity of plants in
Banjarnegara (named E-Bokartumban), and the
circulatory  system  webcomic  (named
Androwebic). The media is expected to improve
students' critical thinking skills and scientific
attitudes.

Based on the problems above, the
following questions can be formulated:

e How to improve students' critical thinking
skills and scientific attitudes in biology
learning using Android-based learning media?

e How do students and teachers respond to
biology learning using Android-based
learning media?

METHOD

Types of research

The type of research used in this research
was pre-experimental, with a one group pretest-
posttest design (Sugiyono, 2015).

Research Samples

The samples (subjects) of this study were
196 students of grade X from three high schools in
Banjarnegara and 105 students of grade XI
students from three high schools in Jepara. The
sample/research subject was selected by using
purposive sampling technique.

Research Data and Instruments

The data collected included data on
critical thinking skills, student scientific attitudes,
and teacher and student responses about Android-
based media used in biology learning. The
research instruments used included test and non-
test sheets; interview sheet; observation sheet for
students' scientific attitudes and environmental
care; as well as student and teacher response
questionnaire sheets. Test sheets (pretest and
posttest) were used to measure the improvement
of students' critical thinking skills and analytical
thinking skills. The non-test sheet in form of an
observation sheet is used to determine the
scientific attitude and environmental -care
attitudes of students.

Data analysis

The data analysis technique in this study
used descriptive qualitative and quantitative
statistical methods. The data analysis techniques
were (1) n-gain test to analyze data on students'
critical thinking skills and analytical thinking
skills; (2) qualitative analysis techniques were
used to analyze data on scientific attitudes,
environmental care for students, as well as data
on the implementation of the learning process,
and the responses of teachers and students
regarding Android-based media used in Biology
learning.

RESULTS AND DISCUSSION

Students’ Critical Thinking Skillsand Scientific
Attitudes

Androwebic's role in learning Biology
Data on students' critical thinking skills
and scientificattitudesinlearning using Android-
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based media (Androwebic and E-Bokartumban)
were obtained from test results (pretest and
posttest) and non-test. Student learning outcomes
in learning using Android-based media
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(Androwebic and E-Bokartumban) are presented
in Table 1, Table 2, Table 3, Table 4, Table 5,
Table 6, and Table 7.

Tabel 1. Students’ Pretest andPosttest Score in Biology Learning Using Androwebic Media

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number of students completed 97
Number of students is not complete 94 8
Classical completeness% 10.48 92.38

Table 1 shows that there is a significant
difference between the pretest and posttest scores
obtained by students. The pretest results shows an
average value of 53.65. This score is still less than
the KKM, which has not reached the score of 75.
The posttest score achieved by students averaged
88.83 (having exceeded the KKM by 75).

The improvement of students'analytical
thinkingskills was obtained fromthe resultsofthe
n-gain test on the pretest and posttest scores
achieved by students. Theresults ofthen-gaintest
are presented in Table 2

Table 2. The Results of N-Gain Test for Students'
Analytical Abilities after Learning Process Using
AndrowebicMedia
N Percentage CategoryN-Gain (%)
High Moderate Low
105 72 24 4

From Table 2 it is known that most
students achieved a high category increase. From
these data it can also be stated that almost all
students achieve an increase in critical thinking
skills in the moderate to high category. The
results of the analysis indicate that Biology
learning using Androwebic media is effective in
improving students' analytical abilities.

Androwebic media has such potential
because it is equipped with various discussion
questions that contain problems in the context of
everyday life. This can stimulate students'

curiosity and encourage students to practice
solving problems. Both activities require
analytical thinking skills, so that students' abilities
in this matter are properly trained. This is in
accordance with the research of Prawita et al.
(2019) and Sari et al. (2019) which stated that the
use of learning media that presents problems can
improve learning outcomes and analytical
thinking skills in students.

During the discussion stage in learning
using Androwebic media, students are directed to
discuss with each other and exchange ideas about
problem solutions systematically and logically.
Thus students become trained to think
analytically. This is in accordance with the
statement of Sari et al. (2019) which proved that
learning by actively involving students to solve
problems can improve analytical thinking skills
and student learning outcomes.

Information about students' scientific
attitudesinlearning using Androwebic media was
obtained from the observation process using
student scientific attitude observation sheets.
Androwebic media was created specifically, in
such a way that it had a number of useful facilities
for practicing 6 aspects of a scientific attitude (see
Table 3). The results of observations of students'
scientific attitudes during the learning process
using Androwebic media are presented in Table

3.

Table 3. Scores of Students' Scientific Attitudes During The Learning Process Using Androwebic

Media
: Viax —
Indicator X Score Score (%)  Criteria
Score
Attention to every new thing 1086 1260 86.19 Very good
Appreciate and draw conclusions according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good
Average of each aspect 85.66 Very good
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In Table 3, it can be seen that the average
scientific attitude of students is in very good
always motivated to learn and seek information
independently, so that during the learning process
in the classroom students showed a more right,
dared to ask questions, dared to express
opinions, be active in groups, and recorded
complete observations. In the learning process
students must solve discussion questions that
contain contextual problems. Every activity
carried out during the discussion process made a
positive contribution to the formation of a
scientific attitude. This is what can encourage

The role of E-Bokartumban in Biology learning
E-Bokartumban media hada components
thatcould supportinfaciliating the competence of
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category. This happens because since the
beginning of the learning process, students were
attentive, respectful attitude, drawn conclusions
according to facts. During the learning process,
students were also accustomed not to feel always
studentstothink analyticallyin solving problem:s.
This is in accordance with the statement of
Dwianto et al. (2017) that the application of
learning media that presents contextual problems
through discussion can make a positive
contribution to the formation of scientific
attitudes in student.

critical thinking skills and evironmental care
attitudes presented in Table 4.

Table 4. E- Bokartumban Media Components that facilitate critical thinking skills competencies

No.  Aspectsand Indicators

Media Components

Critical thinking skills

1 Give asimple explanation

2 Build basic skills

3 Conclude

4 Identifyterms and consideradefinition

5 Set strategy and tactics

Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets
Evaluation questions onthe media, students
discussion sheets

Table 4 shows the media E- Bokartumban
has a component that has a function for each
competency that exist in the research of this
research. According to Ennis in Goal for A
Critical Thinking Curriculum is presented in
journal Kartimiand Liliasari (2012), there are five
stages of thinking with each indicator, that are
Giving simple explanation, Building basic skills,
Summingup, Identifying terms and considering a
definition, Setting strategies and tactics. This
indicators of thinking can be measured when the
students do the worksheets discussion and

evaluation questions that exist in the media.
Wiguna et al. (2019) and Damopolil & Kurniadi
(2019) which explains about the case of
improving student learning outcomes after
following the process of learning that implement
Android-based media. Arista & Kuswanto (2018)
stated that media that can be operated using a
smartphone can increase enthusiasm, interest,
and motivation in learning activities. All things
that can enhance independence and
understanding of concepts in students.

Table 5. E- Bokartumban Media Components that facilitate the competence of environmental care attitudes

No.  Aspectsand Indicators

Media Components

Environmental Care Attitude

1 havethought that plantsand animals haverightswereequaltohu  Introduction to the material
mans

2 havefeelings / emotions abouthuman actionsthat causedisaster ~ Introduction to the material

3 have thinking that the environment is very fragile and easily Student discussion sheets, material on
disturbed balance the media

4 have feelings and tendencies of behavior that the tendency of Student discussion sheets, material on
human beings there is a limit in controlling nature the media

5 have a tendency of behavior to take advantage of the source Student discussion sheets, material on
power of nature that has been used the media

6 have a tendency of behavior not to be arbitrary towards the Student discussion sheets, material on
environment the media

7 havethoughtsand attractedinenvironmentalissues Student discussion sheets, material on

8 have emotional feelings about actions that can cause

the media
environmental damage
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Student discussion sheets, material on the media
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From Table 5 can be known the indicators
of environmental care attitudes that used scale that
was adapted from NEPS case of aspects, 1) have
thought that plants and animals have rights were
equal to humans, 2) have the feeling / emotional
against the actions of man that cause disasters, 3)
have thinking that the environment is very fragile
and easily disturbed balance, 4) have feelings and
the tendencies of behavior that the tendency of
human beings there is a limit in controlling
nature, 5) have a tendency of behavior to take
advantage of the source power of nature that has
been used , 6) have a tendency of behavior for
not arbitrarily towards the environment, 7) has
thoughts and attracted in environmental issues,
and 8) have emotional feelings about actions that
can cause environmental damage, can be
measured as long as students using the mediato
read the material and when the process of
discussion groups take place in learning process.

Learning with media E-Bokartumban acan
make a positive contribution in improving
students' attitudes environmental care.
Environmental careis an attitude and actions that
always try to prevent damage to the surrounding
natural environment and develop efforts to repair
natural damage (Yaumi, 2014). An attitude of
caring for the environment can be demonstrated
by attitudes and actions that always try to prevent
environmental damage and seek to repair natural
damage that has occurred (Mardikaningtyas,
2016).
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Based on the description in the paragraph
above, can be stated that the use of media
android-based learning is very effective to
enhance students' understanding. This is in
accordance with the opinion of Sudarsana et al.
(2019) which stated that the use of technology-
based learning media can improve student
learning outcomes. Junaedi et al. (2018) and
Damopolil & Kurniadi (2019) find that learning
by applying android-based media can improve
students’ learning outcomes . Learning process
that using technology can increase studentinterest
and learning outcomes (Sudarsana et al., 2019).
Wiguna et al. (2019) and Damopolil & Kurniadi
(2019) reported the case of improving student
learning outcomes after follow learning that
implement Android-based media. This statement is
also accordance with the explanation of Jeno et al.
(2017), that stated the process of learning that
uses Android-based media can improve student
learning outcomes.

Results of Student and Teacher Responses to
Learning Using Android-Based Biology
Learning Media

Student and teacher responses to the learning process
using Androwebic media

Student responses to learning using
Androwebic media were obtained from student
response questionnaires given at the end of the
lesson. Information about students' positive
responses to Androwebic media is presented in
Table 6.

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%0) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good

The data in Table 6 shows that the
average of each aspect/indicator shows very good
criteria. In some aspects, the student's response
rate shows the maximum score. This showed that
students were interested and motivated to learn
with comics in the media. Apart from being
interested and motivated by comics, students also
admitted that the material equipped with pictures
on Androwebic media was very helpful and made
it easier for students to learn, because it was
summarized in a structured manner. The
problemspresented in Androwebic mediaarealso
able to provide the right visualization. This makes
it easier for students to understand abstract
about the circulatory system. The use of
appropriate learning media and in accordance

problem-based learning oriented which can
increase student activity in learning activities. In
the learning process, students not only listened,
but also tried, found, and concluded. Therefore,
students' understanding, analytical thinking skills,
and scientific attitudes will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This showed that students were very
interested in the appearance of Androwebic
media. Androwebic media is equipped with
images on every detail of the material, so that it is
circulatory material. Androwebic media canalso
help students understand and discover concepts
with the character of students in learning, can
help students to find concepts in context. The
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media in question must be interesting, contain
extensive learning resources, contain information
that is presented with visual images.The use of a
problem-based learning approach that is
complemented by the use of learning media is
proven to be able to foster student interest and
motivation to be more active in learning so as to
create enjoyable learning, understanding the
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circulatory system material will increase

(Maulana & Sulistyoningrum, 2018; Lee et al.,
2015).

The level of positive response from the
teacher to the implementation of the learning
process using Androwebic media, obtained from
the teacher's responses are presented in Table 7.

Table 7. Levels of Teacher's Positive Response to Androwebic Media

Indicators/aspects Score Obtained  Max. Score  Percentage(%b) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
the very good category. The teacher said that
Androwebic media was very good, easy to use,
up to date, the material presented was equipped
with attractive visuals, could be used anytime and
anywhere with the condition of using an android
device. This confirmed by Sung et al. (2016)
which stated that the use of Android devices such
as smartphones in learning is better and more
effective than conventional learning. Students are
more enthusiastic because the learning process is
student-centered, while the teacher only directs
and guides. This is in accordance with the
findings of Ali (2019) which proved that student-
centered learning will improve students' ability to
understand the material being studied and the
ability to solve problems. In such circumstances,
the teacher is sufficient to direct and guide as
needed.

Student and Teacher Responses to The Learning
Process Using E-Bokartumban Media

Media E-Bokartumban was used in this
studyisabletoassiststudentsinbuilding material
concept of biodiversity. Teachers also gave
feedback positively on the activities of students in
learning,because it made students becoming very
enthusiastic when they hold discussions. The
teacher said that the E-Bokartumban media was
attractive, contemporary, easy to use, easy to
carry, and the material presented was very clear.

Based on the results of data analysis,
obtained information that the media Androwebic
can train analytical thinking skills in studentsby
92.68% and scientific attitudes of 85.66%.
Android-based media taken as positive by
students and teachers. Levels of positive responses
from students and teachers to the media media
Androwebic of 89.50% and 87.36%. Based on
that it can be concluded that the media
Androwebic and E-Bokartumban were used in

Biologylearning was very potential to train critical
thinkingskillsand scientific attitudes of students.

CONCLUSION

Two types of media based on Android,
namely Androwebic and E-Bokartumban, which
were used in biology learning had proven
potential to train high school students' critical
thinking skills and scientific attitudes.
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ABSTRACT

This study aims to analyze and describe the potential of Android-based learning media to train students' critical
thinking skills and scientific attitudes. The learning media were Andro-Webcomic (called Androwebic) and E- Booklet
of plant diversity in Banjarnegara (abbreviated as E-Bokartumban). This research was pre-experimental, the type of
One Group Pretest-Posttest Design. The research subjects were 196 tenth-grade students from three high schools in
Banjarnegara and 105 eleventh-grade students from three high schools in Jepara. The sample was determined using
the purposive sampling technique. The data collected included critical thinking skills, students' scientific attitudes,
and teacher and student responses. The instruments used were test and non-test sheets, interview sheets, observation
sheets for students' scientific attitudes and environmental care, and student and teacher response questionnaires. Data
were analyzed using qualitative descriptive statistics and quantitative (n-gain test). The results showed that: (1) E-
Bokartumban media had a supporting component in facilitating competence of analytical thinking and caring for the
environment. Androwebic media was able to train 92.38% analytical thinking skills and a scientific attitude of
85.66%. (2) Student and teacher responses to Androwebic were 89.59% and 87.36%. Conclusion: Android-based
media in the form of Androwebic and E-Bokartumban has the potential to train critical thinking skills, environmental
care, analytical thinking skills, and scientific attitudes.

© 20xx Science Education Study Program FMIPA UNNES Semarang

Keywords: androwebic; e-bokartumban; critical thinking skills; scientific attitude

INTRODUCTION ‘

Biology learning involves skills and Students who have critical thinking skills will find

reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning
can emphasize the aspects of the application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge. For this reason, a learning process is
needed that can improve cognitive, affective,
psychomotor competencies, as well as learning
methodsthatcanmotivatestudentstobecreative,
confident, and think critically (Pujiasih et al.,
2020). Students can think critically in learning,
but this ability sometimes does not develop
properly. Therefore, itisnecessarytousemethods
that can develop students' critical thinking skills.

it easy to analyze, evaluate, and relate to evidence
or arguments before deciding or assessing
information (Mutakinati et al., 2018). Students'
critical thinking skills play an essential role in
achieving learning achievement, formal
reasoning, and creativity (Puspita et al., 2017).
Textbooks and modules still dominate
biology learning in schools with a few pictures,
and learningisstill teacher-centered. It causes the
students’ mindset to be limited, and their
understanding of biology concepts weakens, so
their critical thinking skills and scientific attitudes
arestillweak. This statement was strengthened by
the results of interviews by several teachers of

Commented [U1]: INTRODUCTION should:

« contain urgency (importance) to research

« containa carrying capacity in the form of supporting
data andfacts

« contain a preliminary study as a basis for the
importance of the research conducted

« contain a GAP ANALYSIS Departing from the
preliminary study, analysis of published articles
formulated in the Gap analysis
GAPANALYSISreferstoarticles publishedinvarious
internationally reputable journals to emphasize the
novelty ofresearch.

« clear limitation of research objectives



http://journal.unnes.ac.id/index.php/

249 / JPII x (x) (20XX) XXX-XXX 249

SMA/MA in Banjarnegara and Jepara. The
information obtained from the interviews
included: (1) The learning had not made optimal
use of student-centered media; (2) Students were
allowed tobring smartphones, butithad notbeen
well utilized; (3) Teachers had not used
technology (smartphones) as a tool or media that
could supportlearning; (4) limitedlearning time.

Based on the results of interviews with the
teacher,itcouldbeconcluded thatthese problems
could be minimized by utilizing technology
owned by students and making maximum use of
student-centered learning in the learning process.
In this case, a subject matter needs to be taught
using learning media, including material on the
circulatory system and material on biodiversity
systems. The choice of circulatory system
material was because it had a complicated
concept, so it needed to be presented attractively.
Then, the selection of material on biodiversity
systems was necessary to optimize electronic
media to make it easier for students to present
diversity in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
Learning media can facilitate ease of learning,
foster interest in learning, and facilitate
independent learning for students so that the
learningprocess willbemore effective (Surjantiet
al., 2018). The use of android media can make
students more interested in learning. Students are
alsomoreinterested in using pictorial technology
as opposed to using textbooks. Considering this,
it is clear that there is an urgent need to optimize
modern technology to be used as a learning
medium.

Based on the existing problems, it isclear
that current research is needed to optimize
learning media that can visualize learning
material appropriately. The media should have a
simple structure that focuses on one goal.
Learning media that are expected to be useful
(good) to overcome the learning problems
mentioned before is easy to carry and use
anywhere. One of these media is Android-based
media. The android-based media referred to in
this article is presented in an e-booklet about the
diversity of plants in Banjarnegara (named E-
Bokartumban) and the circulatory system
webcomic (named Androwebic). The media is
expected to improve students' critical thinking
skills and scientific attitudes.

Based on the problems above, the
following questions can be formulated:

e How to improve students' critical thinking
skills and scientific attitudes in biology
learning using Android-based learning media?

e How do students and teachers respond to
biology learning using Android-based learning
media?

\METHOD‘
Types of research

The type of research used was pre-
experimental, with a one-group pretest-posttest
design (Sugiyono, 2015).

Research Samples

This study's samples (subjects) were 196
tenth-grade students from three high schools in
Banjarnegara and 105 eleventh-grade students
from three high schools in Jepara. The
sample/research subject was selected by using the
purposive sampling technique.

Research Data and Instruments

The data collected included critical
thinking skills, student scientific attitudes, and
teacher and student responses about Android-
based mediausedinbiologylearning. Theresearch
instruments used included test and non-test sheets,
interview sheets, observation sheets for students'
scientific attitudes and environmental care, and
student and teacher response questionnaire sheets.
Test sheets (pretest and posttest) were used to
measure the improvement of students' critical
thinking skills and analytical thinking skills. The
non-test sheet in the form of an observation sheet
is used to determine students' scientific and
environmental care attitudes.

Data analysis

The data analysis technique in this study
used descriptive qualitative and quantitative
statistical methods. The data analysis techniques
were (1) n-gain test to analyze data on students'
critical thinking skills and analytical thinking skills;
(2) qualitative analysis techniques were used to
analyze data onscientific attitudes, environmental
care for students, as well as data on the
implementation of the learning process, and the
responses of teachers and students regarding
Android-based media used in Biology learning.

|RESULTS AND DISCUSSION‘
Students' Critical Thinking Skills and Scientific
Attitudes

Androwebic's role in learning Biology

Data on students' critical thinking skills
and scientific attitudes in learning using Android-
based media (Androwebic and E-Bokartumban)
were obtained from test results (pretest and
posttest) and non-test. Student learning outcomes
in learning wusing Android-based media
(Androwebic and E-Bokartumban) are presented
in Table 1, Table 2, Table 3, Table 4, Table 5, Table
6, and Table 7.
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Tabel 1. Students' Pretest and posttest Score in Biology Learning Using Androwebic Media

Information

Pretest Score (n=105)

Posttest Score (n=105)

Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number of students completed 11 97
The number of students is not 94 8
complete

Classical completeness% 10.48 92.38

Table 1 shows that there is a significant
difference between the pretest and posttest scores
obtained by students. The pretest results show an
average score of 53.65. This score is still less than
the KKM, which has not reached the score of 75.
Theposttestscoreisachieved bystudentsaveraged
88.83 (having exceeded the KKM by 75).

The improvement of students' analytical
thinking skills was obtained from the results of the
n-gain test on the pretest and posttest scores
achieved by students. Theresults of the n-gain test
are presented in Table 2

Table 2. The Results of N-Gain Test for Students'
Analytical Abilities after Learning Process Using
Androwebic Media
N Percentage Category N-Gain (%)
High Moderate Low
105 72 24 4

From Table 2, it is known that most
students achieved a high category increase. From
these data, it can also be stated that almost all
students increase critical thinking skills in the
moderate to high category. The analysis results
indicate that Biology learning using Androwebic
mediaiseffectiveinimproving students'analytical
abilities.

Androwebic media has such potential
because it is equipped with various discussion

questions that contain problems in everyday life.
This can stimulate students' curiosity and
encourage students to practice solving problems.
Both activities require analytical thinking skills so
that students' abilities in this matter are correctly
trained. This is under the research of Prawita et al.
(2019) and Sari et al. (2019), which state that
learning media that presents problems can improve
students' learning outcomes and analytical
thinking skills.

During the discussion stage in learning
using Androwebic media, students are directed to
discuss and exchange ideas about problem
solutions systematically and logically. Thus,
students becometrained to think analytically. This
is per Sari et al. (2019) statement, which proves
thatlearningbyactivelyinvolvingstudentstosolve
problems can improve analytical thinking skills
and student learning outcomes.

Information about students' scientific
attitudes in learning using Androwebic media was
obtained from the observation process using
student scientific attitude observation sheets.
Androwebic media was explicitly created to have
several proper facilities for practicing six aspects of
a scientific attitude (see Table 3). The results of
observations of students' scientific attitudes during
the learning process using Androwebic media are
presented in Table 3.

Table 3. Scores of Students' Scientific Attitudes During The Learning Process Using Androwebic

Media
Indicator X Score Max Score (%)  Criteria
Score

Attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

Average of each aspect 85.66 Very good

In Table 3, it can be seen that students'
average scientific attitude is in a very good
category. This happens because, since the
beginning of the learning process, students were
always motivated to learn and seek information
independently, so that during the learning process

in the classroom, students showed a more
attentive, respectful attitude, drew conclusions
according to facts. Students were also accustomed
not to feeling always right, dared to ask questions,
express opinions, be active in groups, and record
complete observations during the learning process.
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In the learning process, students must solve problems. This is by the statement of Dwianto et
discussion questions that contain contextual al. (2017) that the application of learning media
problems. Every activity carried out during the that presents contextual problems through discussion
process positively contributed to the discussion can positively contribute to students' formation of a
scientific attitude. This is what can formation of scientific attitudes.

encourage students to think analytically in solving

The role of E-Bokartumban in Biology learning
E-Bokartumban media had components thinking skills and environmental care attitudes
that could facilitate the competence of critical presented in Table 4.

Table 4. E- Bokartumban Media Components that facilitate critical thinking skills competencies

No. Aspects and Indicators Media Components
Critical thinking skills

1 Give a simple explanation Evaluation questions on the media, students
discussion sheets

2 Build basic skills Evaluation questions on the media, students
discussion sheets

3 Conclude Evaluation questions on the media, students
discussion sheets

4 Identify terms and consider a definition Evaluation questions on the media, students
discussion sheets

5 Set strategy and tactics Evaluation questions on the media, students

discussion sheets

Table 4 shows the media E- Bokartumban the discussion worksheet and evaluation questions
has a component that has a function for each in the media. Wiguna et al. (2019) and Damopolil
competency that exists in this research. According and Kurniadi (2019) explain the case of improving
to Ennis in Goal for A Critical Thinking student learning outcomes after following the Curriculum
is presented in journal Kartimi and process of learning that implement Android-based Liliasari
(2012), there are five stages of thinking media. Arista and Kuswanto (2018) state that with each
indicator, that are Giving simple smartphone-based media can increase enthusiasm, explanation,
Building basic skills, Summing up, interest, and motivation in learning activities. All Identifying
terms, and considering a definition, things can enhance independence and Setting strategies
and tactics. These thinking understanding of concepts in students.
indicators can be measured when the students do

Table 5. E- Bokartumban Media Components that facilitate the competence of environmental care attitudes

No. Aspectsand Indicators Media Components
Environmental Care Attitude
1 have thought that plants and animals have rights were equal to hu Introduction to the materials
mans
2 have feelings/emotions about human actions that cause disaster Introduction to the materials
3 have thought that the environment is very fragile and easily Student discussion sheets, materials on
disturbed balance the media
4 have feelings and tendencies of behavior that the tendency of Student discussion sheets, materials on
human beings there is a limit in controlling nature the media
5 tend to take advantage of the source power of nature that has been Student discussion sheets, materials on
used the media
6 tend not to be arbitrary towards the environment Student discussion sheets, materials on
the media
7 have thoughts and attracted to environmental issues Student discussion sheets, materials on
the media
8 have emotional feelings about actions that can cause Student discussion sheets, materials on
environmental damage the media

From Table 5 can be known the indicators and easily disturbed balance, 4) have feelings and of
environmental care attitudes that used a scale that the tendencies of behavior that the tendency of was
adapted from NEPS case of aspects, 1) have human beings there is a limit in controlling nature,
thought that plants and animals have rights were 5) have a tendency of behavior to take advantage
equal to humans, 2) have the feeling / emotional of the source power of nature that has been used,
against the actions of man that cause disasters, 3) 6) have a tendency of behavior for not arbitrarily
have thought that the environment is very fragile towards the environment, 7) has thoughts and
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attracted in environmental issues, and 8) have
emotional feelings about actions that can cause
environmental damage, can be measured as long
as students using the media to read the material
and when the process of discussion groups take
place in the learning process.

Learning with media E-Bokartumban can
make a positive contribution in improving
students' attitudes to environmental care.
Environmental care is an attitude and action that
always try to prevent damage to the surrounding
natural environment and develop efforts to repair
natural damage (Yaumi, 2014). An attitude of
caringfortheenvironmentcanbedemonstrated by
attitudes and actions that always try to prevent
environmental damage and seek to repair natural
damage (Mardikaningtyas, 2016).

Based on the description in the paragraph
above, it can be stated that the use of media
android-basedlearningisveryeffectivetoenhance
students' understanding. This is under Sudarsana
et al. (2019), which state that technology-based
learning media can improve student learning
outcomes. Junaedi et al. (2018) and Damopolil
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and Kurniadi (2019) find that applying android-
based media can improve students' learning
outcomes. The learning process usingtechnology
can increase student interest and learning
outcomes (Sudarsana et al., 2019). Wiguna et al.
(2019) and Damopolil and Kurniadi (2019)
reported the case of improving student learning
outcomes after learning with Android-based
media. This statement is also by the explanation of
Jeno et al. (2017), which states that learning using
Android-based media can improve student
learning outcomes.

Results of Student and Teacher Responses to
Learning Using Android-Based Biology
Learning Media

Student and teacher responses to the learning process
using Androwebic media

Student responses to learning using
Androwebic media were obtained from student
response questionnaires given at the end of the
lesson. Information about students' positive
responses to Androwebic media is presented in
Table 6.

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good

Thedatain Table 6 shows that theaverage
of each aspect/indicator shows very good criteria.
Insomeaspects, the student'sresponse rate shows
the maximum score. This showed that students
wereinterestedand motivated tolearn with comics
in the media. Apart from being interested and
motivated by comics, students also admitted that
the material equipped with pictures on
Androwebic media was beneficial and made it
easier for students to learn because it was
summarized in a structured manner. The problems
presented in Androwebic media are also problem-
based learning-oriented, increasing studentactivity
in learning activities. In the learning process,
studentsnotonlylistened butalsotried, found,and
concluded. Therefore, students' understanding,
analytical thinking skills, and scientific attitudes
will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This showed that students were very
interestedintheappearance of Androwebicmedia.
Androwebic media is equipped with images on

every detail of the material to provide the correct
visualization. This makes it easier for students to
understand abstract circulatory material.
Androwebic media can also help students
understand and discover concepts about the
circulatorysystem. Theuse of appropriatelearning
media and following students' character in learning
can help students find concepts in context. The
media in question must be interesting, contain
extensive learning resources, and contain
information presented with visualimages. The use
of a problem-based learning approach that is
complemented by the use of learning media is
proven to be able to foster student interest and
motivation to be more active in learning to create
enjoyable learning, understanding the circulatory
system material will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

The level of positive response from the
teacher to the implementation of the learning
process using Androwebic media obtained from
the teachers' responses is presented in Table 7.
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Table 7. Levels of Teacher's Positive Response to Androwebic Media

Indicators/aspect s Score Obtained Max. Score  Percentage (%) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
the very good category. The teacher said that
Androwebic media was very good, easy to use, up
todate. The material presented was equipped with
attractive visuals, could be used anytime and
anywhere with the condition of using an android
device. This is confirmed by Sung et al. (2016),
which stated that Android devices such as
smartphones are better and more effective than
conventional learning. Students are enthusiastic
because the learning process is student-centered,
while the teacher only directs and guides. This is
following the findings of Ali (2019), which prove
that student-centered learning will improve

students' ability to understand the material being
studied and problem-solving skills. In such
circumstances, the teacher is sufficient to direct
and guide as needed.

Student and Teacher Responses to The Learning Process
Using E-Bokartumban Media

Media E-Bokartumban was used in this
study can assist students in building thematerial
concept of biodiversity. Teachers also gave
feedback positively on the activities of students in
learning because it made students very enthusiastic
when they held discussions. The teacher said that
the E-Bokartumban media was attractive,

contemporary, easy to use, easy to carry, and the
material presented was evident.

Based on the results of data analysis,
obtained information that the media Androwebic
can train analytical thinking skills in students by
92.68% and scientific attitudes of 85.66%.
Android-based media is taken as positive by
studentsandteachers. Levels of positiveresponses
from students and teachers to the media
Androwebic were 89.59% and 87.36%. Based on
that, it can be concluded that the media
Androwebic and E-Bokartumban were used in
Biologylearning was very potential to train
students' critical thinking skills and scientific
attitudes.

[CONCLUSION
Two types of media based on Android,

namely Androwebic and E-Bokartumban, which
were used in biology learning, had proven

potential to train high school students' critical
thinking skills and scientific attitudes.
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ABSTRACT

This study aims to analyze and describe the potential of Android-based learning media to train students' critical
thinking skills and scientific attitudes. The learning media were Andro-Webcomic (called Androwebic) and E- Booklet
of plant diversity in Banjarnegara (abbreviated as E-Bokartumban). This research was pre-experimental, the type of
One Group Pretest-Posttest Design. The research subjects were 196 tenth-grade students from three high schools in
Banjarnegara and 105 eleventh-grade students from three high schools in Jepara. The sample was determined using
the purposive sampling technique. The data collected included critical thinking skills, students' scientific attitudes
and environment care attitudes, and teacher and student responses. The instruments used were test and non-test
sheets, interview sheets, observation sheets for students' scientific attitudes and environmental care, and student and
teacher response questionnaires. Data were analyzed using qualitative descriptive statistics and quantitative (n-gain
test). The results showed that: (1) E-Bokartumban media had a supporting component in facilitating competence of
analytical thinking and caring for the environment. Androwebic media was able to train 92.38% analytical thinking
skills and a scientific attitude of 85.66%. (2) Student and teacher responses to Androwebic were 89.59% and 87.36%.
Conclusion: Android-based media in the form of Androwebic and E-Bokartumban has the potential to train critical
thinking skills, environmental care, and scientific attitudes.

© 20xx Science Education Study Program FMIPA UNNES Semarang

Keywords: androwebic; e-bokartumban; critical thinking skills; scientific attitude

\INTRODUCTION‘

Biology learning involves skills and (Thomas, 2011). Teaching critical thinking and

reasoning (Amoah & Emmanuel, 2018). In problem solving skills can be done with problem-

developing reasoning power and skills, learning
can emphasize the aspects of the application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge. For this reason, a learning process is
needed that can improve cognitive, affective,
psychomotor competencies, as well as learning
methodsthatcanmotivatestudentstobecreative,
confident, and think critically (Pujiasih et al.,
2020). Critical thinkingskillsareneeded to assess
information, explain reasons and solve problems

based learning/PBL (Yew & Goh, 2016).
Students can think critically in learning, butthis
ability sometimes does not develop properly.
Therefore, it is necessary to use methods that can
develop students' critical thinking skills. Students
who have critical thinking skills will find it easy to
analyze, evaluate, and relate to evidence or
arguments before deciding or assessing
information (Mutakinati et al., 2018). Students'
critical thinking skills play an essential role in
achieving learning achievement, formal
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reasoning, and creativity (Puspita et al., 2017).
Learning that facilitates critical thinking skills can
be realized if there is cooperation and
participation from all parties, ranging from policy
makers, teacher universities, local education
departments, schools, and families (Nhat et al,
2018). The results of research by Seventika et al
(2018) show that students' critical thinking skills
(in vocational schools/vocational schools) are
still low.

Textbooks and modules still dominate
biology learning in schools with a few pictures,
andlearningisstillteacher-centered. It causesthe
students' mindset to be limited, and their
understanding of biology concepts weakens, so
their critical thinking skills and scientific attitudes
arestillweak. Thisstatementwasstrengthened by
the results of interviews by several teachers of
SMA/MA in Banjarnegara and Jepara. The
information obtained from the interviews
included: (1) The learning had not made optimal
use of student-centered media; (2) Students were
allowed tobring smartphones, butithad notbeen
well utilized; (3) technology (smartphone) as a
tool or media that does not support learning, (4)
limited learning time.

Based on the results of interviews with
teachers, it can be concluded that these problems
can be minimized by utilizing the technology
owned by students, and utilizing student-centered
learning strategies to the fullest. Examples of
biological materials that need to be taught using
mediaarethecirculatorysystem and biodiversity.
Thematerial of the circulatory system needs to be
studied with the media because it contains
complex concepts, so that it can be presented in a
more interesting way. Biodiversity material
(especially plant diversity) also really needs to be
taught by optimizing electronic media, to present
aplant diversity environment in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students, so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence of learning media facilitates ease of
learning, fostersinterestinlearning, and makesit
easier for students to learn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested in
learning. The use of pictorial technology media is
also more attractive to students when compared
to the use of textbooks. Paying attention to this, it
is clear that optimizing the use of modern
technology-based media in learning is an urgent
matter, especially during a pandemic like now. In
learning duringthe Covid-19 pandemic, theuseof
media and technology must be able to make a real
contribution to knowledge and the emergence of
educational practices with online and digital
education formats (Williamson et al, 2020).

Based on the existing problems, it is clear
that currently optimizing learning media thatare
useful for visualizing learning materials
appropriately. The media should have a simple
structure that focuses on one goal. Learning media
that are expected to be useful (good) to overcome
thelearning problems mentioned earlieraremedia
that are easy to carry and use anywhere. Sukenda
etal (2019) stated that multimedia-based learning
media can be packaged into software that is able to
present material.

Oneofthese media is android-based media.
The android-based media referred to in this article
are presented in the form of an e-booklet about
plant diversity in Banjarnegara (named E-
Bokartumban), and a webcomic of the circulatory
system (named Androwebic). The media is
expected to improve critical thinking skills and
scientific attitudes in students. Modules based on
critical thinking skills on respiratory system
material are useful for practicing critical thinking
skills (Khasanah et al. (2017). Referring to these
results, it can be expected that the E-Bokartumban
mediaisuseful for practicingcritical thinking skills
in students.

E-bokartumban media is expected to be
useful for bringing the surrounding environment
into the classroom. This is important considering
thattheenvironmentisaprocesstoequipstudents
with a conscious mind and care for the
environment, for all issues related to the
environment (Amini, 2015). The environment is
also important to instill knowledge, skills,
attitudes, behavior, motivation, and commitment
to work together in solving environmental
problems, as well as an attitude of caring for the
environment. On the other hand, science comics
media (science comics based on guided inquiry)
can also improve critical thinking skills and
scientific attitudes (Putri & Prodjosantoso, 2020).
Scientific attitude is an attitude that encourages
studentstosolve problems (Hasanahetal, 2020).

Based on the problems above, the following
questions can be formulated:

+ How is the level of critical thinking skills,
scientific attitudes, and environmental care
attitudes of students in learning biology using
android-based media?

How do students and teachers respond to
learning biology using android-based media?
Does android-based learning media have the
potential to train students' critical thinking skills,
scientific attitudes and environmental care
attitudes?

‘METHOD
Types of research

The type of research used was pre-
experimental, with a one-group pretest-posttest
design (Sugiyono, 2015).
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Research Samples

This study's samples (subjects) were 196
tenth-grade students from three high schools in
Banjarnegara and 105 eleventh-grade students
from three high schools in Jepara. The
sample/research subject was selected by using the
purposive sampling technique.

Research Data and Instruments

The data collected includes data on
critical thinking skills, students' scientific attitudes,
environmental care attitudes, as well as student
and teacher responses to the biology learning
process using android-based media.

The data collected included -critical
thinking skills, student scientific attitudes, and
teacher and student responses about Android-
basedmediausedinbiologylearning. Theresearch
instruments used included test and non-test sheets,
interview sheets, observation sheets forstudents'
scientific attitudes and environmental care, and
student and teacher response questionnaire sheets.
Test sheets (pretest and posttest) were used to
measure the improvement of students' critical
thinking skills and analytical thinking skills. The
non-test sheet in the form of an observation sheet
is used to determine students' scientific and
environmental care attitudes.

Data analysis

The data analysis technique in this study
used descriptive qualitative and quantitative
statistical methods. The data analysis techniques
were (1) n-gain test to analyze data on students'
critical thinking skills and students' scientific
attitudes, (2) qualitative analysis techniques were
used to analyze data on scientific attitudes,
environmental care for students, as well as data on
the implementation of the learning process, and the
responses of teachers and students regarding
Android-based media used in Biology learning.

RESULTS AND DISCUSSION ‘

Students’ Critical Thinking Skills and Scientific
Attitudes

Androwebic's role in learning Biology

Data on students' critical thinking skills
and scientific attitudes in learning using android-
based media (Androwebic and E-Bokarmban)
were obtained from test results (pretest and
posttest) and non-test. Student learning outcomes
in learning wusing android-based media
(Androwebic and E-Bokarmban) are presented in
Table 1, Table 2, Table 3, Table 4, Table 5).
Teacher and student responses are presented in
Table 6 and Table 7.

Tabel 1. Students' Pretest and posttest Score in Biology Learning Using Androwebic Media

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number of students completed 11 97
The number of students is not 94 8
complete
Classical completeness% 10.48 92.38

Table 1 shows a significant difference
between the pretest and posttest scores obtained by
students. The results of the pretest showed an
average score of 53.65 (not yet reached the value
of 75), while the posttest score achieved by
students was an average of 88.83 (beyond the
KKM

The improvement of students' analytical
thinking skills was obtained from the results of the
n-gain test on the pretest and posttest scores
achieved by students. The results of the n-gain test
are presented in Table 2

Table 2. The Results of N-Gain Test for Students'
Analytical Abilities after Learning Process Using
Androwebic Media
N Percentage Category N-Gain (%)
High Moderate Low
105 72 24 4

From Table 2, it is known that most ofthe
students achieved an increase in critical thinking

skills in the high category. From these data itcan
also be stated that almost all students experienced
anincreasein critical thinking skillsinthemedium
to high category. The results of the analysis show
that Androwebic media is effectively used to
improve students' critical thinking skills, especially
inlearning Biology (circulation system material).

Androwebic media has such potential
because it is equipped with various menus such as
discussion questions, which contain problems in
the context of everyday life. It can stimulate
students' curiosity and encourage students to
practice solving problems. Both activitiesrequire
analytical thinking skills so that students' abilities
in this matter are correctly trained. This is under
the research of Prawita et al. (2019) and Sari et al.
(2019), which state that learning media that
presents problems can improve students' learning
outcomes and analytical thinking skills.

During the discussion stage in biology
learning using Androwebic media, students are
students are trained to discuss and exchange ideas
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about problem solutions systematically and
logically. Thus, students become trained to think
analytically. This is in accordance with the
statement of Sari et al. (2019) which proves that
learning by actively involving students to solve
problems can improve analytical thinking skills
andstudentlearningoutcomes. Theabilitytothink
analytically is one component of the ability to
think critically (Facione 2015). So, it can be stated
that Androwebic media has the potential to train
critical thinking skills.
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Information about students' scientific
attitudes in learning using Androwebic media was
obtained from the observation process using
student scientific attitude observation sheets.
Androwebic media was explicitly created to have
several properfacilities for practicing six aspects of
a scientific attitude (see Table 3). The results of
observations of students' scientific attitudes during
the learning process using Androwebic media are
presented in Table 3.

Table 3. Scores of Students' Scientific Attitudes During The Learning Process Using Androwebic

Media
Indicator X Score Score (%)  Criteria
Score

Attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

Average of each aspect 85.66 Very good

In Table 3, it can be seen that students'
average scientific attitude is in a very good
category. This happens because, since the
beginning of the learning process, students were
always motivated to learn and seek information
independently, so that during the learning process
in the classroom, students showed a more
attentive, respectful attitude, drew conclusions
according to facts. Students were also accustomed
not to feeling always right, dared to ask questions,
express opinions, be active in groups, and record
complete observations during the learning process.

The role of E-Bokartumban in learning
Android-based E-Bokartumban media
containsinformation about the diversity of plants

found in Banjarnegara. The information includes
the classification of each plant species and a
description of its morphology, equipped with
colorful pictures that look very attractive. With its
characteristics, the E-Bokartumban media is
useful for presenting the natural environment
(environment) to the classroom. The E-
Bokartumban format in the form ofan application
that can be operated using a smartphone makes it
very easy for students to use it.

E-Bokartumban has useful components to
facilitate critical thinking skills and an attitude of
caring for the environment (see Table 4).

Table 4. E- Bokartumban Media Components that facilitate critical thinking skills competencies

No. Aspects and Indicators Media Components

Critical thinking skills
1 Give a simple explanation Evaluation questions on the media, students discussion sheets
2 Build basic skills Evaluation questions on the media, students discussion sheets
3 Conclude Evaluation questions on the media, students discussion sheets
4 Identify terms and consider a definition Evaluation questions on the media, students discussion sheets
5 Set strategy and tactics Evaluation questions on the media, students discussion sheets

Table 4 shows the media E- Bokartumban
has a component that has a function for each
competency that exists in this research. According
to Ennis in Goal for A Critical Thinking
Curriculum is presented in journal Kartimi and
Liliasari (2012), there are five stages of thinking
with each indicator, that are Giving simple
explanation, Building basic skills, Summing up,
Identifying terms, and considering a definition,
Setting strategies and tactics. These thinking
indicators can be measured when the students do

the discussion worksheet and evaluation questions
in the media. Wiguna et al. (2019) and Damopolil
and Kurniadi (2019) explain the case of improving
student learning outcomes after following the
processoflearningthatimplement Android-based
media. Arista and Kuswanto (2018) state that
smartphone-based media can increase enthusiasm,
interest, and motivation in learning activities. All
things can enhance independence and
understanding of concepts in students.
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From Table 5 can be known the indicators of the source power of nature that has been used, of
environmental care attitudes that used a scale that 6) have a tendency of behavior for not arbitrarily was
adapted from NEPS case of aspects, 1) have towards the environment, 7) has thoughts and thought
that plants and animals have rights were attracted in environmental issues, and 8) have equal to
humans, 2) have the feeling / emotional emotional feelings about actions that can cause against the
actions of man that cause disasters, 3) environmental damage, can be measured as long have thought
that the environment is very fragile as students using the media to read the material and easily
disturbed balance, 4) have feelings and and when the process of discussion groups take the tendencies
of behavior that the tendency of place in the learning process.
humanbeingsthereisalimitin controllingnature,

5) have a tendency of behavior to take advantage

Table 5. E- Bokartumban Media Components that facilitate the competence of environmental care attitudes

No. Aspects and Indicators Media Components
Environmental Care Attitude
1 Have thought that plants and animals have rights were equal to Introduction to the materials
humans
2 Have feelings/emotions about human actions that cause disaster Introduction to the materials
3 Have thought that the environment is very fragile and easily Student discussion sheets, materials on
disturbed balance the media
4 Have feelings and tendencies of behavior that the tendency of Student discussion sheets, materials on
human beings there is a limit in controlling nature the media
5 Tend to take advantage of the source power of nature that has Student discussion sheets, materials on
been used the media
6 Tend not to be arbitrary towards the environment Student discussion sheets, materials on
the media
7 Have thoughts and attracted to environmental issues Student discussion sheets, materials on
the media
8 Have emotional feelings about actions that can cause Student discussion sheets, materials on
environmental damage the media

Learning with media E-Bokartumban can reported the case of improving student learning
make a positive contribution in improving outcomes after learning with Android-based students'
attitudes to environmental care. media. This statement is also by the explanation of Environmental
care is an attitude and action that Jeno et al. (2017), which states that learning using always try to
prevent damage to the surrounding Android-based media can improve student natural environment
and develop efforts to repair learning outcomes.
natural damage (Yaumi, 2014).

Based on the description in the paragraph
above, it can be stated that the use of media Student and Teacher Responses to Biology
android-based learning is very effective to enhance Learning Using Android-Based Media
students' understanding. This is under Sudarsana . .
et al. (2019), which state that technology-based Student and teacher responses to the biology learning
learning media can improve student learning #St"9 Androwebic media . .
outcomes. Junaedi et al. (2018) and Damopolil _ Student responses to learning using ,,q
Kurniadi (2019) find that applying android- Androwebic media were obtained from student

ase:
response questionnaires given at the end of the outcomes. The
sson. Information about students' positive

responses to Androwebic media is presented in
Table 6

media can improve students' learninl%
learning process using technology
can increase student interest and learning
outcomes (Sudarsana et al., 2019). Wiguna et al.
(2019) and Damopolil and Kurniadi (2019)

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good
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Thedatain Table 6 shows that the average
of each aspect/indicator shows very good criteria.
Insomeaspects, the student's response rate shows
the maximum score. This showed that students
wereinterestedand motivated tolearn with comics
in the media. Apart from being interested and
motivated by comics, students also admitted that
the material equipped with pictures on
Androwebic media was beneficial and made it
easier for students to learn because it was
summarized in a structured manner. The problems
presented in Androwebic media are also problem-
based learning-oriented, increasing studentactivity
in learning activities. In the learning process,
studentsnotonlylistened butalsotried, found,and
concluded. Therefore, students' understanding,
analytical thinking skills, and scientific attitudes
will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This showed that students were very
interestedintheappearance of Androwebicmedia.
Androwebic media is equipped with images on
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every detail of the material to provide the correct

visualization. This makes it easier for students to
understand  abstract circulatory material.
Androwebic media can also help students
understand and discover concepts about the
circulatorysystem. Theuseofappropriatelearning
media and following students' character in learning
can help students find concepts in context. The
media in question must be interesting, contain
extensive learning resources, and contain
information presented with visualimages. The use
of a problem-based learning approach that is
complemented by the use of learning media is
proven to be able to foster student interest and
motivation to be more active in learning to create
enjoyable learning, understanding the circulatory
system material will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

The level of positive response from the
teacher to the implementation of the learning
process using Androwebic media obtained from
the teachers' responses is presented in Table 7.

Table 7. Levels of Teacher's Positive Response to Androwebic Media

Indicators/aspect s Score Obtained Max. Score  Percentage (%) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
the very good category. The teacher said that
Androwebic media was very good, easy to use, up
todate. The material presented was equipped with
attractive visuals, could be used anytime and
anywhere with the condition of using an android
device. This is confirmed by Sung et al. (2016),
which stated that Android devices such as
smartphones are better and more effective than
conventional learning. Students are enthusiastic
because the learning process is student-centered,
while the teacher only directs and guides. This is
following the findings of Ali (2019), which prove
that student-centered learning will improve
students' ability to understand the material being
studied and problem-solving skills. In such
circumstances, the teacher is sufficient to direct
and guide as needed.

Student and Teacher Responses to Biology Learning
Using E-Bokartumban Media

Media E-Bokartumban was used in this
study can assist students in building thematerial
concept of biodiversity. Teachers also gave

feedback positively on the activities of students in
learning because it made students very enthusiastic
when they held discussions. The teacher said that
the E-Bokartumban media was attractive,
contemporary, easy to use, easy to carry, and the
material presented was evident.

Based on the results of data analysis,
obtained information that the media Androwebic
can train analytical thinking skills in students by
92.68% and scientific attitudes of 85.66%.
Android-based media is taken as positive by
studentsand teachers. Levels of positive responses
from students and teachers to the media
Androwebic were 89.59% and 87.36%. Based on
that, it can be concluded that the media
Androwebic and E-Bokartumban were used in
Biologylearning was very potential to train
students' critical thinking skills and scientific
attitudes.

CONCLUSION

From the discussion above, the following
conclusions can be drawn. 1) Critical thinking
skills, scientific attitudes, and environmental care
attitudes of students after learning to use android-
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based media increased to become good and very
good. 2) Students and teachers give a very good
response to the biology learning process using
android-based media. Two types of Android-based
media - namely Androwebic and E-Bokartumban
used in Biology learning have proven to be very
potential to train critical thinking skills and
scientific attitudes, environmental care attitudes in
high school students.
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ABSTRACT

This study aims to analyze and describe the potential of Android-based learning media to train students' critical
thinking skills and scientific attitudes. The learning media were Andro-Webcomic (called Androwebic) and E- Booklet
of plant diversity in Banjarnegara (abbreviated as E-Bokartumban). This research was pre-experimental, the type of
One Group Pretest-Posttest Design. The research subjects were 196 tenth-grade students from three high schools in
Banjarnegara and 105 eleventh-grade students from three high schools in Jepara. The sample was determined using
the purposive sampling technique. The data collected included critical thinking skills, students' scientific attitudes
and environment care attitudes, and teacher and student responses. The instruments used were test and non-test
sheets, interview sheets, observation sheets for students' scientific attitudes and environmental care, and student and
teacher response questionnaires. Data were analyzed using qualitative descriptive statistics and quantitative (n-gain
test). The results showed that: (1) E-Bokartumban media had a supporting component in facilitating competence of
analytical thinking and caring for the environment. Androwebic media was able to train 92.38% analytical thinking
skills and a scientific attitude of 85.66%. (2) Student and teacher responses to Androwebic were 89.59% and 87.36%.
Conclusion: Android-based media in the form of Androwebic and E-Bokartumban has the potential to train critical
thinking skills, environmental care, and scientific attitudes.

© 20xx Science Education Study Program FMIPA UNNES Semarang

Keywords: androwebic; e-bokartumban; critical thinking skills; scientific attitude

INTRODUCTION

Biology learning involves skills and
reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning
can emphasize the aspects of the application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge. For this reason, a learning process is
needed that can improve cognitive, affective,
psychomotor competencies, as well as learning
methodsthatcanmotivatestudentstobecreative,
confident, and think critically (Pujiasih etal.,

2020). Critical thinking skillsare needed to assess
information, explain reasons and solve problems
(Thomas, 2011). Teaching critical thinking and
problem solving skills can be done with problem-
based learning/PBL (Yew & Goh, 2016).
Students can think critically in learning, butthis
ability sometimes does not develop properly.
Therefore, it is necessary to use methods that can
develop students' critical thinking skills. Students
who have critical thinking skills will find it easy to
analyze, evaluate, and relate to evidence or
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arguments before deciding or assessing
information (Mutakinati et al., 2018). Students'
critical thinking skills play an essential role in
achieving learning achievement, formal
reasoning, and creativity (Puspita et al., 2017).
Learning that facilitates critical thinking skills can
be realized if there is cooperation and
participation from all parties, ranging from policy
makers, teacher universities, local education
departments, schools, and families (Nhat et al,
2018). The results of research by Seventika et al
(2018) show that students' critical thinking skills
(in vocational schools/vocational schools) are
still low.

Textbooks and modules still dominate
biology learning in schools with a few pictures,
andlearningisstillteacher-centered. Itcausesthe
students' mindset to be limited, and their
understanding of biology concepts weakens, so
their critical thinking skills and scientific attitudes
arestillweak. Thisstatementwasstrengthened by
the results of interviews by several teachers of
SMA/MA in Banjarnegara and Jepara. The
information obtained from the interviews
included: (1) The learning had not made optimal
use of student-centered media; (2) Students were
allowed tobring smartphones, butithad notbeen
well utilized; (3) technology (smartphone) as a
tool or media that does not support learning, (4)
limited learning time.

Based on the results of interviews with
teachers, it can be concluded that these problems
can be minimized by utilizing the technology
owned by students, and utilizing student-centered
learning strategies to the fullest. Examples of
biological materials that need to be taught using
mediaarethecirculatorysystemandbiodiversity.
Thematerial of the circulatory system needs to be
studied with the media because it contains
complex concepts, so that it can be presented ina
more interesting way. Biodiversity material
(especially plant diversity) also really needs to be
taught by optimizing electronic media, to present
aplant diversity environment in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students, so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence of learning media facilitates ease of
learning, fostersinterestinlearning, and makesit
easier for students to learn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested in
learning. The use of pictorial technology media is
also more attractive to students when compared
to the use of textbooks. Paying attention to this, it
is clear that optimizing the use of modern
technology-based media in learning is an urgent
matter, especially during a pandemic like now. In
learning during the Covid-19 pandemic, theuseof
mediaand technology must be able to make a real

contribution to knowledge and the emergence of

educational practices with online and digital

education formats (Williamson et al, 2020).

Based on the existing problems, it is clear
that currently optimizing learning media thatare
useful for visualizing learning materials
appropriately. The media should have a simple
structure that focuses on one goal. Learning media
that are expected to be useful (good) to overcome
thelearning problems mentioned earlierare media
that are easy to carry and use anywhere. Sukenda
etal (2019) stated that multimedia-based learning
media can be packaged into software that is able to
present material.

Oneof these media isandroid-based media.
The android-based media referred to in this article
are presented in the form of an e-booklet about
plant diversity in Banjarnegara (named E-
Bokartumban), and a webcomic of the circulatory
system (named Androwebic). The media is
expected to improve critical thinking skills and
scientific attitudes in students. Modules based on
critical thinking skills on respiratory system
material are useful for practicing critical thinking
skills (Khasanah et al. (2017). Referring to these
results, it can be expected that the E-Bokartumban
mediaisuseful for practicingcritical thinking skills
in students.

E-bokartumban media is expected to be
useful for bringing the surrounding environment
into the classroom. This is important considering
thattheenvironmentisaprocesstoequipstudents
with a conscious mind and care for the
environment, for all issues related to the
environment (Amini, 2015). The environment is
also important to instill knowledge, skills,
attitudes, behavior, motivation,and commitment
to work together in solving environmental
problems, as well as an attitude of caring for the
environment. On the other hand, science comics
media (science comics based on guided inquiry)
can also improve critical thinking skills and
scientific attitudes (Putri & Prodjosantoso, 2020).
Scientific attitude is an attitude that encourages
studentsto solve problems (Hasanahetal, 2020).

Based on the problems above, the following
questions can be formulated:

+ How is the level of critical thinking skills,
scientific attitudes, and environmental care
attitudes of students in learning biology using
android-based media?

+ How do students and teachers respond to
learning biology using android-based media?

» Does android-based learning media have the
potential to train students' critical thinking skills,
scientific attitudes and environmental care
attitudes?

METHOD

Types of research
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The type of research used was pre-
experimental, with a one-group pretest-posttest
design (Sugiyono, 2015).

Research Samples

This study's samples (subjects) were 196
tenth-grade students from three high schools in
Banjarnegara and 105 eleventh-grade students
from three high schools in Jepara. The
sample/research subject was selected by using the
purposive sampling technique.

Research Data and Instruments

The data collected includes data on
critical thinking skills, students' scientific attitudes,
environmental care attitudes, as well as student
and teacher responses to the biology learning
process using android-based media.

The data collected included -critical
thinking skills, student scientific attitudes, and
teacher and student responses about Android-
basedmediausedinbiologylearning. Theresearch
instruments used included test and non-test sheets,
interview sheets, observation sheets forstudents'
scientific attitudes and environmental care, and
student and teacher response questionnaire sheets.
Test sheets (pretest and posttest) were used to
measure the improvement of students' critical
thinking skills and analytical thinking skills. The
non-test sheet in the form of an observation sheet
is used to determine students' scientific and
environmental care attitudes.
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Data analysis

The data analysis technique in this study
used descriptive qualitative and quantitative
statistical methods. The data analysis techniques
were (1) n-gain test to analyze data on students'
critical thinking skills and students' scientific
attitudes, (2) qualitative analysis techniques were
used to analyze data on scientific attitudes,
environmental care for students, as well as data on
the implementation of the learning process, and the
responses of teachers and students regarding
Android-based media used in Biology learning.

RESULTS AND DISCUSSION

Students’ Critical Thinking Skills and Scientific
Attitudes

Androwebic's role in learning Biology

Data on students' critical thinking skills
and scientific attitudes in learning using android-
based media (Androwebic and E-Bokarmban)
were obtained from test results (pretest and
posttest) and non-test. Student learning outcomes
in learning using android-based media
(Androwebic and E-Bokarmban) are presented in
Table 1, Table 2, Table 3, Table 4, Table 5).
Teacher and student responses are presented in
Table 6 and Table 7.

Tabel 1. Students' Pretest and posttest Score in Biology Learning Using Androwebic Media

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number of students completed 11 97
The number of students is not 94 8
complete
Classical completeness% 10.48 92.38

Table 1 shows a significant difference
between the pretest and posttest scores obtainedby
students. The results of the pretest showed an
average score of 53.65 (not yet reached the value
of 75), while the posttest score achieved by
students was an average of 88.83 (beyond the
KKM

The improvement of students' analytical
thinking skills was obtained from the results of the
n-gain test on the pretest and posttest scores
achieved by students. The results of the n-gain test
are presented in Table 2

Table 2. The Results of N-Gain Test for Students'
Analytical Abilities after Learning Process Using
Androwebic Media
N Percentage Category N-Gain (%)
High Moderate Low
105 72 24 4

From Table 2, it is known that most of the
students achieved an increase in critical thinking
skills in the high category. From these data itcan
also be stated that almost all students experienced
anincreasein critical thinking skillsinthe medium
to high category. The results of the analysis show
that Androwebic media is effectively used to
improve students' critical thinking skills, especially
inlearning Biology (circulation system material).

Androwebic media has such potential
because it is equipped with various menus such as
discussion questions, which contain problems in
the context of everyday life. It can stimulate
students' curiosity and encourage students to
practice solving problems. Both activitiesrequire
analytical thinking skills so that students' abilities
in this matter are correctly trained. This is under
the research of Prawita et al. (2019) and Sari et al.
(2019), which state that learning media that
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presents problems can improve students'learning
outcomes and analytical thinking skills.

During the discussion stage in biology
learning using Androwebic media, students are
students aretrained to discuss and exchange ideas
about problem solutions systematically and
logically. Thus, students become trained to think
analytically. This is in accordance with the
statement of Sari et al. (2019) which proves that
learning by actively involving students to solve
problems can improve analytical thinking skills
andstudentlearningoutcomes. Theabilitytothink
analytically is one component of the ability to
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think critically (Facione 2015). So, it can be stated
that Androwebic media has the potential to train
critical thinking skills.

Information about students' scientific
attitudes in learning using Androwebic media was
obtained from the observation process using
student scientific attitude observation sheets.
Androwebic media was explicitly created to have
several proper facilities for practicing six aspects of
a scientific attitude (see Table 3). The results of
observations of students' scientific attitudes during
the learning process using Androwebic media are
presented in Table 3.

Table 3. Scores of Students' Scientific Attitudes During The Learning Process Using Androwebic

Media
Indicator X Score Max Score (%)  Criteria
Score

Attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

Average of each aspect 85.66 Very good

In Table 3, it can be seen that students'
average scientific attitude is in a very good
category. This happens because, since the
beginning of the learning process, students were
always motivated to learn and seek information
independently, so that during the learning process
in the classroom, students showed a more
attentive, respectful attitude, drew conclusions
according to facts. Students were also accustomed
not to feeling always right, dared to ask questions,
express opinions, be active in groups, and record
complete observations during the learning process.

The role of E-Bokartumban in learning
Android-based E-Bokartumban media
contains information about the diversity of plants

found in Banjarnegara. The information includes
the classification of each plant species and a
description of its morphology, equipped with
colorful pictures that look very attractive. With its
characteristics, the E-Bokartumban media is
useful for presenting the natural environment
(environment) to the classroom. The E-
Bokartumban format in the form ofan application
that can be operated using a smartphone makes it
very easy for students to use it.

E-Bokartumban has useful components to
facilitate critical thinking skills and an attitude of
caring for the environment (see Table 4).

Table 4. E- Bokartumban Media Components that facilitate critical thinking skills competencies

No. Aspects and Indicators Media Components

Critical thinking skKills
1 Give a simple explanation Evaluation questions on the media, students discussion sheets
2 Build basic skills Evaluation questions on the media, students discussion sheets
3 Conclude Evaluation questions on the media, students discussion sheets
4 Identify terms and consider a definition Evaluation questions on the media, students discussion sheets
5 Set strategy and tactics Evaluation questions on the media, students discussion sheets

Table 4 shows the media E- Bokartumban
has a component that has a function for each
competency that exists in this research. According
to Ennis in Goal for A Critical Thinking
Curriculum is presented in journal Kartimi and
Liliasari (2012), there are five stages of thinking
with each indicator, that are Giving simple
explanation, Building basic skills, Summing up,
Identifying terms, and considering a definition,

Setting strategies and tactics. These thinking
indicators can be measured when the students do
the discussion worksheet and evaluation questions
in the media. Wiguna et al. (2019) and Damopolil
and Kurniadi (2019) explain the case of improving
student learning outcomes after following the
processoflearning thatimplement Android-based
media. Arista and Kuswanto (2018) state that
smartphone-based media can increase enthusiasm,
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interest, and motivation in learning activities. All 5) have a tendency of behavior to take advantage
things can enhance independence and of the source power of nature that has been used,
understanding of conceptsinstudents. 6) have a tendency of behavior for not arbitrarily
From Table 5 can be known the indicators towards the environment, 77) has thoughts and
of environmental care attitudes that used a scale that attracted in environmental issues, and 8) have was
adapted from NEPS case of aspects, 1) have emotional feelings about actions that can cause thought
that plants and animals have rights were environmental damage, can be measured as long equal to
humans, 2) have the feeling / emotional as students using the media to read the material against the
actions of man that cause disasters, 3) and when the process of discussion groups take have thought
that the environment is very fragile place in the learning process.
and easily disturbed balance, 4) have feelings and
the tendencies of behavior that the tendency of
humanbeingsthereisalimitincontrolling nature,

Table 5. E- Bokartumban Media Components that facilitate the competence of environmental care attitudes

No. Aspects and Indicators Media Components
Environmental Care Attitude
1 Have thought that plants and animals have rights were equal to Introduction to the materials
humans
2 Have feelings/emotions about human actions that cause disaster Introduction to the materials
3 Have thought that the environment is very fragile and easily Student discussion sheets, materials on
disturbed balance the media
4 Have feelings and tendencies of behavior that the tendency of Student discussion sheets, materials on
human beings there is a limit in controlling nature the media
5 Tend to take advantage of the source power of nature that has Student discussion sheets, materials on
been used the media
6 Tend not to be arbitrary towards the environment Student discussion sheets, materials on
the media
7 Have thoughts and attracted to environmental issues Student discussion sheets, materials on
the media
8 Have emotional feelings about actions that can cause Student discussion sheets, materials on
environmental damage the media

Learning with media E-Bokartumban can reported the case of improving student learning
make a positive contribution in improving outcomes after learning with Android-based students'
attitudes to environmental care. media. This statement is also by the explanation of Environmental
care is an attitude and action that Jeno et al. (2017), which states that learning using always try to
prevent damage to the surrounding Android-based media can improve student natural environment
and develop efforts to repair learning outcomes.
natural damage (Yaumi, 2014).

Based on the description in the paragraph
above, it can be stated that the use of media Student and Teacher Responses to Biology
android-based learning is very effective to enhance Learning Using Android-Based Media
students' understanding. This is under Sudarsana . .
et al. (2019), which state that technology-based Student and teacher responses to the biology learning
learning media can improve student learning 4Sing Androwebic media . .
outcomes. Junaedi et al. (2018) and Damopolil ] Stu.dent responses to learning using ;4
Kurniadi (2019) find that applying android- Androwebic media were obtained from student

media can improve students' | earninl% response questipnnaires given at the' end of Fhe outcomes.a"ls“}elg
learning process using technology sson. -Inforgeusitlooﬁlsegbtooukns lrlg%% Sic B?géﬁlgels resented in
can Ingrease. stadert interese>and learning TabBe 6 P
outcomes (Sudarsana et al., 2019). Wiguna et al. ’
(2019) and Damopolil and Kurniadi (2019)
Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good
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Thedatain Table 6 showsthat the average
of each aspect/indicator shows very good criteria.
Insomeaspects, thestudent'sresponse rate shows
the maximum score. This showed that students
wereinterestedand motivated tolearnwith comics
in the media. Apart from being interested and
motivated by comics, students also admitted that
the material equipped with pictures on
Androwebic media was beneficial and made it
easier for students to learn because it was
summarized in a structured manner. The problems
presented in Androwebic media are also problem-
based learning-oriented, increasing student activity
in learning activities. In the learning process,
studentsnotonlylistenedbutalsotried, found,and
concluded. Therefore, students' understanding,
analytical thinking skills, and scientific attitudes
will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This showed that students were very
interestedintheappearance of Androwebicmedia.
Androwebic media is equipped with images on

every detail of the material to provide the correct
visualization. This makes it easier for students to
understand  abstract circulatory material.
Androwebic media can also help students
understand and discover concepts about the
circulatorysystem. The use ofappropriatelearning
media and following students' character in learning
can help students find concepts in context. The
media in question must be interesting, contain
extensive learning resources, and contain
information presented with visualimages. The use
of a problem-based learning approach that is
complemented by the use of learning media is
proven to be able to foster student interest and
motivation to be more active in learning to create
enjoyable learning, understanding the circulatory
system material will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

The level of positive response from the
teacher to the implementation of the learning
process using Androwebic media obtained from
the teachers' responses is presented in Table 7.

Table 7. Levels of Teacher's Positive Response to Androwebic Media

Indicators/aspect s Score Obtained Max. Score  Percentage (%) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
the very good category. The teacher said that
Androwebic media was very good, easy to use, up
todate. Thematerial presented was equipped with
attractive visuals, could be used anytime and
anywhere with the condition of using an android
device. This is confirmed by Sung et al. (2016),
which stated that Android devices such as
smartphones are better and more effective than
conventional learning. Students are enthusiastic
because the learning process is student-centered,
while the teacher only directs and guides. This is
following the findings of Ali (2019), which prove
that student-centered learning will improve
students' ability to understand the material being
studied and problem-solving skills. In such
circumstances, the teacher is sufficient to direct
and guide as needed.

Student and Teacher Responses to Biology Learning
Using E-Bokartumban Media

Media E-Bokartumban was used in this
study can assist students in building the material
concept of biodiversity. Teachers also gave
feedback positively on the activities of students in
learning because it made students very enthusiastic
when they held discussions. The teacher said that
the E-Bokartumban media was attractive,
contemporary, easy to use, easy to carry, and the
material presented was evident.

Based on the results of data analysis,
obtained information that the media Androwebic
can train analytical thinking skills in students by
92.68% and scientific attitudes of 85.66%.
Android-based media is taken as positive by
studentsand teachers. Levels of positive responses
from students and teachers to the media
Androwebic were 89.59% and 87.36%. Based on
that, it can be concluded that the media
Androwebic and E-Bokartumban were used in
Biologylearning was very potential to train
students' critical thinking skills and scientific
attitudes.

CONCLUSION
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From the discussion above, the following
conclusions can be drawn. 1) Critical thinking
skills, scientific attitudes, and environmental care
attitudes of students after learning to use android-
based media increased to become good and very
good. 2) Students and teachers give a very good
response to the biology learning process using
android-based media. Two types of Android-based
media - namely Androwebic and E-Bokartumban
used in Biology learning have proven to be very
potential to train critical thinking skills and
scientific attitudes, environmental care attitudes in
high school students.
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ABSTRACT

This study aims to analyze and describe the role of android-based learning media in an effort to teach critical thinking
skills and scientific attitudes for students. The learning media are android-based webcomic (Androwebic) and e-
book on plant diversity in Banjarnegara (E-Bokarmban), which have been developed previously. Thisresearchisa
qualitative descriptive study, involving 301 students, 6 biology teachers and 6 high school students. The data
collected includes critical thinking skills, analytical skills, scientific attitudes, environmental care attitudes, media
components supporting student competence, student learning activities, and teacher and student responses. Data on
critical thinking skills were measured using tests and non-tests, other data was measured using non-test instruments,
including interview guides, scientific attitude observation sheets, students' environmental care attitudes, media
component observation sheets, learning activity observation sheets, and student and teacher questionnaires.
Quantitativedataon critical thinking skillsand analytical skills were analyzed using the n-gain test, while other data
were analyzed descriptively. The results showed that the E-Bokarmban and Androwebic media have components
that support facilitating critical thinking skills, analytical skills, environmental care attitudes in students. Androwebic
mediaisabletotrain students' analytical thinking skills and scientific attitude very well. The two media developed
were considered to be very helpful in the learning process. Conclusion: Android-based media in the form of
Androwebic and E-Bokarmban have a very important role to train critical thinking skills, scientific attitudes and
environmental care attitudes.
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Keywords: androwebic, e-bokartumban, critical thinking skills, scientific attitude

INTRODUCTION

Biology learning involves skills and
reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning is
needed that can emphasize aspects of application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge. For this reason, a learning process is
needed that can improve cognitive, affective,
psychomotor competencies, as well as learning
methods that can motivate students to be creative,
confident, and think critically needed to assess
information, critical (Pujiasih et al., 2020).
Critical thinking skills are needed to explain
reasons and solve problems (Thomas, 2011).
Teaching critical thinking and problem-solving
skills can be done with problem-based learning/
PBL (Yew & Goh, 2016).

*Correspondence Address
E-mail:

The development of critical thinking skills
in students must focus on activities to teach
content/knowledge and methods or waysto find,
process, and evaluate information (Nath et al,
2018). Basically, studentshavetheability tothink
critically in learning, but this ability sometimes
does not develop well. Therefore, it is necessary
to use a method that is able to develop students'
critical thinking skills. Students who have critical
thinking skills will be easy to analyze, evaluate,
and can relate it to evidence/arguments, before
deciding or assessing an information (Mutakinati
et al., 2018). In the learning process, students'
critical thinking skills play an important role in
achieving learning achievement, formal
reasoning, and creativity (Puspitaetal.,2017).(in
vocational schools/vocational schools) are still
low.
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Learning that facilitates critical thinking
skills can be realized if there is cooperation and
participation from all parties, from policy makers
to teacher universities, local education
departments, schools, and families (Nhat et al,
2018). The results of Seventika et al (2018)
research show that students' critical thinking
skills.

Biology learning in schools is still
dominated by textbooks and modules with few
pictures, and learning is still teacher-centred. This
causes students' mindsets to be limited, and
students' understanding of biology concepts
weakens, so that students' critical thinking skills
and scientific attitudes are still weak. This
statement is reinforced by the results of interviews
by several state high school/MA teachers in
Banjarnegara and Jepara. Information obtained
from the results of the interview, among others:
(1) Learning has not utilized student-centered
media to its full potential; (2) students are allowed
tobringsmartphonesbuttheyhavenotbeenused
properly; (3technology (smartphone) as atool or
media that does not support learning, (4) limited
learning time.

Based on the results of interviews with
teachers, it can be concluded that these problems
can be minimized by utilizing the technology
owned by students, and utilizing student-centered
learning strategies to the fullest. Examples of
biological materials that need to be taught using
media are the circulatory system and biodiversity.
Thematerialonthecirculatorysystemneedstobe
taught with the media because it contains
complex concepts, so that it can be presented in a
more interesting way. Biodiversity material
(especially on plant diversity) also really needs to
be taught by optimizing electronic media, to
present a plant diversity environment in the
classroom.

The availability of learning media will
facilitate interaction between teachers and
students, so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence oflearning media facilitates ease of
learning, fosters interest in learning, and makes it
easier for students tolearn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested in
learning. The use of pictorial technology media
also attracts students' attention more than the use
of textbooks. Taking this into account, it is clear
that optimizing the use of modern technology-
based media in learning is an urgent matter,
especially during a pandemic like today. In
learningduringthe Covid-19 pandemic, theuseof
mediaand technology mustbe able tomake areal
contribution to knowledge and the emergence of
educational practices with online and digital
education formats (Williamson et al, 2020)

Based on the existing problems, it is clear
that currently optimizing learning media that are
useful for visualizing learning materials
appropriately. The media should have a simple
structure that focuses on one goal. Learning
media that are expected to be useful (good) to
overcome the learning problems mentioned
earlier are media that are easy to carry and use
anywhere. Sukenda et al (2019) stated that
multimedia-based learning media can be
packaged into software that is able to present
material.

One of the important learning media
packaged into software is the environment. The
environment is useful for equipping students with
a conscious mind and care for the environment,
and for all issues related to the environment
(Amini, 2015-02). The environment is also
important to instill knowledge, skills, attitudes,
behavior, motivation, and commitment to work
together in solving environmental problems, as
well as an attitude of caring for the environment.
The results of Putri & Prodjosantoso's research
(2020) prove that science comics media (guided
inquiry-based science comics) can improve
critical thinking skills and scientific attitudes.
Scientific attitude is an attitude that encourages
students to solve problems (Hasanah et al, 2020).
Khasanah et al. (2017) stated that the module
based on critical thinking skills on respiratory
system material is useful for practicing critical
thinking skills.

Based on the description above, it is clear
that the media is very necessary in learning,
among others, to instill skills and attitudes in
students. One of these media is android-based
media, as software. In this study, the role of
android-based media was analyzed in
teaching/training attitudes and skills to students.
There are 2 android-based media, namely 1) e-
booklets about plant diversity in Banjarnegara
(named E-Bokarmban), and 2) android-based
webcomic about the circulatory system (named
Androwebic). The media is expected to improve
critical thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes in
students.

Beberapa pertanyaan yang perlu dijawab
dalam penelitian ini ialah sebagai berikut.

1. Apakah media E-Bokartumban berperan
dalam membelajarkan keterampilan berpikir
kritis dan sikap peduli lingkungan siswa?

2. Apakah media Androwebic berperan peran
dalam membelajarkan kemampuan analisis
dan sikap ilmiah siswa?

3. Bagaimana proses berfungsinya media E-
Bokartumban dalam  membelajarkan
keterampilan berpikir kritis dan sikap peduli
lingkungan pada siswa?
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4. Bagaimana proses berfungsinya media
Androwebic dalam membelajarkan
kemampuan analisis dan sikap ilmiah?

5. Aktivitas belajar apa saja yang dilakukan
siswa selama belajar menggunakan kedua
media berbasis android itu?

6. Bagaimana tanggapan/respon siswa dan
guru terhadap kedua media tersebut

METHOD

Types of research

This study aims to analyze (and describe)
in depth the role of android-based learning media
in an effort to teach/train critical thinking skills,
analytical skills, scientific attitudes, and
environmental care attitudes. Therefore, the
research design used is a descriptive qualitative
research design (Sugiyono, 2016).

Research Sample

The samples (subjects) of this study were 6
biology teachers, 196 class X students from three
high schoolsin Banjarnegara and 105 students in
class XI from three high schools in Jepara. The
research sample was selected using purposive
sampling technique.

Research Data and Instruments

Thedata collected includes data on critical
thinking skills, analytical skills, scientific
attitudes, environmental care attitudes, media
components supporting student competence,
student learning activities, and teacher and
student responses. Data were collected in several
ways, namely tests, observations, and
questionnaires, and documentation. Data on
critical thinking skills and analytical skills were
measured using a test instrument, while other data
were measured using a non-test instrument. The

non-test instruments include interview guides,
scientific attitude observation sheets, student
environmental care attitudes, media component
observation sheets, learning activity observation
sheets, and student and teacher questionnaires.

Data analysis

Quantitative data on critical thinking skills
and analytical skills were analyzed using the n-
gain test, while other data were analyzed
descriptively qualitatively. Descriptive qualitative
data analysis was carried out in 4 stages, namely
data collection, data reduction, data presentation,
and drawing conclusions.

RESULTS AND DISCUSSION
The Role of Media in Biology Learning

The role of Androwebics in Biology learning

The analytical ability of students in
learning using Androwebic was obtained from the
results of the pretest and posttest (Table 1). Table
1 shows the significant difference between the
pretest and posttest scores achieved by students.
Theresults ofthe pretestshowed an averagescore
of 53.65 (not yet reached the value of 75), while
the posttest score achieved by students was an
averageof 88.83 (beyond the KKM). Theincrease
in students' analytical thinking skills was obtained
from the results of the n-gain test on the pretest
and posttest scores achieved by students. The
results of the n-gain test showed that students who
achieved high, medium and low analytical skills
were 72%, 24% and 4%, respectively. From these
resultsitcanbestated that the Androwebic media
is effectively used to improve students' analytical
skills, especially in learning material about the
circulation system.

Tabel 1. Students' Pretest and posttest Score in Biology Learning Using Androwebic Media

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number of students completed 11 97
The number of students is not 94 8
complete
Classical completeness% 10.48 92.38

Androwebic media has this potential because it
is equipped with various menus such as discussion
questions (see Table 2), which contain problems in the
context of everyday life. The availability of various
menus on Androwebic media stimulates students'
curiosity and encourages students to practice problem
solving. Both activities require analytical thinking skills,
so that students' abilities in that regard are well trained.
Thisisinaccordancewiththeresearchof Prawitaetal.
(2019)andSarietal.(2019)whichstatesthattheuseof

learning media that presents problems can improve
student learning outcomes and analytical thinking skills
During the discussion stage in biology learning
using Androwebic media, students are trained
to discuss and exchange ideas about problem
solutions systematically and logically. Thus
students become trained to think
analytically. This is in accordance with the
statement of Sari et al. (2019) which proves that
learning by actively involving students to solve
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problems can improve analytical thinking skills
and student learning outcomes. The ability to think
analytically is one component of critical thinking
skills (Facione 2015). So it can be stated that
Androwebic media has the potential to train
critical thinking skills.

Information about students' scientific
attitudesinlearning using Androwebic mediawas

obtained from observing students' scientific
attitudes using observation sheets. Androwebic
media was created specifically, in such a way that
it has a number of useful facilities to practice 6
aspects of scientific attitude (see Table 3). Students'
scientific attitude was observed by student
activities carried out during the learning process
using Androwebic media, presented in Table 3.

Table 2. Components of Andro-Webcomic Media that support in facilitating analytical thinking

competence and scientific attitude.

Indicators of Analytical

NO  Ihinking Ability

Media Components

1 Differentiating

Task to differentiate in group discussion questions

2  Organizing Task for grouping on group discussion questions

3  Connecting The task concludes with group discussion questions
Scientific Attitude

1 Curiosity Task to observe on the webcomic

2  Respectfordata/facts Group discussion task in the media investigation section

3 Flexibilityin thinking Group discussion task in the media investigation section

4  Openmindedand cooperate  Group discussion task in the media investigation section

5 Perseverance The task of presenting the observations to be presented

Table 3. Students' scientific attitudes during the learning process using androwebic media
ﬁa

Indicator

X Score X Score (%)  Criteria

Score

Attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence

Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

In Table 3 it can be seen that the average
scientific attitude of students is in the very good
category. This happens because since the
beginning of the learning process, students are
always motivated to learn and seek information
independently, so that during the learning process
in class students show a more caring attitude,
respect, and draw conclusions according to facts.
During the learning process, students are also
accustomed to not always feel right, dare to ask
questions, dare to express opinions, be active in
groups, and record complete observations. In the
learning process students must complete
discussion questions that contain contextual
problems. Every activity carried out during the
discussion process made a positive contribution to
the formation of scientific attitudes. This is what
can encourage students to think analytically in
solving problems. This is in accordance with the
statement of Dwianto et al. (2017) that the
application of learning media that presents
contextual problems through discussion can make
a positive contribution to the formation of
scientific attitudes in students.

The role of E-Bokarmban media in learning

Android-based E-Bokarmban media
contains information about the diversity of plants
found in Banjarnegara. The information in
question includes the scientific classification of
each type of plant and a description of its
morphology, a dissertation with color pictures
with a very attractive appearance. With its
characteristics, the E-Bokarmban media is useful
for presenting the natural environment
(environment) to the classroom. The E-
Bokarmban format in the form of an application
that can be operated using a smartphone makes it
very easy for students to use it. The results of the
n-gain testshowed that after learning to use the E-
Bokarmban media, students experienced an
increase in critical thinking skills. The increase in
critical thinking skills (n-gain) achieved by students
was0.69inthe medium category (tend tobehigh).
Students who achieve high, medium and low
critical thinking skills are 53%, 45% and 2%,
respectively. From these results it can be stated that
the E-Bokarmban media has an important role to
improve critical thinking skills. This role is
supported by the characteristics of the E-
Bokarmban media which has a useful supporting
component to facilitate the emergence of critical
thinking skills (see Table 4).
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Table4. E- Bokartumban Media Componentsthat facilitate critical thinking skills competencies

No. Indicators Critical thinking skills Media Components

1 Give asimple explanation Evaluation questions on the media, students discussion sheets
2 Build basic skills Evaluation questions on the media, students discussion sheets
3 Conclude Evaluation questions on the media, students discussion sheets
4 Identifytermsand consideradefinition Evaluation questions on the media, students discussion sheets
5 Set strategy and tactics Evaluation questions on the media, students discussion sheets

Table 4 shows that the E-Bokarmban
media has components that function tofacilitate
each competency studied in this study. There are
five stages of thinking with each indicator, namely
1) providing simple explanations, 2) building basic
skills, 3) concluding, 4) identifying terms, & 5)
considering a definition, setting strategies and
tactics (Ennis cit Kartimi & Liliasari. 2012). This
thinking indicator can be measured when students
work on student discussion sheets and evaluation
questions on the media.

Wiguna et al (2019) and Damopolil &
Kurniadi (2019) explained that an increase in
learning outcomes occur in students after they take
partin learning using android-based media.

Based on the description above, it can be
emphasized that the E-Bokarmban media has an

important role in teaching or practicing critical
thinking skills. Arista & Kuswanto (2018) stated
that media that can be operated using smartphones
can increase enthusiasm, interest, and motivation
in learning activities. All of these things can
increase the independence and understanding of
concepts in students.

E-Bokarmban media also has various
components that play an important role in growing
various indicators of environmental care attitudes
(Tables).In Table 5, various sections of the media
(column 3) are presented which are useful for
strengthening various indicators of environmental
care attitudes which are presented in column 2 of
Table 5.

Table5. Competencyindicators of environmental care attitudes in students and components of the E-
Bokartumban media that facilitate the emergence of these attitude indicators

No. Aspectsand Indicators e nvironmental Care Attitude Media Components
1 Havethought that plantsand animalshaverightswereequalto ~ Introduction to the materials
humans
2 Havefeelings/emotions abouthumanactionsthatcausedisaster Introduction to the materials
3 Have thought that the environment is very fragile and easily Student discussion sheets, materialson
disturbed balance the media
4 Have feelings and tendencies of behavior that the tendency of ~ Student discussion sheets, materialson
human beings there is a limit in controlling nature the media
5 Tend to take advantage of the source power of nature that has  Student discussion sheets, materialson
been used the media
6 Tend nottobearbitrary towards the environment Student discussion sheets, materials on
the media
7 Havethoughtsandattracted toenvironmentalissues Student discussion sheets, materials on
the media
8 Have emotional feelings about actions that can cause Student discussion sheets, materials on
environmental damage the media

From the data in Table 5, it can be seen
that indicators of environmental care attitudes use
a scale adapted from NEPS. Indicators of the
attitude of caring for the environment in question
are as follows. 1) Having the idea that plants and
animalshavethesamerightsashumans,2)having
feelings/emotions about human actions that cause
disasters, 3) having the thought that the
environment is very vulnerable and its balance is
easily disturbed. The next attitude indicator is 4)
having feelings and behavioral tendencies that
human tendencies have limits in controlling
nature, 5) having behavioral tendencies to take

advantage of used natural resources. The 6th
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indicator has a behavioral tendency not to be
arbitrary towards the environment, 7) has
thoughts and is interested in environmental
issues, and 8) has emotional feelings towards
actions that can cause environmental damage.
All indicators of environmental care attitudes
can be measured as long as students use the
media, namely when reading the material and
during group discussions during the learning
process.

Learning with the E-Bokarmban media
is able to make a positive contribution in
improving students' environmental -care
attitudes. Environmental care attitudes are
attitudes and actions that always try to prevent
damage to the
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surrounding natural environment and develop
efforts to repair natural damage (Yaumi, 2014).
The attitude of caring for the environment can be
shown by attitudes and actions that always try to
prevent environmental damage and try to repair
the natural damage that has occurred
(Mardikaningtyas, 2016).

Based onthedescription inthe paragraph
above, it can be stated that the use of android-based
learning media is very effective in increasing
studentunderstanding. Thisisin accordance with
theopinionof Sudarsanaetal. (2019) which states
that the use of technology-based learning media
can improve student learning outcomes. Junaedi et
al. (2018) and Damopolil & Kurniadi(2019) found
that learning by applying android-based mediacan
improve student learning outcomes. Learning that
uses technology can increase student interest and
learning outcomes (Sudarsana et al., 2019).
Wiguna et al. (2019) and Damopolil & Kurniadi

(2019) reported an increase in student learning
outcomes after participating in learning using
media android based. This statement is also in
accordance with the explanation of Jeno et al.
(2017), which states that the learning process using
android-based media can improve student learning
outcomes.

Student and Teacher Responses to Android-
Based Media used in Biology learning

Student and teacher responses to Androwebic media

Student responses to learning using
Androwebic media were obtained from student
response questionnaires given atthe end ofthe
lesson. Information about students' positive
responsesto Androwebic mediaispresentedin
Table 6.

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good

The data in Table 6 shows the average of
each aspect/indicator showing very good criteria.
In some aspects, the student response rate shows
the maximum score. This shows that students are
interested and motivated to learn with comics on
the media. Besides being interested and motivated
by comics, students also acknowledged that the
material equipped with pictures on Androwebic
media was very helpful and made it easier for
students to learn, because it had been summarized
inastructured way. The problemspresentedinthe
Androwebic media also have the potential to
increase student activity in problem based learning
activities that can be learned. In the learning
process, students not only listen, but also try,
discover, and conclude. Therefore, students'
understanding, analytical thinking ability, and
scientific attitude will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This shows that students are very
interested in the appearance of Androwebic media.
Androwebic Media equipped with pictures on
every detail of the material, so as to provide the

right visualization. This makes it easier for
students to understand abstract blood circulation
material. Androwebic media can also help
students understand and discover concepts about
the circulatory system. The use of appropriate
learning media and in accordance with the
character of students in learning, can help students
to find concepts contextually. The media in
question must be interesting, contain extensive
learning resources, contain information whose
presentation is accompanied by visual images. The
use of a problem-based learning approach that is
complemented by the use of learning media has
been proven to be able to foster student interest and
motivation to be more active in learning so as to
createfunlearning, understanding the material of
the circulatory system will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

The level of positive response from
teachers to the implementation of the learning
process using Androwebic mediais obtained from
the teacher's responses which are presented in
Table 7.

Table 7. Levels of Teacher's Positive Response to Androwebic Media

Indicators/aspects Score Obtained

Max. Score  Percentage (%) Criteria
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Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
a very good category. The teacher said that
Androwebic media was very good, easy to use,
up-to-date, the material presented was equipped
with attractive visuals, it could be used anytime
and anywhere on condition that it used an
android device. This is confirmed by Sung et al.
(2016) which states that the use of android
devicessuchassmartphonesinlearningisbetter
and more effective than conventional learning.
Students are more enthusiastic because the
learning process is student-centered, while the
teacher only directs and guides. This is in
accordance with the findings of Ali (2019) which
proves that student-centered learning will
improve students' ability to understand the
material being studied and problem-solving
skills. In such circumstances, the teacher simply
directs and guides as necessary.

Student and teacher responses to E-Bokarmban

The responses of students and teachersin
this section were obtained from the
questionnaire, which was described from 10
indicators. Through the questionnaire, the
teacher and student responses/responses to the
Ebokarmban media were obtained. The results of
descriptive analysis of the data on student and
teacher responses to Ebokarmban media show
that students and teachers each gave a response
0f 89.13% and 90.09% (very good category).

The teacher stated that the E-Bokarmban
mediausedinthisstudywasabletohelpstudents
in building the concept of biodiversity material.
The teacher also gave a positive response to
studentactivitiesinlearning, becauseitwas able
to make students very enthusiastic when they
discussed. The teacher said that the E-
Bokarmban media is an  attractive,
contemporary, easy to use, easy to carry media,
and the material presented is very clear. Thus, it
canbeemphasized that the E-Bokarmban media
is a very good medium to use in learning, and it
is clear that this media has excellent potential to
train critical thinking skills and environmental
care attitudes, as previously stated.

Based on the description, it is clearly
stated that Androwebic media can train students'
analytical thinking skills by 92.68% and scientific
attitude by 85.66%. The Android-based media
was responded positively by students and
teachers. E-Bokarmban media is also proven to
be able to train critical thinking skills and an
attitude of caring for the environment. E-

Bokarmban media also responded very positively
bystudents and teachersby 89.13% and 90.09%,
respectively. Thus, it can be stated that the
Androwebic and E-Bokarmban media developed
in this study are valid, and have the potential to
be used to train students' critical thinking skills
and scientific attitudes in learning Biology.

CONCLUSION

From the discussion above, the following
conclusions can be drawn. 1). E-Bokarmban
media shows an important role in teaching
students  critical thinking skills and
environmental care attitudes. 2) Androwebic
media shows an important role in teaching
students analytical skills and scientific attitudes.
The level of critical thinking skills, analytical
skills, scientific attitudes, and environmental care
attitudes of students after learning to use android-
based mediaincreased togood and very good. 3).
E-Bokarmban media can function / be used to
teach students critical thinking skills and
environmental care attitudes, because it contains
various components that are able to facilitate
activities which are indicators of critical thinking
skills and environmental care attitudes. 4).
Androwebic media functions / can be used to
teach analytical skills and scientific attitudes to
students, because it contains various components
that are able to facilitate activities which are
indicators because they contain various
components that are able to facilitate activities
which are indicators of analytical skills and
scientific attitudes. 5). The learning activities
carried out by students while learning to use the
two android-based media include various
activities that match the indicators of critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes. 6)
Students and teachers showed a very good
responseto Androwebicand E-Bokarmban used
in Biology learning. Two types of Android-based
media, namely Androwebic and E-Bokarmban
used in Biology learning have proven to have a
very important role in teaching students critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes.
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ABSTRACT

This study aims to analyze and describe the role of android-based learning media in an effort to teach critical thinking
skills and scientific attitudes for students. The learning media are android-based webcomic (Androwebic) and e- book
on plant diversity in Banjarnegara (E-Bokarmban), which have been developed previously. This research is a
qualitative descriptive study, involving 301 students, 6 biology teachers and 6 high school students. The data collected
includes critical thinking skills, analytical skills, scientific attitudes, environmental care attitudes, media components
supporting student competence, student learning activities, and teacher and student responses. Data on critical
thinking skills were measured using tests and non-tests, other data was measured using non-test instruments,
including interview guides, scientific attitude observation sheets, students' environmental care attitudes, media
component observation sheets, learning activity observation sheets, and student and teacher questionnaires.
Quantitative data on critical thinking skills and analytical skills were analyzed using the n-gain test, while other data
were analyzed descriptively. The results showed that the E-Bokarmban and Androwebic media have components that
support facilitating critical thinking skills, analytical skills, environmental care attitudes in students. Androwebic
media is able to train students' analytical thinking skills and scientific attitude very well. The two media developed
were considered to be very helpful in the learning process. Conclusion: Android-based media in the form of
Androwebic and E-Bokarmban have a very important role to train critical thinking skills, scientific attitudes and
environmental care attitudes.
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The development of critical thinking skills

iNTRODUCTION‘
in students must focus on activities to teach

Biology learning involves skills and

reasoning (Amoah & Emmanuel, 2018). In
developingreasoning powerandskills, learning is
needed that can emphasizeaspectsofapplication,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge. For this reason, a learning process is
needed that can improve cognitive, affective,
psychomotor competencies, as well as learning
methodsthatcanmotivate studentstobecreative,
confident, and think critically needed to assess
information, critical (Pujiasih et al., 2020).
Critical thinking skills are needed to explain
reasons and solve problems (Thomas, 2011).
Teaching critical thinking and problem-solving
skills can be done with problem-based learning/
PBL (Yew & Goh, 2016).

*Correspondence Address
E-mail:

content/knowledge and methods or ways to find,

process, and evaluate information (Nath et al,
2018). Basically, students have the ability to think
critically in learning, but this ability sometimes
does not develop well. Therefore, it is necessary
to use a method that is able to develop students'
critical thinking skills. Students who have critical
thinking skills will be easy to analyze, evaluate,
and can relate it to evidence/arguments, before
deciding orassessing an information (Mutakinati
et al., 2018). In the learning process, students'
critical thinking skills play an important role in
achieving learning achievement, formal
reasoning, and creativity (Puspitaetal.,2017). (in
vocational schools/vocational schools) are still
low.
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Learning that facilitates critical thinking
skills can be realized if there is cooperation and
participation from all parties, from policy makers
to teacher universities, local education
departments, schools, and families (Nhat et al,
2018). The results of Seventika et al (2018)
research show that students' critical thinking
skills.

Biology learning in schools is still
dominated by textbooks and modules with few
pictures, and learning is still teacher-centred. This
causes students' mindsets to be limited, and
students' understanding of biology concepts
weakens, so that students' critical thinking skills
and scientific attitudes are still weak. This
statement is reinforced by the results of interviews
by several state high school/MA teachers in
Banjarnegara and Jepara. Information obtained
from the results of the interview, among others:
(1) Learning has not utilized student-centered
mediatoitsfull potential; (2) studentsareallowed
tobringsmartphonesbuttheyhavenotbeenused
properly; (3 technology (smartphone) as a tool or
media that does not support learning, (4) limited
learning time.

Based on the results of interviews with
teachers, it can be concluded that these problems
can be minimized by utilizing the technology
owned by students, and utilizing student-centered
learning strategies to the fullest. Examples of
biological materials that need to be taughtusing
mediaarethecirculatory system and biodiversity.
Thematerial onthecirculatorysystemneedstobe
taught with the media because it contains
complex concepts, so that it can be presented in a
more interesting way. Biodiversity material
(especially on plant diversity) also really needs to
be taught by optimizing electronic media, to
present a plant diversity environment in the
classroom.

The availability of learning media will
facilitate interaction between teachers and
students, so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence of learning media facilitates ease of
learning, fostersinterestinlearning, and makes it
easier for students to learn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested in
learning. The use of pictorial technology media
alsoattractsstudents'attentionmorethantheuse
of textbooks. Taking this into account, it is clear
that optimizing the use of modern technology-
based media in learning is an urgent matter,
especially during a pandemic like today. In
learning during the Covid-19 pandemic, the use of
mediaand technology must be able to make a real
contribution to knowledge and the emergence of
educational practices with online and digital
education formats (Williamson et al, 2020)

Based on the existing problems, it is clear
that currently optimizing learning media that are
useful for visualizing learning materials
appropriately. The media should have a simple
structure that focuses on one goal. Learning
media that are expected to be useful (good) to
overcome the learning problems mentioned
earlier are media that are easy to carry and use
anywhere. Sukenda et al (2019) stated that
multimedia-based learning media can be
packaged into software that is able to present
material.

One of the important learning media
packaged into software is the environment. The
environment is useful for equipping students with
a conscious mind and care for the environment,
and for all issues related to the environment
(Amini, 2015-02). The environment is also
important to instill knowledge, skills, attitudes,
behavior, motivation, and commitment to work
together in solving environmental problems, as
well as an attitude of caring for the environment.
The results of Putri & Prodjosantoso's research
(2020) prove that science comics media (guided
inquiry-based science comics) can improve
critical thinking skills and scientific attitudes.
Scientific attitude is an attitude that encourages
students to solve problems (Hasanah et al,2020).
Khasanah et al. (2017) stated that the module
based on critical thinking skills on respiratory
system material is useful for practicing critical
thinking skills.

Based on the description above, it is clear
that the media is very necessary in learning,
among others, to instill skills and attitudes in
students. One of these media is android-based
media, as software. In this study, the role of
android-based media was analyzed in
teaching/training attitudes and skills to students.
There are 2 android-based media, namely 1) e-
booklets about plant diversity in Banjarnegara
(named E-Bokarmban), and 2) android-based
webcomic about the circulatory system (named
Androwebic). The media is expected to improve
critical thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes in
students.

Beberapa pertanyaan yang perlu dijawab
dalam penelitian iniialah sebagaiberikut.

1. Apakah media E-Bokartumban berperan
dalam membelajarkan keterampilan berpikir
kritis dan sikap peduli lingkungan siswa?

2. Apakah media Androwebic berperan peran
dalam membelajarkan kemampuan analisis
dan sikap ilmiah siswa?

3. Bagaimana proses berfungsinya media E-
Bokartumban  dalam  membelajarkan
keterampilan berpikir kritis dan sikap peduli
lingkungan pada siswa?
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4. Bagaimana proses berfungsinya media
Androwebic dalam membelajarkan
kemampuan analisis dan sikap ilmiah?

5. Aktivitas belajar apa saja yang dilakukan
siswa selama belajar menggunakan kedua
media berbasis android itu?

6. Bagaimana tanggapan/respon siswa dan
guru terhadap kedua media tersebut |

METHOD

Types of research

This study aims to analyze (and describe)
indepththerole ofandroid-based learning media
in an effort to teach/train critical thinking skills,

analytical skills, scientific attitudes, and
environmental care attitudes. Therefore, the
research design used is a descriptive qualitative
research design (Sugiyono, 2016).

Research Sample

The samples (subjects) of this study were 6
biology teachers, 196 class X students from three
high schoolsin Banj‘arnegara and 105 students in
class XI from three high schools in Jepara. The
research sample was selected using purposive
sampling technique.

Research Data and Instruments

The data collected includes data on critical
thinking skills, analytical skills, scientific
attitudes, environmental care attitudes, media
components supporting student competence,
student learning activities, and teacher and
student responses. Data were collected in several
ways, namely tests, observations, and
questionnaires, and documentation. Data on
critical thinking skills and analytical skills were
measured using a test instrument, while other data
were measured using a non-test instrument. The

non-test instruments include interview guides,
scientific attitude observation sheets, student
environmental care attitudes, media component
observation sheets, learning activity observation
sheets, and student and teacher questionnaires. |

Data analysis

lQuantitative data on critical thinking skills
and analytical skills were analyzed using the n-
gain test, while other data were analyzed
descriptively qualitatively. Descriptive qualitative
data analysis was carried out in 4 stages, namely
data collection, data reduction, data presentation,

and drawing conclusions.

[RESULTS AND DISCUSSION
The Role of Media in Biology Learning

The role of Androwebics in Biology learning

The analytical ability of students in
learning using Androwebic wasobtained from the
results of the pretest and posttest (Table 1). Table
1 shows the significant difference between the
pretest and posttest scores achieved by students.
Theresults of the pretest showed a111 average score
of 53.65 (not yet reached the value of 75), while
the posttest score achieved by students was an
average of 88.83 (beyond the KKM). The increase
in students' analytical thinking skills was obtained
from the results of the n-gain test on the pretest
and posttest scores achieved by students. The
resultsofthen-gaintest showed thatstudentswho
achieved high, medium and low analytical skills
were 72%, 24% and 4%, respectively. From these
resultsit can be stated that the Androwebic media
is effectively used to improve students' analytical
skills, especially in learning material about the
circulation system.

Tabel 1. Students' Pretest and posttest Score in Biology Learning Using Androwebic Media

Information PretestScore (n=105) Posttest Score (n=105)
Highest score ‘ 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
Number ofstudents completed 11 97
The number of students is not 94 8
complete
Classical completeness% 10.48 92.38

|Androwebic media has this potential becauseit
is equipped with various menus such as discussion
questions (see Table2), which containproblemsinthe
context of everyday life. The availability of various
menus on Androwebic media stimulates students'
curiosity and encourages students to practice problem
solving. Both activities require analytical thinking skills,
sothatstudents'abilitiesin that regard arewell trained.
Thisisin accordancewith the research of Prawita et al.
(2019)and Sarietal.(2019) which statesthattheuseof

learning media that presents problems can improve
student learning outcomes and analytical thinking skills
During the discussion stage in biology learning
using Androwebic media, students are trained
to discuss and exchange ideas about problem
solutions systematically and logically. Thus
students become trained to think analytically.
This is in accordance with the statement of Sari
et al. (2019) which proves that learning by
actively involving students to solve
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problems can improve analytical thinking skills
andstudentlearningoutcomes. Theabilitytothink
analytically is one component of critical thinking
skills (Facione 2015). So it can be stated that
Androwebic media has the potential to train
critical thinking skills.

Information about students' scientific
attitudesinlearning using Androwebic media was

4
obtained from observing students' scientific
attitudes using observation sheets. Androwebic
media was created specifically, in such a way that
it has a number of useful facilities to practice 6
aspects of scientific attitude (see Table 3). Students'
scientific attitude was observed by student
activities carried out during the learning process
using Androwebic media, presented in Table 3.

Table 2. Components of Andro-Webcomic Media that support in facilitating analytical thinking

competence and scientific attitude.

o Indicators of Analytical

No ™ Thinking Ability

Media Components

1 Differentiating Task to differentiate in group discussion questions

2 Organizing Task for grouping on group discussion questions

3 Connecting Thetask concludes with group discussion questions
Scientific Attitude

1 Curiosity Task to observe on the webcomic

2 Respectfordata/facts Groupdiscussion taskin themedia investigationsection

3 Flexibilityin thinking Group discussion taskin themedia investigation section

4  Open mindedand cooperate  Group discussion task in the media investigation section

5  Perseverance The task of presenting the observations to be presented

Table3. Students'scientificattitudes during thelearning process using androwebic media

Indicator X Score Score (%) Criteria
Score

Attention to every new thing 1086 1260 86.19 Very good

Appreciate and conclude according to facts 1056 1260 83.81 Very good

Notalways fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence

Ask questions andgive opinions 1124 1260 89.21 Very good

Participate in groups 1107 1260 87.86 Very good

1068 1260 84.76  |Very good

Record complete observations
\

In Table 3 it can be seen that theaverage
scientific attitude of students is in the very good
category. This happens because since the
beginning of the learning process, students are
always motivated to learn and seek information
independently, so that during thelearning process
in class students show a more caring attitude,
respect, and draw conclusions according tofacts.
During the learning process, students are also
accustomed to not always feel right, dare to ask
questions, dare to express opinions, be active in
groups, and record complete observations. In the
learning process students must complete
discussion questions that contain contextual
problems. Every activity carried out during the
discussion process made a positive contribution to
the formation of scientific attitudes. This is what
can encourage students to think analytically in
solving problems. This is in accordance with the
statement of Dwianto et al. (2017) that the
application of learning media that presents
contextual problems through discussion canmake
a positive contribution to the formation of
scientific attitudes in students.

The role of E-Bokarmban media in learning
Android-based E-Bokarmban media
contains information about the diversity of plants
found in Banjarnegara. The information in
question includes the scientific classification of
each type of plant and a description of its
morphology, a dissertation with color pictures
with a very attractive appearance. With its
characteristics,the E-Bokarmban media is useful
for presenting the natural environment
(environment) to the classroom. The E-
Bokarmban format in the form of an application
that can be operated using a smartphone makes it
very easy for students to use it. The results of the
n-gain test showed that after learning to use the E-
Bokarmban media, students experienced an
increase in critical thinking skills. The increase in
critical thinking skills (n-gain) achieved by students
was 0.69 in the medium category (tend to be high).
Students who achieve high, medium and low
critical thinking skills are 53%, 45% and 2%,
respectively. Fromtheseresultsitcanbestated that
the E-Bokarmban media has an important role to
improve critical thinking skills. This role is
supported by the characteristics of the E-
Bokarmban media which has a useful supporting
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component to facilitate the emergence of critical
thinking skills (see Table 4).

Table 4. E- Bokartumban Media Components that facilitate critical thinking skills competencies

No. Indicators Critical thinking skills

Media Components

[S B GU IS

Give a simple explanation

Build basic skills

Conclude

Identify terms and consider a definition
Set strategy and tactics

Evaluation questions on the media, students discussion sheets
Evaluation questions on the media, students discussion sheets
Evaluation questions on the media, students discussion sheets
Evaluation questions on the media, students discussion sheets
Evaluation questions on the media, students discussion sheets

Table 4 shows that the E-Bokarmban
media has components that function to facilitate
each competency studied in this study. There are
five stages of thinking with each indicator, namely
1) providing simple explanations, 2) building basic
skills, 3) concluding, 4) identifying terms, & 5)
considering a definition, setting strategies and
tactics (Ennis cit Kartimi & Liliasari. 2012). This
thinkingindicator can be measured when students
work on student discussion sheets and evaluation
questions on the media.

Wiguna et al (2019) and Damopolil &
Kurniadi (2019) explained that an increase in
learningoutcomesoccurinstudentsaftertheytake
part in learning using android-based media.

Based on the description above, it can be
emphasized that the E-Bokarmban media has an

important role in teaching or practicing critical
thinking skills. Arista & Kuswanto (2018) stated
thatmediathatcanbeoperated usingsmartphones
can increase enthusiasm, interest, and motivation
in learning activities. All of these things can
increase the independence and understanding of
concepts in students.

E-Bokarmban media also has various
componentsthat playanimportantrolein growing
various indicators of environmental care attitudes
(Table 5). In Table 5, various sections of the media
(column 3) are presented which are useful for
strengthening various indicators of environmental
care attitudes which are presented in column 2 of
Table 5.

Table5. Competency indicators of environmental care attitudes in students and components of the E-
Bokartumban media that facilitate the emergence of these attitude indicators———

No. Aspects and Indicators e nvironmental Care Attitude Media Components
1 Have thought that plants and animals have rights were equal to Introduction to the materials
humans
2 Have feelings/emotions about human actions that cause disaster Introduction to the materials
3 Have thought that the environment is very fragile and easily Student discussion sheets, materials on
disturbed balance the media
4 Have feelings and tendencies of behavior that the tendency of Student discussion sheets, materials on
human beings there is a limit in controlling nature the media
5 Tend to take advantage of the source power of nature that has Student discussion sheets, materials on
been used the media
6 Tend not to be arbitrary towards the environment Student discussion sheets, materials on
the media
7 Have thoughts and attracted to environmental issues Student discussion sheets, materials on
the media
8 Have emotional feelings about actions that can cause Student discussion sheets, materials on
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environmental damage

From the data in Table 5, it can be seen
thatindicators of environmental care attitudes use
a scale adapted from NEPS. Indicators of the
attitude of caring for the environment in question
are as follows. 1) Having the idea that plants and
animals havethe samerights ashumans, 2) having
feelings/emotionsabouthumanactionsthat cause
disasters, 3) having the thought that the
environment is very vulnerable and its balance is
easily disturbed. The next attitude indicator is 4)
having feelings and behavioral tendencies that
human tendencies have limits in controlling

the media

nature, 5) having behavioral tendencies to take
advantage of used natural resources. The 6th
indicator has a behavioral tendency not to be
arbitrary towards the environment, 7) has thoughts
and is interested in environmental issues, and 8)
has emotional feelings towards actions that can
cause environmental damage. All indicators of
environmental care attitudes can be measured as
long as students use the media, namely when
reading the material and during group discussions
during the learning process.
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Learning with the E-Bokarmban media is
able to make a positive contribution in improving
students’ environmental care  attitudes.
Environmental care attitudes are attitudes and
actions that always try to prevent damage to the
surrounding natural environment and develop
efforts to repair natural damage (Yaumi, 2014).
The attitude of caring for the environment can be
shown by attitudes and actions that always try to
prevent environmental damage and try to repair
the natural damage that has occurred
(Mardikaningtyas, 2016).

Based on the description in the paragraph
above,itcanbestated thattheuse ofandroid-based
learning media is very effective in increasing
student understanding. This is in accordance with
the opinion of Sudarsana et al. (2019) which states
that the use of technology-based learning media
can improve student learning outcomes. Junaedi et
al. (2018) and Damopolil & Kurniadi (2019) found
thatlearningbyapplyingandroid-based mediacan
improvestudentlearning outcomes. Learning that

uses technology can increase student interest and
learning outcomes (Sudarsana et al.,, 2019).
Wiguna et al. (2019) and Damopolil & Kurniadi
(2019) reported an increase in student learning
outcomes after participating in learning using
media android based. This statement is also in
accordance with the explanation of Jeno et al.
(2017),which states that thelearning processusing
android-based media can improve student learning
outcomes.

Student and Teacher Responses to Android-
Based Media used in Biology learning

Student and teacher responses to Androwebic media

Student responses to learning using
Androwebic media were obtained from student
response questionnaires given at the end of the
lesson. Information about students' positive
responses to Androwebic media is presented in
Table 6.

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good

The data in Table 6 shows the average of

each aspect/indicator showing very good criteria.
In some aspects, the student response rate shows
the maximum score. This shows that students are
interested and motivated to learn with comicson
themedia. Besidesbeinginterested and motivated
by comics, students also acknowledged that the
material equipped with pictures on Androwebic
media was very helpful and made it easier for
studentstolearn, becauseithad been summarized
inastructured way. The problems presented in the
Androwebic media also have the potential to
increase student activity in problem based learning
activities that can be learned. In the learning
process, students not only listen, but also try,
discover, and conclude. Therefore, students'
understanding, analytical thinking ability, and

scientific attitude will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This shows that students are very
interestedintheappearance of Androwebicmedia.
Androwebic Media equipped with pictures on
every detail of the material, so as to provide the

right visualization. This makes it easier for
students to understand abstract blood circulation
material. Androwebic media can also help
students understand and discover concepts about
the circulatory system. The use of appropriate
learning media and in accordance with the
character of students in learning, can help students
to find concepts contextually. The media in
question must be interesting, contain extensive
learning resources, contain information whose
presentationisaccompanied byvisualimages. The
use of a problem-based learning approach thatis
complemented by the use of learning media has
beenproventobeabletofosterstudentinterestand
motivation to be more active in learning so as to
create fun learning, understanding the material of
the circulatory system will increase (Maulana &

The level of positive response from
teachers to the implementation of the learning
process using Androwebic media is obtained from
the teacher's responses which are presented in
Table 7.

Table 7. Levels of Teacher's Positive Response to Androwebic Media
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Indicators/aspeci s Score Obtained Max. Score  Percentage (%) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
a very good category. The teacher said that
Androwebic media was very good, easy to use,
up-to-date, the material presented was equipped
with attractive visuals, it could be used anytime
and anywhere on condition that it used an
android device. This is confirmed by Sung etal.
(2016) which states that the use of android
devices such as smartphonesin learning is better
and more effective than conventional learning.
Students are more enthusiastic because the
learning process is student-centered, while the
teacher only directs and guides. This is in
accordance with the findings of Ali (2019) which
proves that student-centered learning will
improve students' ability to understand the
material being studied and problem-solving
skills. In such circumstances, the teacher simply
directs and guides as necessary.

Student and teacher responses to E-Bokarmban

The responses of students and teachers in
this section were obtained from the
questionnaire, which was described from 10
indicators. Through the questionnaire, the
teacher and student responses/responses to the
Ebokarmbanmedia were obtained. The results of
descriptive analysis of the data on student and
teacher responses to Ebokarmban media show
that students and teachers each gave a response
of 89.13% and 90.09% (very good category).

The teacher stated that the E-Bokarmban
mediausedinthisstudywasabletohelp students
in building the concept of biodiversitymaterial.
The teacher also gave a positive response to
student activities in learning, because it was able
to make students very enthusiastic when they
discussed. The teacher said that the E-
Bokarmban media is an  attractive,
contemporary, easy to use, easy to carry media,
and the material presented is very clear. Thus, it
canbe emphasized that the E-Bokarmban media
is a very good medium to use in learning, andit
is clear that this media has excellent potential to
train critical thinking skills and environmental
care attitudes, as previously stated.

Based on the description, it is clearly
stated that Androwebic media cantrain students'
analytical thinkingskillsby92.68% and scientific
attitude by 85.66%. The Android-based media
was responded positively by students and
teachers. E-Bokarmban media is also proven to
be able to train critical thinking skills and an

attitude of caring for the environment. E-
Bokarmbanmediaalsoresponded verypositively
by students and teachers by 89.13% and 90.09%,
respectively. Thus, it can be stated that the
Androwebicand E-Bokarmban mediadeveloped
in this study are valid, and have the potentialto
be used to train students' critical thinking skills
and scientific attitudes in learningBiology|

CONCLUSION

From the discussion above, the following
conclusions can be drawn. 1). E-Bokarmban
media shows an important role in teaching
students  critical thinking skills and
environmental care attitudes. 2) Androwebic
media shows an important role in teaching
students analytical skills and scientific attitudes.
The level of critical thinking skills, analytical
skills, scientific attitudes, and environmental care
attitudes of students after learning to use android-
based media increased to good and very good. 3).
E-Bokarmban media can function / be used to
teach students critical thinking skills and
environmental careattitudes, becauseit contains
various components that are able to facilitate
activities which are indicators of critical thinking
skills and environmental care attitudes. 4).
Androwebic media functions / can be used to
teach analytical skills and scientific attitudes to
students, because it contains various components
that are able to facilitate activities which are
indicators because they contain various
components that are able to facilitate activities
which are indicators of analytical skills and
scientific attitudes. 5). The learning activities
carried out by students while learning to use the
two android-based media include various
activities that match the indicators of critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes. 6)
Students and teachers showed a very good
response to Androwebic and E-Bokarmban used
in Biology learning. Two types of Android-based
media, namely Androwebic and E-Bokarmban
used in Biology learning have proven to have a
very important role in teaching students critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes.
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ABSTRACT

This study aims to analyze and describe the role of android-based learning media in an effort to teach critical
thinking skills and scientific attitudes for students. The learning media are android-based webcomic
(Androwebic) and e-book on plant diversity in Banjarnegara (E-Bokartumban), which have been developed
previously. This research is a qualitative descriptive study, involving 301 students, 6 biology teachers and 6
high school students. The data collected includes critical thinking skills, analytical skills, scientific attitudes,
environmental care attitudes, media components supporting student competence, and teacher and student
responses. Data on critical thinking skills and analysis ability were measured using tests and non-tests, other
data was measured using non-test instruments, including interview guides, scientific attitude observation
sheets, students' environmental care attitudes, media component observation sheets, and student and teacher
questionnaires. Quantitative data on critical thinking skills and analytical skills were analyzed using the n-
gain test, while other data were analyzed descriptively. The results ofresearch showed that the E-Bokartumban
and Androwebic media have components that support facilitating critical thinking skills, analytical skills,
environmental care attitudes in students. Androwebic media is able to train students' analytical thinking skills
and scientific attitude very well. The two media developed were considered to be very helpful in the learning
process. Conclusion: Android-based media in the form of Androwebic and E-Bokartumban have a very
important role to train critical thinking skills, analysis ability, scientific attitudes and environmental care

attitudes.
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Keywords: androwebic, e-bokartumban, critical thinking skills, scientific attitude

INTRODUCTION

Biology learning involves skills and
reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning is
needed that can emphasize aspects of application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge. For this reason, a learning process is
needed that can improve cognitive, affective,
psychomotor competencies, as well as learning
methods that can motivate students to be creative,
confident, and think critically needed to assess
information, critical (Pujiasih et al., 2021).

*Correspondence Address
E-mail:

Critical thinking skills are needed to
explain reasons and solve problems (Thomas,
2011). Teaching critical thinking and problem-
solving skills can be done with problem-based
learning/ PBL (Yew & Goh, 2016). The
development of critical thinking skills in students
must focus on activities to teach content
(knowledge) and methods or ways to find process,
and evaluate information (Nath et al, 2018).
Basically, students have the ability to think
critically in learning, but this ability sometimes
does not develop well. Therefore, it is necessary
to use a method that is able to develop students'
critical thinking skills. One of the teaching
methodsthatis considered appropriate for thisis
teaching using android-based media. The learning
media in this stusdy are android-based webcomic
(Androwebic) and e-book on plant diversity in
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Banjarnegara (e-bokartumban), which have been
developed previously. Androwebic media has
proventobeeffectiveforteachinganalytical skills
and scientific attitudes (Sujatmiko et al (2021). E-
Bokarmban media is also effective for improving
critical thinking skills and environmental care
attitudes (Pujiasih et al, 2021). However, neither
Sujatmiko nor Pujiasih explained about the role
of the two android-based media in improving
students' competencies and attitudes.

The urgency, novelty, and purpose of this
study is to analyze/describe the role of
androwebic and e-bokartumban media in
teaching students' skills and attitudes. These skills
and attitudes include critical thinking skills,
analytical ability, scientific attitude and
environmental care attitude in students. The
status of this research is to support previous
research (Sujatmiko et al, 2021 and Pujiasih et al,
2021).

Mutakinati et al (2018) stated that
students who have critical thinking skills will be
easy to analyze, evaluate, and make connections
with evidence/arguments, before deciding or
assessing an information. In the learning process,
students' critical thinking skills play an important
role in achieving learning achievement, formal
reasoning, and creativity (Puspita et al., 2017).
Learning that facilitates critical thinking skills can
be realized if there is cooperation and
participation from all parties, from policy makers
to teacher universities, local education
departments, schools, and families (Nhat et al,
2018). The results of Seventika et al (2018)
research show that most (>55%) of 11th grade
studentsofvocational schoolsin Indramayuhave
a low level of critical thinking skills.

Biology learning in schools is still
dominated by textbooks and modules with few
pictures, and learning is still teacher-centred. This
causes students' mindsets to be limited, and
students' understanding of biology concepts
weakens, so that students' critical thinking skills
and scientific attitudes are still weak. This
statement is reinforced by the results of interviews
by several state high school/MA teachers in
Banjarnegara and Jepara. Information obtained
from the results of the interview, among others:
(1) Learning has not utilized student-centered
media to its full potential; (2) students are allowed
tobringsmartphonesbuttheyhavenotbeenused
properly; (3 technology (smartphone) asatool or
media that does not support learning, (4) limited
learning time.

Based on the results of interviews with
teachers, it can be concluded that these problems
can be minimized by utilizing the technology
owned by students, and utilizing student-centered
learning strategies to the fullest. Examples of
biological materials that need to be taught using
media are the circulatory system and biodiversity.
Thematerialonthecirculatorysystemneedstobe

taught with the media because it contains
complex concepts, so that it can be presented in a
more interesting way. Biodiversity material
(especially on plant diversity) also really needs to
be taught by optimizing electronic media, to
present a plant diversity environment in the
classroom.

The availability of learning media will
facilitate interaction between teachers and
students, so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence oflearning media facilitates ease of
learning, fosters interest in learning, and makes it
easier for students tolearn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested in
learning. The use of pictorial technology media
also attracts students' attention more than the use
of textbooks. Taking this into account, it is clear
that optimizing the use of modern technology-
based media in learning is an urgent matter,
especially during a pandemic like today. In
learningduringthe Covid-19 pandemic, theuseof
mediaand technology must be able to make a real
contribution to knowledge and the emergence of
educational practices with online and digital
education formats (Williamson et al, 2020)

Based on the existing problems, it is clear
that currently optimizinglearning mediathat are
useful for visualizing learning materials
appropriately. The media should have a simple
structure that focuses on one goal. Learning
media that are expected to be useful (good) to
overcome the learning problems mentioned
earlier are media that are easy to carry and use
anywhere. Sukenda et al (2019) stated that
multimedia-based learning media can be
packaged into software that is able to present
material.

One of the important learning media
packaged into software is the environment. The
environment is useful for equipping students with
a conscious mind and care for the environment,
and for all issues related to the environment
(Amini, 2015). The environment is also important
to instill knowledge, skills, attitudes, behavior,
motivation, and commitment to work togetherin
solving environmental problems, as well as an
attitude of caring for the environment. The results
of Putri & Prodjosantoso's research (2020) prove
that science comics media (guided inquiry-based
science comics) can improve critical thinking
skills and scientific attitudes. Scientific attitude is
an attitude that encourages students to solve
problems (Hasanah et al, 2020). Khasanah et al.
(2017) stated that the module based on critical
thinking skills on respiratory system material is
useful for practicing critical thinking skills.

Based on the description above, it is clear
that the media is very necessary in learning,
among others, to instill skills and attitudes in
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students. One of these media is android-based

media, as software. In this study, the role of

android-based media was analyzed in teaching/
training attitudes and skills to students. There are

2 android-based media, namely 1) e-booklets

about plant diversity in Banjarnegara (named e-

bokartumban), and 2) android-based webcomic

about the circulatory system (named

Androwebic). From previous studies it has been

knownthatbothmedia (Sujatmikoetal,2021and

Pujiasihetal,2021) areuseful forimprove critical

thinking skills, analytical ability, scientific

attitudes, and environmental care attitudes in
students.

Some of the questions that need to be
answered in this research are as follows.

1. DoesAndrowebicmediaplayaroleinteaching
students' analytical skills and scientific
attitudes?

2. Does the E-Bokartumban media play a role in
teaching students critical thinking skills and
environmental care attitudes?

3. How does the Androwebic media function in
teaching analytical skills and scientific
attitudes?

4. Howdoesthe E-Bokartumban media function
in teaching critical thinking skills and
environmental care to students?

5. What learning activities do students dowhile
learning tousethe two android-based media?

6. How do students and teachers respond to the
two media

METHOD

Types of research

This study aims to analyze (and describe)
in depth the role of android-based learning media
in an effort to teach/train critical thinking skills,
analytical skills, scientific attitudes, and
environmental care attitudes. Therefore, the
research design used is a descriptive qualitative
research design (Sugiyono, 2015).

Research Sample

The samples (subjects) of this study were 6
biology teachers, 196 class X students from three
high schoolsin Banjarnegara and 105students in
class XI from three high schools in Jepara. The
research sample was selected using purposive
sampling technique. Purposive sampling
techniqueisused in this studybecauseit requires
research subjects that are relevant to the
characteristics that have been determined.

Research Data and Instruments

Thedata collected includes data on critical
thinking skills, analytical ability/skills, scientific
attitudes, environmental care attitudes, media
components supporting student competence,
student learning activities, and teacher and
student responses. Datawere collected in several

ways, namely tests, observations, and
questionnaires, and documentation. Data on
critical thinking skills and analytical skills were
measured using a test instrument, while other data
were measured using a non-testinstrument. Test
instrument used contains multiple choice
questions with 5 choices. The non-test
instruments include interview guides, scientific
attitude observation sheets, student
environmental care attitudes, media component
observation sheets, learning activity observation
sheets, and student and teacher questionaires.

Data analysis

Quantitative data on critical thinking skills
and analytical skills were analyzed using the n-
gain test, while other data were analyzed
descriptively qualitatively. Descriptive qualitative
data analysis was carried out in 4 stages, namely
data collection, data reduction, data presentation,
and drawing conclusions (Rochmadi & Nasucha,
2015). The data that has been collected is
collected according to their respective categories,
including test result data, questionnaire results
andobservationdata. Thedataisthenreduced,in
order to obtain data that focuses on research
problems,namelytoanalyzeand describetherole
of Androwebic and E-Bokartumban media in
teaching the skills and attitudes which have been
set. The data obtained are presented in tabular or
narrative form, depending on the characteristics
ofeach data. Thelaststageis drawingconclusions
based on the available data.

RESULTS AND DISCUSSION

Results of research

Androwebic and E-bokartumban media Overview

Androwebic and E-bokarmban media have a
general picture as shown in Figures 1, 2 and 3.
The components of the androwebic media that are
considered to play a role in teaching students'
skills/abilities and attitudes are presented in Table
2. The components of the E-bokarmban media
that are considered to play a role in teaching
students' skills/abilities and attitudes are
presented in Tables 4 and 5.

The analytical ability of students

The analytical ability of students in
learning using Androwebic was obtained from the
results of the pretest and posttest (Table 1). Table
1 shows higher post test scores than pre test
scores. The results of the pretest showed an
average score of 53.65 (not yet reached the value
of 75/KKM), while the posttest score achieved by
students was an average of 88.83 (beyond the
KKM. KKM is the minimum completeness
criteria. KKM is a reference for educators in
assessing student competence in the subjects they
follow).



The increase in students' analytical
thinking skills was obtained from the results of the
n-gain test on the pretest and posttest scores
achieved by students. The results of the n-gain test
showed that students who achieved high, medium
and low analytical skills were 72%, 24% and 4%,
respectively. From these results it can be stated
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4
that the Androwebic media is effectively used to

improve students' analytical skills, especially in
learning material about the circulation system.

Androwebic media has this potential because it
is equipped with various menus such as discussion
questions(seeTable2),which contain problemsinthe
context of everydaylife.

Tabel 1. Students' Pretest and posttest Score in Biology Learning Using Androwebic Media

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83

Students' scientific attitudes during the learning
process using androwebic media

Information about students' scientific
attitudesinlearning using Androwebic media was
obtained from observing students' scientific
attitudes using observation sheets. Androwebic
media was created specifically, in such a way that

Discussion topic 1

Image on the topic of
discussion 1

T O

Discussion topic 2

Image on the topic of
discussion 2

it has a number of useful facilities to practice 6
aspects of scientific attitude (see Table 3). Students'
scientific attitude was observed by student
activities carried out during the learning process
using Androwebic media, presented in Table 3. In
Table 3 it can be seen that the average scientific
attitude of students is in the very good category.

Discussiontopic3

Image on the topic of
discussion 3

Figure 1: Androwebic media display, showing discussion topics 1, 2 and 3 (top) and pictures on
discussion topics 1, 2 and 3 (lower).
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Figure 2: Example of E-Bokartumban media components at the beginning section
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Figure 3: Example of E-Bokartumban media components at the material section

Table 2. Components of Andro-Webcomic Media that support in facilitating analytical thinking ability

(A) and scientific attitude (B).

Indicatorsofanalytical

No thinking ability Media Components

A Analytical thinking ability

1 Differentiating Task to differentiate in group discussion questions

2 Organizing Task for grouping on group discussion questions

3 Connecting The task concludes with group discussion questions

B Scientific attitude

1 Curiosity Task to observe on the webcomic

2 Respect for data/facts Group discussion task in the media investigation section
3 Flexibility in thinking Group discussion task in the media investigation section
4 Open minded and cooperate  Group discussion task in the media investigation section
5 Perseverance The task of presenting the observations to be presented

Students' scientific attitudes during the learning
process using androwebic media

Information about students' scientific
attitudesinlearningusing Androwebic mediawas
obtained from observing students' scientific
attitudes using observation sheets. Androwebic
media was created specifically, in such a way that

it has a number of useful facilities to practice 6
aspects of scientific attitude (see Table 3). Students'
scientific attitude was observed by student
activities carried out during the learning process
using Androwebic media, presented in Table 3. In
Table 3 it can be seen that the average scientific
attitude of students is in the very good category.
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Table 3. Students' scientific attitudes during the learning process using androwebic media
Rﬁa

Indicator X Score X Score (%) Criteria*)
Score

Attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Not always fell right, changing opinion after 1035 1260 82.14 Very good
considering the evidence
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

Keterampilan berpikir kritis siswa yang belajar
menggunakan media E-Bokartumban
Android-based E-Bokartumban media
contains information about the diversity of plants
found in Banjarnegara. The information in
question includes the scientific classification of
each type of plant and a description of its
morphology, a dissertation with color pictures
with a very attractive appearance. With its
characteristics, the e-bokartumban media is useful
for presenting the natural environment to the
classroom. The e-bokartumban format in the form
of an application that can be operated using a
smartphone makes it very easy for students to use
it. The results of the n-gain test showed that after
learning to use the e-bokartumban media, students
experienced an increase in critical thinking skills.
The increase in critical thinking skills (n-gain)
achieved by students was 0.69 in the medium

category (tend to be high). Students who achieve
high, medium and low critical thinking skills are
53%,45% and 2%, respectively. From theseresults
it can be stated that the e-bokartumban media has
an important role to improve critical thinking
skills. This role is supported by the characteristics
of the E-Bokartumban media which has a useful
supporting component to facilitate the emergence
of critical thinking skills (see Table 4).

E-bokartumban media also has various
components that play an important role in growing
various indicators of environmental care attitudes
(Table 5).In Table 5, various sections of the media
(column 3) are presented which are useful for
strengthening various indicators of environmental
care attitudes which are presented in column 2 of
Table 5.

Table 4. E-bokartumban media components that facilitate critical thinking skills competencies

No. Indicators Critical thinking skills Media Components
1 Give asimple explanation Evaluation questions¥), students discussionsheets
2 Build basic skills Evaluation questions®), students discussionsheets
3 Conclude Evaluation question*)s, students discussionsheets
4 Identifyterms and considera definition Evaluation questions*), students discussionsheets
5 Set strategy and tactics Evaluation questions*), students discussionsheets

*): Examples of evaluation questions are presented in table 6

Table5. Competencyindicators of environmental care attitudes in students and components of the e-
bokartumban media that facilitate the emergence of these attitude indicators.

No. Aspectsand Indicators environmental care attitude Media Components *)
1 Havethoughtthat plantsand animalshaverightswereequalto =~ Introduction to the materials
humans
2 Havefeelings/emotionsabouthumanactionsthatcausedisaster Introduction to the materials
3 Have thought that the environment is very fragile and easily Student discussion sheets, materialson
disturbed balance the media
4 Have feelings and tendencies of behavior that the tendency of =~ Student discussion sheets, materialson
human beings there is a limit in controlling nature the media
5 Tend to take advantage of the source power of nature that has  Student discussion sheets, materialson
been used the media
6 Tend nottobearbitrary towards the environment Student discussion sheets, materials on
the media
7 Havethoughtsandattracted toenvironmentalissues Student discussion sheets, materials on
the media
8 Haveemotional feelings about actionsthat can cause Student discussion sheets, materials on
environmental damage the media

*): The examples of the components of the e-bokartumban media are presented in Figure 2 and 3.
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Student and teacher responses to Androwebic media
Student responses to learning using

Androwebic media were obtained from
student response questionnaires given at the
end of the lesson. Information about students'
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positive responses to Androwebic media is
presented in Table 6. The level of positive
response from teachers to the implementation of
the learning process using Androwebic media is
obtained from the teacher's responses which are
presented in Table 7.

Table 6. Results of Student Responses to Androwebic Media

Indicators Score Obtained Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good

Average 89.59 Very good
Table 7. Levels of Teacher's Positive Response to Androwebic Media
Indicators/aspects Score Obtained Max. Score  Percentage (%) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good
Average 87.36 Very good
Dicussion actively). Indirectly it plays an important role in

The Role of Androwebic Media in Biology
Learning

Role of androwebic media in learning analytical
skills.

The problems raised in the discussion menu
relatedtodailyevents,forexample,areaboutthework
of the heart, normal and non-normal blood conditions,
about blood type. Those are all everyday things that are
very often experienced by students. The availability of
various menus on Androwebic media (see Fig 1 and
Table 2) stimulates students' curiosity and encourages
students to practice problem solving. Both activities
require analytical thinking skills, so that students'
abilities in that regard are well trained. This is in
accordance with the research of Prawita et al. (2019)
and Sari et al. (2019) which states that the use of
learning media that presents problems can improve
student learning outcomes and analytical thinking
skills.

Comics help students learn bysimplifying
science concepts and making them easier to
remember (Ozdemir, 2017). Comics also
contribute to arousing students' enjoyment of
science and the perception of success in science.
Demirci & Zyiirek (2017) state that the cartoon
concept can develop students' critical thinking
skills more effectively. Colorful cartoons attract
attention and can encourage active participation of
students in learning activities (think more

helping to develop critical thinking skills. An active
learning process is also very useful for improving
students' critical thinking skills (Styers er al, 2018)
During the discussion stage in biology learning
using Androwebic media, students are trained
to discuss and exchange ideas about problem
solutions systematically and logically (Figure
1). Thus, studentsbecometrained tothink
analytically. This is in accordance with the
statement of Sari et al. (2019) which proves that
learning by actively involving students to solve
problems can improve analytical thinking skills
and student learning outcomes. The ability to think
analytically is one component of critical thinking
skills (Facione 2015).

The teacher said that the Andro-Webcomic
media based on problem-based learning was very
good, easy to use, up to date, the material
presented was equipped with attractive visuals,
could be used anytime and anywhere with the
condition of using an Android device. This is
confirmed by research (Sung et al, 2016) which
stated the use of Android devices (smartphones)in
learning was better and more effective than
conventional learning.

In this study, comics are used to teach
material about the circulation system, which is
very complex in nature and cannot be observed
directly. The choice of comics to be used in
androwebic turned out to be very appropriate,
because it got a very good response from
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teachers and students (see Table 6 and 7). This is
also in accordance with the statement of Morel el
al.(2019)which statesthat comicsareanexcellent
tool to help educators teach complex subjects and
explain the unseen world. Based on the above
description, it can be stated that Androwebic
media has a important role to train critical thinking
skills.

Role of androwebic media in teaching scientific
attitude

In Table 3 it can be seen that the average
scientific attitude of students is in the very good
category. It happened because since the beginning
of the learning process using androwebic media
students are always motivated to learn and seek
information independently. During the learning
process assisted by Androwebic media students
show a more caring attitude, respect, and draw
conclusions according to facts. During thelearning
process, students are also accustomed to not
always feel right, dare to ask questions, dare to
express opinions, be active in groups, and record
complete observations. In the learning process
students must complete discussion questions that
contain contextual problems. Every activity
carried out during the discussion process made a
positive contribution to the formation of scientific
attitudes. This is what can encourage students to
think analytically in solving problems. This is in
accordance with the statement of Dwianto et al.
(2017) that the application of learning media that
presents contextual problems through discussion
can make a positive contribution to the formation
of scientific attitudes in students.

The Role of E-Bocartumban Mediain Biology
Learning

The role of E-Bokartumban media in learning critical
thinking skills

Table 4 shows that the E-Bokartumban
media has components that function to facilitate
each competency studied in this study. There are
five stages of thinking with eachindicator, namely
1) providing simple explanations, 2) building basic
skills, 3) concluding, 4) identifying terms, & 5)
considering a definition, setting strategies and
tactics (Ennis cit Kartimi & Liliasari. 2012). This
thinking indicator can be measured when students
work on student discussion sheets and evaluation
questions on the media. Wiguna et al (2019) and
Damopolil & Kurniadi (2019) explained that an
increase in learning outcomes occur in students
after they take part in learning using android-based
media.

Based on the description above, it can be
emphasized that the E-Bokartumban media hasan
important role in teaching or practicing critical
thinking skills. Arista & Kuswanto (2018) stated
that media that can be operated using smartphones
can increase enthusiasm, interest, and motivation

in learning activities. All of these things can
increase the independence and understanding of
concepts in students.

Theroleof E-Bocartumbanmediainlearning of
environmental care attitudes

From the data in Table 5, it can be seen
that indicators of environmental care attitudes use
a scale adapted from NEPS. Indicators of the
attitude of caring for the environment in question
are as follows. 1) Having the idea that plantsand
animalshavethesamerightsashumans, 2) having
feelings/emotions about human actions that cause
disasters, 3) having the thought that the
environment is very vulnerable and its balance is
easily disturbed. The next attitude indicator is 4)
having feelings and behavioral tendencies that
human tendencies have limits in controlling
nature, 5) having behavioral tendencies to take
advantage of used natural resources. The 6th
indicator has a behavioral tendency not to be
arbitrary towards the environment, 7) has thoughts
and is interested in environmental issues, and 8)
has emotional feelings towards actions that can
cause environmental damage. All indicators of
environmental care attitudes can be measured as
long as students use the media, namely when
reading the material and during group discussions
during the learning process.

Learningwith thee-bokartumban mediais
able to make a positive contribution in improving
students’ environmental care attitudes.
Environmental care attitudes are attitudes and
actions that always try to prevent damage to the
surrounding natural environment and develop
efforts to repair natural damage (Yaumi, 2014).
The attitude of caring for the environment can be
shown by attitudes and actions that always try to
prevent environmental damage and try to repair
the natural damage that has occurred
(Mardikaningtyas, 2016).

Based on the description in the paragraph
above, it can be stated that the use of android-based
learning media is very effective in increasing
student understanding. Thisisin accordance with
the opinion of Sudarsana etal. (2019) which states
that the use of technology-based learning media
can improve student learning outcomes. Junaedi et
al. (2018) and Damopolil & Kurniadi (2019) found
that learning by applying android-based mediacan
improve student learning outcomes. Learning that
uses technology can increase student interest and
learning outcomes (Sudarsana et al., 2019).

Student and Teacher Responses to Android-
Based Media used in Biology learning

Student and teacher responses to Androwebic media
Student responses to learning using
Androwebic media were obtained from student
response questionnaires given at the end of the
lesson. Information about students' positive
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responses to Androwebic media is presented in
Table 6.

Thedatain Table 6 shows the average ofeach
aspect/indicator showing very good criteria. In
someaspects, the student response rate showsthe
maximum score. This shows that students are
interested and motivated to learn with comics on
the media. Besides being interested and motivated
by comics, students also acknowledged that the
material equipped with pictures on Androwebic
media was very helpful and made it easier for
students to learn, because it had been summarized
inastructured way. The problemspresentedinthe
Androwebic media also have the potential to
increase student activity in problem based learning
activities that can be learned. In the learning
process, students not only listen, but also try,
discover, and conclude. Therefore, students'
understanding, analytical thinking ability, and
scientific attitude will be higher.

In terms of appearance, Androwebic
media received high points, with very good
criteria. This shows that students are very
interested in the appearance of Androwebic media.
Androwebic Media equipped with pictures on
every detail of the material, so as to provide the
right visualization. This makes it easier for
students to understand abstract blood circulation
material. Androwebic media can also help
students understand and discover concepts about
the circulatory system. The use of appropriate
learning media and in accordance with the
character of students in learning, can help students
to find concepts contextually. The media in
question must be interesting, contain extensive
learning resources, contain information whose
presentation is accompanied by visual images. The
use of a problem-based learning approach that is
complemented by the use of learning media has
been proven to be able to foster student interest and
motivation to be more active in learning so as to
create fun learning, understanding the material of
the circulatory system will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

From the data in Table 7, it is known that
the average score for each aspect is 87.36%, with
a very good category. The teacher said that
Androwebic media was very good, easy to use,
up-to-date, the material presented was equipped
with attractive visuals, it could be used anytime
and anywhere on condition that it used an
android device. This is confirmed by Sung et al.
(2016) which states that the use of android
devicessuchassmartphonesinlearningisbetter

and more effective than conventional learning.
Students are more enthusiastic because the
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learning process is student-centered, while the
teacher only directs and guides. This is in
accordance with the findings of Ali (2019) which
proves that student-centered learning will
improve students' ability to understand the
material being studied and problem-solving
skills. In such circumstances, the teacher simply
directs and guides as necessary.

Student and teacher responses to E-Bokarmban

Theresponses of students and teachersin
this section were obtained from the
questionnaire, which was described from 10
indicators. Through the questionnaire, the
teacher and student responses/responses to the e-
bokartumban media were obtained. The results
of descriptive analysis of the data on studentand
teacher responses to e-bokartumban media show
that students and teachers each gave a response
0f 89.13% and 90.09% (very good category).

The teacher stated that the E-Bokarmban
mediausedinthisstudywasabletohelpstudents
in building the concept of biodiversity material.
The teacher also gave a positive response to
student activities inlearning, because it was able
to make students very enthusiastic when they
discussed. The teacher said that the E-
Bokartumban media is an attractive,
contemporary, easy to use, easy to carry media,
and the material presented is very clear. Thus, it
can be emphasized that the E-Bokartumban
media is a very good medium to use in learning,
and it is clear that this media has excellent
potential to train critical thinking skills and
environmental care attitudes, as previously
stated.

Based on the description, it is clearly
stated that Androwebic media can train students'
analytical thinking skills by 92.68% and scientific
attitude by 85.66%. The Android-based media
was responded positively by students and
teachers. E-Bokartumban media is also proven to
be able to train critical thinking skills and an
attitude of caring for the environment. E-
Bokarmban media also responded very positively
bystudents and teachersby89.13% and 90.09%,
respectively. Thus, it can be stated that the
Androwebic and e-bokartumban media analyzed
in this study analyzed in this study responded
well to students and teachers, and played an
important role in teaching skills and attitudes.
This media has an important role to teach
students' analytical ability, critical thinking skills
and scientific attitudes, and environmental care
attitude in learning Biology.

CONCLUSION

From the discussion above, the following
conclusions can be drawn. 1). E-bokarmban
media shows an important role in teaching
students critical thinking skills and
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environmental care attitudes. 2) Androwebic
media shows an important role in teaching
students’ analytical skills and scientific attitudes.
The level of critical thinking skills, analytical
skills, scientific attitudes, and environmental care
attitudes of students after learning to use android-
based mediaincreased togood andverygood. 3).
E-bokartumban media can function/be used to
teach students critical thinking skills and
environmental care attitudes, because it contains
various components that are able to facilitate
activities which are indicators of critical thinking
skills and environmental care attitudes. 4).
Androwebic media functions/can be used to
teach analytical skills and scientific attitudes to
students, because it contains various components
that are able to facilitate activities which are
indicators because they contain various
components that are able to facilitate activities
which are indicators of analytical skills and
scientific attitudes. 5). The learning activities
carried out by students while learning to use the
two android-based media include various
activities that match the indicators of critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes. 6)
Students and teachers showed a very good
response to Androwebic and e-bokartumban
used in Biology learning. Two types of Android-
based media, namely Androwebic and e-
bokartumban used in Biology learning have
proven to have a very important role in teaching
students critical thinking skills, analytical skills,
scientific attitudes, and environmental care
attitudes.
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ABSTRACT

This study aims to analyze and describe android-based learning media's role in teaching students critical thinking
skills and scientific attitudes. The learning media are Androwebic (android-based webcomic) and E-Bokartumban (e-
book on plant diversity in Banjarnegara), developed previously. This research is a qualitative descriptive study
involving 301 students, six biology teachers and six high school students. The data collected includes critical thinking
skills, analytical skills, scientific attitudes, environmental care attitudes, media components supporting student
competence, and teacher and student responses. Data on critical thinking and analytical skills were measured using
tests and non-tests. Other data were measured using non-test instruments, including interview guides, scientific
attitude observation sheets, students' environmental care attitudes, media component observation sheets, and
student and teacher questionnaires. Quantitative data on critical thinking and analytical skills were analyzed using
the n-gain test, while other data were descriptively analyzed. The research results showed that the E-Bokartumban
and Androwebic components support students' critical thinking skills, analytical skills, and environmental care
attitudes. Androwebic can train students' analytical thinking skills and scientific attitude. The two media developed
were considered very helpful in the learning process. The study concluded that Android-based media in Androwebic
and E-Bokartumban have a vital role in training critical thinking skills, analytical skills, scientific attitudes, and
environmental care attitudes.
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INTRODUCTION

Biology learning involves skills and
reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning
that can emphasize aspects of application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge, is needed. For this reason, alearning
process that can improve cognitive, affective,
psychomotor competencies and learning methods
that can motivate students to be creative,
confident,andthinkcriticallyareneeded toassess
information (Pujiasih et al., 2021).

Critical thinking skills are needed to explain
and solve problems (Thomas, 2011). Teaching
critical thinking and problem-solving skills can be
done with problem-based learning/ PBL (Yew&
Goh, 2016). Students' development of critical
thinking skills must focus on activities to teach
content (knowledge) and methods or ways to find
the process and evaluate information (Nath et al.,
2018). Students can think critically in learning,
but this skill sometimes does not develop well.
Therefore, it is necessary to use a method to
develop students' critical thinking skills. One of
the teaching methods considered appropriate is
teaching using android-based media. The learning
media in this study are Androwebic (android-
based webcomic) and e-Bokartumban (e-book of
plant diversity in Banjarnegara), developed
previously. Androwebic has proven effective for
teaching analytical skills and scientific attitudes
(Sujatmiko et al., 2021 ). E-Bokartumban also
effectively improves critical thinking skills and
environmental care attitudes (Pujiasih et al.,
2021). However, neither Sujatmikq nor Pujiasih
explainedtheroleofthetwoandroid-based media
in improving students' competencies and
attitudes.

This study's urgency, novelty, and purpose
are to analyze or describe the role of Androwebic
and e-Bokartumban in teaching students' skills
and attitudes. These skills and attitudes include
critical thinking skills, analytical skills, scientific
attitude, and environmental care attitude in
students. The status of this research is to support
previous research by |Sujatmiko et al. (2021) and
Pujiasih et al. (2021). ‘

Mutakinati et al. (2018) stated that students
with critical thinking skills easily analyze,
evaluate,and connectwith evidenceorarguments
before deciding or assessing information.
Students' critical thinking skills play an important
role in achieving learning achievement, formal
reasoning, and creativity (Puspita et al., 2017).
Learning that facilitates critical thinking skills can
be realized if all parties, from policymakers to
teacher universities, local education departments,
schools, and families, cooperate and participate

(Nhat et al.,, 2018). The research results of
Seventika et al. (2018) show that most (>55%) of
11th-grade students of vocational schools in
Indramayu have a low level of critical thinking
skills.

Textbooks and modules with few pictures
still dominate biology learning in schools, and
learning is still teacher-centred. This situation
causes students' mindsets to be limited, and
students' understanding of biology concepts
weakens so that students' critical thinking skills
and scientific attitudes are still weak. The results
of interviews with several state high school/MA
teachers in Banjarnegara and Jepara reinforce this
statement. Information obtained from the results
of the interview, among others: (1) Learning has
not utilized student-centered media to its full
potential; (2) students are allowed to bring
smartphones, but they have not been
appropriately used; (3 technology (smartphone)as
atool or media that does not support learning, (4)
limited learning time.

Based on the interview with teachers, it can
be concluded that these problems can be
minimized by utilizing the technology owned by
students and student-centered learning strategies
to the fullest. The circulatory system and
biodiversity are examples of biology learning
materials that must be taught using media. The
material on the circulatory system needs to be
taught with the media because it contains
complex concepts to be presented more
interestingly. Biodiversity material, especially
plant diversity, also needs to be taught by
optimizing electronic media to present a plant
diversity environment in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence of learning media facilitates ease of
learning, fostersinterest inlearning, and makes it
easier for students to learn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of Android-based
media can make students more interested in
learning. The use of pictorial technology media
also attracts students' attention more than
textbooks. Taking this into account, itis clear that
optimizing the use of modern technology-based
media in learning is an urgent matter, especially
during the current pandemic. In learning during
the Covid-19 pandemic, the use of media and
technology must make a real contribution to
knowledge and the emergence of educational
practices with online and digital education
formats (Williamson et al., 2020)
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Based on the problem, optimizing learning
media is helpful for appropriately visualizing
learning materials. The media should have a

simple structure that focuses on one goal.
Learning media that are expected to be useful or
good to overcome the learning problems
mentioned earlier should be easyto carry and use
anywhere. Sukenda et al. (2019) stated that
multimedia-based learning media should be
packaged into software to present material.

One of the important learning media
packaged into software is the environment. The
environment is useful for equipping students with
a conscious mind and care for the environment
and its issues (Amini, 2015). The environment is
also essential to instill knowledge, skills, attitudes,
behavior, motivation, commitment to solving
environmental problems, and environmental care
attitude. The results of Putri & Prodjosantoso's
research (2020) prove that science comics media
(guided inquiry-based science comics) can
improve critical thinking skills and scientific
attitudes. A scientific attitude is an attitude that
encourages students to solve problems (Hasanah
etal.,2020).Khasanahetal.(2017) stated that the
module based on critical thinking skills on
respiratory system material helps practice critical
thinking skills.

Based on the description above, media is
essential in learning to instill skills and attitudes
in students. One of these media is android-based
media, as software. In this study, the role of
android-based media was analyzed in teaching or
trainingattitudesand skillsto students. Thereare
two android-based media: 1) E-Bokartumban, an
e-booklet about plant diversity in Banjarnegara, 2)
Androwebic, an android-based webcomic about
the circulatory system| From previous studies by
Sujatmiko et al. (2021) and Pujiasih et al. (2021),
both media are useful for improving critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes in
students.

Some questions need to be answered in this
research.

1. Does Androwebic play a role in teaching
students' analytical skills and scientific
attitudes?

2. Does the E-Bokartumban play a role in
teaching students critical thinking skills and
environmental care attitudes?

3. How does the Androwebic function in
teaching students analytical skills and
scientific attitudes?

4. How does the E-Bokartumban function in
teaching students critical thinking skills and
environmental care?

5. Whatlearningactivities do students do while
learningusingthetwoandroid-based media?

6. How do students and teachers respond to
both media?

METHODS

Types of research

This study aims to analyze (and describe) the
roleofandroid-basedlearningmediainteachingor
training critical thinking skills, analytical skills,
scientific attitudes, and environmental care
attitudes. Therefore, the research design used is
descriptive qualitative (Sugiyono, 2015).

Research Sample

The samples (subjects) were six biology
teachers, 196 10th-grade students from three high
schools in Banjarnegara, and 105 11th-grade
students from three high schools in Jepara. The
research sample was selected using the purposive
sampling technique. This study used thetechnique
because it requires research subjects relevant to the
determined characteristics.

Research Data and Instruments

The data collected includes critical thinking
skills, analytical skills, scientific attitudes,
environmental care attitudes, mediacomponents
supporting student competence, student learning
activities, and teacher and student responses. Data
were collected in several ways: tests, observations,
questionnaires, and documentation. Data on
critical thinking and analytical skills were
measured usinga test instrument, while other data
were measured using a non-test instrument. The
test instrument used contains multiple-choice
questions with five choices. The non-test
instruments include interview guides, scientific
attitude observation sheets, student environmental
care attitudes, media component observation
sheets, learning activity observation sheets, and
student and teacher questionnaires.

Data analysis

Quantitative data on critical thinking skills
and analytical skillswere analyzed using then-gain
test, while other data were analyzed descriptively
qualitatively. Descriptive qualitative data analysis
was carried out in 4 stages: data collection, data
reduction, data presentation, and concluding
(Rochmadi & Nasucha, 2015). The data that has
been collected is collected according to their
respective categories, including test result data,
questionnaire results and observation data. The
data is then reduced to obtain data that focuses on
research problems: toanalyzeand describetherole
of Androwebic and E-Bokartumban media in
teaching the chosen skills and attitudes. The data
obtained are presented in tabular or narrative form,
depending on the characteristics of each data. The
laststageis concluding based ontheavailabledata.

RESULTS AND DISCUSSION

Results

Overview of Androwebic and e-Bokartumban
Androwebic and E-bokartumban have a

general picture, as shown in Figures 1, 2 and 3.
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The Androwebic components that are considered
to play a role in teaching students skills and
attitudes are presented in Table 2. The e-
Bokartumban media that are considered to play a
role in teaching students skills and attitudes are

presented in Tables 4 and 5.

Students' Analytical Skills

Students' analytical skills in learning using
Androwebic were obtained from the pretest and
posttest results (Table 1). Table 1 shows the score
of posttest is higher than pretest. The pretest
showed anaveragescore of 53.65 (notyet reached
75 as KKM), while the posttest score achieved by
students was an average of 88.83 (beyond the
KKM). KKM is the minimum mastery criteria.
KKM is a reference for educators in assessing
students' competence in the subjects.

Theincrease in students' analytical thinking
skills was obtained from the results of the n-gain
test on the students' pretest and posttest scores.
Theresultsofthen-gaintestshowed thatstudents
who achieved high, medium and low analytical
skills were 72%, 24% and 4%, respectively. From
these results, the Androwebic effectively
improves students' analytical skills, especially in
learning material about the circulation system.

Androwebic has this potential because it
contains various menus such as discussion

Discussion topic 1

Image on discussion topic 1

Discussion topic 2

Image on discussion topic 2

questions (see Table 2) containing everyday
problems.

Table 1. Students' Pretest and Posttest Scores in
Biology Learning Using Androwebic

Pretest Posttest
Information Score Score

(n=105) (n=105)
Highestscore 93.33 100
Lowest score 13.33 60
Average value  53.65 88.83

Students' scientific attitudes during the learning
process using Androwebic media

Information about students' scientific
attitudesinlearning using Androwebicmediawas
obtained from observing students' scientific
attitudes using observation sheets. Androwebic
was created specifically so that it has several good
facilities to practice six aspects of scientific
attitude (see Table 3). Students' scientific attitude
was observed using student activities during the
learning process using Androwebic media,
presented in Table 3.InTable 3, it canbe seen that
theaverage of students' scientific attitude is in the
very good category.

Discussion topic 3

Image on discussion topic 3

Figure 1. Androwebic Media Display
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Figure 2. Examples of e-Bokartumban components at the beginning section
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Figure 3: Examples of e-Bokartumban components at the material section

Table 2. Androwebic Component that support analytical thinking skills (A) and scientific attitude (B)

Indicators of analytical thinking

No skills Media Components

A Analytical thinking skills

1 Differentiating Task to differentiate in group discussion questions

Organizing Task for grouping on group discussion questions

3 Connecting The task concludes with group discussion questions

B Scientific attitude

1 Curiosity Task to observe on the webcomic

2 Respect for data/facts Group discussion task in the media investigation section
3 Flexibility in thinking Group discussion task in the media investigation section

—2z—Open minded and cooperate Group discussion task in the media investigation section

5 Perseverance The task of presenting the observations to be presented

Students' scientific attitudes in learning using
Androwebic
Information about students' scientific

scientific attitude (see Table 3). Students' scientific
attitude was observed using student activities
carried out during the learning process using

attitudesinlearningusing Androwebicmediawas
obtained from observing students' scientific
attitudes using observation sheets. Androwebic
media was explicitly created to have several
valuable facilities to practice six aspects of

Androwebicmedia, presentedin Table 3. In Table
3, the average of students' scientific attitude is in
the very good category.

Table3. Students'scientific attitudes during thelearning process using androwebic media

Indicator 3 Score Max Score (%) Criteria*)
Score
Pay attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Not always feel right, change opinion after considering
the evidence 1035 1260 82.14 Very good
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Ask questions and give opinions
Participate in groups
Record complete observations

1124 1260 89.21 Very good
1107 1260 87.86 Very good
1068 1260 84.76 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

Students' critical thinking skills during the learning
process using E-Bokartumban

Android-based E-Bokartumban media
containsinformation about the diversity of plants
in Banjarnegara. The information in question
includes the scientific classification of each type
of plant and a description of its morphology, a
dissertation with attractive colored pictures. The
e-bokartumban is useful for presenting the natural
environment to the classroom with its
characteristics. The e-bokartumban as a
smartphone application makes it very easy for
students to use it. The results of the n-gain test
showedthatafterlearningtouse E-bokartumban,
students experienced an increase in critical
thinking skills. The increase in students' critical
thinking skills (n-gain) was 0.69 in the medium

category (tend to be high). Students who achieve
high, medium and low critical thinking skills are
53%, 45% and 2%, respectively. From these
results,itcanbestated that E-bokartumbanhasan
important role to improve critical thinking skills.
This roleis supported by the characteristics of the
E-Bokartumban, which has a useful supporting
component to facilitate the emergence ofcritical
thinking skills (see Table 4).

E-bokartumban  also  has  various
components that play an important role in
growing various indicators of environmental care
attitudes (Table 5). In Table 5, various sections of
the media (column 3) are presented, which are
useful for strengthening various indicators of
environmental care attitudes presented in column
2 of Table 5.

Table4. E-bokartumban components thatfacilitate critical thinking skillscompetencies

No. Indicators of Critical Thinking Skills
Give a simple explanation

Build basic skills

Conclude

Identify terms and consider a definition
Set strategy and tactics

ahwnH

Media Components

Evaluation questions*), students discussion sheets
Evaluation questions*), students discussion sheets
Evaluation question®)s, students discussion sheets
Evaluation questions*), students discussion sheets
Evaluation questions*), students discussion sheets

*): Examples of evaluation questions are presented in Table 6

Table 5. Competency indicators of environmental care attitudes in students and components of the E-

Bokartumban media that facilitate the emergence of these attitude indicators

“No ‘Aspects and Indicators of Environmental Care Attitude

Media Components *)

Have thought that plants and animals have rights were equal to

1 humans

Introduction to the materials

Have feelings/emotions about human actions that cause disaster Introduction to the materials

disturbed balance

Have thought that the environment is very fragile and easily

Student discussion sheets, materials
on the media

Have feelings and tendencies of behavior that the tendency of
uman beings there is a limit in controlling nature

Tend to take advantage of the source power of nature that has

Student discussion sheets, materials
on the media

a »~ N

been used

6 Tend not to be arbitrary towards the environment

Have thoughts and attracted to environmental issues

Student discussion sheets, materials
on the media
Student discussion sheets, materials

on the media
Student discussion sheets, materials

on the media

8 Have emotional feelings about actions that can cause

environmental damage

Student discussion sheets, materials
on the media

*): The examples of the components of the e-bokartumban media are presented in Figures 2 and 3.

Responses of Students and Teachers to Androwebic

Students' responses to learning using
Androwebic were obtained from questionnaires
given at the end of the lesson. Information about

students' positive responses to Androwebic media
is presented in Table 6. The level of positive
response from teachers to the learning using
Androwebic media is obtained from the teachers'
responses presented in Table 7.
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[Table 6. Results of Student Responses to Androwebic Media

Indicators Score Max. Score Percentage (%) Criteria
Affective consideration 755 840 89.88 Very good
Learning 111¢€ 126¢ 88.57 Very good
Multimedia display 230¢ 252( 91.59 Very good
Navigation 148; 168¢ 88.51 Very good
Robustness 150! 168¢ 89.40 Very good

Average 89.59 Very good
Table 7. Levels of Teachers' Positive Response to Androwebic Media

Indicators/aspects Score Max. Score  Percentage (%) Criteria
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

Discussion
The Role of Androwebic in Biology Learning

Role of Androwebic in Analytical Skills

The problems in the discussion menu are
related to daily events. For example, the work of
the heart, normal and non-normal blood
conditions and blood type. Those are all everyday
things that students often experience. The
availability of various menus on Androwebic (see
Figure1andTable2)stimulatesstudents' curiosity
and encourages students to practice problem-
solving. Both activities require analytical thinking
skills so that students' skills are well trained. This
statement is under the research of Prawita et al.
(2019) and Sari et al. (2019), which states that the
use of learning media that presents problems can
improve students' learning outcomes and
analytical thinking skills.

Comics help students learn by simplifying
science concepts and making them easier to
remember (Ozdemir, 2017). Comics also
contribute to arousing students' enjoyment of
science and the perception of success in science.
Demirci and Zyiirek (2017) state that the cartoon
concept can effectively develop critical thinking
skills. Colorful cartoons attract attention and
encourage students' active participation in
learning activities (think more actively).
Indirectly, it plays an important role in helping to
develop critical thinking skills. An active learning
process is also very useful for improving students'
critical thinking skills (Styers et al., 2018)

During the discussion stage in biology
learning using Androwebic, students are trained to
discuss and exchange ideas about problem
solutions systematically and logically (Figure 1).
Thus, students become trained to think
analytically. Sarietal. (2019) proved thatlearning
by actively involving students to solve problems
improved analytical thinking skills and learning
outcomes. Analytical thinking skills is one
component of critical thinking skills (Facione
2015).

The teacher said that the Andro-Webcomic
media based on problem-based learning was very
good, easy to use, up to date. The material
presented was equipped with attractive visuals,
ready to use anytime and anywhere with Android
devices. Sung et al. (2016) stated that using
Android devices (smartphones) in learning was
better and more effective than conventional
learning.

In this study, comics are used to teach
material about the circulation system, whichisvery
complex and cannot be observed directly. The
choice of comics to be used in Androwebic turned
out to be very appropriate because it got an
outstanding response from teachers and students
(see Tables 6 and 7). This statement follows Morel
et al. (2019), which states that comics is an
excellent tool to help educators teach complex
subjects and explain the unseen world. Based on
the above description, it can be stated that
Androwebic media has an important role to train
critical thinking skills.

Role of Androwebic in Scientific Attitude

In Table 3, the average scientific attitude of
students is in the very good category. It happened
because, since the beginning of the learning using
Androwebic, students are always motivated to
learn and seek information independently. During
thelearningprocessassisted by Androwebicmedia,
students show a more caring attitude, respect, and
conclude according to facts. During the learning
process, students are also accustomed not always
to feeling right, daring to ask questions, daringto
express opinions, being active in groups, and
recording complete observations. Students must
complete discussion questions that contain
contextual problems in thelearning process. Every
activity carried out during the discussion process
positively contributed toscientific attitudes. Thisis
what can encourage students to thinkanalytically
in solving problems. This is under the statement of
Dwianto et al. (2017) that the application of
learning media that presents contextual problems
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through discussion can positively contribute to
students' formation of scientific attitudes.

The Role of E-Bokartumbanin Biology Learning

The role of E-Bokartumban in critical

thinking skills
Table 4 shows that the E-Bokartumban
media has components facilitating each

competency in this study. There are five stages of
thinking with each indicator: 1) providing simple
explanations, 2) building basic skills, 3)
concluding, 4) identifying terms, 5) considering a
definition, setting strategies and tactics (Ennis cit |
Kartimi & Liliasari, 2012). These thinking
indicators can be measured when students work
on discussion sheets and evaluation questions on
the media. Wiguna et al. (2019) and Damopolil &
Kurniadi (2019) explained that students' learning
outcomes increase after using android-based
media.

Based on the description above, it can be
emphasized that the E-Bokartumban has an
important role in teaching or practicing critical
thinkingskills. Aristaand Kuswanto (2018) stated
that smartphones' media increases enthusiasm,
interest, and motivation in learning activities. All
of these things can increase students'
independence and understanding of concepts.

The role of e-Bokartumban in Environmental
Care Attitudes

From Table 5, indicators of environmental
care attitudes use a scale adapted from NEPS.
Indicators of the environmental care attitude are
as follow: 1) Having the idea that plants and
animalshavethesamerightsashumans,2) having
feelings/emotions about human actions that cause
disasters, 3) having the thought that the
environment is very vulnerable and its balance is
easily disturbed, 4) having feelings and behavioral
tendencies that human tendencies have limits in
controlling nature, 5) having behavioral
tendencies to take advantage of used natural
resources. The 6th indicator has a behavioral
tendency not to be arbitrary towards the
environment, 7) has thoughts and is interested in
environmental issues, and 8) has emotional
feelings towards actions that can cause
environmental damage. All indicators of
environmental care attitudes can be measured as
long as students use the media when reading the
material and during group discussions during the
learning process.

Learning with e-Bokartumban positively
contributes to improving students' environmental
care attitudes. Environmental care attitudes are
attitudes and actions that always try to prevent
damage to the surrounding natural environment
and develop efforts to repair natural damage
(Yaumi, 2014). Environmental care attitudes can
be shown by attitudes and actions that always try
to prevent environmental damage and repairthe
natural damage (Mardikaningtyas, 2016).

Based on the description in the paragraph
above, itcanbestated that theuse ofandroid-based
learning media is very effective in increasing
student understanding. This statement follows the
opinion of Sudarsana et al. (2019), which states
that the use of technology-based learning media
canimprove studentlearning outcomes. Junaediet
al. (2018) and Damopolil & Kurniadi (2019) found
that applying android-based media can improve
student learning outcomes. Learning that uses
technology can increase student interest and
learning outcomes (Sudarsana et al.,2019).

Responses of Students and Teachers to Android-based
Media in Biology Learning

Responses of Students and Teachers to
Androwebic

Students' responses to learning using
Androwebic were obtained from questionnaires
given at the end of the lesson. Information about
students' positive responses to Androwebic media
is presented in Table 6.

Table 6 shows the average of each
aspect/indicator showing very good criteria. In
some aspects, the student response rate shows the
maximum score. Students are interested and
motivated to learn with comics on the media.
Besides being interested and motivated by comics,
students also acknowledged that the material
equipped with pictures on Androwebic media was
beneficial and made it easier forstudents to learn
because it had been summarized in a structured
way. The problems in the Androwebic media also
increase students' activeness in problem-based
learning activities. In the learning process, students
not only listen but also try, discover, and conclude.
Therefore, students' understanding, analytical
thinking ability, and scientific attitude will be
higher.

In terms of appearance, Androwebic media
received high points in very good criteria, showing
that students are very interested in the appearance
of Androwebic media. Androwebic media with
pictures on every material detail provides the
propervisualization. It makes it easier for students
to understand abstract blood circulation material.
Androwebic media also help studentsunderstand
anddiscoverconceptsaboutthecirculatorysystem.
Appropriate learning media and students' character
in learning can help students find concepts
contextually. The media in question must be
engaging, contain extensive learning resources,
contain information whose presentation is
accompanied by visual images. The use of a
problem-based learning approach that is
complemented by the use of learning media has
been proventobeabletofosterstudentinterestand
motivation to be more active in learning to create
fun learning, understanding the material of the
circulatory system will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).

From the data in Table 7, it is known that the
averagescore for each aspect is 87.36%, with a very

I Commented [U10]: ?

I Commented [U11]: Cannot be found in the references.

I Commented [U12]: Cannot be found in the references.




255

good category. The teacher said that Androwebic
media is very good, easy to use, up-to-date. The
material is equipped with attractive visuals. It can
be used anytime and anywhere on android
devices. It is confirmed by Sung et al. (2016),
which states that android devices such as
smartphones are better and more effective than
conventional learning. Students are more
enthusiastic because the learning process is
student-centered, while the teacher only directs
and guides. This statementis under the findings of
Ali (2019), which proves that student-centered
learning will improve students' skills to understand
the material and problem-solving skills. In such
circumstances, the teacher directs and guides as
necessary.

Responses of Students and Teachers to e-
Bokartumban

Theresponsesofstudentsandteachersinthis
section were obtained from the questionnaire,
described by ten indicators. The descriptive data
analysis on responses to E-Bokartumban media
shows that students and teachers each gave a
response of 89.13% and 90.09% (very good
category).

Theteachers stated that the E-Bokartumban
helped students build the concept of biodiversity.
The teachers also positively responded to student
activitiesinlearningbecauseitmadestudentsvery
enthusiastic during discussion. The teacher said
that the E-Bokartumban media is an attractive,
contemporary, easy to use, easy to carry media,
and the material presented is evident. Thus, it can
beemphasized thatthe E-Bokartumbanmediaisa
perfect medium to use in learning and has
excellent potential to train critical thinkingskills
and environmental care attitudes, as previously
stated.

The description clearly states that
Androwebic media can train students' analytical
thinkingskillsby92.68% and scientific attitude by
85.66%. Students and teachers positively
responded to the Android-based media. E-
Bokartumban also trains critical thinking skills
and environmental care attitudes. E-Bokartumban
is also responded positively by students and
teachers by 89.13% and 90.09%, respectively.
Thus, it can be stated that the Androwebic and E-
Bokartumban analyzed in this study responded
well by students and teachers and played an
essential role in teaching skills and attitudes. This
media has a vital role in teaching students'
analytical skills, critical thinking skills and
scientific attitudes, and environmental care
attitude in learning biology.

CONCLUSION

From the discussion above, the following
conclusions canbe drawn. E-Bokartumban media
shows an essential role in teaching students critical
thinking skills and environmental careattitudes.
Androwebic media shows a vital role in teaching
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students' analytical skills and scientific attitudes.
Thelevel of critical thinking skills, analytical skills,
scientific attitudes, and environmental care
attitudes of students after learning to use android-
based media increased to good and very good. E-
Bokartumban can teach students critical thinking
skills and environmental care attitudes because it
contains various components that can facilitate
activities that are indicators of critical thinking
skills and environmental care attitudes.
Androwebic can used to teach analytical skills and
scientific attitudes to students. It contains various
components that can facilitate activities that are
indicators because they contain various
components that can facilitate activities that are
indicators of analytical skills and scientific
attitudes. 5). The learning activities carried out by
students while learning to use the two android-
based media include various activities that match
the indicators of critical thinking skills, analytical
skills, scientific attitudes, and environmental care
attitudes. 6) Students and teachers showed an
excellent response to Androwebic and e-
Bokartumban in Biology learning. Two types of
Android-based media (Androwebic and e-
bokartumban) in Biology learning have proven to
have a vital role in teaching students critical
thinking skills, analytical skills, scientific attitudes,
and environmental care attitudes.
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ABSTRACT

This study aims to analyze and describe android-based learning media's role in teaching students critical thinking
skills and scientific attitudes. The learning media are androwebic (android-based webcomic) and e-bokartumban (e-
book on plant diversity in Banjarnegara), developed previously. This research is a qualitative descriptive study
involving 301 students, six biology teachers and six high school students. The data collected includes critical thinking
skills, analytical skills, scientific attitudes, environmental care attitudes, media components supporting student
competence, and teacher and student responses. Data on critical thinking and analytical skills were measured using
tests and non-tests. Other data were measured using non-test instruments, including interview guides, scientific
attitude observation sheets, students' environmental care attitudes, media component observation sheets, and
studentand teacher questionnaires. Quantitative data on critical thinking and analytical skills were analyzed using
the n-gain test, while other data were descriptively analyzed. The research results showed that the e-bokartumban
and androwebic components support students' critical thinking skills, analytical skills, and environmental care
attitudes. Androwebic can train students' analytical thinking skills and scientific attitude. The two media developed
were considered veryhelpfulinthelearning process. The study concluded that android-based mediainandrowebic
and e-bokartumban have a vital role in training critical thinking skills, analytical skills, scientific attitudes, and
environmental care attitudes.
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INTRODUCTION

Biology learning involves skills and
reasoning (Amoah & Emmanuel, 2018). In
developing reasoning power and skills, learning
that can emphasize aspects of application,
analysis, synthesis, and evaluation, not only
emphasizing aspects of understanding and
knowledge, is needed. For this reason, alearning
process that can improve cognitive, affective,
psychomotor competencies and learning methods
that can motivate students to be creative,
confident, and think critically are needed to assess
information (Pujiasih et al., 2021). Critical
thinking skills are needed to explain and solve
problems (Thomas, 2011). Teaching critical
thinking and problem-solving skills can be done
with problem-based learning/PBL (Yew & Goh,
2016). PBL is a strategy to develop knowledge
and problem-solving skills (Chung, 2019).

Students' development of critical thinking
skills must focus on activities to teach content
(knowledge) and methods or ways to find the
process and evaluate information (Nhat et al.,
2018). Students can think critically in learning,
but this skill sometimes does not develop well.
Therefore, it is necessary to use a method to
develop students' critical thinking skills. One of
the teaching methods considered appropriate is
teaching using android-based media. The learning
media in this study are androwebic (android-
based webcomic) and e-bokartumban (e-book of
plant diversity in Banjarnegara), developed
previously. Androwebic has proven effectivefor
teaching analytical skills and scientific attitudes
(Sujatmiko et al., 2021). E-bokartumban also
effectively improves critical thinking skills and
environmental care attitudes (Pujiasih et al.,
2021). However, neither Sujatmiko nor Pujiasih
explained the role of the two android-based media
in improving students' competencies and
attitudes.

This study's urgency, novelty, and purpose
are to analyze or describe the role of androwebic
and e-bokartumban in teaching students' skills
and attitudes. These skills and attitudes include
critical thinking skills, analytical skills, scientific
attitude, and environmental care attitude in
students. The status of this research is to support
previous research by Sujatmiko et al. (2021) and
Pujiasih et al. (2021).

Mutakinatietal. (2018) stated that students
with critical thinking skills easily analyze,
evaluate, and connect with evidence or arguments
before deciding or assessing information.
Students' critical thinking skills play an important
role in achieving learning achievement, formal
reasoning, and creativity (Puspita et al., 2017).
Learning that facilitates critical thinking skills can
be realized if all parties, from policymakers to

teacher universities, local education departments,
schools, and families, cooperate and participate
(Nhat et al., 2018). The research results of
Seventika et al. (2018) show that most (>55%) of
11th-grade students of vocational schools in
Indramayu have a low level of critical thinking
skills.

Textbooks and modules with few pictures
still dominate biology learning in schools, and
learning is still teacher-centred. This situation
causes students' mindsets to be limited, and
students' understanding of biology concepts
weakens so that students' critical thinking skills
and scientific attitudes are still weak. The results
of interviews with several state high school/MA
teachers in Banjarnegara and Jepara reinforce this
statement. Information obtained from the results
of the interview, among others: (1) Learning has
not utilized student-centered media to its full
potential; (2) students are allowed to bring
smartphones, but they have not been
appropriately used; (3 technology (smartphone) as
atool ormediathat doesnotsupportlearning, (4)
limited learning time.

Based on the interview with teachers, it can
be concluded that these problems can be
minimized by utilizing the technology owned by
students and student-centered learning strategies
to the fullest. The circulatory system and
biodiversity are examples of biology learning
materials that must be taught using media. The
material on the circulatory system needs to be
taught with the media because it contains
complex concepts to be presented more
interestingly. Biodiversity material, especially
plant diversity, also needs to be taught by
optimizing electronic media to present a plant
diversity environment in the classroom.

The availability of learning media will
facilitate interaction between teachers and
students so that learning activities will be more
effective and efficient (Puspitasari et al., 2018).
The existence oflearning media facilitates ease of
learning, fosters interest in learning, and makes it
easier for students tolearn independently so that
the learning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested in
learning. The use of pictorial technology media
also attracts students' attention more than
textbooks. Taking thisintoaccount, itis clearthat
optimizing the use of modern technology-based
media in learning is an urgent matter, especially
during the current pandemic. In learning during
the Covid-19 pandemic, the use of media and
technology must make a real contribution to
knowledge and the emergence of educational
practices with online and digital education
formats (Williamson et al., 2020)
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Based on the problem, optimizing learning
media is helpful for appropriately visualizing
learning materials. The media should have a
simple structure that focuses on one goal.
Learning media that are expected to be useful or
good to overcome the learning problems
mentioned earlier should be easyto carryand use
anywhere. Sukenda et al. (2019) stated that
multimedia-based learning media should be
packaged into software to present material.

One of the important learning media
packaged into software is the environment. The
environment is useful for equipping studentswith
a conscious mind and care for the environment
and itsissues (Amini, 2015). The environment is
also essential to instill knowledge, skills, attitudes,
behavior, motivation, commitment to solving
environmental problems, and environmental care
attitude. The results of Putri & Prodjosantoso's
research (2020) prove that science comics media
(guided inquiry-based science comics) can
improve critical thinking skills and scientific
attitudes. A scientific attitude is an attitude that
encourages students to solve problems (Hasanah
etal., 2020). Khasanah et al. (2017) stated that the
module based on critical thinking skills on
respiratory system material helps practice critical
thinking skills.

Based on the description above, media is
essential in learning to instill skills and attitudes
in students. One of these mediais android-based
media, as software. In this study, the role of
android-based media was analyzed in teaching or
training attitudes and skills to students. Thereare
two android-based media: 1) E-bokartumban, an
e-booklet about plant diversity in Banjarnegara, 2)
Androwebic, an android-based webcomic about
the circulatory system. From previous studies by
Sujatmiko et al. (2021) and Pujiasih et al. (2021),
both media are useful for improving critical
thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes in
students.

Some questions need to be answered in this
research.

1. Does androwebic play a role in teaching
students' analytical skills and scientific
attitudes?

2. Does the e-bokartumban play a role in
teaching students critical thinking skills and
environmental care attitudes?

3. How does the androwebic function in
teaching students analytical skills and
scientific attitudes?

4. How does the e-bokartumban function in
teaching students critical thinking skills and
environmental care?

5. Whatlearningactivitiesdostudentsdowhile
learning using the two android-based media?

6. How do students and teachers respond to
both media?

METHODS

Types of research

This study aims to analyze (and describe) the
role of android-based learning media in teaching or
training critical thinking skills, analytical skills,
scientific attitudes, and environmental care
attitudes. Therefore, the research design used is
descriptive qualitative (Sugiyono, 2015).

Research Sample

The samples (subjects) were six biology
teachers, 196 10th-grade students from three high
schools in Banjarnegara, and 105 1ith-grade
students from three high schools in Jepara. The
research sample was selected using the purposive
sampling technique. This study used the technique
because it requires research subjects relevant to the
determined characteristics.

Research Data and Instruments

The data collected includes critical thinking
skills, analytical skills, scientific attitudes,
environmental care attitudes, media components
supporting student competence, student learning
activities, and teacher and student responses. Data
were collected in several ways: tests, observations,
questionnaires, and documentation. Data on
critical thinking and analytical skills were
measured using a test instrument, while other data
were measured using a non-test instrument. The
test instrument used contains multiple-choice
questions with five choices. The non-test
instruments include interview guides, scientific
attitude observation sheets, studentenvironmental
care attitudes, media component observation
sheets, learning activity observation sheets, and
student and teacher questionnaires.

Data analysis

Quantitative data on critical thinking skills
and analytical skills were analyzed using the n-gain
test, while other data were analyzed descriptively
qualitatively. Descriptive qualitative data analysis
was carried out in 4 stages: data collection, data
reduction, data presentation, and concluding
(Rochmadi & Nasucha, 2015). The data that has
been collected is collected according to their
respective categories, including test result data,
questionnaire results and observation data. The
dataisthen reduced to obtain data that focuses on
research problems: to analyze and describe the role
of androwebic and e-bokartumban media in
teaching the chosen skills and attitudes. The data
obtained are presented in tabular or narrative form,
depending on the characteristics of each data. The
laststageisconcludingbased ontheavailabledata.

RESULTS AND DISCUSSION

Results

Overview of Androwebic and E-Bokartumban
In the following, the androwebic and e-

bokartumban media are presented which were

studied in this study. Media Androwebic have a

general picture as shown in Figures 1.
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Figure 1. Androwebic media display

Figure 1 shows the android component of
themedia, which contains 3 discussion activities.
In each discussion activity, various questions and
appropriate pictures are presented. The comics

are designed in such a way, to attract students'
attention and interest in learning. Another
learning media is e-bokartumban, which canbe
illustrated by Figures 2 and 3.

Figure 2. Examples of e-bokartumban media components at the beginning section.

Figure 2 presents the media display at the
beginning of the media, showing the various
menus available on the media. At the beginning
of the e-bokartumban media, information about
the contents of the media, including the student
competencies that are expected tobe achieved, is
informed. At the beginning of this media also
informed about the content of the material

(content), assessment and bibliography. On the
far right of Figure 2, an example of how material
is displayed in the media is presented. An
example of the presentation/display of material in
the mediais presented in Figure 3. An example of
the presentation of material in the media is also
presented in Figure 3.
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Figure 3: Examples of e-bokartumban media components at the material section

InFigure 3,you canseethedisplay ofthe contents
ofthematerial, containing colorful pictures ofthe
leaves and fruits of the Caricaceae family, as well
as their description and classification, as well as
appropriate questions. The display of the material
contentonthee-bokartumbanmediaasshownin
Figure 3 is useful for visualizing the original
object of study that exists in the real world and
bringing it to students, so that students can
observe it more concretely.

Students’ Analytical Skills

Students' analytical skills in learningusing
Androwebic were obtained from the pretest and
posttest results (presented in Table1).

Table 1. Students' pretest and posttest scoresin
biology learning using androwebic

Pretest Posttest
Information Score Score

(n=105) (n=105)
Highestscore 93.33 100
Lowest score 13.33 60
Averagevalue  53.65 88.83

Table 1 shows the score of posttest is higher
thanpretest. The pretestshowed anaverage score
of 53.65 (not yet reached 75 as KKM), while the
posttest score achieved by students was an
average of 88.83 (beyond the KKM). KKM is the
minimummasterycriteria. KKMisareferencefor
educators in assessing students' competence in the
subjects.

Theincreasein students'analytical thinking
skills was obtained from the results of the n-gain
test on the students' pretest and posttest scores (in
Table1). Theresults ofthe n-gain testshowed that
students who achieved high, medium and low
analytical skills were 72%, 24% and 4%,
respectively. From these results, the androwebic
effectively improves students' analytical skills,
especially in learning material about the
circulation system. From these results, it canbe

stated that androwebic media has an important
role to teach students' analytical skills.

This happens because androwebic media has
various menus/component which play an
important role in teaching these abilities; this
media also plays an important role in teaching
scientific attitudes, as presented in Table 2.

Table2. Androwebic component that supportanalytical thinking skills (A) and scientificattitude (B)

Indicators of

No analytical thinking skills

Media Components

A Analytical thinking skills

1 Differentiating Task to dlfferentlate 1n roup dlscussmn quest ns

2 Organizing Task for grodfi ﬁ,dﬁ lggeltiohtained that
3 Connecting The tasRI@dﬁ@MQ mgﬂaubaﬁsamqa@tﬁsnbo teach
B Scientific attitude

1 Curiosity Task to observe on the webcomic

2 Respect for data/facts Group discussion task in the media investigation section

3 Flexibility in thinking Group discussion task in the media investigation section

4 Open minded and cooperate Group discussion task in the media investigation section

5 Perseverance The task of presenting the observations to be presented
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analytical thinking skills (points A1-A3) and 5
components to instill scientific attitudes
(points
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B1-B5). These eight components facilitate
students to be skilled in analytical thinking and
have a scientific attitudes.

Students' scientific attitudes during the learning
process using Androwebic media

Information about students' scientific
attitudes in learning using Androwebic media was

obtained from observing students' scientific
attitudes using observation sheets. Androwebic
was created specifically so that it has several good
facilities to practice six aspects of scientific
attitude (see Table 3). Students' scientific attitude
was observed using student activities during the
learning process using androwebic media,
presented in Table 3.

Table 3. Students' scientific attitudes during the learning process using androwebic media

Max

Indicator % Score S Score (%) Criteria*)
core

Pay attention to every new thing 1086 1260 86.19 Very good
Appreciate and conclude according to facts 1056 1260 83.81 Very good
Notalwaysfeel right, change opinion after considering
the evidence 1035 1260 82.14 Very good
Ask questions and give opinions 1124 1260 89.21 Very good
Participate in groups 1107 1260 87.86 Very good
Record complete observations 1068 1260 84.76 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

In Table 3, it can be seen that the average of
students' scientific attitude is in the very good
category. This very good category is determined
based on the criteria from Sugiyono (2015).

Students' critical thinking skills during the learning
process using E-Bokartumban

Android-based e-bokartumban media
contains information about the diversity of plants
in Banjarnegara. The information in question
includes the scientific classification of each type
of plant and a description of its morphology, a
dissertation with attractive colored pictures. The
e-bokartumban is useful for presenting the natural
environment to the classroom with its

Table 4. Indicators of students' critical thinking skills and e-bokartumban components that play a role in

facilitating these skills.

characteristics. The e-bokartumban as a smart
phone application makes it very easy for students
touseit. Theresults of the n-gain test showed that
after learning to use e-bokartumban, students
experienced anincreasein critical thinking skills.
The increase in students' critical thinking skills (n-
gain) was 0.69 inthe medium category (tend tobe
high). Students who achieve high, medium and
low critical thinking skills are 53%, 45% and 2%,
respectively. From these results, it can be stated
that e-bokartumban has an important role to
improve critical thinking skills. This role is
supported by the characteristics of the e-
bokartumban, which has a useful supporting
component to facilitate the emergence of critical
thinking skills (see Table 4).

No. Indicators of Critical Thinking Skills Media Components
1 Give a simple explanation Evaluation questions, students discussion sheets
2 Build basic skills Evaluation questions, students discussion sheets
3 Conclude Evaluation questions, students discussion sheets
4 Identify terms and consider a definition Evaluation questions, students discussion sheets
5 Set strategy and tactics Evaluation questions, students discussion sheets

The data in Table 4 informs that students
using e-bokartumban media practice to make
simple statements, build basic skills, conclude,
and so on, through various components of e-
bokarmban media, namely in the evaluation/

assessment section and through several
discussion activities provided.

E-bokartumban also has various
components that play an important role in
growing various indicators of environmental care
attitudes (see Table 5).

Table 5. Competency indicators of environmental care attitudes in students and components of the e-
bokartumban media that facilitate the emergence of these attitude indicators

No Aspectsand Indicators of Environmental Care Attitude Media Components *)

1 Havethoughtthat plantsand animalshaverights were equal to Introduction to the materials

humans

2  Havefeelings/emotionsabouthumanactionsthatcausedisaster Introduction to the materials
3  Havethoughtthattheenvironmentisveryfragile and easily disturbed balance
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4  Havefeelingsandtendencies of behaviorthatthetendency of Student discussion sheets, materials
human beings there is a limit in controlling nature
Student discussion sheets, materials
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5  Tendtotakeadvantage of the source power of nature that has

been used

6  Tendnottobearbitrarytowardsthe environment
Havethoughtsandattracted toenvironmentalissues
Haveemotional feelings about actionsthat can cause

0 N

environmental damage
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Student discussion sheets, materials

Student discussion sheets, materials
Student discussion sheets, materials
Student discussion sheets, materials

*): The examples of the components of the e-bokartumban media are presented in Figures 2 and 3.

In Table 5, column 3, various sections of the
media are presented that are wuseful for
strengthening various indicators of environmental
care attitudes (column 2 of Table 5). The various
components of the e-bokartumban media are very
useful to familiarize students with various attitudes
that lead to the formation of environmental care
attitudes in students. The components of the e-

bokartumban media in question are the material
components and student worksheets.

Responses of Students and Teachers to Androwebic
Students' responses to learning using
androwebic were obtained from questionnaires
given at the end of the lesson. Information about
students' positive responses to androwebic media
is presented in Table 6.

Table 6. Student's Positive Response to Androwebic Media

Indicatorsof Androwebic

media Score Max. Score Percentage (%) Criteria*)

Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good
Average 89.59 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

Table 6 shows that students give positive
responses to andowebic media with very good
category. Positive responses to androweb media
were also obtained from teachers, through

questionnaires. The positive responses of
teachers to androwebic media with a very good
category are presented in Table 7.

Table 7. Teachers' Positive Response to Androwebic Media

Indicators of

androwebic media Score Max. Score  Percentage (%0) Criteria*)
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good
Average 87.36 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

From the results in Tables 6 and 7it can be
stated that androwebic media received a very good
response from students and teachers. This means
that androwebic media a) attracts and motivates
students/users (affective considerate), b) the
material is appropriate to students and can make
studentsinteract with the media (learning), c) the
media display (multimedia display) is good, d)
navigationgood media, and 5) thismediaissturdy
(resistant) to use, easy to access and the menu is
easy to choose (robustness).

Discussion
The Role of Androwebic in Biology Learning

Role of Androwebic in Analytical Skills
Learning

The problems in the discussion menu are
related to daily events. For example, the work of the

heart, normal and non-normal blood
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conditions and blood type. Those are all
everyday things that students often
experience. The availability of various menus
on androwebic stimulates students' curiosity
and encourages students to practice problem-
solving (see Figure 1 and Table 2). Both
activities require analytical thinking skills so
that students' skills are well trained. This
statement is under the research of Prawita et
al. (2019) and Sari et al. (2019), which states
that the use of learning media that presents
problems can improve students' learning
outcomes and analytical thinking skills.

Comics help students learn by
simplifying science concepts and making
them easier to remember (Ozdemir, 2017).
Comics also contribute to arousing students'
enjoyment of science and the perception of
success in science. Demirci and Zyiirek (2017)
state that the cartoon concept can effectively
develop critical thinking

253
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skills. Colorful cartoons attract attention and
encourage students' active participation in
learning activities (think more actively).
Indirectly, it plays an important role in helping to
develop critical thinking skills. An activelearning
processisalso very useful forimproving students'
critical thinking skills (Styers et al., 2018)

During the discussion stage in biology
learning using Androwebic, students are trained to
discuss and exchange ideas about problem
solutions systematically and logically (Figure 1).
Thus, students become trained to think
analytically. Sarietal.(2019) proved thatlearning
by actively involving students to solve problems
improved analytical thinking skills and learning
outcomes. Analytical thinking skills is one
component of critical thinking skills (Facione
2015).

The teacher said that the andro-webcomic
mediabased on problem-based learning was very
good, easy to use, up to date. The material
presented was equipped with attractive visuals,
ready to use anytime and anywhere with Android
devices. Sung et al. (2016) stated that using
android devices (smartphones) in learning was
better and more effective than conventional
learning.

In this study, comics are used to teach
material about the circulation system, which is
very complex and cannot be observed directly.
The choice of comics to be used in Androwebic
turned outtobe veryappropriatebecauseitgotan
outstanding response from students and teachers
(see Tables 6 and 7). This statement is in
accordance with the statement of Morel et al.
(2019), that comics are an excellent tool to help
educators teach complex subjects and explain the
occult world. Based on the above description, it
can be stated that Androwebic media has an
important role to train critical thinking skills.

Role of Androwebic Media in Scientific
Attitude Learning

In Table 3 it is presented that the average
scientific attitude of students is in the very good
category. It happened because, since the beginning
of the learning using Androwebic, students are
always motivated to learn and seek information
independently. During the learning process
assisted by androwebic media, students show a
more caring attitude, respect, and conclude
according to facts. During the learning process,
students are also accustomed not to always feel
right, dare to ask questions, dare to express
opinions, be active in groups, and record complete
observations. Students must solve discussion
questions that contain contextual problems in the
learning process. Every activity carried out during
the discussion process positively contributed to
scientific attitudes. This is what can encourage
students to think analytically in solving problems.
This is under the statement of Dwianto et al.
(2017) that the application oflearning media that
presents contextual problems through discussion
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can positively contribute to students' formation of
scientific attitudes.

The Role of E-Bokartumban in Biology Learning

The role of E-bokartumban in Critical Thinking
Skills Learning

Table 4 shows that the e-bokartumban media
has components that facilitate each indicator of
critical thinking competence in this study. There
are five stages of critical thinking with each
indicator: 1) providing simple explanations, 2)
building basic skills, 3) concluding, 4) identifying
terms, 5) considering a definition, setting strategies
and tactics (Kartimi & Liliasari, 2012). These
thinking indicators can be measured when students
work on discussion sheets and evaluation questions
on the media. Wiguna et al. (2019) and Damopolil
& Kurniadi (2019) explained that students' learning
outcomes increase after using android-based
media.

Based on the description above, it can be
emphasized that the e-bokartumban has an
important role in teaching or practicing critical
thinking skills. Arista and Kuswanto (2018) stated
that smartphones' media increases enthusiasm,
interest, and motivation in learning activities. All
of these things can increase students' independence
and understanding of concepts.

The Role of E-bokartumban in Environmental
Care Attitudes Learning

From Table 5, indicators of environmental
care attitudes use a scale adapted from NEPS.
Indicators of the environmental care attitude are as
follow: 1) Having the idea that plants and animals
have the same rights as humans, 2) having
feelings/emotions about human actions that cause
disasters, 3) having the thought that the
environment is very vulnerable and its balanceis
easily disturbed, 4) having feelings and behavioral
tendencies that human tendencies have limits in
controlling nature, 5) having behavioral tendencies
to take advantage of used natural resources. The
6th indicator has a behavioral tendency not to be
arbitrary towards the environment, 7) hasthoughts
and is interested in environmental issues, and 8)
has emotional feelings towards actions that can
cause environmental damage. All indicators of
environmental care attitudes can be measured as
long as students use the media when reading the
material and during group discussions during the
learning process.

Learning Biology (on plant diversity material)
with e-bokartumban media makes a positive
contribution to increasing students' environmental
care attitudes. Environmental care attitudes are
attitudes and actions that always try to prevent
damage to the surrounding natural environment
and develop efforts to repair natural damage
(Yaumi, 2014). Environmental care attitudes can
be shown by attitudes and actions that always try
to prevent environmental damage and repair the
natural damage (Mardikaningtyas, 2016).
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Based on the description in the paragraph
above, it can be stated that the use of android-
based learning media is very effective in increasing
student understanding. This statement follows the
opinion of Sudarsana et al. (2019), which states
that the use of technology-based learning media
can improve student learning outcomes. Junaedi
et al. (2018) and Damopolil & Kurniadi (2019)
found that applying android-based media can
improve student learning outcomes. Learning that
uses technology canincrease student interest and
learning outcomes (Sudarsana et al., 2019).

Responses of Students and Teachers to Android-based
Media in Biology Learning

Responses of Students and Teachersto
Androwebic Media

Positive response of students to the
androwebic media used in biology learning were
obtained from questionnaires given at the end of
the lesson. Information about students' positive
responses to Androwebic media is presented in
Table 6.

Table 6 shows the average score for each
indicator that shows very good criteria. In some
indicators, the student response rate shows the
maximum score. Students are interested and
motivated to learn with comics on the media.
Besides being interested and motivated by comics,
students also acknowledged that the material
equipped with pictures on Androwebic mediawas
beneficial and made it easier for students to learn
because it had been summarized in a structured
way. The problems in the Androwebic media also
increase students' activeness in problem-based
learning activities. In the learning process,
students not only listen but also try, discover, and
conclude. Therefore, students' understanding,
analytical thinking ability, and scientific attitude
will be higher.

In terms of appearance, Androwebic media
received high pointsinverygoodcriteria, showing
that students are very interested in the appearance
of Androwebic media. Androwebic media with
pictures on every material detail provides the
proper visualization. It makes it easier for students
to understand abstract blood circulation material.
Androwebic media also help students understand
and discover concepts about the circulatory
system. Appropriate learning media and students'
character in learning can help students find
concepts contextually. The media in question
must be engaging, contain extensive learning
resources, contain information  whose
presentation is accompanied by visual images.
The use of a problem-based learning approach that
iscomplemented by the use oflearning media has
been proven to be able to foster student interest
and motivation to be more active in learning to
create fun learning, understanding the material of
the circulatory system will increase (Maulana &
Sulistyoningrum, 2018; Lee et al., 2015).
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From the data in Table 7, it is known that the

average score for each indicators is 87.36%, with a
very good category. The teacher said that
androwebic media is very good, easy to use, and
up-to-date. The material in these media is equipped
with attractive visuals. It can be used anytime and
anywhere on android devices. It is confirmed by
Sung et al. (2016), which states that android
devices such as smartphones are better and more
effective than conventional learning. Students are
more enthusiastic because the learning process is
student-centered, while the teacher only directs and
guides. This statement is under the findings of Ali
(2019), which proves that student-centered learning
will improve students' skills to understand the
material and problem-solving skills. In such
circumstances, the teacher directs and guides as
necessary.

Responses of Students and Teachers to E-
Bokartumban Media

Theresponsesofstudentsand teachersinthis
section were obtained from the questionnaire,
described by ten indicators. The descriptive data
analysis on responses to e-bokartumban media
shows that students and teachers each gave a
response of 89.13% and 90.09% (very good
category).

The teachers stated that the e-bokartumban
helped students build the concept of biodiversity.
The teachers also positively responded to student
activitiesinlearningbecauseitmade studentsvery
enthusiastic during discussion. The teacher said
that the E-Bokartumban media is an attractive,
contemporary, easy to use, easy to carry media,
and the material presented is evident. Thus, it can
be emphasized that the e-bokartumban mediais a
perfectmediumtouseinlearningand hasexcellent
potential to train critical thinking skills and
environmental care attitudes, as previously stated.

The description clearly states that
Androwebic media can train students' analytical
thinking skills by 92.68% and scientific attitude by
85.66%. Students and teachers positively
responded to the android-based media. E-
bokartumban also trains critical thinking skills and
environmental care attitudes. E-Bokartumban is
also responded positively by students and teachers
by 89.13% and 90.09%, respectively. Thus, it can
bestated that the androwebic and e-bokartumban
analyzed in this study responded well by students
and teachers and played an essential role in
teaching skills and attitudes. This media has a vital
role in teaching students' analytical skills, critical
thinking skills and scientific attitudes, and
environmental care attitude in learning biology.

CONCLUSION

From the discussion above, the following
conclusions can be drawn. E-Bokartumban media
shows an essential role in teaching students critical
thinking skills and environmental care attitudes.
Androwebic media shows a vital role in teaching
students' analytical skills and scientificattitudes.
Thelevel of critical thinkingskills, analytical skills,
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scientific attitudes, and environmental care
attitudes of students after learning to use android-
based media increased to good and very good. E-
Bokartumban can teach students critical thinking
skills and environmental care attitudes because it
contains various components that can facilitate
activities that are indicators of critical thinking
skills and environmental care attitudes.
Androwebiccanusedtoteach analytical skillsand
scientific attitudes to students. It contains various
components that can facilitate activities thatare
indicators because they contain various
components that can facilitate activities thatare
indicators of analytical skills and scientific
attitudes. 5). Thelearningactivities carried out by
students while learning to use the two android-
based mediainclude various activities that match
theindicators of critical thinking skills, analytical
skills, scientific attitudes, and environmental care
attitudes. 6) Students and teachers showed an
excellent response to Androwebic and e-
Bokartumban in Biology learning. Two types of
Android-based media (Androwebic and e-
bokartumban) in Biology learning have proven to
have a vital role in teaching students critical
thinking skills, analytical skills, scientific attitudes,
and environmental care attitudes.
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ABSTRACT

This study aims to analyze and describe android-based learning media’s role in teaching students critical thinking
skills and scientific attitudes. The learning media are Androwebic (android-based webcomic) and E-Bokartumban
(e-book on plant diversity in Banjarnegara), developed previously. This research is a qualitative descriptive study
involving 301 students, six biology teachers and six high school students. The data collected includes critical
thinking skills, analytical skills, scientific attitudes, environmental care attitudes, media components support-
ing student competence, and teacher and student responses. Data on critical thinking and analytical skills were
measured using tests and non-tests. Other data were measured using non-test instruments, including interview
guides, scientific attitude observation sheets, students’ environmental care attitudes, media component observa-
tion sheets, and student and teacher questionnaires. Quantitative data on critical thinking and analytical skills
were analyzed using the n-gain test, while other data were descriptively analyzed. The research results showed
that the E-Bokartumban and Androwebic components support students’ critical thinking skills, analytical skills,
and environmental care attitudes. Androwebic can train students’ analytical thinking skills and scientific atti-
tude. The two media developed were considered very helpful in the learning process. The study concluded that
Android-based media in Androwebic and E-Bokartumban have a vital role in training critical thinking skills,
analytical skills, scientific attitudes, and environmental care attitudes.
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INTRODUCTION

Biology learning involves skills and reaso-
ning (Eshun & Amoah, 2018). In developing rea-
soning power and skills, learning that can empha-
size aspects of application, analysis, synthesis,
and evaluation, not only emphasizing aspects of
understanding and knowledge, is needed. For this
reason, a learning process that can improve cog-
nitive, affective, psychomotor competencies and
learning methods that can motivate students to
be creative, confident, and think critically are nee-
ded to assess information (Pujiasih et al., 2021).
Critical thinking skills are needed to explain and

*Correspondence Address
E-mail: wiwilisna@mail.unnes.ac.id

solveproblems (Thomas, 2011). Teachingcritical
thinking and problem-solving skills can be done
with problem-based learning/PBL (Yew & Goh,
2016). PBL is a strategy to develop knowledge
and problem-solving skills (Chung, 2019).
Students’ development of critical thinking
skills must focus on activities to teach content
(knowledge) and methods orwaystofind the pro-
cessand evaluateinformation (Nhatetal.,2018).
Students can think critically in learning, but this
skill sometimes does not develop well. Therefo-
re, it is necessary to use a method to develop stu-
dents’ critical thinking skills. One of the teaching
methods considered appropriate is teaching using
android-based media. Thelearning mediain this
study are androwebic (android-based webcomic)
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and e-bokartumban (e-book of plant diversity in
Banjarnegara), developed previously. Androwe-
bic has proven effective for teaching analytical
skills and scientific attitudes (Sujatmiko et al.,
2021). E-bokartumban also effectively improves
critical thinking skills and environmental care at-
titudes (Pujiasih et al., 2021). However, neither
Sujatmiko nor Pujiasih explained the role of the
two android-based media in improving students’
competencies and attitudes. This study’s urgen-
cy, novelty, and purpose are to analyze or desc-
ribe the role of androwebic and e-bokartumban
in teaching students’ skills and attitudes. These
skills and attitudes include critical thinking skills,
analytical skills, scientific attitude, and environ-
mental care attitude in students. The status of this
researchistosupport previousresearchbySujat-
miko et al. (2021) and Pujiasih et al. (2021).

Mutakinati et al. (2018) stated that stu-
dents with critical thinking skills easily analyze,
evaluate, and connect with evidence or argu-
ments before deciding or assessing information.
Students’ critical thinking skills play an impor-
tant role in achieving learning achievement,
formal reasoning, and creativity (Puspita et al.,
2017; Purnami et al., 2021). Learning that faci-
litates critical thinking skills can be realized if all
parties, from policymakers to teacher universities,
local education departments, schools, and fami-
lies,cooperateand participate (Nhatetal.,2018).
The research results of Seventika et al. (2018)
showthat most (>55%) of 11th-grade students of
vocational schools in Indramayu have alow level
of critical thinkingskills.

Textbooks and modules with few pictures
still dominate biology learning in schools, and
learning is still teacher-centred. This situation
causes students’ mindsets to be limited, and stu-
dents’ understanding of biology concepts wea-
kens so that students’ critical thinking skills and
scientific attitudes are still weak. The results of
interviews with several state high school/MA
teachers in Banjarnegara and Jepara reinforce
this statement. Information obtained from the
results of the interview, among others: (1) Lear-
ning has not utilized student-centered media to
itsfull potential; (2) studentsareallowed tobring
smartphones, but they have not been appropriate-
ly used; (3) technology (smartphone) as a tool or
mediathat does not supportlearning; (4)limited
learningtime. Based ontheinterview with teach-
ers, it can be concluded that these problems can
be minimized by utilizing the technology owned
by students and student-centered learning stra-
tegies to the fullest. The circulatory system and
biodiversity are examples of biology learning

materials that must be taught using media. The
material on the circulatory system needs to be
taught with the media because it contains comp-
lex concepts to be presented moreinterestingly.
Biodiversity material, especially plant diversity,
also needs to be taught by optimizing electronic
media to present a plant diversity environmentin
the classroom.

The availability of learning media will
facilitate interaction between teachers and stu-
dents so that learning activities will be more ef-
fective and efficient (Puspitasari et al., 2018).
The existence of learning media facilitates ease
of learning, fosters interest in learning, and ma-
kes it easier for students to learn independently
sothatthelearning process will be more effective
(Surjanti et al., 2018). The use of android-based
media can make students more interested inlear-
ning. The use of pictorial technology media also
attracts students’ attention more than textbooks.
Taking this into account, it is clear that optimi-
zing the use of modern technology-based media
inlearningis an urgent matter, especially during
thecurrent pandemic. Inlearningduringthe CO-
VID-19 pandemic, the use of media and techno-
logy must make a real contribution to knowledge
and the emergence of educational practices with
online and digital education formats (Williamson
et al., 2020). Based on the problem, optimizing
learning media is helpful for appropriately vi-
sualizing learning materials. The media should
have a simple structure that focuses on one goal.
Learning media that are expected to be useful or
good toovercomethelearning problems mentio-
ned earlier should be easy to carry and use any-
where. Sukenda et al. (2019) stated that multi-
media-based learning media should be packaged
into software to present material.

One of the important learning media
packaged into software is the environment. The
environment is useful for equipping students with
a conscious mind and care for the environment
and its issues (Amini, 2015). The environment is
also essential to instill knowledge, skills, attitudes,
behavior, motivation, commitment to solving en-
vironmental problems, and environmental care
attitude. The results of Putri & Prodjosantoso’s
research (2020) prove that science comics media
(guided inquiry-based science comics) can impro-
ve critical thinking skills and scientific attitudes.
A scientific attitude is an attitude thatencourages
students to solve problems (Hasanah et al., 2020).
Khasanah et al. (2017) stated that the module
based on critical thinking skills on respiratory sys-
tem material helps practice critical thinking skills.
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Based on the description above, media is
essential in learning to instill skills and attitudes
in students. One of these mediaisandroid-based
media, as software. In this study, the roleof an-
droid-based media was analyzed in teaching or
training attitudes and skills to students. There are
two android-based media: 1) E-bokartumban, an
e-booklet about plant diversity in Banjarnega-
ra, 2) Androwebic, an android-based webcomic
about the circulatory system. From previous stu-
dies by Sujatmiko et al. (2021) and Pujiasih et
al. (2021), both media are useful for improving
critical thinking skills, analytical skills, scientific
attitudes, and environmental care attitudes in stu-
dents.

Some questions need to be answered in
this research: 1) Does androwebic play a rolein
teaching students’ analytical skills and scientific
attitudes?; 2) Does the e-bokartumban play arole
in teaching students critical thinking skills and
environmental care attitudes?; 3) How does the
androwebic function in teaching students analy-
tical skills and scientific attitudes?; 4) How does
the e-bokartumban function in teaching students
critical thinking skills and environmental care?;
5) What learning activities do students do while
learning using the two android-based media?; 6)
How do students and teachers respond to both
media?

METHODS

This study aims to analyze (and describe)
the role of android-based learning media in te-
aching or training critical thinking skills, analy-
tical skills, scientific attitudes, and environmen-
tal care attitudes. Therefore, the research design
used is descriptive qualitative (Sugiyono, 2015).
The samples (subjects) were six biology teachers,
196 10th-grade students from three high schools
in Banjarnegara, and 105 11th-grade students
from three high schools in Jepara. The research
sample was selected using the purposive samp-
lingtechnique. Thisstudy used the technique be-
causeitrequiresresearch subjectsrelevanttothe
determined characteristics.

The data collected includes critical thin-
king skills, analytical skills, scientific attitudes,
environmental care attitudes, media components
supporting student competence, student learning
activities, and teacher and student responses.
Data were collected in several ways: tests, ob-
servations, questionnaires, and documentation.
Data on critical thinking and analytical skills
were measured using a testinstrument, while ot-
her data were measured using a non-test instru-
ment. The test instrument used contains multiple-
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choice questions with five choices. The non-test
instruments include interview guides, scientific
attitude observation sheets, student environmen-
tal care attitudes, media component observation
sheets, learning activity observation sheets, and
student and teacher questionnaires.

Quantitative data on critical thinking skills
and analytical skills were analyzed using the n-
gaintest, while other datawereanalyzed descrip-
tively qualitatively. Descriptive qualitative data
analysis was carried out in 4 stages: data collec-
tion, datareduction, data presentation, and con-
cluding (Rohmadi & Nasucha, 2015). The data
that has been collected is collected according to
their respective categories, including test result
data, questionnaire results and observation data.
Thedatais then reduced to obtain data that focu-
ses on research problems: to analyze and describe
the role of androwebic and e-bokartumbanmedia
in teaching the chosen skills and attitudes. The
data obtained are presented in tabular or narrati-
veform, depending onthe characteristics of each
data. The last stage is concluding based on the
available data.

RESULTS AND DISCUSSION

In the following, the androwebic and e-
bokartumban media are presented which were
studied in this study. Media Androwebic have a
general picture as shown in Figures 1.
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Figure 1. Androwebic Media Display
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Figure 1 shows the android component of
the media, which contains 3 discussion activities.
Ineachdiscussionactivity, various questionsand
appropriate pictures are presented. The comics

are designed in such away, to attract students’ at-
tention and interest in learning. Another learning
media is e-bokartumban, which can be illustrated
by Figures 2 and 3.

Figure 2. Examples of E-bokartumban Media Components at the Beginning Section

Figure 2 presents the media display at the
beginning of the media, showing the various me-
nus available on the media. At the beginning of
the e-bokartumban media, information about
the contents of the media, including the student
competencies that are expected to be achieved,
is informed. At the beginning of this media also
informed about the content of the material (con-

tent), assessment and bibliography. On the far
right of Figure 2, an example of how material is
displayed in the media is presented. An examp-
le of the presentation/display of material inthe
media is presented in Figure 3. An example of
the presentation of material in the media is also
presented in Figure 3.
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Figure 3. Examples of E-bokartumban Media Components at the Material Section

In Figure 3, you can see the display of the
contents of the material, containing colorful pic-
tures of the leaves and fruits of the Caricaceae
family, as well as their description and classifica-
tion, as well as appropriate questions. The display
of the material content on the e-bokartumban
media as shown in Figure 3 is useful for visuali-

zing the original object of study that exists in the
realworld and bringing it to students, sothat stu-
dents can observe it more concretely.

Students’ analytical skills in learning using
Androwebic were obtained from the pretest and
posttest results (presented in Table1).

Table 1. Students’ Pretest and Posttest Scores in Biology Learning Using Androwebic

Information Pretest Score (n=105) Posttest Score (n=105)
Highest score 93.33 100
Lowest score 13.33 60
Average value 53.65 88.83
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Table 1 shows the score of posttest is
higher than pretest. The pretest showed an avera-
ge score of 53.65 (not yet reached 75 as KKM),
whilethe posttestscore achieved by students was
an average of 88.83 (beyond the KKM). KKM is
theminimum mastery criteria. KKM is areferen-
ce for educators in assessing students’ competen-
ce in the subjects.

The increase in students’ analytical thin-
king skills was obtained from the results of the
n-gain test on the students’ pretest and posttest
scores (in Table 1). The results of the n-gain test
showed that students who achieved high, medium
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and low analytical skills were 72%, 24% and 4%,
respectively. From these results, the androwebic
effectively improves students’ analytical skills, es-
pecially in learning material about the circulation
system. From these results, it can be stated that
androwebicmediahas animportantroletoteach
students’ analytical skills.

This happens because androwebic media
has various menus/component which play an im-
portant role in teaching these abilities; this media
alsoplaysanimportant rolein teachingscientific
attitudes, as presented in Table 2.

Table 2. Androwebic Component that Support Analytical Thinking Skills (A) and Scientific Attitude

(B)

No Ind'?ﬁﬁ?ﬂtﬁ}ggﬁ:g'cal Media Components

A Analytical Thinking Skills
1 Differentiating Task to differentiate in group discussion questions
2 Organizing Task for grouping on group discussion questions
3 Connecting The task concludes with group discussion questions
B Scientific Attitude
1 Curiosity Task to observe on the webcomic
2 Respect for data/facts Group discussion task in the media investigation section
3 Flexibility in thinking Group discussion task in the media investigation section
4  Open minded and cooperate Group discussion task in the media investigation section
5  Perseverance The task of presenting the observations to be presented

FromTable2,informationisobtained that
androwebic media has 3 components to teach
analytical thinking skills (points A1-A3) and 5
components to instill scientific attitudes (points
B1-B5). These eight components facilitate stu-
dentstobeskilled in analytical thinking and have
a scientific attitudes. Information about students’
scientificattitudesinlearning using Androwebic

media was obtained from observing students’
scientific attitudes using observation sheets. An-
drowebic was created specifically so that it has
several good facilities to practice six aspects of
scientific attitude (see Table 3). Students’ scien-
tific attitude was observed using student activities
during the learning process using androwebic me-
dia, presented in Table 3.

Table 3. Students’ Scientific Attitudes During the Learning Process Using Androwebic Media

Indicator X Score  Max Score Score (%) Criteria*)
Pay attention to every new thing 1086 1260 86.19  Very good
Appreciate and conclude according to facts 1056 1260 83.81  Very good
i\ilgz :lllvlv;{}s; ie;l’ir(lige}:lté echange opinion after con- 1035 1960 8214  Very good
Ask questions and give opinions 1124 1260 89.21  Very good
Participate in groups 1107 1260 87.86  Very good
Record complete observations 1068 1260 84.76  Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently
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In Table 3, it can be seen that theaverage
of students’ scientific attitude is in the very good
category. This very good category is determined
based on the criteria from Sugiyono (2015).

Android-based e-bokartumban media con-
tains information about the diversity of plants
in Banjarnegara. The information in question
includes the scientific classification of each type
of plant and a description of its morphology, a
dissertation with attractive colored pictures. The
e-bokartumban is useful for presenting the natu-
ralenvironment totheclassroom withitscharac-
teristics. The e-bokartumban as a smart phone
application makes it very easy for students touse

it. The results of the n-gain test showed thataf-
ter learning to use e-bokartumban, students ex-
perienced an increase in critical thinking skills.
The increase in students’ critical thinking skills
(n-gain) was 0.69 in the medium category (tend
tobe high). Students who achieve high, medium
and low critical thinking skills are 53%, 45% and
2%, respectively. From theseresults, it can be sta-
ted that e-bokartumban has an important role to
improve critical thinking skills. This role is sup-
ported by the characteristics of the e-bokartum-
ban, whichhas a useful supportingcomponentto
facilitate the emergence of critical thinking skills
(see Table 4).

Table4.Indicators of Students’ Critical Thinking Skills and E-bokartumban Components that Play a

Role in Facilitating These Skills

No. Indicators of Critical Thinking Skills

Media Components

Give a simple explanation
Build basic skills
Conclude

Identify terms and consider a definition

a ~ W N+

Set strategy and tactics

Evaluation questions, students discussion sheets
Evaluation questions, students discussion sheets
Evaluation questions, students discussion sheets

Evaluation questions, students discussion sheets
Evaluation questions, students discussion sheets

The data in Table 4 informs that students
using e-bokartumban media practice to make
simple statements, build basic skills, conclude,
and so on, through various components of e-
bokartumban media, namely in the evaluation/

assessment section and through several discussi-
on activities provided. E-bokartumban alsohas
various components that play an important role
in growing various indicators of environmental
care attitudes (see Table 5).

Table5.Competency Indicatorsof Environmental Care Attitudesin Studentsand Components of the
E-bokartumban Media that Facilitate the Emergence of These Attitude Indicators

No

Aspects and Indicators of Environmental Care Attitude

Media Components *)

1 Havethoughtthatplantsand animalshaverights wereequal

to humans

2 Have feelings/emotions about human actions that cause

disaster

3 Havethoughtthattheenvironmentisveryfragileand easily

disturbed balance

4 Havefeelingsand tendencies of behavior that thetendency of
human beings there is a limit in controlling nature

5 Tendtotake advantage of the source power of nature that

has been used

6 Tendnottobearbitrary towardsthe environment
7 Havethoughtsand attracted toenvironmentalissues

8 Haveemotionalfeelingsaboutactionsthatcancauseenviron-

mental damage

Introduction to thematerials
Introduction to thematerials

Student discussion sheets,
materials

Student discussion sheets,
materials

Student discussion sheets,
materials

Student discussion sheets,
materials

Student discussion sheets,
materials

Student discussion sheets,
materials

*): The examples of the components of the e-bokartumban media are presented in Figures 2 and 3
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In Table 5, column 3, various sections of
the media are presented that are useful for st-
rengthening various indicators of environmental
care attitudes (column 2 of Table 5). The vario-
us components of the e-bokartumban media are
very useful to familiarize students with various
attitudes that lead to the formation of environ-
mental care attitudes in students. The compo-
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nents of the e-bokartumban media in question
are the material components and student work-
sheets. Students’ responses tolearning using an-
drowebic were obtained from questionnaires gi-
ven at the end of the lesson. Information about
students’ positive responses to androwebic media
is presented in Table 6.

Table 6. Student’s Positive Response to Androwebic Media

Indicators of Androwebic Media  Score Max. Score  Percentage (%0) Criteria*)
Affective consideration 755 840 89.88 Very good
Learning 1116 1260 88.57 Very good
Multimedia display 2308 2520 91.59 Very good
Navigation 1487 1680 88.51 Very good
Robustness 1507 1680 89.40 Very good
Average 89.59 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

Table 6 shows that students give positive
responses to andowebic media with very good
category. Positive responses to androweb media
were also obtained from teachers, through ques-

tionnaires. The positive responses of teachers to
androwebic media with a very good category are
presented in Table 7.

Table 7. Teachers’ Positive Response to Androwebic Media

Indicators of Androwebic Media Score Max. Score  Percentage (%) Criteria*)
Affective consideration 22 24 91.67 Very good
Learning 30 36 83.33 Very good
Multimedia display 64 72 88.89 Very good
Navigation 41 48 85.42 Very good
Robustness 42 48 87.50 Very good

Average 87.36 Very good

*): Sugiyono (2015): very good: 81-100; good: 61-80; 41-60: enough/currently

From the results in Tables 6 and 7 it can
be stated that androwebic media received a very
good response from students and teachers. This
means that androwebic media a) attracts and mo-
tivates students/users (affective considerate), b)
the material is appropriate to students and can
make students interact with the media (learning),
¢) the media display (multimedia display) is good,
d) navigation good media, and 5) this media is
sturdy (resistant) to use, easy to access and the
menu is easy to choose (robustness).

The problems in the discussion menu are
related to daily events. For example, the work of
the heart, normal and non-normal blood con-
ditions and blood type. Those are all everyday
things that students often experience. Theavai-
lability of various menus on androwebic stimula-
tes students’ curiosity and encourages studentsto
practice problem-solving (see Figure 1 and Tab-
le 2). Both activities require analytical thinking

skillssothat students’skills are well trained. This
statement is under the research of Prawita et al.
(2019)and Sarietal.(2019), which statesthatthe
useoflearning mediathat presents problemscan
improve students’ learning outcomes and analyti-
cal thinking skills.

Comics help students learn by simplifying
science concepts and making them easier tore-
member (Ozdemir, 2017). Comics also contribute
to arousing students’ enjoyment of science and
the perception of success in science. Demirci &
Zylirek (2017) state that the cartoon concept can
effectively develop critical thinking skills. Color-
ful cartoons attract attention and encourage stu-
dents’ active participation in learning activities
(think more actively). Indirectly, it plays an im-
portant role in helping to develop critical thinking
skills. An active learning process is also very use-
ful forimproving students’ critical thinking skills
(Styers et al., 2018)
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During the discussion stage in biology
learning using Androwebic, students are trained
to discuss and exchange ideas about problem
solutions systematically and logically (Figure
1). Thus, studentsbecome trained to think ana-
Iytically. Sari et al. (2019) proved that learning
by actively involving students to solve problems
improved analytical thinking skills and learning
outcomes. Analytical thinking skills is one com-
ponent of critical thinking skills (Facione 2015).

The teacher said that the androwebic me-
dia based on problem-based learning was very
good, easy to use, up to date. The material pre-
sented was equipped with attractive visuals, ready
touse anytime and anywhere with Android devi-
ces. Sung et al. (2016) stated that using android
devices (smartphones) in learning was better and
more effective than conventional learning.

In this study, comics are used to teach
material about the circulation system, which is
very complex and cannot be observed directly.
The choice of comics to be used in Androwe- bic
turned out to be very appropriate because it got
an outstanding response from students and
teachers (see Tables 6 and 7). This statement is
in accordance with the statement of Morel et al.
(2019), that comics are an excellent tool to help
educators teach complex subjects and explain the
occult world. Based on the above description, it
can be stated that Androwebic media has an im-
portant role to train critical thinking skills.

In Table 3 it is presented that the average
scientific attitude of students is in the very good
category. It happened because, since the begin-
ning of the learning using Androwebic, students
are always motivated to learn and seek informa-
tionindependently. During the learning process
assisted by androwebic media, students show a
more caring attitude, respect, and conclude ac-
cording to facts. During the learning process,
students are also accustomed not to always feel
right, dare to ask questions, dare to express opi-
nions, be active in groups, and record complete
observations. Students must solve discussion
questions that contain contextual problems in the
learning process. Every activity carried out du-
ring the discussion process positively contributed
toscientificattitudes. Thisis what can encourage
students to think analytically in solving problems.
This is under the statement of Dwianto et al.
(2017)thattheapplication oflearningmediathat
presents contextual problems through discussion
can positively contribute to students’ formation
of scientificattitudes.

Table 4 shows that the e-bokartumban me-
diahascomponentsthatfacilitate eachindicator

of critical thinking competenceinthisstudy.The-
re are five stages of critical thinking with each
indicator: 1) providing simple explanations, 2)
building basic skills, 3) concluding, 4) identifying
terms, 5) considering a definition, setting strate-
giesand tactics (Kartimi & Liliasari, 2012). These
thinking indicators can be measured when stu-
dents work on discussion sheets and evaluation
questions on the media. Wigunaetal. (2019) and
Damopolil & Kurniadi (2019) explained that stu-
dents’ learning outcomes increase after using an-
droid-based media. Based on the description abo-
ve, it can be emphasized that the e-bokartumban
has an important role in teaching or practicing
critical thinking skills. Arista & Kuswanto (2018)
stated that smartphones’ media increases enthu-
siasm, interest, and motivation in learning acti-
vities. All of these things can increase students’
independence and understanding of concepts.

From Table 5, indicators of environmen-
tal care attitudes use a scale adapted from NEPS.
Indicators of theenvironmental care attitude are
as follow: 1) Having the idea that plants and ani-
mals have the same rights as humans, 2) having
feelings/emotions about human actions that cau-
se disasters, 3) having the thought that the envi-
ronment is very vulnerable and its balance is ea-
sily disturbed, 4) having feelings and behavioral
tendencies that human tendencies have limits in
controlling nature, 5) having behavioral tenden-
cies to take advantage of used natural resources,
6) has a behavioral tendency not to be arbitrary
towards the environment, 7) has thoughts and
isinterested in environmental issues, and 8) has
emotional feelings towards actions that cancause
environmental damage. All indicators of environ-
mental care attitudes can be measured aslong as
students use the media when reading the material
and during group discussions during the learning
process.

Learning Biology (on plantdiversitymate-
rial) with e-bokartumban media makes a positive
contribution to increasing students’ environmen-
tal care attitudes. Environmental care attitudes
are attitudes and actions that always try to pre-
vent damage to the surrounding natural environ-
ment and develop efforts to repair natural damage
(Yaumi, 2014). Environmental care attitudes can
be shown by attitudes and actions that always try
toprevent environmental damage and repairthe
natural damage (Mardikaningtyas et al., 2016).

Based on the description in the paragraph
above, it can be stated that the use of android-
based learning media is very effective in increa-
sing student understanding. This statement fol-
lowstheopinionof Sudarsanaetal.(2019),which
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states that the use of technology-based learning
media can improve student learning outcomes.
Junaedi et al. (2018) and Damopolil & Kurniadi
(2019) found that applying android-based media
can improve student learning outcomes. Learning
that uses technology can increase studentinterest
andlearning outcomes (Sudarsanaetal., 2019).

Positive response of students to the an-
drowebic media used in biology learning were
obtained from questionnaires given at the end
of the lesson. Information about students’ posi-
tiveresponses to Androwebic mediais presented
in Table 6. Table 6 shows the average score for
each indicator that shows very good criteria. In
some indicators, the student response rate shows
themaximum score. Students areinterested and
motivated to learn with comics on the media. Be-
sides being interested and motivated by comics,
students also acknowledged that the material
equipped with pictures on Androwebic media
was beneficial and made it easier for students to
learn because ithad been summarized in a struc-
tured way. The problems in the Androwebic me-
dia also increase students’ activeness in problem-
based learning activities. In the learning process,
students not onlylisten but also try, discover, and
conclude. Therefore, students’ understanding,
analytical thinking ability, and scientific attitude
will be higher.

In terms of appearance, Androwebicme-
dia received high points in very good criteria,
showing that students are very interested in the
appearance of Androwebic media. Androwebic
mediawith pictures on every material detail pro-
vides the proper visualization. It makes it easier
for students to understand abstract blood circula-
tion material. Androwebic media also help stu-
dents understand and discover concepts about
the circulatory system. Appropriate learning me-
dia and students’ character in learning can help
students find concepts contextually. The media
in question must be engaging, contain extensive
learning resources, contain information whose
presentation is accompanied by visual images.
The use of a problem-based learning approach
that is complemented by the use of learning me-
dia has been proven to be able to fosterstudent
interest and motivation to be more active in lear-
ning to create fun learning, understanding the
material of the circulatory system will increase
(Lee et al., 2015; Maulana & Sulistyoningrum,
2018). From the data in Table 7, it is known that
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the average score for each indicators is 87.36%,
with a very good category. The teacher said that
androwebic media is very good, easy to use, and
up-to-date. The material in these media is equip-
pedwithattractivevisuals. Itcanbeused anytime
and anywhereon android devices. Itis confirmed
by Sung et al. (2016), which states that android
devicessuchassmartphonesarebetter and more
effective than conventional learning. Studentsare
more enthusiastic because the learning process is
student-centered, while the teacher only directs
and guides. This statement is under the findings
of Ali (2019), which proves that student-centered
learning will improve students’ skills to under-
stand the material and problem-solving skills. In
such circumstances, the teacher directs and gui-
des as necessary.

The responses of students and teachers in
this section were obtained from the questionnaire,
described by ten indicators. The descriptive data
analysis on responses to e-bokartumban media
showsthat students and teachers each gaveares-
ponse of 89.13% and 90.09% (very good catego-
ry). The teachers stated that the e-bokartumban
helped students build the concept of biodiversity.
The teachers also positively responded to student
activities in learning because it made students
very enthusiastic during discussion. The teacher
said that the E-Bokartumban media is an attrac-
tive, contemporary, easy to use, easy to carry me-
dia, and the material presented is evident. Thus,
it can be emphasized that the e-bokartumban me-
diais a perfect mediumto useinlearning and has
excellent potential to train critical thinking skills
and environmental care attitudes, as previously
stated.

The description clearly states that Andro-
webic media can train students’ analytical thin-
king skills by 92.68% and scientific attitude by
85.66%. Students and teachers positively respon-
ded to the android-based media. E-bokartumban
also trains critical thinking skills and environ-
mental care attitudes. E-Bokartumban is also
responded positively by students and teachers by
89.13% and 90.09%, respectively. Thus, it can be
stated that the androwebic and e-bokartumban
analyzedinthisstudyresponded well by students
and teachers and played an essential role in te-
aching skills and attitudes. This media has a vital
role in teaching students’ analytical skills, critical
thinking skills and scientific attitudes, and envi-
ronmental care attitude in learning biology.
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CONCLUSION

From the discussion above, the following
conclusions can be drawn. E-Bokartumban me-
dia shows an essential role in teaching students
critical thinking skills and environmental care at-
titudes. Androwebic media shows a vital rolein
teaching students’ analytical skills and scientific
attitudes. Thelevel of critical thinking skills, ana-
lytical skills, scientific attitudes, and environmen-
tal care attitudes of students afterlearning to use
android-based mediaincreased to good and very
good. E-Bokartumban can teach students critical
thinking skills and environmental care attitudes
because it contains various components that can
facilitate activities that are indicators of critical
thinking skills and environmental care attitudes.
Androwebic can used to teach analytical skills
and scientific attitudes to students. It contains
various components that can facilitate activities
that are indicators because they contain vario-
us components that can facilitate activities that
are indicators of analytical skills and scientific
attitudes. The learning activities carried out by
students while learning to use the two android-
based media include various activities that match
the indicators of critical thinking skills, analytical
skills, scientific attitudes, and environmental care
attitudes. Students and teachers showed an excel-
lent response to Androwebic and e-Bokartumban
in Biology learning. Two types of Android-based
media (Androwebic and e-bokartumban) in Bio-
logy learning have proven to have a vital role in
teaching students critical thinking skills, analyti-
cal skills, scientific attitudes, and environmental
care attitudes.
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