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Abstract: This study aims to determine the validity and practicality of guided inquiry-
based e-modules accompanied by virtual laboratories on digestive system materials to
empower critical thinking skills. The type of research used is research and development
(R&D), by applying the Borg and Gall development model consisting of 10 steps and
grouped in four stages including: preliminary study stage, development, testing, and
deployment. This study is limited to e-modules validity and practicality testing. The
instruments used are the validity and practicality questionnaires. The assessment of the
results of the validity and practicality questionnaire is interpreted with the likert scale.
Based on the analysis of the data obtained the following results: 1) Test validity by material
experts, learning device experts, media experts, and education practitioners obtained a
value in a row that is, 85.30%, 95.40%, 88.30%, and 93.20% with very good category, 2)
Practicality tests by small-scale student groups, large-scale student groups, and biology
teachers from 3 schools obtained consecutive grades, i.e., 87.60%, 89.50%, and 90.00% with
very good category. Based on the validity and practicality tests, it can be concluded that the
e-modules developed are valid and practical to use.
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Introduction situations, evaluating arguments, and drawing

appropriate conclusions to increase the possible desired

Critical thinking skills are an essential objective
of the education system as a form of participation in
21st-century scholarly society to produce the next
generation ready to face the growing demands of
employment (Ching & Fook, 2013; Kavenuke, et al,
2020; Shaw, et al., 2019). Critical thinking is the activity
of thinking by utilizing the intellectual ability to
conduct investigations, make the right judgments and
decisions, and implement them appropriately
(Setiawati & Corebima, 2017). Critical thinking means
thinking logically in problem-solving by analyzing
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outcomes (Johan, 2013; Lloyd & Bahr, 2010; Shaw, et al.,
2019). Biology is one of the sciences intended to prepare
the future of students who are critical, creative,
competitive, and able to take decisions and solve
problems appropriately (Aktamis & Yenice, 2010;
Sudarisman, 2015). Based on a preliminary study
conducted by researchers at SMAK Baleriwu Danga,
Flores, NTT, students' critical thinking skills in
biological sciences is low, with an average of 48.60%.
Biological materials are often viewed as complex
subjects. Cimer (2012) explained some of the things that
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make biology challenging to learn: 1) Biological
materials have complex concepts and problems that
must learn 2) Abstract and use many foreign languages.
Henno & Reiska (2008) explained that biological
materials considered difficult are materials related to
internal organs, organ systems, and the mechanisms in
the body's organs, one of them is the digestive system
material studied in class XI. It corresponds with the
preliminary study in SMAK Baleriwu Danga, where
some students reveal difficulty understanding digestive
system materials concepts. The lower understanding of
student concepts can indicate that students' critical
thinking skills in digestive system materials are also
relatively low. It is because of understanding concepts
can be abstracted as a basis for acquiring the critical
thinking skills.

Critical thinking skills in teaching are assumed to
be a competency that can be achieved by a person and
are constantly evolving (Nickerson in Kartimi, 2012).
Therefore, teachers play an essential role in
empowering students' critical thinking skills through a
learning process that can train students to discover
concepts independently (Patonah, 2014). Learning
devices are an essential element as a determinant of
learning success (Tanjung & Nababan, 2018), and one of
them is teaching materials. Therefore, innovation in the
use of teaching materials needs to be improved by
using electronic teaching materials or e-modules to
empower students' critical thinking skills. Due to the
demands of the 2013 curriculum, it must use
technology in the learning process to improve the
efficiency and effectiveness of learning (Sugianto et al.,
2017).

E-Modules are digital teaching material that
systematically presents material to facilitate students
learning independently (Fausih & Danang, 2015). E-
Modules not only gives the material in the form of text
but can combine with animations, videos, audio,
images, and formative quizzes that can provide
feedback automatically to motivate students to learn
(Saputra & Razak, 2020; Suarsana & Mahayukti, 2013;
Tazkiyah, et al., 2020). A good e-modules should be
able to facilitate students to investigate the problems
contained in the e-modules. Therefore, e-modules can
develop by integrating the learning model as the basis
for e-modules development (Kurniawan, 2013). A
learning model that can be used for e-modules
development to empower critical thinking skills is
guided inquiry. Hermansyah, et al. (2019) explain that
guided inquiry engages students with discovery-based
learning and acts like scientists, which include: 1)
asking questions about the world around them; 2)
conducting experiments; 2) collecting and analyzing
data; 3) Formulate and evaluating hypotheses.
Gonzalez, et al. (2015) defines guided inquiry as a

teacher-guided learning model as an instructional team
enhancing students' deep understanding and
perspective through various information sources.
According to Eggen & Kauchak (2012), guided inquiry
can assist students in understanding scientific methods
that can develop critical thinking skills, self-regulation,
and an understanding of a particular topic.

Guided inquiry is inseparable from experimental
activities to solve problems, but not all schools have
laboratory facilities to support practical activities. In
addition, time constraints are also the factors of
experimental activities that cannot be implemented, so
the alternative to overcome this problem is to use a
virtual laboratory. A virtual laboratory is a computer
technology that supports conventional practicums by
simulating laboratory experiments into a computer
(Abdjul & Ntobuo, 2018; Agustine, et al., 2014;
Guimaraes, et al., 2011; Oidov, et al., 2012). Virtual
laboratories serve as a medium that can assist students
in pre-lab preparation, build an understanding of
abstract concepts, and complement natural laboratories
where students can perform simulations repeatedly on
parts that are not yet understood (Hawkins & Phelps,
2013).

Based on the background above, it is necessary to
research by developing a guided inquiry-based e-
modules accompanied by a virtual laboratory on
digestive system materials to empower students'
critical thinking skills.

Method

The type of research used is research and
development (R&D) by applying the Borg & Gall (2003)
development model consisting of 10 steps and grouped
in 4 stages: preliminary study stage, development,
testing, and deployment. The preliminary study phase
consists of 2 steps, namely: 1) Research and information
collecting. In this step, material analysis is carried out
through literature studies and analysis of the needs of
teachers and students through field surveys to find out
problems related to the learning process at SMAK
Baleriwu, 2) Planning. In this step, information is
collected regarding the preparation of e-modules based
on the problems that have been analyzed in the
previous step.

The development phase consists of 5 steps,
namely: 1) Development preliminary form of the
product. In this step, the preparation and development
of e-modules are adjusted to the guided inquiry syntax
and accompanied by a virtual laboratory, 2)
Premilinary field testing. In this step, the e-modules
was validated by three expert lecturers from Sebelas
Maret University: material experts, learning device
experts, and media experts, and one teacher of SMAK
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Baleriwu Danga Flores, NTT as an education
practitioner, 3) Main product revision. In this step, the
correction of the phase 1 product is carried out based
on input from experts and practitioners, 4) Main field
testing. In this step, a small-scale practicality was tested
on 10 students of class XII SMAK Baleriwu Danga who
had obtained digestive system materials, 5) Operational
product revision. In this step, a phase 2 product
revision is carried out based on input provided by a
small-scale group of students.

The testing phase consists of 2 steps, namely: 1)
Operational field testing. In this step, a large-scale e-
module practicality test was conducted by 22 students
of class XI IPA 1 SMAK Baleriwu Danga. Students
assessed e-modules after using e-modules in the
learning process, 2) Final Product Revision. In this step,
the final product revision. The spread stage is the last.
At this stage, e-module 1is disseminated and
implemented to 3 schools: SMAK ST. Teresia Danga,
SMAS ST. Clemens Boawae and SMAK Stela Maris
Danga. Furthermore, a practicality test was conducted
by teachers from each school.

This research is limited to the validity process
and practicality of the e-modules. The instruments used
are the validity and practicality questionnaires. The
suspension on the wvalidity and practicality
questionnaire based on the likert scale showed in Table
1.

Table 1. Likert scale

Answer Options Score
Not very good 1
Not good 2
Good 3
Very good 4

(Riduwan, 2010)
Data obtained from the results of validity and

practicality questionnaires are then analyzed using the ™

following formulas:

X

NS (110 S (1)

Information:

P =DPercentage rating

Y. x; = Score given by expert validators

¥, x = Maximum score

The obtaining percentage results are interpreted into several
categories shown in Table 2.

Table 2. Likert scale interpretation

Score (%) Category
0-25 Not very good
26 - 50 Not good
51-75 Good
76 - 100 Very good
(Riduwan, 2010)

In the development process, guided inquiry-based e-
modules with virtual laboratories is valid and practical
if they obtain a value with a minimum category of
"Good".

Result and Discussion

Preliminary Study Stage

The preliminary study stage consists of 2 steps.
The research and information collecting step includes
literature studies and field surveys. Literature studies
are conducted to determine the material used as e-
module content. According to BSN, the UN results in
2018/2019 showed that the absorption percentage of
students at SMAK Baleriwu Danga in digestive system
material is relatively low, 38,915 at the district level.
Therefore, digestive system material is designated as e-
module content.

The field survey was conducted to find out the
problems related to the learning process at SMAK
Baleriwu Danga. Based on the results of research
conducted by Ravista, et al. (2021), there were several
issues at SMAK Baleriwu Danga related to the learning
process: 1) Teachers have applied several learning
methods such as lectures and discussions but have not
used innovative learning models that can empower
students' critical thinking skills; 2) Teachers rarely
conduct experimental activities, especially on the
digestive system material. It is due to the limitation of
laboratory facilities and time; 3) The teaching materials
used are still conventional (printed), where the material
presented is outlining concepts so as not to facilitate
students with discovery activities and train for
scientific thinking; 4) The evaluation problem contained
in the teaching material is only remembering, so it has
not empowered critical thinking skills.

Planning

The planning step consists of several activities,
namely: 1) Determining the learning objectives of the e-
module; 2) Determine the sub-subject matter of the
digestive system; 3) Determine the format and
visualization of the contents of the e-modules; 4)
Determine the format of the learning device for the
implementation of e-modules (syllabus, RPP, critical
thinking evaluation questions, as well as validity and
practicality questionnaires).

Development Stage

The development stage consists of 5 steps as
follows:

1. Development preliminary form of the product.

In this step, the development of e-modules
according to the guided inquiry syntax and equipped
with a virtual laboratory to facilitate students in
conducting experiments. The first step in developing e-
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modules is to create components contained in the e-
modules such as material text, images, videos, critical
thinking problems, and virtual laboratory design.
Furthermore, all details are put together with the help
of Adobe Flash CS3 Professional software with exe
format. The e-modules can only be accessed through
computers with an offline system. This development is
also based on previous research by Hakim (2014)
related to e-modules. The e-modules display can be
viewed as follows.

Materi'Makanan 8 Sistem/Pencernaan Makanan
/ Masuk
Figure 1. E-Modules start

Figure 1. is an e-modules title page display
designed with interest and related to the material of the
digestive system. On the title page is set the entry
button to start the use of the e-modules.

Pendahuluan Evaluasi

Berpikir Kritis

Keglatan
Pembelajaran

Figure 2. Main menu view

Figure 2. is the main menu display that appears
when pressing the enter button on the title page. A
navigation button on the main menu includes an
introduction, critical thinking evaluation, learning
activities, and closing.

L. MAKANAN DAN ZAT-ZAT
MAKANAN

I1. KEBUTUHAN DAN
KESEIMBANGAN ENERGI

PADA MANUSIA

1V. SISTEM PENCERNAAN
PADA HEWAN RUMINANSIA

[ T11. SISTEM PENCERNAAN )

Figure 3. Digestive system material view

Figure 3. displays digestive system materials that
students must learn, including 1) Food and food
substances; 2) Energy needs and balance; 3) The human
digestive system; 4) the Digestive system in ruminant
animals.

3
Kebutuhan danKeseint

Figure 4. Guided inquiry syntax

Figure 4. is a guided inquiry syntax display used
as the basis for e-modules development. The guided
inquiry syntax refers to Pedaste, et al. (2015), including
orientation, conceptualization, investigation,
conclusion, and discussion. Each digestive system
material is studied by following the guided inquiry
syntax. The investigation stage will be equipped with a
virtual laboratory to conduct experimental activities.

o
. WRIrAG LD (R T4 AT LRI TR . s G Q

(W)

IKUTI LANGKAH-LANGKAH YANG TERTERA SECARA
BERURUTAN UNTUK MENJALANKAN PRAKTIKUM.

i T2 { 7 M-
3 Bl - W

[ Penyiapan larutan bahan makanan / [U)i Giukosa [ [ uyi Protein ] [ uyi Amitum [ [ ugi Lemak [

Figure 5. Virtual laboratory

Figure 5. is a virtual laboratory display that helps
students to conduct experimental activities. Virtual
laboratories enable more efficient practical exercises
and positively impact understanding student concepts
(Faour & Ayoubi, 2017).

(0 e )

Makanan dan/Z

A. Zat-Zat Makanan | 1. Karbohidrat

Karbohidrat merupakan sumber energi bagi tubuh, dimana setiap 1 gram karbohidrat menghasilkan energi 4,1 kkal.
Karbohidrat dapat dikelompokkan menjadi tiga macam, yaitu: Y —
a. Monosakarida

I yang terdiri atas satu molekul gula atau
biasa disebut gula sederhana karena tidak dapat dipecah. Contoh

monosakarida adalah glukosa (pada gula darah), fruktosa (pada buah dan

madu), dan galaktosa melaiui proses pen laktosa)

(Pratiwi dkk., 2013).

b. Disakarida

Disakarida merupakan karbohidrat yang terdiri dari dua molekul gula atau dua

unit monosakarida

Disakarida disebut juga gula majemuk karena dapat dipecah menjadi guia

tunggal (monosakarida). Contoh disakarida adalah sukrosa (pada tebu dan

bit), laktosa (pada susu), dan maitosa (pada biji-bijian) (Pratiwi dkk., 2013).

| c. Polisakarida

Polisakarida merupakan karbohidrat yang terdiri dari banyak molekul gula dan

disebut sebagai gula majemuk. Contoh polisakarida adalah amilum (pada beras

dan umbi-umbian), glikogen (pada otot dan hati), selulosa (pada serat

u makanan) (Pratiwi dik., 2013) (b)

(c) polisakarida

Figure 6. Summary of material
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Figure 6. is a summary view of the material that
comes with an image to clarify the concept.

T (] )
AT U AS T BER PIKI R RITIS e o A %)
- 2.0
w
| o 1
i et |
I et

Figure 7. Question of critical thinking

Figure 7. is a question of critical thinking in the
form of essays. Critical thinking consists of 6 numbers
that are adjusted to indicators of critical thinking skills,
according to Facione (2015), including interpretation,
analysis, inference, evaluation, explanation, and self-
regulation.

2. Preliminary field testing

In this step, e-modules validation was carried out
by three lecturers of Sebelas Maret University
consisting of: material experts, media experts, and
learning device experts, as well as one biology teacher
as an education practitioner, to obtain assessment and
advice. It considers with Nieveen (2007) statement that
the wvalidity of a product is based on experts'
assessment. The results of validation by the material
expert are shown in Table 3.

Table 3. Validation of material expert

Aspects ?(;ngcentage Category

Content eligibility 89.50 Very good
Presentation eligibility 83.30 Very good
Language eligibility 83.30 Very good
Average 85.30 Very good

Table 3. shows an average score by material
experts of 85.30%. The eligibility aspect of the contents
obtained a score of 89.50%. It proves that the material in
the e-modules has adapted to basic competency and
competency standards, is accurate and contains
components that can encourage student curiosity. E-
modules equipped with essential competencies,
indicators of competency achievement, and learning
goals that must be achieved will be easy to use
(Depdiknas, 2008).

Aspects of presentation eligibility obtained a
score of 83.30%. It proves that e-modules consist of
complete components to facilitate student involvement
in the learning process. The developed e-modules are

structured based on a guided inquiry syntax that makes
learning student-centered.

Aspects of language eligibility obtained a score
of 83.30%. It proves that the language used in the
preparation of e-modules is straightforward and
communicative. The use of communicative sentences
can increase students' learning interest (Hamdani,
2011). Based on data analysis, the material packaged in
the e-modules are valid with several revisions.
Meanwhile, the validation results by media experts are
shown in Table 4.

Table 4. Validation of media expert
Percentage

Aspects (%) Category

E-modules view 92.50 Very good
Programming 93.70 Very good
Code of ethics and copyright 100.00 Very good
Average 95.40 Very good

Table 4. shows an average score by media
experts of 95.40%. The view aspect of the e-modules
obtained a score of 92.50 This proves that the e-
modules has the right cover and back sound design,
attractive navigation buttons, and the right size, colour,
and typeface. Beautiful design and audio can increase
students' motivation and creativity (Hamdani, 2011).

The programming aspect obtained a score of
93.70%. It proves that the use of e-modules runs
smoothly and flexibly. Aspects of the code of ethics and
copyright obtained a score of 100.00%. It proves that e-
modules are equipped with citations and bibliography
to avoid plagiarism. Based on data analysis, the
presentation of e-modules is declared valid with
several revisions. At the same time, the results of expert
validation of learning devices are shown in Table 5.

Table 5. Validation of learning devices expert

Aspects F(;ezcentage Category

Syllabus 100.00 Very good

RPP 83.30 Very good

Question of critical thinking Very good
. 81.60

skills

Average 88.30 Very good

Table 5. shows an average score by a learning
device expert of 88.30%. Therefore, learning devices
that include syllabuses, RPP, and critical thinking skills
to support the implementation of e-modules are
declared valid with some revisions. At the same time,
the results of validation by practitioners can be seen in
Table 6.
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Table 6. Validation of educational practitioners

Percentage

Aspect (%) Category

Content eligibility 95.80 Very good
Presentation eligibility 88.80 Very good
Language eligibility 96.80 Very good
Usage and durability 91.60 Very good
Average 93.20 Very good

Table 6. shows an average score by education
practitioners of 93.20%. The aspects assessed by
education practitioners are the same as those observed
by material experts, and the score for all elements falls
into the excellent categories. However, there is one

additional aspect, namely usage and durability with a
score of 91.60%. It proves that e-modules are easy to
use and can be stored for long periods. Therefore, the e-
modules are declared valid with some revisions.

3. Main product revision

Based on the results of validation by experts and
education practitioners obtained some advice for the
improvement of e-modules. Suggestions and revised
results from expert and practitioner validators are
shown in Table 7.

Table 7. Suggestions and revisions from expert validators and practitioners

Validator Suggestion

Revision

Materials expert
related materials in table form

Make a table of differences in water-soluble
vitamins and fats, along with examples of their

sources.

Improve explanation of goblet cell function

Material related to dental formulas needs to be

added to be easy to understand
Media expert

originality.

Add essential and non-essential amino acid-

In each column, demanding answers, students
must be given a number and line of dots.

-At the orientation stage, the images presented
can use personal documentation to increase

- Material related to the difference between
essential and non-essential amino acids has been
added in the form of tables

- A table of differences in water-soluble vitamins
and fats, along with examples of their sources
have been added.

Explanation of goblet cell function has been
corrected.

Material related to the dental formula has been
added

- Columns demanding students' answers are
equipped with numbers and dot lines.

- Images at the orientation stage are presented
using personal documentation.

Learning device expert

Education practitioners

In each sub-material and learning syntax must
be assigned a number

Learning goals should be made with the
ABCD formula (Audience, Behavior,
Condition, Degree)

In the virtual laboratory, especially in protein
content tests, there are errors in discolouration

In each sub-material and learning syntax has
been given a number

Learning objectives have been improved using
the ABCD (Audience, Behavior, Condition,
Degree) formula.

Discolouration in protein tests has been
corrected.

after reagent testing.

4. Main field testing

In this step, practicality tests are carried out to
determine the practicality of using e-modules in the
field. Small-scale student groups conduct practicality
tests (n = 10), students of class XII IPA SMAK Baleriwu
Danga obtained digestive system materials. It considers
with Nieveen (2007) statement that the product's
practicality is obtained from the results of teacher and
student assessments in the learning process to consider
products developed easily used or not. The results of
practicality tests by small-scale groups of students are
shown in Table 8.

Table 8. Practicality tests by small-scale groups of
students
Aspect Perc(%/n)t asge Category
Material 87.00 Very good
E-module view 88.90 Very good
Language 87.70 Very good
Usage and durability 90.80 Very good
Average 87.60 Very good

Table 8. shows an average score by a small-scale
group of students of 87.60%. Aspects of the material
obtained a score of 87.00%, which proved students can
understand the material quickly. The view aspect of the
e-modules received a score of 88.90%, which confirmed
the e-modules has an attractive look. The language
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aspect scored 87.70%, which proved students quickly
understood the language used in the e-modules.
Aspects of usage and durability obtained a score of
90.80%, which proved students can use e-modules
easily. Based on data analysis, the e-modules are
declared practical for use with multiple revisions.

5. Operational product revision

Based on the results of practicality tests by small-
scale student groups obtained some suggestions for the
improvement of e-modules. Suggestions and revised
results from a small group of students are shown in
Table 9.

Table 9. Suggestions and revisions by small-scale
student groups

Suggestions Revisions
The e-Module is presented =~ The wrong word has been
attractively and comes with  corrected.

a clear description, but
incorrect word writing still
must be corrected.

Testing Stage

The stage consists of 2 steps as follows:
1. Operational field testing

In this step, practicality tests are carried out to
determine the practicality of using e-modules in the
field. A large-scale group of students conducted the
practicality test (n=22), namely class XI IPA 1 SMAK
Baleriwu Danga students. The results of practicality
tests by large-scale groups of students are shown in
Table 10.

Table 10. Practicality test by large-scale student groups

modules developed are very good and exciting to
increase learning spirit and interest. Therefore, e-
modules can be used in the field without revision.

Deployment Stage

At this stage, dissemination and implementation
are carried out. The e-modules developed are
distributed to 3 nearby schools, namely SMAK ST.
Teresia Danga, SMAS ST. Clemens Boawae, and SMAK
Stela Maris Danga. Furthermore, one biology teacher
from each school conducted the practicality test to find
out the practicality of using e-modules in the field. The
results of the practicality test by the teacher are shown
in Table 11.

Table 11. Practicality tests by teachers

Aspect ?/eol)rcentage Category

Content eligibility 88.00 Very good
Presentation eligibility 91.60 Very good
Language eligibility 90.50 Very good
Usage and durability 89.90 Very good
Average 90.00 Very good

Percentage

Aspect (%) Category
Material 88.60 Very good
E-module view 90.70 Very good
Language 88.60 Very good
Usage and durability 90.00 Very good
Average 89.50 Very good

Table 10. shows an average score by a large-scale
group of students of 89.50%. Based on the data, large-
scale student groups’ acquisition of practicality test
scores increases more than practicality tests by small-
scale student groups. It proves that the advice given in
the previous step can improve the quality of the e-
modules. Therefore, e-modules are otherwise practical
to use.

2. Final product revision
In this step, there are no improvements to the e-
modules. Based on the student responses, the e-

Table 11. shows an average score by teachers of
90.00%. Each aspect is assessed to have a very good
category score. Therefore, e-modules are otherwise
practical to wuse. In addition, dissemination and
implementation steps are also carried out by
disseminating products in scientific journals.

Conclusion

Based on the research that has been done, it can
be said that the inquiry-based e-modules accompanied
by a virtual laboratory on digestive system material is
valid and practical. Suggestions obtained from expert
validators, teachers, and students can improve the
quality of the developed e-modules to be suitable for
use in the learning process.
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