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Abstract.
This research aimed to develop a worksheet based on guided inquiry on colloidal class
learning material. Hand sanitizer is one application of the colloid system. In this study,
a hand sanitizer was made using an additional ingredient of mahogany seed extract
as an active substance to replace alcohol as an antibacterial. The purpose of this
study was to compile and determine the results of a guided inquiry-based worksheet
validation test. The research method used was Design-Based Research (DBR). The
results of the validation test by expert lecturers were declared valid with an average
r-count value of 0.860. The worksheets produced are in accordance with the stages
of guided inquiry-based learning and are feasible to be applied to colloid subjects in
class XI science with a r-count of 0.83. The hand sanitizer produced was in accordance
with SNI 2017 with a pH range of 6-8. This worksheet can later be applied in practical
waste management and treatment.
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1. INTRODUCTION

Learning in the 21𝑠𝑡 century is marked by the revolution era 4.0 [1]. In this century, learning
does not only rely on knowledge, but requires students to be able to think critically,
cooperate, be creative, and have communication skills. These skills are important
components that are needed in various fields of life [2], one of which is in the field
of chemistry.

Chemistry is the study of the composition of a substance, its structure, properties and
changes. Chemistry forms abstract concepts with concrete examples [3]. In studying
chemistry students are required to understand and master all the concepts [4]. The
scope of material in chemistry is very broad, so many students assume that chemistry
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is difficult to understand [3]. Therefore, to assist students in understanding abstract
concepts in chemistry, learning by experiment/practicum in the laboratory is needed
[5].

The implementation of the practice is still dominated by only applying what is in the
module where several indicators regarding the development of students’ scientific skills
have not been achieved [6]. Therefore, media is needed to support the implementation
of practice in the form of worksheets (LK) [7]. One of the students’ scientific skills can
be achieved by using guided inquiry-based worksheets [8]. Through guided inquiry
worksheets, students participate during the practice, observe each step, analyze the
results obtained, and draw conclusions about the practice carried out [9].

Over the last few years, outbreaks of diseases caused by viruses and bacteria that
attack Indonesian people have increased significantly [10]. Causing health needs such
as masks, soap and hand sanitizers to become items needed by the Indonesian people
as a form of prevention. However, themanufacture of hand sanitizers must also be based
on SNI standards, manufacture of hand sanitizers from mahogany seed raw materials,
in addition to reducing solid waste, of course according to SNI, which has a pH of 4-10.
This pH is a pH that is acceptable to the skin.

Most of the hand sanitizers circulating in the community contain high levels of alcohol,
if used continuously it will cause irritation. This is the weakness of the hand sanitizer.
Therefore, the researcher intends to make a hand sanitizer with natural ingredients as
an additional ingredient in the manufacture of hand sanitizer, namely mahogany seeds.
Because mahogany seeds contain flavonoid compounds from the isoflavone group [11].

According to Suryani and Agung, the use of worksheets can increase student activity
during the learning process [12]. Conducted research on making worksheets for hand
sanitizer making. However, the worksheets used were based on the science of writing
heuristics. Therefore, researchers will develop worksheets on the manufacture of hand
sanitizer based on guided inquiry [13].

Based on the results of the above explanation, the development of guided inquiry-
based worksheets is appropriate to be applied in learning chemistry on colloidal mate-
rials. The objectives of this research are: 1) To describe the appearance of LK products
based on guided inquiry on the manufacture of hand sanitizer from mahogany seed
extract. 2) Analyzing the results of the guided inquiry-based LK validation test on the
manufacture of hand sanitizer from mahogany seed extract. 3) Analyzing the results
of the LK feasibility test based on guided inquiry on the manufacture of hand sanitizer
from mahogany seed extract.
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2. RESEARCH METHOD

This study uses the Design Based Research (DBR) research method [14]. The DBR
method is used because in addition to its function to develop, DBR is also to produce
products. The product in question is a guided inquiry-based worksheet that can be
used in chemistry practicum. The design used in this study using the ADDIE model,
including the preparation (Analysis), the design stage (Design), and the development
stage (Development), while the implementation stage and the evaluation stage were
not carried out.

In the preparation (analysis) stage, it is done by reviewing the literature, defining
research problems, and finding suitable solutions for educational problems and then
conducting a preliminary study of the product to be developed. At the design stage, col-
lect tools andmaterials needed for research, as well as design experimental procedures.
At the development stage, a preliminary test is carried out based on the procedures
that have been designed which are then outlined in the form of guided inquiry-based
worksheets, the resulting worksheets are then validated by the validator. The resulting
data were analyzed by comparing the results of the feasibility test (r) with the critical
value. The worksheet is said to be valid if the value of r-count 0.3 [15]. The procedure
for making hand sanitizer is done by heating CMC-Na and aquades until completely
dissolved, then adding other ingredients with the formula as shown in Table 1.

Table 1: Hand sanitizer formulation from mahogany seed extract.

Ingredient Formula 1 Formula 2 Formula 3

CMC-Na 1 g 1 g 1 g

Aquades (mL) 100 100 100

Glycerin 1.5 1.5 1.5

Propylene Glycol (mL) 1 1 1

Mahogany Seed Extract(mL) 5 10 15

Essential Oil (mL) 1 1 1

The hand sanitizer produced is then carried out by organoleptic tests in the form of
odor, color and texture/shape tests as well as pH tests using a pH meter and Universal
Indicator, to determine whether the hand sanitizer is in accordance with SNI 2017 and
is suitable for use.

In this study, data collection techniques were carried out with the LK validation test
generated from the questionnaire sheet and the limited LK test on students. The results
of the validation test are used as a reference for the feasibility of the resulting LK. The
validation questionnaire was filled out by the validator, namely 3 chemistry education

DOI 10.18502/kss.v9i8.15553 Page 238



ICMScE

lecturers, while the feasibility test questionnaire was filled out by 15 students of class
XI who majored in science at SMAN 1 Sukra.

The data obtained is processed by comparing the feasibility value of r-count with
the specified critical value. The critical value is used to determine the validity limit of a
tool/media whose value has been set at 0.3. The r-count value is then compared with
critical if the r-count value is greater than critical ?? then the instrument is considered
valid, and if r-count is less than critical ?? the instrument is said to be invalid [15].

The processing of the questionnaire data obtained from the limited respondents’
answers is processed by the following equation :

𝑠𝑐𝑜𝑟𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 = ∑𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑
∑𝑠𝑐𝑜𝑟𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 × 100%

3. RESULTS AND DISCUSSIONS

In the following, the results of the research are presented in three parts. The first part
is the LK display, the second is the results of the LK validation and the third is the
results of the LK feasibility test. The preparation of guided inquiry-based worksheets is
based on a framework of thinking. Development of this worksheet is carried out using
the Design Based Research (DBR) method which is divided into 3 stages including the
preparation stage (Analysis), the design stage (Design), and the development stage
(Development). Based on the results of material analysis and journals regarding the
manufacture of hand sanitizer from mahogany seed extract, the material taken is colloid
in Class XI IPA with the learning objective of applying a colloid system in the form of a
gel in the manufacture of hand sanitizer from mahogany seed extract [1]. The results of
the journal analysis regarding the manufacture of hand sanitizer from mahogany seed
extract show that this experimental material can be applied to colloid subjects in class
XI who are majoring in science.

At this stage, the collection of materials that will be presented in a guided inquiry-
based worksheet on colloidal chemistry is carried out such as: material text, phe-
nomenon text, pictures, and the stages of guided inquiry worksheet [2]. The materials
collected are selected on the basis of suitability to enhance the chemical properties
of the material. The purpose of collecting these materials is to facilitate the process of
making practice worksheets, so that they can be done properly and correctly. At this
stage, the procedure for mahogany seed extract and hand sanitizer was also carried
out.
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At this stage, a preliminary test was carried out on the manufacture of mahogany
seed extract and the manufacture of hand sanitizer from mahogany seed extract based
on the tools and materials and procedures obtained from the design stage which will
be presented in the form of worksheets [3]. The display of the guided inquiry worksheet
consists of 6 stages, including: Orientation (problem identification), formulating prob-
lems, formulating hypotheses, collecting data (designing and conducting experiments),
testing hypotheses (processing data), making conclusions.

On the first page of the guided inquiry-based worksheet, the student identity format,
the purpose of the activity, and instructions for working on the worksheets are given.
Then on the next page, the discourse is given as in Figures 1, 2 and 3.

  

Figure 1: Display of text paragraph 1-4.

The purpose of the first and second paragraphs is to find out that prevention efforts
against diseases caused by bacteria can be overcome with the use of soap and the
more practical use of hand sanitizer, and to find out that hand sanitizer is one application
of the colloid system. The purpose of this paragraph is to find out the dangers of using
commercial hand sanitizer if used in the long term, and the use of natural ingredients,
namely mahogany seed extract as a substitute for the role of alcohol in the manufacture
of hand sanitizer, to find out about the characteristics of the mahogany plant and its
functions, and how to make mahogany seed extract.

This paragraph aims to explain how to make hand sanitizer from mahogany seed
extract, then questions are presented that direct students to find problems with the
discourse presented. The next stage students are given instructions to determine
the variables and problem formulation as shown in Figure 3(a). At the stage of
formulating a hypothesis, students are given instructions to write a hypothesis based
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Figure 2: Display discourse paragraph 5.

on a predetermined problem formulation, the appearance of the worksheet at the stage
of formulating a hypothesis can be seen in Figure 3(b).

 

Figure 3: Instruction display formulate the problem (a) and hypotheses (b).

The next stage is collecting data, the LK display at this stage can be seen in Figure
3.

The next stage is testing the hypothesis (processing data), at this stage students are
given questions that must be answered according to the results of observational data
in the experiment. LK skills at this stage can be seen in Figure ??(a). The last stage of
guided inquiry is making conclusions, at this stage students are given instructions to
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Figure 4: Display of data collection instructions.

make conclusions from the results of the experiment. The display at this stage can be
seen in Figure ??(b).

The project-based worksheets that have been prepared are then validated by three
expert lecturers to ensure that the worksheets developed are categorized as valid or
not. The results of the validation test from the three validators can be seen in Table 2.

There are several changes to the worksheets that have been validated including
consistency in the use of the term “hand sanitizer” and the writing is adjusted based
on the EYD, in the discourse text the procedure for making mahogany seed extract is
added as student knowledge, in the last paragraph of the discourse text it should be
made into a procedure sentence for making hand sanitizer , as well as improvement of
the score range on the LK grid. Based on the data in Table 2, the guided inquiry-based
worksheets in the manufacture of hand sanitizers have an average r-count value of
0.860 which is categorized as valid, because it has an r-count 0.30. This shows that
the developed LK has met the requirements of a good LK.

After being validated and categorized as a valid worksheet, the next stage is a
limited test to 15 class students XI IPA at SMAN 1 SUKRA. The data on the results of
filling out guided inquiry-based worksheets on the manufacture of hand sanitizers are
presented in Table 3.

The average result of student answers in doing guided inquiry-based worksheets is
95.2% which is categorized as very good. To determine the feasibility of the worksheets
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Table 2: Guided inquiry worksheet validation test results.

No Question rcount critical Note:

1 The sentences used in inquiry-
based worksheets for making
mahogany seed extract hand
sanitizer are easy to understand

0.833 0.3 Valid

2 The discourse on the use of
mahogany seeds given in the hand
sanitizer for making mahogany
seed extract can help students
answer the questions presented in
the student worksheet.

0.833 0.3 Valid

3 The questions given to the work-
sheets help students in exploring
the use of mahogany seeds in the
manufacture of hand sanitizer.

0.916 0.3 Valid

4 The questions used in the LK are in
accordance with the stages of the
guided inquiry-based LK model.

0.833 0.3 Valid

5 LK leads to the ability to think,
explain, create and analyze.

0.833 0.3 Valid

6 The picture in the LK is quite clear. 0.916 0.3 Valid

7 The concept of matter is related to
everyday life.

0.833 0.3 Valid

8 The stages of inquiry learning
in worksheets are arranged in a
coherent manner

0.916 0.3 Valid

9 The procedure for making hand
sanitizer is easy

0.833 0.3 Valid

Average 0.860 0.3 Valid

Table 3: Presentation of student worksheets.

No Guided Inquiry Work-
sheet Stages

Maximum
score

Average
score
Obtained

Perce n
(%)

Interpretation

1 Problem orientation 3 2.6 86.67 Very good

2 Formulate the
problem

6 6 100 Very good

3 Making a hypothesis 3 2.6 86.67 Very good

4 Collecting data
(designing and
conducting
experiments)

29 28.4 97.93 Very good

5 Testing Hypotheses 6 6 100 Very good

6 Making conclusions 3 3 100 Very good

that have been made, students are given a questionnaire containing several statements.
The results of the student worksheet feasibility test can be seen in Table 4.

Based on Table 4 the average value of r-count is 0.83 which is categorized as
valid. This shows that the guided inquiry- based worksheets on the manufacture of
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hand sanitizer from mahogany seed extract are suitable to be used as learning media
for colloid material for class XI. Based on the results of the feasibility test, LK can
be said to help in colloidal learning, the resulting product is in the form of a hand
sanitizer in the form of a gel and is a product that is closely related to daily life where
everyone always carries a hand sanitizer in this pandemic era as a prevention effort.
The average value of r-count obtained is 0.83 which is categorized as valid. Therefore,
inquiry-based worksheets on the manufacture of hand sanitizer from mahogany seed
extract are appropriate to be used as learning media in colloid subjects.

Table 4: Worksheet feasibility test results.

No Question Rcount Critical Note

1 The sentences used in inquiry-based work-
sheets for making mahogany seed extract
hand sanitizer are easy to understand

0.85 0.3 Valid

2 The discourse on the use of mahogany
seeds given in the hand sanitizer for making
mahogany seed extract can help students
answer the questions presented in the student
worksheet.

0.9 0.3 Valid

3 The questions given to the worksheets help
students in exploring the use of mahogany
seeds in the manufacture of hand sanitizer.

0.8 0.3 Valid

4 The questions used in the LK are in accordance
with the stages of the guided inquiry-based LK
model.

0.85 0.3 Valid

5 LK leads to the ability to think, explain, create
and analyze.

0.8 0.3 Valid

6 The picture in the LK is quite clear. 0.95 0.3 Valid

7 The concept of matter is related to everyday
life.

0.75 0.3 Valid

8 The stages of inquiry learning in worksheets
are arranged in a coherent manner

0.85 0.3 Valid

9 The procedure for making hand sanitizer is
easy

0.8 0.3 Valid

Average 0.83 0.3 Valid

This research has succeeded in making a hand sanitizer frommahogany seed extract
in the form of a gel that has a pH in accordance with SNI 2017. The bitter taste in
mahogany seeds comes from the flavonoid content in it, this bitter taste can be reduced
by soaking using whiting for one week, soaking using whiting does not eliminate the
value of the substance content in mahogany, as is the case with research conducted
by FMIPA UNY students who majored in physics, namely the use of mahogany seeds
as chips [5]. Flavonoids contained in natural ingredients can be consumed by humans
in relatively small amounts [6]. This is a new innovation in utilizing underutilized natural
materials into useful products, and safe if used in the long term. The optimal hand
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sanitizer formula in the experiment was based on organoleptic tests and the pH value
of the volume variation of the added extract (5 ml, 10 ml, 15 ml), the optimal hand
sanitizer formulation was the formulation added 10 ml of mahogany seed extract, this
formulation resulted in a neutral pH, namely (6-7.5) gives better results because it is
suitable for skin pH 7 [14]. The results of the hand sanitizer obtained from the three
variations of the added extract have a pH value of 6-8 in accordance with the 2017
SNI.

The worksheets that have been made have not been able to assist students in ana-
lyzing the antibacterial activity in the hand sanitizer produced, because the worksheet
does not contain procedures for analyzing antibacterial activity. The preliminary test
was only carried out until the pH test and organoleptic tests were carried out in the form
of color, smell, and shape of the hand sanitizer produced. So that researchers do not
have an overview of the antibacterial activity test procedure against the hand sanitizer
produced. Based on research conducted [14] stated that the chemical compounds
in mahogany seed extract are bioactive containing flavonoids, alkaloids, saponins,
steroids and terpenoids, which have antibacterial activity [15].

4. CONCLUSION

Guided inquiry-based worksheets on the manufacture of hand sanitizer from mahogany
seed extract consist of 6 stages including: 1) Orientation (Identification of problems);
2) Formulate the problem; 3) formulate hypotheses; 4) collecting data (designing
and conducting experiments); 5) test the hypothesis (process the data); 6) Making
conclusions. In the worksheet, a discourse is presented as additional information for
students who can direct students to carry out experiments.

Guided inquiry-based worksheets on the manufacture of hand sanitizer from
mahogany seed extract were declared valid based on the average value of r-count
obtained at 0.86. This shows that the value of r-count is 0.30 so that the LK is declared
valid. The LK feasibility test was carried out on 15 students of class XI IPA at SMAN 1
Sukra which were divided into 5 groups, getting the average presentation value of the
results of filling out the worksheets of 95.2%. While the results of the feasibility test on
students obtained an average value of r-count of 0.83 which was declared valid. This
shows that guided inquiry-based worksheets in making hand sanitizer from mahogany
seed extract are categorized as very suitable to be used as learning media in colloid
subjects.
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For educators, the practical worksheet for making hand sanitizer from mahogany
seed extract can be applied to the colloid making practice as an alternative to learning
on colloid material. For students and other researchers, it is recommended to apply
this worksheet to students. Because this research is only up to the development stage,
it is recommended to carry out the implementation and evaluation stages.
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