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Abstract- This study aims to develop a chemistry experiment
design by utilizing simple tools and materials to teach the
concept of macromolecules (carbohydrates, lipids, and
proteins) to vocational students. The method used in this
research is descriptive-quantitative. The research design was
pre-test and post-test one group design. The subjects of this
study were 23 students of class X vocational school in Cimabhi,
West Java, Indonesia. Learning was conducted using
conventional methods and supported by practicum activities.
Laboratory activities were carried out by conducting
experiments using simple tools and materials to understand the
physical and chemical properties of carbohydrates, lipids, and
proteins. The results of the analysis showed that there was an
increase between the pretest and post-test scores of students as
shown in the N-Gain value obtained of 0.4 with a moderate
category, while hypothesis testing with the Wilcoxon test
showed that there is an influence between learning activities
assisted by practicum activities on the level of student
understanding of macromolecular material. The results of this
study show that classroom practice activities are very useful in
helping students understand the scientific concepts of
macromolecules and can connect theory with practice. In-depth
concept understanding of macromolecules also impacts on
achieving the Sustainable Development Goals (SDGS).
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l. INTRODUCTION

he quality of a country can be assessed from its

education sector. The quality of learning can be

improved through the way teachers teach, the methods
used, and the use of learning media (Hardiatun, 2019). The
superior quality of education can not be separated from the
role of practicum in developing students' deep understanding
(Pandeeswari et al., 2024). In science learning, practicum
has an inseparable role. Science involves processes and
products, and in the context of the process, the involvement
of practicum in learning can improve students' critical,
creative, and scientific attitudes (Tsybulsky, 2019).
Practicum not only provides hands-on experience that
enriches students' knowledge, but it is also an important
foundation that links theory with practical application in the
learning environment. The practical experience offered by
practicum is not just an add-on, but an essential part of the
overall educational process, allowing students to relate
theory to real-world situations (Sari et al., 2017).

Practical activities in science learning have several
important roles (Al Husaeni et al., 2024; Ana, 2020; Rosina
et al., 2021). These roles include, first, the container in the
development of basic skills which include observation or
measurement as well as other process skills including
recording, table making, graph making, analyzing data,
providing conclusions, communication, and teamwork.
Second, the laboratory is a place to prove a concept or a law
of nature. Thus, it can make the concept clearer. Third, as a
place to develop thinking skills through problem-solving
activities in laboratory activities for learning how to learn
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(Jannah et al., 2022; Nazarov & Jumayev, 2022). Through
the practicum, new knowledge will be stored in the long-
term memory of students who are directly involved. In
addition, lab work is also a learning resource that students
can use to learn abstract chemical concepts through
visualization.

One of the science subjects in the vocational education
curriculum is the Natural and Social Sciences subject
(IPAS). This IPAS subject is integrated with chemistry
subject, which can not be separated from the implementation
of practicum, but chemistry practicum in schools still faces
many challenges. Some of them are expensive equipment for
chemistry laboratories, incomplete laboratory facilities and
infrastructure, and practicum on chemical concepts is mostly
abstract. Thus, it is often not done (Damayanti, et al., 2019).
This allows for a decrease in students' mastery of concepts.
Many reports regarding chemistry education have been well-
documented (Barke & Harsh, 2022; Francis & Baba, 2023;
Putri et al., 2022; Wirzal & Halim, 2022; Barke & Buechter,
2023; Sombria et al., 2023).

Macromolecules are one of the subjects studied in the
chemistry subject. Macromolecules are molecules that form
the basic structure of life. The three main classes of
macromolecules that are essential for the survival of
organisms are carbohydrates, fats, and proteins.
Carbohydrates are the main source of energy used by cells in
the body. Macromolecules consist of sugar units, such as
glucose and fructose, which are linked together to form more
complex structures. Fats, or lipids, serve as efficient energy
stores and are important components of cell membranes,
which consist of fatty acids bound to glycerol. Meanwhile,
proteins are the structural and functional pillars of cells,
consisting of chains of amino acids that fold into complex
three-dimensional structures. Tests  for these
macromolecules involve special chemical and biochemical
methods, such as the Biuret test for proteins, the Benedict
test for reducing sugars in carbohydrates, and the Sudan test
for fats. Additionally, methods such as chromatography and
electrophoresis are used to separate and analyze
macromolecules in more detail (Tasgin, 2017; Henggu &
Nurdiansyah, 2021).

How to differentiate these three types of macromolecules
involves using chemical tests specific to each group. The
Biuret test, for example, will produce a purple color if the
protein is present, while the Benedict test will show a color
varying from green to brick red depending on the amount of
reducing sugars in the sample. The Sudan test uses a special
reagent to show the presence of fat with a specific color
change. Understanding the chemical properties and typical
reactions of each biomolecule helps in identifying and
differentiating them, which is important for understanding
their function and role in chemistry and biochemistry
(Tyasna et al., 2022; Pratt, 2011).

Macromolecules include chemical materials that are
descriptive (theoretical), which are found in the field that
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students are only asked to remember and memorize material,
even though macromolecular material is very broad in scope.
Thus, it takes time and the right way to learn it. Because of
its broad scope, this macromolecular material mostly
connects one concept with another concept. Thus, it requires
higher-level thinking skills (Nurjayadi & Kartika, 2012). As
many as 63.64% of students find it difficult to learn
macromolecules because the material is difficult to
understand and the availability of teaching materials is
lacking (Winarti et al., 2019). The fact is also that teachers
tend to pay less attention to the characteristics of the material
being taught and are generally taught textually or based on
the books used (Sudarisman, 2015).

The curriculum in vocational schools is shown in Table
1. Table 1 describes the science education curriculum in
chemistry subjects of macromolecules used in vocational
schools. This curriculum is necessary to ensure the success
of the teaching and learning process (Maryanti et al., 2021;
Sukandar et al., 2020).

TABLE |
CURRICULUM FOR SCIENCE EDUCATION (ESPECIALLY FOR CHEMISTRY
SUBJECT) IN VOCATIONAL SCHOOL

Core Competency 3 Core Competency 4 (skills)

(knowledge)
3 Understand factual and 4 Presenting factual and
conceptual  knowledge conceptual knowledge in

by observing, asking,
and trying based on
curiosity about himself,
God's creatures and their
activities, and the objects
he encounters at home, at
school, and on the
playground

clear, systematic, logical,
and critical language, in
aesthetic work, in
movements that reflect
healthy children, and in
actions that reflect the
behavior of children of
faith and noble character.

Basic Competencies 3

Analyze the structure,
nomenclature, properties,

Basic Competencies 4

Analyze the results of
searching for information
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and classification  of regarding the
macromolecules manufacture and impact
of a product from

macromolecules

Nowadays, several challenges such as educational
disparities, climate change, and social challenges facing
humanity are increasing. These challenges must be
addressed through educational transformation that considers
sustainable development goals (Sachs et al., 2019; Cottafava
et al., 2019). An in-depth understanding of macromolecules,
such as carbohydrates, lipids, and proteins, plays an
important role in vocational education. Students who
understand the properties of macromolecules not only have
the theoretical knowledge but also the practical foundation
required in various industrial sectors. For example, in the
food industry, an understanding of the chemical properties
of key ingredients such as carbohydrates helps in better food
production and processing. In the healthcare sector, an
understanding of the structure and function of proteins can
lead to the development of more effective treatments. By
strengthening this understanding, vocational students not
only gain theoretical knowledge but also gain a solid
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foundation to apply their knowledge in the real-world
context of future industries (Jannah et al., 2022).

Education plays a pivotal role in advancing the
Sustainable Development Goals (SDGs), as a sustainable
future can only be achieved with a strong foundation in
education (Kirupa et al., 2024). In addition to its
fundamental role in vocational education, a comprehensive
understanding of macromolecules significantly contributes
to the realization of the SDGs. There is a need for giving new
information to support current issues in the sustainable
development goals (SDGs) as reported elsewhere
(Nurrahmadhani et al., 2024; Makinde et al., 2024; Gemil et
al., 2024; Haq et al., 2024; Basnur et al., 2024). Students'
ability to understand macromolecules not only impacts the
industrial sector but also plays a role in achieving various
SDGs targets. This understanding supports the improvement
of more efficient agricultural technologies and the
development of higher-quality food products in the context
of food-related SDGs. Moreover, knowledge of
macromolecules supports the development of more
advanced and environmentally friendly health therapies,
which contribute to public health and overall environmental
preservation.

However, the learning process on this macromolecular
material mostly only requires students to just know the
theory (Jannah et al. 2022). The practicum is still rarely
done. Macromolecular practicum at the school level until
now still uses common methods to identify the content of
carbohydrates, proteins, and lipids in a compound such as
the Fehling test and Benedict test to determine carbohydrate
content, Biuret test to determine protein content, and
solubility tests for lipids (Tyasna et al., 2022). Although it
has become a standard applied in chemistry learning. A new
testing innovation is needed and not based only on books.
Therefore, it is necessary to develop more innovative testing
methods that are different from standard tests and can utilize
the environment around students. Thus, students can better
understand these concepts in a more real context. This study
aims to test the content of carbohydrates, proteins, and fats
using more innovative test alternatives based on the physical
and chemical properties of these macromolecules.

1. METHOD
2.1. Experimental Design

The type of research used in this research is pre-
experimental with descriptive-quantitative analysis. The
research design used is using a one-group pretest-posttest
design, namely by giving a pretest before treatment and
giving a posttest after treatment. The treatment in question is
to carry out a practicum. Therefore, the results of the
treatment can be known more precisely, because it can
compare with the situation before being treated.

2.2. Research Subjects
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The subjects in this study were X grade students
majoring in software engineering at one of the Vocational
Schools in Cimahi, West Java, Indonesia, totaling 23 people.

2.3. Treatment Procedure

The procedures carried out in this study consisted of the
preparation stage and the implementation stage. The
preparation stage includes (i) analyzing the curriculum of
science/IPAS subjects in vocational schools; (ii) designing
learning scenarios following the selected content; (iii)
designing experimental tools used in the learning process, in
this case, the tools used in the practicum process; (iv)
preparing student worksheets (LKPD) as a guide during
practicum; and (v) preparing questions for pretest and
posttest. The questions for the pretest and posttest consisted
of multiple-choice questions totaling 10 questions, in which
the questions were the same.

The implementation stage consists of several steps such
as: (i) giving pretests to students. The pretest is used to assess
the student's initial level of understanding of the learning
material; (ii) presenting brief learning materials related to
practicum implementation, namely the basic concepts of
macromolecules (carbohydrates, lipids, and proteins), and
how to distinguish them; (iii) students carry out practicum
activities following the guidelines that have been prepared in
the LKPD, the teacher helps provide direction and guidance
to students; and (iv) giving a posttest which is carried out to
evaluate the extent to which the learning material and
practicum carried out can be conveyed effectively, as well as
to assess how well students understand the material that has
been given.

The macromolecules practicum is designed to be based
on simple tools and materials. The practicum aims to
differentiate the three types of macromolecules
(carbohydrates, lipids, and proteins) based on their physical
and chemical properties. The experiment design did not
involve standard testing experiments on macromolecules.
The experiments consisted of (i) carbohydrates parts, namely
solubility tests, gelatinization reactions on starch, and
caramelization reactions; (ii) lipid parts, namely solubility
tests and emulsion formation; and (iii) protein parts, namely
solubility tests and denaturation reactions in proteins which
are influenced by temperature and pH.

2.4. Data Analysis

Data analysis techniques used descriptive statistics and
inferential statistics. Descriptive statistical analysis includes
demographic values. Inferential statistical analysis includes
a normality test, hypothesis test, and N-Gain test. This test
used SPSS version 26 for Windows. Detailed information
regarding the use of SPSS is explained elsewhere (Fiandi et
al., 2024). The data analysis carried out in detail is described
as follows.

2.4.1. Validity Test
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The validity test is a test that shows how the measuring
instrument can measure the intended variable. The validity
test was carried out with the help of the SPSS version 26
program with the product-moment method. The technique of
testing the validity of the instrument with product-moment
correlation is by correlating the score of each item with the
total score which is the sum of each item score. An
instrument is said to be valid, which can be seen from its
significance value. If the significance < 0.05 means the item
is said to be valid, but if the significance > 0.05 means the
item is invalid. This can also be seen by comparing the r
count (Pearson correlation value) with ther table. If the value
is positive and r count > r table then the item is declared
valid, and vice versa. The r table value used refers to a
significance level of 0.05 with a two-sided test (two-tailed).
The results of the validity test of each question item can be
seen in Table 2.

TABLE Il
VALIDITY TEST ON THE ITEM QUESTIONS
Type Results
Number of questions 10
Number of students 23
Valid question number 3,4,6,7,10
Number of valid questions 1,2,5,8,9

2.4.2. Reliability Test

The reliability test represents the consistency of scores
obtained by the same person when tested using the same test
in different situations. An instrument that is considered
reliable is an instrument that when used several times to
measure the same object will produce the same data. The
reliability test can be conducted using the SPSS version 26
software. The reliability test was performed using the
Cronbach Alpha method. The reliability test criteria are if the
value of r11 < 0.20 is stated to be very low, the value of 0.20
<r11 <0.40 is stated to be low, the value of 0.40 <ry;; <0.70
is stated as medium, value 0.70 <ry; < 0.90 is stated as high,
and value of 0.90 < r1; < 1.00 is stated as very high. The
results of the reliability test are shown in Table 3.

TABLE Il
RELIABILITY TEST ON THE ITEM QUESTION
Type Results
rcount 0620
Category Moderate

2.4.3. Test Item Level of Difficulty

The difficulty level of a question instrument refers to the
proportion of students who answer the question correctly out
of the total number of students taking the test. It is important
to assess the level of difficulty of questions to provide
various diagnostic instruments for student learning
difficulties and improve assessment in learning activities. As
for calculating the level of difficulty of the question items
using Equation (1).

N

P="r M

where P is the index of difficulty, Np is the number of
students who answered correctly, and N is the total number
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of students taking the test. The criteria for interpreting the
level of difficulty of the question is if the value ranges from
0.00 - 0.30 then it is declared a difficult question, if 0.31 -
0.70 then a medium question, if the question is 0.71 - 1.00
then it is declared an easy question. The results of the
difficulty level analysis are presented in Table 4.

TABLE IV
TEST OF QUESTION DIFFICULTY LEVEL

23?1?3;? Dlﬁlc\ﬁﬁ;ndex Question category
1 0.913 Easy
2 0.957 Easy
3 0.609 Medium
4 0.304 Medium
5 0.957 Easy
6 0.304 Medium
7 0.478 Medium
8 0.826 Easy
9 0.391 Medium
10 0.565 Medium

2.4.4. Pretest and Posttest Learning Outcomes

The assessment was conducted based on the pre-test and
post-test results using 10 identical pre-test and post-test
questions. The type of questions used were multiple-choice
questions with correct or incorrect answers. In short, if the
student answers the question correctly then the score is 1,
and if the student answers the question incorrectly then the
score is 0. This analysis has a maximum score of 10. The
correct answer is then calculated using Equation (2).

score obtained by student

x 100

@

Score = -
maximum score

2.4.5. N-Gain Score

Normalized gain or N-gain score aims to determine the
effectiveness of using a treatment in research. The N-gain
test is performed by calculating the difference between the
pretest value and the posttest value. The N-gain test is
calculated using Equation (3).

((post—test score)—(pre—test score))

N — Gain =

©)

The results of the N-gain value will then be interpreted
according to the criteria shown in Table 5.

((score ideal)—(pre—test score))

TABLEV
N-GAIN CRITERIA CATEGORIES
Limitation Category
g>0.70 High
0.30<g<0.70 Moderate
g<0.30 Low

2.4.6. Normality Test

The normality test is conducted to determine whether the
research data is normally distributed or not. The use of
parametric and nonparametric statistics depends on the
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assumptions and type of data to be analyzed. Parametric
statistics require many assumptions to be met. The main
assumption is that the data to be analyzed must be normally
distributed. Meanwhile, nonparametric statistics do not
require many assumptions to be met, for example, the data
to be analyzed does not have to be normally distributed.
After the normality test is carried out, we can continue the
next test following the results of the normality test, whether
using parametric or non-parametric statistics.

2.4.7. Significance Test

The data analysis carried out in this study is to compare
the average pre-test and post-test scores obtained. If the data
is normally distributed using parametric statistical tests with
paired sample t-tests. However, if the data is not normally
distributed using a non-parametric statistical test with the
Wilcoxon signed-rank test. Through these two tests, either
the paired sample t-test or the Wilcoxon test, it can be used
to compare two different conditions or times on the same
sample such as the difference in the average value of the
experimental class post-test will be known whether it is
significantly different or not before and after treatment. The
hypotheses in this study are as follows.

Ho = There is no significant effect between learning activities
assisted by laboratory activities on the level of student
understanding of macromolecular materials.
Ha = There is a significant effect between learning activities
assisted by laboratory activities on the level of student
understanding of macromolecular materials.

1. RESULTS AND DISCUSSIONS

3.1. Demographics Data

Demographic data related to the IPAS course grades of a
total of 23 students are presented in Table 6. This
demographic data is to provide a better understanding of the
student composition and support lesson planning.

Fig. 1. Percentage Chart of Student Cognitive Learning Outcomes in IPAS
Subjects

Figure 1 shows that 50% of the students had moderate
cognitive learning outcomes, 9% in each of the high and very
high categories, while 23% of the students had scores in the
low category, and the remaining 9% in the very low category
in the IPAS subject.

3.2. Analysis of Pretest and Postest Scores

The question instruments used in this study are pretest
and post-test questions in the form of multiple-choice
questions with a total of 10 questions. These two questions
are presented similarly. A detailed explanation of the items

and Bloom's taxonomy is presented in Table 7.
TABLE VII
PRETEST-POSTTEST ITEM QUESTIONS CATEGORY

Bloom
No Problems Taxonomy Score
1 Sucrose solubility in two different c2 1
solvents
Relationship between carbohydrate
2 . C3 1
solubility and temperature
The process of gelatinization is
influenced by temperature and the
3 X . C3 1
changes that occur in the physical
properties of starch
4 The caramelization process of sugar C3 1
5 Solubility of lipid-containing foods c2 1
in different types of solvents
6 Emulsion formation process C4 1
7 S_olublllty pattern of proteins in c3 1
different solvents
8 Effect of_ temperature on protein c3 1
denaturation
Effect of temperature and pH on
9 . - c4 1
protein denaturation
10 Changes _that occur in proteins after c2 1
denaturation
Total score 10
Meanwhile, the test scores of students’ learning

outcomes measured by pretest and posttest are presented in
Table 8.

TABLE XI TABLE VIII
STUDENTS' IPAS SUBJECT SCORE RESULTS OF DESCRIPTIVE ANALYSIS OF PRETEST AND POSTTEST
Data Type Score Number of  Min Max
Respondent 23 Type Students Value  Value Mean SD
Highest score 90 Pre-
Lowest score 37 test 23 20 70 35.22 15.336
Average 58.14 Post-
23 40 90 63.04 12.946

Based on Table 6, the average score of the IPAS subject
for a total of 23 students is 58.14 with the highest score of
90 and the lowest score of 37. The presentation of student
scores is shown in Figure 1.

m 0-39 (very low)
40-54 (low)
55-74 (moderate)

75-89 (high)

™ 90-100 (very high)
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test

3.3. Analysis of N-Gain Score

The results of the N-gain test are to determine the extent
of the improvement that occurred in the pretest and posttest
questions after the treatment, in this case, the laboratory
activities were carried out. The N-Gain test results are shown
in Table 9.

Table 9 shows that 1 student obtained a low N-Gain
score, 20 students obtained moderate N-Gain scores, and 2
students with high N-Gain scores. Therefore, the average N-
Gain is 0.4 with a medium category.

3.4. Statistical Analysis of Learning Outcomes
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Statistical analysis such a normality test and hypothesis
test were conducted. For the normality test use the help of
the SPSS version 26 for Windows program with the Shapiro-
Wilk test. The requirement for this test is that the data is
declared normally distributed if the Sig. value is > 0.05. The
results of the normality test are presented in Table 10.

TABLE IX
N-GAIN TEST RESULTS
Students’ Pre Post N-Gain
No Code test test Score Category
1 X1 40 70 0.5 Moderate
2 X2 30 60 0.4 Moderate
3 X3 50 70 0.4 Moderate
4 X4 20 50 0.4 Moderate
5 X5 50 70 04 Moderate
6 X6 50 60 0.2 Low
7 X7 20 50 0.4 Moderate
8 X8 70 90 0.7 High
9 X9 60 90 0.8 High
10 X10 30 60 0.4 Moderate
11 X11 30 60 0.4 Moderate
12 X12 30 60 0.4 Moderate
13 X13 30 60 0.4 Moderate
14 X14 30 50 0.3 Moderate
15 X15 20 50 0.4 Moderate
16 X16 20 50 0.4 Moderate
17 X17 20 40 0.3 Moderate
18 X18 20 60 0.5 Moderate
19 X19 20 60 0.5 Moderate
20 X20 30 60 0.4 Moderate
21 X21 30 70 0.6 Moderate
22 X22 50 80 0.6 Moderate
23 X23 60 80 0.5 Moderate
Mean score 31.7 63.0 0.4 Moderate
TABLE X
NORMALITY TEST RESULTS
Shapiro-Wilk
Type Note
Statistic df Sig.

Pre- Not normally
test 0.847 23 0.002 distributed
Post- Not normally
test 0.913 23 0.046 distributed

Based on Table 10, the significance values for the pretest
and posttest are 0.002 and 0.046 respectively, both of which
show the value of Sig. < 0.05. Therefore, both pretest and
posttest data are not normally distributed.

If the normality test results state that the data is not
normally distributed, the next test uses a non-parametric
statistical test, namely the Wilcoxon signed-rank test. This
Wilcoxon test uses SPSS version 26 program. The results of
the Wilcoxon test of ranks section are shown in Table 11.
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TABLE XI
WILCOXON TEST RESULTS OF RANKS SECTION
N Mean Sum of
Rank Ranks
Pretest — Negative Ranks 0? 70 0.00

Posttest Positive Ranks 23b 90 276.00
Ties 0
Total 23

a. Post Test < Pretest
b. Post Test > Pretest
c. Post Test = Pretest

Based on Table 11, it can be interpreted as follows: (i)
Negative ranks or the negative difference between pretest
and posttest scores is 0 both in the N value, mean rank, and
sum of ranks. This means that there is no decrease from the
pretest value to the post-test value; (ii) Positive ranks or the
positive difference between the pretest and post-test scores,
namely the N value is 23, indicating that 23 students
experienced an increase in learning outcomes, with a mean
rank of 12.00, and the sum of ranks is 276.00; while (iii) Ties
show the similarity of pretest and post-test scores shown at a
value of 0. Thus, it is said that there are no similar values
between pretest and post-test.

For hypothesis testing the results are presented in Table
12. Table 12 shows that the Asymp. Sig (2-tailed) of 0.000
where the value of Sig. 000 < 0,05. Thus, based on decision-
making, if the value of Sig. <0.05, Hy is rejected and H, is
accepted. It can be concluded that there is an influence
between learning activities assisted by practicum activities
on the level of student understanding of macromolecular

material.
TABLE XII
WILCOXON TEST RESULTS OF TEST STATISTICS

Pretest — Posttest

z -4.299°
Asymp. Sig. (2-tailed) 0.000
a. Wilcoxon Signed Ranks Test

b. Based on negative ranks

Based on these findings, learning activities assisted by
practicum activities and hands-on experiments have been
shown to enhance students' conceptual understanding
(Nandiyanto et al., 2020). This result is evidenced by the
difference in descriptive analysis values where there is a
difference in the mean value and is supported by the N-gain
value between the pre-test and post-test results. The N-gain
value was obtained with a value of 0.4 which is in the
medium category. These results are also in line with the
hypothesis test which shows the influence between learning
activities assisted by practicum activities on the level of
student understanding.

The results of this study indicate that practicum activities
contribute to helping students to better understand
macromolecular learning materials.  Macromolecular
learning materials (carbohydrates, fats, and proteins) are
materials that are broad in scope and are related to everyday
life because they are related to food, health, and disease. So,
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it needs to be taught to vocational students, even for
vocational students in software engineering majors. The
design of practicum experiments carried out also utilizes
easy and simple tools and materials that students can
encounter every day. Thus, learning is more contextual.
During the practicum process, students were very
enthusiastic and motivated to learn. So, it can be said that
learning by utilizing this practicum activity can involve
learning to be active and attract their attention. This is
supported by the use of simple tools for experiments,
increasing student creativity (Wahyu et al., 2018; Ariyanti &
Maryanti, 2021). This result is in line with research
conducted by Supriatni (2022) that the practicum method
makes students able to understand the material well in their
memory because they practice it with simple materials and
tools and those in their home environment. Thus, students
become actively involved in the learning process. Students
not only listen but also see what is happening directly.

CONCLUSION

The results showed that there was a significant effect of
student learning outcomes between the learning process
assisted by practicum activities on the level of understanding
of vocational students on macromolecular material. The
results obtained show that vocational students easily
understand the material about macromolecules after learning
assisted by practicum activities. These results were
confirmed using statistical analysis with the N-gain test and
non-parametric statistical test with Wilcoxon. Laboratory
activities by utilizing simple tools and materials are
significantly able to increase knowledge and accelerate the
understanding of vocational students. Increased knowledge
and understanding are in line with student learning outcomes
in IPAS subjects. This study is expected to have an impact
on the IPAS learning process, especially on macromolecular
material with the help of practicum methods, which are
considered to provide useful learning. This study can also
have a good impact on the younger generation because
understanding well the physical and chemical properties of
macromolecules can support the goals of Sustainable
Development Goals (SDGs). Practicum activities need to be
well-designed, have clear learning objectives, and provide
opportunities for students to actively participate to improve
linkages with sustainable learning to support the impact of
SDGs.
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