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Abstract

The research on the development of a green chemistry-based practicum guide for generic science skills aimed to measure the
validity, practicality, and effectiveness. The research used is Research and Development (R&>D) based on the ADDIE developmen:
model. The subjects of this study were students of class X1 IPA SMAS Alkbairaat Kalukubula who had been tanght the subject
of the polarity of electrolyte and non-electrolyte solutions. The instruments used in this study were validation sheets, questionnaires,
and an essay test. Data were analyzed by using quantitative descriptive techniques. The results showed that the practicum guide was
valid for the material aspect (84%) and the media aspect (82%). The practicum guide was rated in the practical category with a score
of 86%. The effectiveness of practicum guides on generic science skills, with a Coben effect size of 1.75 in the very large effect category
and student responses at 89% in the very effective category. Based on these results, the green chemistry-based practicum guide is worthy

of use.
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Introduction

Nowadays, environmental issues have
become an international concern; the United
Nations, as an organization that oversees nations,
has adopted an agenda outlining the goals of
sustainable development. This is a commitment by
each country to address environmental challenges
towards a sustainable world by 2030 (Pearson &
Degotardi, 2009). Sustainable development contains
a set of transformative goals that have been agreed
upon and apply to all nations without exception.
One of the goals of sustainable development is
quality education, as embodied in the Education for
Sustainable Development (ESD) agenda, which
ensures inclusive, quality education and promotes
lifelong learning opportunities for all people (World
Health Organization, 2015).

Education for Sustainable Development
(ESD) is an idea that originates from environmental
education (Segara, 2015). Environmental education
serves as the foundation for environmental
preservation and should be taught as eatly as
possible through a curriculum that integrates ESD.
Chemistry education is one of the fields of
education that can negatively impact the
environment. Negative impacts occur when
chemistry in the learning process does not adhere to
environmentally friendly principles, so that any
chemical processes performed incorrectly pose a

danger to humans and the environment (Al-Idrus et
al., 2020).

Chemistry learning can pose dangers to
students and the environment if it is not grounded
in environmental knowledge. One example is the
use of chemicals in laboratory activities. When using
chemicals, risks wvary. However, overall, the
chemicals used in laboratory activities pose direct
and indirect risks to students and the environment
in particular (Peratiwi et al., 2017).

One of the negative impacts of chemistry lab
practices is the use of dangerous chemicals such as
H.SO., HCl, H;O,, and FeCls, as well as non-
renewable materials, which often result in
environmentally unfriendly waste. In addition to the
use of hazardous chemicals, a lack of knowledge
about laboratory waste disposal can also pollute the
environment (Septiana, 2016). Several researchers
have reported efforts to replace dangerous
chemicals used in chemistry laboratories with safe,
environmentally friendly materials (Al-Idrus et al.,
2020; Amdayani, 2021; Asif, 2021; Amalia &
Zambhari, 2021).

Given the dangers posed by chemicals used
in chemistry practicals, efforts must be made to
make them more environmentally friendly.
Environmentally friendly chemistry practicals are
based on the concept of green chemistry proposed
by the Environmental Protection Agency (EPA) in
partnership with the American Chemical Society
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(ACS). Green chemistry is a philosophy that
promotes reducing the production and use of
harmful substances and maximizing the efficiency
of chemical use. Green chemistry is an approach
within Education for Sustainable Development
(ESD). This approach can be applied to realize safe
and environmentally friendly laboratory activities.
Green chemistry has 12 principles that can serve as
a reference for designing safe chemical activities and
reducing harmful waste (Karpudewan et al., 2011).

The twelve principles of Green chemistry are
(1) emphasizing efforts to prevent waste rather than
managing it, (2) atom economy, (3) reducing the use
of toxic and hazardous chemicals, (4) designing
environmentally friendly products, (5) using safe
solvents and chemical reactions, (6) designing
energy-efficient processes, (7) ptiotitizing the use of
renewable raw materials, (8) performing relatively
shorter synthesis processes, (9) prioritizing the use
of catalysts over stoichiometric reactions, (10)
designing products that can be recycled, (11)
performing analytical methods in pollution
prevention efforts, (12) minimizing potential
workplace accidents (Anastas & Warner, 1998).

The core study of the 12 principles of green
chemistry focuses on the regulation of chemical use
and production, and on their environmental effects
(Aubrecht et al., 2015). Laboratory activities ate vety
similar to chemical use, especially when guidelines
are not followed or when only textbooks are used,
which is not environmentally friendly. In line with
the focus of green chemistry studies, efforts should
be made to apply green chemistry principles when
developing laboratory guidelines. This is in line with
the research conducted by Peratiwi et al. (2017).
Laboratory guidelines based on green chemistry, or
environmentally friendly practices, aim to prevent
and reduce negative impacts caused during
laboratory activities, both on the environment and
on human health.

The implementation of green chemistry
principles in a laboratory manual can begin by
replacing harmful chemicals for students and the
environment with natural materials found around
us, without compromising the laboratory's essence
or quality. The laboratory manual is a teaching
material that is systematically compiled in a language
that is easy for students to understand and can be
studied independently without the need for a
facilitator. Also, the laboratory manual can be used
according to the students' learning abilities. The
laboratory manual is a package of self-directed
learning that contains a series of planned,
systematically designed learning experiences to help
students achieve their learning objectives and
improve their skills in a chemistry laboratory activity
(Widodo, 2008).

Chemistry, as part of science, is closely
related to experimental and laboratory activities.
Laboratory activities require every student to apply
all the theories and concepts learned; without them,
mastery of the material remains only in the brain
and does not reflect in observable behavior
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(Decaprio, 2013). Laboratory activities certainly
require not only theory and concepts but also their
implementation; students need to connect the
concepts they obtain with practical actions and
specific skills. One of the skills directly related to
laboratory activities is the generic science skills.
Generic science skills are students' ability to think
and act based on the scientific knowledge they
possess, which they obtain through learning science
(Abidin & Utami, 2023). In other words, generic
science skills are skills that can be used to study
various concepts and solve various science
problems. By mastering generic science skills,
students can study and understand chemistry
concepts more easily (Langitasari et al., 2010).

Generic skills are also important for students
because they are essential for developing their
careers in their respective fields. Generic skills are
not acquired suddenly; they must be developed
through continuous training to improve. The
generic science ability is a skill used to study
scientific concepts and solve scientific problems
(Brotosiswoyo, 2001). Therefore, generic science
skills are used in various scientific work and can
serve as a basis for conducting practical activities.
Based on this, the researcher intends to develop a
practical guide to students' generic science skills.

The results of interviews with chemistry
teachers at several high schools in Sigi Regency
showed that teachers used practicum guides
compiled by the teachers themselves and guides
found in student books published by specific
publishers. In schools with incomplete laboratories,
such as those in rural areas, it is difficult to use
existing laboratory guides in conducting laboratory
activities. This is due to the limited tools and
materials used for the laboratory activities.
Therefore, the researcher developed a green
chemistry-based laboratory guide to catry out the
laboratory activities.

Based on the background description above,
this research focuses on developing a green
chemistry-based practicum guide to enhance
generic science skills.

Methods

This research was conducted at Alkhairaat
Kalukubula High School. The subjects of this
research are 11th-grade students. The product trial
was conducted on a small scale, involving 20
students, including 11 males and 9 females. The
selection of research subjects was based on criteria
such as students who have been taught polar
compounds and electrolyte and non-electrolyte
solutions, as well as recommendations from the
chemistry teacher.

This study used three main instruments.
First, the validation instrument for the practicum
guide was used. The validation instrument is a
validation sheet for the green chemistry-based
practicum guide, which the expert lecturer
completed. The validation sheet aims to assess the
feasibility of the product design, which consists of
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several aspects, namely content and media
validation. The validation aspects assessed include
content validation consisting of  concept
correctness, material depth, green chemistry
content, and practicum implementation level, which
is summarized into 11 statements. Media validation
comprises the physical appearance of the chemistry
practicum guide, the writing and organization of the
guidebook, and the clarity and legibility of
sentences, which are summarized in 7 statements.
The validation sheet was prepared using a Likert
scale ranging from 1 to 4. The validator provided an
assessment by offering an opinion on each indicator
being evaluated and offering suggestions when
necessary.

The second instrument is the product
practicality instrument. This instrument is used to
obtain a practicality assessment. The instrument
used is the product performance observation sheet.
The product implementation observation sheet
contains three aspects: the product appearance
aspect, the implementation aspect, and the
practicum guide effect aspect, which contains 15
statements. Implementation sheet to be filled in by
several observers who monitor the implementation
of practicum activities.

And third, the effectiveness instrument for
the practicum guide. The effectiveness assessment
instrument used in this study consisted of a generic
science skills test and a student response
questionnaire about the product. The instrument
for generic science skills is in the form of essay
questions, consisting of 5 questions that cover 5 of
9 indicators of achievement, according to
Brotosiswoyo (2001). The indicators that are
relevant in evaluating the effectiveness of the
practicum guidelines developed are: (1) Direct
observation, (2) Logical inference, (3) Law of cause
and effect, (4) Abstraction, and (5) Building
concepts. Before the test questions are used, they
are first validated by experts. Student response
questionnaires are used to obtain student responses
on the effectiveness of the practicum guide
products developed.

The procedure of this research is carried out
using the model developed by Branch (2009),
known as ADDIE, consisting of five stages:
Analyze, Design, Development, Implementation,
and Evaluation. The following is an elaboration of
the research procedure:

Analyze

The stages of analysis in this study were
divided into two: needs analysis and materials
analysis.

Needs analysis

Needs analysis is the initial stage of the
development process. At this stage, it is the
interview stage. Interviews were conducted with
chemistry teachers at the school. The interview
consisted of 8 main questions. Interviews are used
to gather statements about a problem, identify its
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causes, and ultimately find solutions to gaps or
problems in the school.

Content analysis

The next procedure, namely content analysis,
was carried out by observing the curriculum and
syllabus. Where the school wuses the 2013
curriculum, material analysis must be guided by
basic competencies as the goal of the 2013
curriculum. Based on the school's curriculum and
syllabus, the practicum activities developed are
adjusted to align with the subjects students must
cover.

Design

The next stage is design, namely the stage of
designing products according to student needs and
learning materials. The product design developed
was adapted from Nurgita (2017), in which the
Green Chemistry-Based Chemistry practicum guide
consists of three parts, namely: the Pre-introduction
section, which includes a cover page, preface, and
table of contents. The introductory section consists
of competency standards, basic competencies,
achievement indicators, laboratory regulations,
labels for hazardous substances, and the names of
chemicals and their effects. The contents section
includes the following components: (1) Title of the
Experiment, (2) Purpose of the Experiment, (3)
Basic Theory, (4) Tools and Materials, (5) Work
Procedures, (6) Results of Observations, (7) Green
Chemistry Info, and (8) References. The green
chemistry-based practicum guide was created in
Microsoft Word to compile content and was
designed in Canva.

Development

The product, a green chemistry-based
practicum guide, had its final draft created during
the development stage. The product validation then
followed it. The validation aimed to assess the
feasibility of the product design and comprised
several aspects, such as content and media
validation. Content validation was evaluated
regarding  constructivist perception, concept
accuracy, depth of material, green chemistry
content, and the feasibility of practical
implementation. The media validation, on the other
hand, comprised aspects such as the physical
appearance of the chemistry laboratory manual,
writing and organization of the guide, and the clarity
of sentences and level of readability. The product
validators during the development stage were
experts in materials and media.

Implementation

This is the trial stage, in which the practicum
guide is used to assess the feasibility of the
developed media. The subject will undergo a series
of tests designed to assess the product's
effectiveness on students' generic science skills. The
effectiveness test was carried out by administering a
generic science skills test using a one-group pretest-
posttest design and student response questionnaire
sheets. A pretest is conducted to determine
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students' initial state of generic science skills before
practicum activities with the product being
developed. A posttest was conducted to assess the
increase in students' generic science skills. After the
test, students were asked to complete a
questionnaire on product design and their responses
to the chemistry practicum guide on green
chemistry. The questionnaire covers aspects such as
the guidebook's physical appearance, sentence
clarity and readability, the feasibility of practicum
activities, green chemistry, and the evaluation of
practicum reports.

Evaluation

Evaluation is a process of obtaining feedback
from various parties on the learning media that has
been created and developed. To determine students'
responses to the developed product, a survey is
required. Evaluation can take place at all stages.
Subsequently, the results of the revision are tested
with students to assess their perceptions of the
product. The students' suggestions are then
analyzed, and further revisions are made until the
final product is suitable for use.

Results and Discussion

The research on the development of a green
chemistry-based practicum guide towards generic
science skills, conducted at Alkhairaat Kalukubula
High School using the ADDIE model, has been
analyzed, designed, developed, implemented, and
evaluated.

Analyze

Needs analysis

The needs analysis concluded that practical
activities are rarely carried out due to a lack of tools
and materials, as indicated by the school's chemistry
practical guide. The limitations in carrying out
practical activities were due to the limited availability
of chemical materials at the school. Furthermore,
the practical guide used was taken from the internet
without any development tailored to the students
and the materials available at the school. Based on
the results of the needs analysis, the researcher
developed a green chemistry-based practical guide
that uses readily accessible tools and materials to
support the learning process, especially for subjects
requiring practical activities. This is in line with the
view of Karpudewan et al. (2015), who believe that
practical guides developed with easily accessible
tools and materials that students can use can help
students understand the subject matter and improve
their skills. Likewise, the appropriate use of practical
tools and materials can help students understand
scientific concepts more effectively and improve
their learning outcomes (Listyarini et al., 2019).

Content analysis

The next procedure, Content analysis,
involves reviewing the curriculum and syllabus used
to ensure that the material in the developed
laboratory activity aligns with the outcomes
students must achieve. Based on the analysis, it was
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found that in 10% grade, two basic competencies
allow the development of a green chemistry-based
laboratory guide. The two basic competencies are
KD 4.3 "Designing and conducting experiments to
investigate the polarity of compounds" and KD 4.6
"Designing and conducting experiments to
determine the properties of non-electrolyte and
electrolyte solutions". Competency 4.3 is found in
the covalent bond material, which includes sub-
material on the polarity of compounds, and
Competency 4.6 is found in the electrolyte and non-
electrolyte solution material. Based on this, it is
necessaty to have a more contextual laboratory
activity so that students can understand the material
more concretely.

Further elaboration is required for the
material on the polarity of compounds, which is
abstract in nature, in order to be understood in a
concrete form. On the other hand, the material on
electrolytic and non-electrolytic = solutions  is
contextual and requires many real-life examples.
Based on this, practical activities are needed to help
students understand the material more concretely.
According to Decaprio (2013), one way to
understand the material concretely is to apply the
theories and concepts learned through practical
activities. In conducting practical activities, students
not only need theory and concepts, but also must be
able to connect these concepts with real actions
through skills related to the activity, such as generic
science skills (Langitasari et al., 2016).

Generic science skills, including critical
thinking, problem-solving, and teamwork, can be
developed through a deeper understanding of
chemistry. According to Nastiti et al. (2018), this is
because understanding chemistry concepts in
practice can help students apply them in real-life
situations. Thus, a practical understanding of
chemistry education can help students develop the
generic science skills required for success in science,
as stated by Rosidah et al. (2017).

Design

The practicum guide design, adapted from
Nurgita (2017), was redeveloped to meet the needs
and aspects of the analyzed content. This practicum
guide is printed on concise A5 paper for students.
The font sizes used for the title, subtitle, and body
of the manuscript are differentiated in the product
sub-section. In the work procedures section, several
pictures are provided to help students understand
the steps and avoid multiple interpretations. In
terms of color selection, the practicum guide design
uses colors that attract students' attention and a
green theme synonymous with environmental
themes and green chemistry. The practicum guide
developed pays attention to the principles and steps
for writing teaching guides, including analysis of the
guide's needs, design, evaluation, and validation as a
process for testing the practicum guide's suitability
with the learning competencies. The steps for
compiling a practicum guide for product design are
based on green chemistry indicators.
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Development

This stage is an advanced stage of the design
process. The initial design has been carried over to
the product development stage to assess the
product's feasibility, and an expert will validate it.
The results of product wvalidation for the
development of green chemistry-based chemical
practicum guidelines, in the form of material and
media validation, are presented in Tables 1 and 2.

Table 1. Results of the validation of content
aspects

Average o
Rated aspect ’ Criteria

rating

The truth of the concept. 81% Valid

The depth of the content. 88% Highly Valid

Green chemistry aspect 88% Highly Valid
The level of implementation . .
. . 88% Highly Valid
of practicum activities.

75% Valid

Valid

Practicum report.

Conclusion 84%

Table 2. Results of the validation of media aspects

Rated aspect Average rating Criteria

The physical appearance of the

81% Valid
product
Writing and organization of .
81% Valid
books.
Sentence clarity and readability )
83% Valid
level
Conclusion 82% Valid

Assessment by content experts

Based on the material expert's assessment,
the overall average for each aspect was 77%, placing
it in the wvalid category. The first aspect is the
correctness of the concept, which includes its
suitability with the concept put forward by experts
and the elaboration of the concept of activities in
accordance with students' development. The
practicum guide focuses on the content of the
material, adjusting it in line with scientific
developments and selecting topics that align with
the concept of green chemistry and are found in
everyday life. The second aspect is the depth of the
material, which includes the depth of the concepts
presented in accordance with the school's
textbooks.

The third aspect is green chemistry content,
which includes practicum activities applying the
principles of green chemistry. Materials used in
practicums are safe for students and the
environment. Solvents used in practicums are safe
for students and the environment. Practicum
activities are not harmful to the environment and
apply the K3 procedure. The green chemistry
content raised has been adapted to several
indicators of green chemistry, namely reducing
practicum waste, using materials and products that
are safe for students and the environment, using
safe solvents, using renewable chemicals and
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minimizing the potential for work accidents.
Aspects of green chemistry content are very
important in this study. This is in accordance with
the findings of Al-Idrus et al. (2020) and Zuin et al.
(2021), which state that practicum activities in
schools must be centered on the environment so
that students can apply the values of green
chemistry to protect it.

The fourth aspect concerns the extent of
implementation of learning activities, including the
ease of conducting practicum activities, which
provide students with direct experience. This aspect
of implementation needs to be emphasized because,
through practicum, students can apply the theory
they have learned in real life. In addition, a
practicum can help students understand the subject
matter better and develop skills useful in everyday
life. The last aspect is the practicum report, which
contains an easy-to-understand report format. This
aspect was raised due to students' lack of knowledge
about how to compile reports, particularly the
format of practicum reports. With the report format
provided in this guide, students can gather more
information when compiling practicum reports.

Assessment by media experts

Based on the media expert's assessment of
the green chemistry-based practicum guide, an
average overall score of 82% was obtained, placing
it in the valid category for use with revision. The
first aspect of the assessment is the physical
appearance of the practicum guide, which discusses
book design, writing, and pictures. The practicum
guide uses A5-size paper so that writing and pictures
can be read propetly in a compact size. The font size
of the teaching material title is more dominant and
proportional than that of the practicum guide, and
the title color contrasts with the background color.
It does not use too many letter combinations. The
practicum guide cover design features illustrations
that effectively convey the material's contents.

The second aspect is the writing and
organization of the book, which comprises sub-
indicators assessing the completeness of the
practicum guide's identity on the cover page and the
suitability of the conceptual organization for the
syllabus, both of which are considered good by
media experts. The third aspect is the clarity of
sentences and the level of readability, with sub-
indicators, namely the clarity of the sentences used,
the correctness and accuracy of the chemical terms
used, and whether the language is attractive and in
accordance with enhanced spelling. According to
the media expert validator, several sentences are
lacking, so word adjustments are needed to match
the enhanced spelling.

Based on Table 1, the average content
validation percentage is 84%, which falls within the
valid category. Table 2 shows that the average
media validation percentage falls within the valid
category, namely 82%. The overall assessment of
the green chemistry-based practicum guide by
expert validators is valid and usable.
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Implementation

Practicum guide practicality

The practicum's practicality is guided by the
observer's  observations of the product's
implementation during the practicum conducted in
school classrooms. The practicum process in the
trial is limited to 20 students. The practical results
of practicum guidelines are presented in Table 3.

Table 3. Results practicality practicum guide

Rated aspect Average rating. Criteria.
The physical f

e physical appearance o 86% Practical

the product

Implementation of green
chemistry-based practicum 80% Practical
guide
Effect of the practicum guide .

X 92% Practical

on learning
Conclusion 86% Practical

The guide's practicality is evident in the
product implementation observation sheet. The
observer assessed the observation sheet, and the
analysis of the observet's assessment showed that
the average rating for each aspect was very practical,
namely 86%. Overall, it shows that the developed
practicum guide is very practical to use in a
practicum.  The  product  implementation
observation sheet covers three aspects: the
product's appearance, implementation, and the
practicum guide's effect.

These three aspects are very important
because they provide a comprehensive assessment
of the product's appearance and language, its
application, and the expected outcomes from the
practicum itself. According to Pratiwi et al. (2017),
the implementation of good practicum activities
depends on the quality of the practicum guidebook
used. A good practicum guidebook will provide
clear, easy-to-understand guidelines for students, as
well as real-world examples related to the material
being taught. This will help students more easily
understand and master the material. The practicality
of a product is whether it is easy to use in the
learning process and evident in its application (Dewi
et al.,, 2022).

Based on Table 3, the value falls in the very
practical category at 86%. The practicum guide is
very useful for learning.

The effectiveness of the practicum guide
towards generic science skills

The effectiveness of the practicum guide was
measured by analyzing the Cohen's d effect size
from pretest and posttest results on students'
generic science skills tests. The effectiveness test
was cartied out to determine the impact of product
use on students' generic science skills related to
compound polarity and to solutions of electrolytes
and non-electrolytes. The results for the
compound-polarity material show an average
pretest score of 71.65 and a posttest score of 79.05.
This shows that the posttest score is higher than the
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pretest score. The results for electrolyte and non-
electrolyte solution materials have an average
pretest value of 73.05 and a posttest value of 80.25.
The posttest score is higher than the pretest score.
The results of the effectiveness of the practicum
guide are presented in Table 4.

Table 4. The results of the students' pretest and
posttest on generic science skills

Description Score? ScoreP
Sample 20 20
Pretest Average 71.65 73.05
Posttest Average 79.05 80.25
Effect Size 1.51 1.99
Interpretation Very large effect Very large effect

A. compound polarity
B. Electrolyte and non-electrolyte solutions

The product effectiveness category is
declared good if it is at least in the medium or high
category for each student. The increase in students'
generic science skills is calculated using Cohen's d.
Based on this test, the calculated compound polarity
for the material is 1.51, which has a very large effect.
For the electrolyte solution material, it is 1.99, which
also has a very large effect. In this study, 5 indicators
of generic science abilities were selected, including
direct observation, logical inference, causal law,
abstraction and the ability to build concepts. The
selection of this indicator is based on the relevance
of the practicum activities in the two materials to
the generic science skills indicators. Indicators of
students' generic science skills are measured
through several aspects of each indicator.

Measurement of generic science skills using
direct obsetvation indicators, namely, students are
guided to collect data from experiments conducted
by chemists on the polarity of compounds and the
distinction  between electrolytes and non-
electrolytes. Measurement of logical inference
indicators is based on students' ability to explain a
particular problem using their chemical concepts. In
this case, students are led to explain problems
related to the polarity of compounds, electrolytes,
and non-electrolytes.

Measurement of causal law indicators is
based on explanations of the causes of a particular
phenomenon using chemical concepts, theories,
and principles that are owned, so that students are
guided to relate these concepts, theories, and
principles to vatious things they often encounter in
everyday life. Measurement of abstraction indicators
is based on how students describe and analogize
abstract chemical concepts or events in everyday
life. Measuring indicators builds concepts by
enabling students to draw conclusions about the
concepts and data they have obtained.

Based on the average results from the
students' generic science skills test, there has been
an increase in students' performance. The use of
green  chemistry-based  chemistry  practicum
guidelines explicitly influenced this increase. With
this guide, students are trained to design their own
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practicum and to explore additional tools and
materials around them that can be used in practicum
activities. This aims to emphasize the balanced
development of cognitive, affective, and
psychomotor aspects through modern learning
methods that benefit students with above-average
abilities, helping them understand concepts in ways
aligned with their learning styles and enabling them
to conduct experiments anywhere, anytime
(Sanjaya, 20006).

Based on the results, it was concluded that
students' generic science skills improved with the
use of green chemistry-based practicum guidelines.
The effectiveness of a product indicates whether it
can facilitate the achievement of student learning
outcomes in accordance with the assessment
criteria. A practicum guide can improve the quality
of learning, as evidenced by student test results
(Pamenang et al., 2020). Products can be declared
effective if the learning test results meet the
minimum completeness criteria (Widyaningrum et
al., 2018).

Evaluation

The final stage in developing this practicum
guide is to evaluate and assess students' eligibility.
The success of developing this practicum guide is
evident in the feedback from students who have
completed the questionnaire. The results of the
student response questionnaire analysis are
presented in Table 5.

Table 5. The results of the student response
questionnaire

Aspect Average score.

Learning that wuses green chemistry-based

chemistry practicum guides is very interesting 380
The pictures presented in the green chemistry-
based chemistry practicum guide are appropriate 3.65
and interesting

The colors presented in the green chemistry-
based chemistry practicum guide are appropriate
and contrasting

The font type used is appropriate and easy to read
Sentences/grammar in the green chemistry-based
chemistry practicum guide are easy to understand
The material in the green chemistry-based
chemistry  practicum  guide is  presented
systematically

The material in the green chemistry-based
chemistry practicum guide can be remembered
easily

Instructions for filling in the green chemistry-
based chemistry practicum guide are easy to 3.60
understand and implement

Chemistry learning using green chemistry-based
chemistry practicum guides can motivate the
learning process

Chemistry learning using green chemistry-based
chemistry practicum guides can increase learning 3.55
independence in the learning process
Total

Response Percentage (%0)

3.58
89%

Conclusion Very effective
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At this stage, revisions and improvements
were made again based on suggestions and input
from various parties, including media experts and
material experts, as well as students. The success of
the green chemistry-based practicum is measured by
the feedback from students who completed the
provided questionnaire. Based on the student
response questionnaire and the analysis of each
aspect, the overall score was 89%, placing it in the
very effective category. The overall assessment
shows that this project-based green chemistry
practicum is effectively used for learning because it
increases students' independence in learning the salt
hydrolysis material and receives positive responses.
In the ADDIE model of research and development,
the evaluation and revision stages have been carried
out throughout the process.

Conclusions

The developed green chemistry-based
practicum guide product has a validity value of 84%
for material experts in the "valid" category and 82%
for media experts in the "valid" category. The
developed green chemistry-based practicum guide
has a practical value of 86% in the "very practical"
category, indicating its use in learning. The
developed green chemistry-based practicum guide
reports Cohen's d values for compound polarity
(1.51) and for electrolyte and non-electrolyte
solutions (1.99), both of which fall in the "very large
effect” category. The value for student responses to
the green chemistry-based practicum guide is 91%
in the "very good" category. Thus, the practicum
guide based on green chemistry, developed for
generic science skills, is effective for generic science
skills.
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