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Abstract 

 
Practicum-based worksheets have been proven to improve students' thinking abilities. This research aims to describe the 
design and determine the feasibility of a project-based practical worksheet on buffer solution material. This research uses 
the Borg & Gall development model which consist of analyzing potential problems stage, data collection, product design, 
product marketing, product analysis and revision. The research subjects were 11th grade students from two different 
senior high school. The validation results show that the project learning-based student worksheet is classified as very 
valid with a score of 93 for small scale, 96 for medium scale, and 99 for large scale. The media was declared suitable for 
use based on the results of trials on small, medium and large-scale students in the very good category with scores of 50, 
51, and 55 respectively. This shows that project-based practical worksheets on buffer solution material are suitable for 
application to students. 
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1. Introduction 
 

Current chemistry learning requires students 
to be able to master several important types 
of abilities including critical thinking skills, 
creative thinking skills, problem-solving skills, 
and the ability to communicate and 
collaborate, as a result of the student learning 
process in addition to their success in 
fulfilling learning indicators (Nuha et al., 
2020). Teachers need to understand that 
students' mastery of these abilities cannot 
occur without a good learning plan, including 
the selection of learning methods and 
learning media. One of the learning media 
that is often used by teachers in constructing 
chemistry knowledge is the Student 
Worksheet (LKPD).  
 
Based on the results of interviews and 
observations conducted by researchers, it is 
known that the LKPD which is commonly 
used in learning activities is considered less 
scientific and innovative so it makes  

 
difficult for students to understand the 
material and causes boredom in studying 
chemistry. The material content contained in 
the LKPD is no different from the sourcebook 
as teaching material, so students are not 
motivated to use the LKPD as a learning 
medium. In addition, the LKPD developed by 
the teacher is also not attractive and has not 
been integrated with the project-based 
learning model. 
 
LKPD is a teaching medium that contains 
steps for the construction of materials that 
students need to work on (Yildirim et al., 
2011). LKPD is designed systematically and 
aligned with learning objectives to guide 
students to master concepts and actively 
participate in collaborative discussion 
activities (Çelikler, 2010; Evans & Cleghorn, 
2022). The development of LKPD needs to 
pay attention to the characteristics that must 
be met, which are guiding, directing, and 
empowering students to study independently, 
improve critical thinking skills, and the ability  
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to learn collaboratively (Aprianty et al., 2020). 
One way to fulfill this character is to integrate 
models and innovative learning methods 
explicitly in LKPD. 
 
Project Based Learning (PjBL) is a learning 
model that can be used as an effort to 
develop scientific abilities, conceptual 
understanding, psychomotor, creativity, and 
student motivation (Aprianty et al., 2020; Kuo 
et al., 2019). The application of PjBL in science 
learning, one of which is chemistry, can 
encourage the fulfillment of 21st-century 
abilities that are important for students to 
possess (Desiana et al., 2022). The problem 
that often arises in learning science is that 
there is a distance between the knowledge 
that students acquire in learning and the 
problems that they find in their surroundings 
related to natural phenomena. This condition 
is caused by the teacher only making 
students learning participants who are not 
trained to actively construct their knowledge. 
Regarding these problems, PjBL exists as a 
learning model that allows students to 
actively participate in solving real problems 
through authentic projects (Guo et al., 2020). 
 
PjBL has several advantages including 
(containing guiding questions, focusing on 
learning objectives, increasing active 
participation in learning, collaboration, 
increasing student experience of using 
technology, and being able to produce real, 
authentic products) (Guo et al., 2020; Miller & 
Krajcik, 2019). There are 5 steps in 
implementing PjBL in learning : (1) 
Orientation in problems, where the problems 
to be solved by students are real problems 
found in surrounding life-related to the 
concepts being studied; (2) Organizing 
students, teachers help students organize 
learning tasks related to problems; (3) Group 
and individual investigations, students 
collaborate to collect information and carry 
out experiments that can help solve 
problems; (4) Developing works, students 
prepare and design appropriate works based 
on their findings; (5) Analyzing the project 
being developed, in large classes students 
and the teacher analyze the correctness of the 
concept in the project that has been 

developed (Kokotsaki et al., 2016; Tsybulsky & 
Muchnik-Rozanov, 2019). The difference 
between the Problem-Based Learning (PBL) 
and PjBL models is that PBL focuses on 
problem analysis while PjBL has two focuses, 
which are problem analysis and efforts to 
solve it. 
 
The integration of the PjBL model into LKPD 
to teach chemistry concepts is the right 
effort. One of the chemical concepts that can 
be taught through the PjBL model is the 
concept of a buffer solution. Based on the 
results of the interviews it was found that the 
buffer solution material was one of the 
materials that the students found difficult. In 
addition, there are often misconceptions 
related to the character of the buffer solution. 
Buffer solution is a microscopic chemical 
concept. Concepts in buffer solutions also 
have many applications in everyday life and 
can be easily applied as a basis for making 
projects in PjBL (Wardani & Firdaus, 2019). 
 
The novelty of this study is that the LKPD that 
was developed is very contextual and by the 
characteristics of students in Sikka. 
 
One of the efforts to teach the concept of 
buffer solution to students is to involve 
students in practicum activities which are also 
bridged through the PjBL model. Based on 
this, researchers feel it is important to 
conduct research related to "Development of 
Project Based Learning Model-Based Buffer 
Solution Practicum Worksheets for 11th grade 
High School Students. 
 

2. Research Method  

 
The type of research used in this research, is 
research and development (R&D) with the 
Borg & Gall model (Sugiyono, 2019) consists 
of 9 stages which include: the potential 
problem, data collection stage, product 
design stage, small-scale trial, small scale 
product analysis & revision, medium scale 
trial, medium scale product analysis & 
revision, large-scale trial phase, final product 
analysis & revision stage. The population in 
this study were students from SMAS St. Peter 
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Kewapante and SMAN 1 Talibura. Meanwhile, 
the sample in this study was 50 students in 
11th grade of SMAS St.Petrus Kewapante and 
SMAN 1 Talibura. 
 
The data collection techniques used were 
interviews and questionnaires. The 
instruments used in this research consisted of 
interview sheets and LKPD eligibility 
questionnaire sheets. 
 
The data analysis technique used in this 
research is validity analysis and feasibility 
questionnaire for LKPD. Media validity criteria 
according to Riduwan (2012) are presented in 
Table 1. 

 
Table 1. LKPD Validity Criteria 

No Number (%) Validity Criteria 
1 80<X≤100 Very valid 
2 60<X≤80 Valid 
3 40<X≤60 Quite valid 
4 20 <X ≤40 Less valid 
5 X >20  Very Invalid 

  
After validation, a product trial is carried out 
on teachers and students to determine the 
suitability of the LKPD. Product feasibility 
categories are determined using the formula 
(Widoyoko, 2012) presented in Table 2. 

 
Table 2.  Product Eligibility Category 

No Score Range Category 
1 X>�̅�𝑖 +1,8 ×sbi Very good  
2 �̅�𝑖 +0,6 ×sbi 

<X≤�̅�𝑖 +1,8 ×sbi 

Good 

3 �̅�𝑖 − 0,6 ×sbi 

<X≤�̅�𝑖 +0,6 ×sbi 

Enough 

4 �̅�𝑖 −1,8×sbi 

<X≤�̅�𝑖 +0,6 ×sbi 

Less 

5 X≤�̅�𝑖 −1,8 ×sbi Very Less 

                                                           
Based on Table 2, the teacher's assessment of 
product suitability can be seen in Table 3. 
 
 
 
 
 
 
 
 

Table 3. Result     of      Worksheet     Feasibility 
              Assessment by Teacher 

No Range Score Category 

1 X>85 Very good 

2 70<X≤85 Good 

3 55<X≤70 Enough 

4 40<X≤70 Less  

5 X≤40 Very less  

  

The analyzed student response questionnaire 
is processed into feasibility assessment 
categories in Table 4. 

 
Table 4. Result      of     Worksheet     Feasibility 
              Assessment by Student 

No Renting Score Category 
1 X>47,6 Very good 
2 39,2<X≤47,6 Good 
3 30,8<X≤39,2 Enough 
4 22,4<X≤39,2 Less 
5 X≤22,4 Very less 

 
3. Result and Discussion 
 
Research and development refer to the Borg 
& Gall model which includes nine stages. The 
development research stages include 
potential problem stage, data collection 
stage, product design stage, small-scale trial 
stage, small-scale product analysis & and 
revision stage, medium-scale trial stage, 
analysis stage & and mid-scale product 
revision, large-scale trial phase and product 
analysis & and revision stage. An explanation 
of the development stages will be explained 
as follows. 
 
3.1. Potential Problems 
At the potential problem stage, researchers 
conducted interviews with teachers and 
students at SMAS St. Peter Kewapante and 
SMAN 1 Talibura. Interview activities were 
carried out with teachers who taught 
chemistry subjects. The interview aims to 
analyze the needs of teachers and students 
and to obtain information regarding the 
chemistry learning situation in the classroom. 
The results of interviews with teachers and 
students are shown in Table 5. 
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Table 5. Interview Result 
No Indicator Teacher Student 

1 Study preparation 
Prepare learning tools such as syllabus, 
RPP, and LKPD 

Prepare yourself by reading a 
book 

2 
Learning resources 
 

Textbooks, chemistry modules, and the 
Internet 

Textbooks and LKPD 

3 
Student understanding 
 

Material related to concepts and 
calculation formulas such as acids and 
bases, buffer solutions, solubility, and 
solubility products. 

Acids and bases, buffer 
solutions, reaction rates, and 
chemical bonds 

4 
Learning methods and 
media 

Discussion and more discovery 
learning 

Lectures and discussions 

5 Chemistry Practical LKPD 

can help students learn to work 
together and can increase creativity in 
carrying out experiments. 

Practical LKPD contains 
learning objectives, study 
instructions, supporting 
information, work steps, and 
assessment. 

6 
Criteria for developing 
LKPD 
 

It is prepared in language that is easy 
to understand and it is hoped that this 
media can help students to develop 
their skills in carrying out practicums. 

More interesting and the 
words used are easy to 
understand. 

 
3.2. Data Collection 
At this stage, all data was obtained from several references, which are chemistry student books for 
SMA/MA 11th grade, SMA chemistry E-Modules, and Basic Chemistry books. From the literature 
study, the syllabus, lesson plans, and sub-material regarding buffer solutions were taken. 
 
3.3. Product Design 
The product developed by researchers has an LKPD component design which aims to make it 
easier for students in the learning process and understand the material. The PjBL-based practicum 
LKPD product design is presented in Figure 1. 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 

Figure 1. Design Product LKPD 
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The practicum LKPD is based on project-based learning on buffer solution material for class The 
results of the LKPD validation are presented in Table 6. 

 
Table 6. Validation Results 

No Validation Presentation (%) Criteria 

1 Material 93.33 Very Valid 
 Material suitability 94.44 Very Valid 
 Presentation of material 91.67 Very Valid 
2 Media 91.67 Very Valid 
 Graphics 100 Very Valid 
 Communicative 93.75 Very Valid 
 Straightforwardness 83.33 Very Valid 
 Suitability to student development 90.00 Very Valid 
3 Language 88.33 Very Valid 
 Conformity to language rules 83.33 Very Valid 
 Communicative 100 Very Valid 
 Straightforwardness 75.00 Very Valid 
 Suitability to student development 93.75 Very Valid 
4 Practitioner 92.50 Very Valid 
 Material 93.75 Very Valid 
 Media  91.08 Very Valid 
 Language 93.75 Very Valid 
5 PjBL syntax 91.37 Very Valid 
 Determination of fundamental 85.25 Very Valid 
 Questions preparing project 90.75 Very Valid 
 Planning and arranging a schedule 92.15 Very Valid 
 Monitoring learners and project progress 91.75 Very Valid 
 Results assessment 95.00 Very Valid 
 Evaluating experience 93.35 Very Valid 
6 Rerate validity 91.44 Very Valid 

 
After being validated by the validator, the practicum LKPD is then revised based on suggestions 
and input from validators and practitioners. Suggestions and revisions from validators can be seen 
in Table 7. 
 

Table 7. Suggestions and Revision of Product Validation Results 
Before Revision After Revision 

Suggestion: Use the same font and typeface 

 

 

Suggestion: Product name should not be displayed 
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Based on research conducted by Refitaniza & 
Effendi (2022) which explains that the 
integrated STEAM-PjBL (Science, Technology, 
Engineering, Art, and Mathematic-Project 
Based Learning) LKPD on Buffer Solution 
material is valid and practical to use by 
having validity and practicality criteria tall 
one. This opinion is in line with research 
conducted by Alti (2021) that guided inquiry-
based worksheets are valid and suitable for 
use with categories of very high validity and 
high practicality. 
 
3.4. Small Scale Trial 
Practical LKPD products based on project-
based learning on buffer solution material for 
11th grade SMA which have been validated 
and revised and then tested on a small scale. 
Small-scale trials were carried out by giving 
feasibility test questionnaires to 10 classes. 
 
3.5. Small   Scale     Product     Analysis    &  
       Revision 
After testing the LKPD product, researchers 
improved or revised it based on input and 
suggestions from students and teachers. The 
results of the analysis on small-scale trials 
(ten student and one chemistry teacher), 
chemistry teacher get score 93, three student 
get score 49, two students get score 50, one 
student get score 51, three students get score 
52, and one student get score 53. 
 
3.6. Medium Scale Trial 
Practical LKPD products that have been 
revised after carrying out small-scale trials are 
then tested on medium-scale product trials. 
The product trial phase involved 20 students 
11th grade (10 students from SMAS St. Petrus 
Kewapante and 10 students from SMAN 1 
Talibura) and two teachers.   
 
 
3.7. Analysis Stage  and  Mid-scale Product 
       Revision 
Suggestions and input on medium-scale trials 
as input for revising the LKPD. Researchers 
improve or revise based on input and 
suggestions from students and teachers. The 
result are two chemistry teachers get score 94 
and 98, two students get score 49, three 
students get score 50, five students get score 

51, five students get score 52, four students 
get score 53, and one student get score 54.  
 
3.8. Large Scale Trial Phase 
The practicum LKPD product is based on 
project-based learning on buffer solution 
material for 11th grade SMA which has been 
revised and then tested in a large-scale trial. 
The large-scale trial involved 50 students 11th 
grade (15 students from SMAS St. Petrus 
Kewapante and 35 students from SMAN 1 
Talibura) and two chemistry teachers. 
 
3.9. Product Analysis and Revision Stage 
Based on the results of large-scale product 
trials, there was no input or suggestions from 
student teachers to improve or revise the 
project-based learning-based practicum LKPD 
product. The results of the analysis on large-
scale trials are two chemistry teachers get 
score 99, two students get score 47 ,one 
student get score 48, three students get score 
49, eight students get score 50, nine students 
get score 51, eleven students get score 52, 
seven students get score 53, six students get 
score 54, and two students get score 55. 
 
3.9.1 Data Analysis 
3.9.1.1 Teacher Feasibility Analysis 
Analysis of data from teacher questionnaires 
is divided into three parts, which are small, 
medium, and large-scale analysis. The results 
of the practicum LKPD feasibility assessment 
was respectively 93, 96, and 99. Thus it can be 
said that based on the criteria for assessing 
product suitability by teachers in Table 3, the 
practicum LKPD products in small, medium, 
and large-scale trials are classified as very 
good for use. in chemistry learning. The 
increase in scores from each trial was due to 
revisions and improvements based on input 
and suggestions from the chemistry teacher. 
The results of the teacher eligibility 
questionnaire analysis can be seen in Figure 
2.
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Figure 2. Results of Teacher Eligibility Analysis 

 
3.9.1.2 Student Feasibility Analysis 
Analysis of data from student questionnaires is divided into three parts: small, medium, and large-
scale analysis. The results of the practicum LKPD feasibility assessment respectively 50.51 and 55. 
Thus it can be said that based on the criteria for assessing product suitability by students in Table 
4, the practicum LKPD products in small, medium, and large-scale trials are classified as very good 
for use. in chemistry learning. The increase in scores from each trial was due to revisions and 
improvements based on input and suggestions from students as well as the increase in the number 
of students. The results of the student eligibility questionnaire analysis can be seen in Figure 3. 

 

 
Figure 3.  Results   of   Student   Eligibility Analysis 
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This condition is in line with research 
conducted by Fatisa & Br Gilingging (2021) 
entitled Design and Trial of Electronic Smart 
Worksheets Based on POE (Predict,   Observe,  
 
Explain) on Acid-Base Topic which states that 
based on the results of validation tests by 
material experts, media experts, practical 
tests by teachers and student responses, it 
was found that student worksheets can be 
used in the learning process. Apart from that, 
Noprinda & Soleh (2019) explained that the 
Student Worksheet (LKPD) for physics 
learning based on Higher Order Thinking Skill 
(HOTS) on the resulting Static Electricity 
material has been developed to be valid and 
suitable for use by students in learning. 
 
Susilawati et al. (2020) revealed that 
implementing worksheets can increase 
students' learning activities. Student 
worksheets can increase students' 
competence understanding and knowledge 
(Yustina & Kapsin, 2017). Another opinion 
expressed by Gani et al. (2017) shows that 
student worksheets can improve spatial visual 
intelligence and student learning outcomes. 
 
Pratama & and Saregar (2019) explained that 
student worksheets based on scaffolding are 
very suitable to be used as an alternative 
learning media. This opinion is supported by 
Irsalina & and Dwiningsih (2018) who 
revealed that the student worksheets 
developed are suitable for use in learning 
activities both online and offline. 
 
The development of integrated student 
worksheets with a scientific approach is 
suitable for use in the learning process and 
can support the learning process to achieve 
learning objectives (Mutmainah et al., 2018). 
Another condition was revealed by Oktasari 
et al. (2019) which states that student 
worksheets can greatly improve their verbal 
and written communication skills. 
 
This research is in line with research 

conducted by Nurhikmayati & and Sunendar 

(2020) who developed Project Learning Based 

on Local Wisdom Oriented to Creative 

Thinking Ability and Learning Independence, 

where the results of the research show that 

the learning model developed meets the 

criteria of being valid, practical and effective 

for ability. creative thinking and independent 

learning. Apart from that, the same research 

was also conducted by Rauziani et al. (2016) 

who applied the Project Based Learning (PjBL) 

model to improve students' learning 

outcomes and critical thinking where the 

research results show that the PjBL model can 

provide good responses to students and help 

students think critically. 

Nurazlina et al., (2022) developed LKPD by 

combining character values in buffer solution 

material where the research results showed 

that the LKPD developed was suitable in 

terms of material, media, and pedagogical 

aspects for use in learning and received a 

positive response from teachers and students. 

LKPD that combines STEAM – PjBL in Buffer 

Solution material is valid with an Aiken's 

index value of 0.87 and high practicality by 

teachers and students (Refitaniza & Effendi, 

2022). 

4. Conclusion  

Based on the results of the practical LKPD 
product development research, it can be 
concluded that this research procedure refers 
to the Borg & Gall development model which 
was modified into nine stages including 
potential problems, data collection, product 
design, small scale trials, small scale product 
revisions, product trials middle class, medium 
scale product revisions, medium scale 
product revisions, large scale product trials, 
product revisions and improvements. 
Practical LKPD learning media on buffer 
solution material for 11th grade is suitable for 
use by teachers and students in chemistry 
learning. 
 
Suggestions from this research for teachers, 
the results of this research can add references 
for developing practical LKPD on chemistry 
material other than buffer solutions in 
chemistry learning. Students are expected to 
be able to utilize practical LKPD to develop 
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thinking skills, have curiosity and be able to 
understand buffer solution material. It is 
hoped that schools can facilitate the 
development of learning media with game 
characteristics so that students can be 
actively involved in learning. 
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