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Abstract: This study aims to produce teaching materials in the form of 
electronic LKPD problem based learning on differentiated learning that is 
feasible, practical, and effective to improve critical thinking skills and 
student collaboration. This type of research is research and development 
with the ADDIE procedure. The research was conducted at SMA N 1 Jebus 
on class X students. Feasibility, practicality, and effectiveness tests were 
conducted to obtain research data. The field trial design used a quasi-
experiment with a control group pretest-posttest design. The instrument 
feasibility test was assessed by material experts and media experts. 
Practicality was assessed by biology teachers and students. Product 
effectiveness was analyzed using descriptive and inferential statistics using 
the SPSS 29 MANOVA test and using n-gain score analysis. The results of 
this study are as follows: (1) The electronic LKPD problem based learning 
differentiated learning produced was declared to meet the feasibility based 
on the values obtained from the media expert validator of 90% (feasible) and 
the material expert validator of 100% (very feasible) to improve critical 
thinking skills and student collaboration in high school; (2) The electronic 
LKPD for problem based learning of differentiated learning produced meets 
practicality based on the biology teacher questionnaire in the limited trial, 
obtaining a score of 94.2% (very feasible) and the student response 
questionnaire was 90% (very feasible); (3) The electronic LKPD for problem 
based learning in differentiated learning of ecosystem material is effective 
in improving critical thinking and collaboration skills of class X SMA 
students based on the results of the MANOVA test. 
 
Keywords: Collaboration; Critical thinking; Differentiated learning; 
Electronic LKPD; Problem based learning 

  

Introduction  
 

21st century learning is developed including critical 
thinking and collaboration skills (Masrinah et al., 2019). 
This century demands that the government produce 
skilled human resources (HR) who are able to compete 

globally, where the quality of these human resources 
depends on the quality of their education (Angga et al., 
2022). Educational institutions must be able to facilitate 
students in critical thinking and collaboration. 
Collaboration skills are learning activities in groups 
aimed at exchanging thoughts/ideas, expressing ideas, 
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attitudes, channeling opinions and skills that are owned 
and working together to achieve results or common 
goals in the desired group (Nurwahidah et al., 2021). The 
context of environmental learning in SMA N 1 Jebus due 
to mining, this collaboration ability is very important. In 
addition to collaboration, critical thinking skills of this 
century are also important in the era of globalization and 
rapid technology. 

Critical thinking skills are the ability to think 
rationally in making decisions. Critical thinking is also 
able to analyze ideas or concepts after understanding the 
idea or concept (Duron et al., 2006; Karanja, 2021; Zhou 
et al., 2013; Brell, 1990; Celia et al., 2001; Yapicioglu et al., 
2012; Shahin & Tork, 2013). Critical thinking skills are in 
demand in today's global era because basic skills are 
needed to solve complex problems, analyze information, 
and make the right decisions. This is important to build 
a strong understanding of issues such as ecosystems, 
especially in the context of environmental challenges 
due to tin mining. This is relevant when studying 
complex environmental issues, such as the impact of tin 
mining on the ecosystem around SMA N 1 Jebus. 

In reality, biology learning has various difficulties 
for students in gaining knowledge. Difficulties can be 
seen from the low biology learning outcomes based on 
preliminary tests and teacher interview results. 
Researchers obtained students' critical thinking skills 
and obtained from the five indicators measured an 
average of 57.93. The results of the assessment of 
students' critical thinking skills seen from the five 
aspects observed only reached an average of 45% with a 
low category (Hidayati & Sinaga, 2019). Low learning 
outcomes can be caused by a lack of teaching materials, 
difficulty of the material level, and learning that does not 
utilize the environment around the students. 

Independent Learning focuses on freedom and 
creative thinking (Rahayu et al., 2022). The independent 
curriculum focuses on essential materials and the 
development of student competencies at each stage. 
Independent learning is part of a policy that is currently 
being implemented. The implementation of this 
curriculum provides "independence" for students to 
learn in understanding the material (Marisa, 2021). Its 
implementation must support skills in critical thinking 
and problem solving, creativity and innovation, as well 
as skills in communicating and collaborating with fellow 
students (Manalu et al., 2022; Dewi et al., 2025; Kospian 
et al., 2025). One form of independence in learning is 
differentiated learning. 

Differentiated learning is a method used by 
educators that is oriented towards the needs of students 
based on initial diagnostics (Herwina, 2021). The needs 
that educators can understand about students are 
learning styles. (Chetty et al., 2019) argues that there are 
three learning styles of students, namely visual, 

kinesthetic, and auditory. Based on the data from the 
learning style questionnaire that was conducted, it was 
obtained that students with a kinesthetic learning style 
were 48%, visual 32%, and auditory 20%. Students who 
have an auditory learning style tend to listen to 
something, kinesthetic learn through movement and 
touch, and in the visual learning style students tend to 
see something (Barokah et al., 2020). The 

implementation of differentiated learning must be 
supported by the selection of an effective learning 
model. 

The Problem Based Learning (PBL) model has the 
characteristic of having problems that will give rise to 
critical thinking in students, then solving the problem, 
until finally gaining knowledge from the problem 
(Siddiq et al., 2020; Fitri et al., 2024; Malik et al., 2024). 
The characteristics of PBL also train students to think 
interdisciplinary, which even though it focuses on 
problems, solving the problems requires various 
relevant sources (Shofiya, 2020). 

In fact, based on field observations, some 
weaknesses of LKPD (Student Worksheets) include: still 
in the form of question sheets, not implementing a 
scientific approach, and questions in LKPD only require 
answers without a meaningful investigation process. 
Ecosystem material is important material to learn, 
because this material is relevant to the environment. 
Ecosystem material has essential material that is 
integrated between disciplines which involve chemistry, 
physics, and geography which helps participants think. 
Tin mining, especially in the Bangka region, has a 
significant impact on the environment, such as 
ecosystem damage, water pollution, and loss of habitat 
for living things. Ecosystem material is very relevant to 
be studied in this area so that students understand how 
human activities such as mining affect the balance of 
nature. The school where the research was conducted, 
SMA N 1 Jebus, is located in an area close to tin mining 
activities. 

Generally, the development of electronic LKPD is 
limited to LKPD with a certain learning model. The 
development of electronic LKPD that accommodates the 
characteristics of students is still very rare. The existence 
of electronic LKPD based on problem based learning in 
differentiated learning that is oriented towards scientific 
activities is also expected to help students in developing 
critical thinking and collaboration skills. Based on the 
background above, the researcher took the initiative to 
conduct a study entitled "Development of Electronic 
LKPD Problem Based Learning in Differentiated 
Learning of Ecosystem Material to Improve Critical 
Thinking and Collaboration Skills of High School 
Students Phase E". 
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Method 
 

This research uses the ADDIE development model. 
According to Sugiyono (2013), The Research and 
Development (R&D) method is a type of research used 
to develop a teaching material product by first testing 
the product to be developed, looking for weaknesses 
and deficiencies in the product, then developing the 

product that has been tested by fixing the weaknesses so 
that later a suitable product will be found. The selection 
of the ADDIE model as a research design contains 
learning activities that are deliberately designed and 
developed to create a learning process in students, with 
a training program that will have the ability to cover the 
knowledge, skills, and attitudes needed to carry out 
tasks (Hidayat & Nizar, 2021).

 
Table 1. Stages and Activities of ADDIE Development Research 
Development stage Activity 

Analysis Identifying needs includes: 
Needs analysis 

Analysis of student characteristics 
Material analysis 

Design Designing the concept of electronic LKPD that will be developed along with the research instruments 
that will be carried out, including: 

Selection of the electronic LKPD design developed 
Designing activity plans with Problem Based Learning syntax 

Designing critical thinking and collaboration instruments 
Development Developing products in the form of electronic LKPD along with instruments. This stage includes: 

Validation of electronic LKPD in the form of material experts, media experts, and teachers 
Variable critical thinking and collaboration instruments 

Revision I 
Limited trial 

Revision II 
Implementation Implementing the developed electronic LKPD into school learning. This stage includes field trials. 

Evaluation Final revision of the electronic LKPD based on data obtained during the implementation stage of the 
electronic LKPD. 

 
Before being tested on a large group, the product 

that has been designed and developed must first be 
tested for its feasibility. Trials are needed to determine 
the feasibility of the product that has been designed and 
developed so that it is feasible and in accordance with 

the needs in helping the learning process. The trial 
design in research such as Expert Feasibility Test, 
Limited Trial, and Field Trial. The trial design is as 
follows. 
 
Table 2. Field Trial Design 
Group Pretest Treatment  Posttest 

Control Y1 Z Y2 
Experiment Y1 X Y2 

 
Description: 
X  : learning using electronic LKPD 
Z  : Learning using LKPD used by educators 
Y1: Dependent variables measured before learning 
Y2: dependent variable measured after learning 
 

The trial subjects in the electronic LKPD 
development research consisted of media experts, 
material experts, biology teachers, and students. The 
subjects selected consisted of limited trial subjects and 
field trials. The limited trial subjects consisted of 25 
grade XI students who had studied ecosystem material. 

This trial was conducted to determine the readability 
and responses of students to the developed electronic 
LKPD. In addition, 1 teacher from grade X also gave an 
assessment of the developed electronic LKPD. The field 
trial subjects were conducted in high school in grade X1 

as the control class and X2 as the experimental class 
which were randomly selected using random sampling 
techniques. 

Data collection techniques in this study were tests 
and non-tests. Test techniques were used to improve 
students' critical thinking skills in the control and 
experimental classes. The test instrument used was in 
the form of an essay to test critical thinking skills. The 
test was conducted before (pretest) and after (posttest) 
the use of electronic LKPD in biology learning activities. 
The data collection instruments that will be used in this 
development research are interview guides, material 
expert validation sheets, media expert assessment 
sheets, high school biology teacher questionnaire 
assessment sheets, student readability questionnaire 
sheets, critical thinking skills test assessment sheets, 
collaboration skills assessment sheets. 

The data obtained from the trial activities consisted 
of qualitative and quantitative data. Qualitative data in 
the form of suggestions from media expert lecturers, 
material experts, biology teachers, and high school 
students, while quantitative data in the form of scores to 
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determine the quality of electronic LKPD and test/non-
test scores on critical thinking and collaboration skills. 
The research and development data analysis techniques 
used by researchers in developing electronic LKPD on 
ecosystem material are as follows: product development 
data analysis, product validity and feasibility analysis, 
instrument validity and reliability analysis, critical 
thinking skills test analysis, collaboration skills analysis. 

Analysis of the effectiveness of PBL electronic LKPD was 
also carried out as follows: descriptive analysis, 
inferential statistical analysis, multivariate prerequisite 
test, multivariate normality test, linearity test, variance-
covariance matrix homogeneity test, correlation test, and 
MANOVA test. 
 

Result and Discussion 
 

The development product produced in this study is 
a student worksheet media or LKPD in electronic form. 
Electronic LKPD will be applied to the learning of high 
school students in phase E of ecosystem material to 
improve critical thinking skills and collaboration of 
ecological pyramids. 

This research is an R&D research with ADDIE 
development model design. In general, the stages in this 
ADDIE model consist of 5 steps, namely, Analysis, 
Design, Development, Implements, and Evaluate. 

Based on the results of the needs analysis stage 
from the interviews conducted, several pieces of 
information were obtained: the curriculum used is the 
Merdeka curriculum, the learning process still uses 
textbooks, the method used is the conventional method, 
and there is no LKPD for critical thinking and 
collaboration skills. Based on the results of the needs 
analysis and curriculum analysis in high schools, a 
renewal is needed in the learning process. Therefore, the 
researcher chose to develop Student Worksheets (LKPD) 
that can facilitate students to be active and motivated in 
the learning process so that they can train critical 
thinking skills and bring out the collaboration skills 
needed by students. 

The design stage is the design stage of the electronic 
LKPD design based on problem based learning that will 
be developed. LKPD products are designed using Canva 
which is then applied to the liveworksheet. The LKPD 
design that is developed independently from the title of 
the material, the purpose of using the LKPD, basic 
theory, activity steps, videos, questions, and conclusions 
based on assessments during the learning process. The 
design of the electronic LKPD content consists of 3 
meetings, where each meeting contains instructions for 
using the LKPD, learning activities based on problem 
based learning syntax and contains materials that have 
been studied. At this development stage, the product 

that has been developed is then validated by experts and 
practitioners. 

The development stage is carried out on the 
development of electronic LKPD based on problem 
based learning on ecosystem material, where this 
development is in accordance with the initial plan at the 
design stage and conducting product validation with 
experts and practitioners so as to produce a valid, 

feasible and ready-to-implement product. 
The implementation stage of electronic LKPD 

which is declared valid and feasible to be implemented, 
then the electronic LKPD will be shared via the 
liveworksheet link and then implemented in the 
learning process activities. The LKPD product trial uses 
a quasi-experimental method with a nonequivalent 
pretest-posttest control group design. The number of 
trial subjects is 64 students divided into experimental 
and control classes. 

After the electronic LKPD is made through various 
stages, at the development stage it will then be used at 
the implementation stage, then an evaluation will be 
carried out on various product qualities by looking at the 
response of educators. The evaluation stage plays a very 
important role both for improving the LKPD that is 
developed, this evaluation will be carried out by media 
experts, material experts, biology teachers, and students 
using validation sheets and feasibility assessment sheets. 
While the evaluation at the implementation stage is an 
evaluation of the effectiveness of the electronic LKPD 
problem based learning in improving critical thinking 
skills which are measured using a test in the form of 
essay questions and knowing the collaboration skills of 
students which are measured using a questionnaire. 

The results of this development research are in the 
form of the feasibility of electronic LKPD based on 
problem based learning which will be tested on a limited 
basis to determine the implementation of learning and 
student responses through the LKPD that will be 
developed. Furthermore, a broad trial to other classes. 
This stage aims to improve critical thinking skills and 
student collaboration skills. The assessment given by 
media experts on electronic LKPD based on problem 
based learning can be seen in the following table. 
 
Table 3. Results of Validation of Electronic LKPD by 
Media Experts 
Assessment aspects Average 

score 
Results of 

each aspect 
Criteria 

Cover illustration 3.7 91 Very feasible 
Content and design 3.6 90 Very feasible 
Average  90 Very feasible 

 
Table 3 shows that the results of the LKPD value 

analysis obtained from media experts averaged 90% and 
were included in the category of very suitable for use. 
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The assessments given by material experts are in the 
following table. 

 
Table 4. Results of Validation of Electronic LKPD by 
Material Experts 
Assessment aspects Average 

score 
Results of 

each aspect 
Criteria 

Material quality 4 100 Very feasible 
Language Quality 4 100 Very feasible 
Supporting qualities 
of feasibility 

4 100 Very feasible 

Average  100 Very feasible 

 
The results of the analysis of the electronic LKPD 

value based on problem based learning obtained from 
material experts averaged 100%. These data can be 
interpreted that the electronic LKPD product has met the 
criteria of being very feasible and can be used in learning 
activities. 

The results of the percentage increase in the N-gain 
value of critical thinking skills can be seen in the 
following table. 

 
Table 5. Results of N-Gain Analysis of Critical Thinking 
Skills 
 Experimental Class Control Class 

Average percentage (%) 67.87 6.74 
N-gain 0.62 0.49 
Criteria  Medium  Medium  

 
The average value of critical thinking skills from the 

experimental class and the control class was then 
measured for the percentage increase using the N-gain 
formula. Based on Table 5, it shows that the percentage 
increase from the experimental class was 67.87% and the 
N-gain value was 0.62 with moderate criteria. While the 
average percentage value of the control class was 60.74% 
and the N-gain value was 0.49 with moderate criteria. 
The results of the N-gain analysis of the increase in 
critical thinking skills can be seen in Figure 1.  

 

 
Figure 1. N-gain analysis of improving critical thinking skills 

Figure 1 shows an increase in critical thinking skills 
in the control class and the experimental class. It can be 
concluded that the experimental class experienced a 
higher average increase in N-gain compared to the 
control class, so that learning activities using electronic 
LKPD based on problem based learning are effective in 
improving students' critical thinking skills. 

The percentage value of the increase obtained from 

the average collaboration skills of the control class and 
the experimental class is measured using the N-gain 
formula. The N-gain value can be seen in the following 
table. 

 
Table 6. Results of N-gain Analysis of Collaboration 
Skills Improvement 
 Experimental Class Control Class 

Average percentage (%) 77.5 69 
N-gain 0.47 0.17 
Criteria  Medium Low   

 
Table 6 shows the average percentage value of the 

experimental class of 77.5% and the N-gain value 
obtained was 0.47 with moderate criteria. While the 
average percentage value of the control class was 69% 
and the N-gain value obtained was 0.17 with low 
criteria. It can be concluded that students' collaboration 
skills experienced significant differences between the 
control class and the experimental class. 

Data analysis in this study used the MANOVA test. 
The data used were posttest data of critical thinking 
skills and collaboration skills. Before the MANOVA test 
was conducted, there were nine prerequisite tests that 
had to be met, namely: dependent variables measured at 

intervals and ratios and both were continuous data, 
independent variables consisted of two or more groups, 
observations were conducted independently and both 
groups were in different classes with different 
treatments, the sample used was 32 students consisting 
of control and experimental classes, there was no 
univariate or multivariate outliner, multivariate 
normality test, there was a linear relationship between 
each group of dependent variables and the group of 
independent variables, homogeneity test of the variance-
covariance matrix, and finally the multicollinearity test. 
All prerequisite tests were met, so that it could be 
continued to the hypothesis test. 

After conducting 9 prerequisite tests and 
concluding that all assumptions are met, the next step is 
to test the hypothesis using the MANOVA test with a 
significance level of 0.05% assisted by SPSS 29. Because 
the MANOVA test involves two dependent variables, 
the Decision criteria used are based on the Hotelling's 
Trace value. This study meets the requirements of data 
originating from a multivariate normally distributed 
population that has a homogeneous variance-covariance 
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matrix. The results of the MANOVA test analysis can be 
seen in Table 7. 
 
Table 7. Multivariate MANOVA Test Results 
Effect  Sig.  Partial Eta Square 

Hotelling’Trace 0.000 0.798 

 
Based on the results of the analysis, it can be 

concluded that the significance value of 0.00 <0.05 (p < 
0.05), then H0 is rejected and Ha is accepted. If Ha is 
accepted, it can be stated that there is a difference in 
critical thinking skills and collaboration skills between 
students who take part in learning using electronic 
LKPD based on problem based learning and students 
who take part in learning without electronic LKPD 
based on problem based learning on ecosystem material 
carried out in high school. 

The next stage of the MANOVA test is the test of 
between subjects. This test is used to determine the 
differences in LKPD against each research variable, 
namely critical thinking skills and students' 
collaboration skills. This hypothesis test is conducted to 
determine whether or not there is a significant difference 
in critical thinking skills between students who take part 
in learning using electronic LKPD based on problem-
based learning and students who take part in learning 
without electronic LKPD based on problem-based 
learning on ecosystem material. This test is conducted 
using the Test of between Subjects by looking at the 
magnitude of the significance value and eta square. The 
following is Table 39 of the results of the critical thinking 
test. 
 
Table 8. Results of the Test of Between Subjects Critical 
Thinking Ability 
Variable df Mean Square F Sig.  Eta Square 

Critical 
Thinking Skills 

1 1225.000 45.081 0.000 0.421 

 
Based on the results of the analysis, it can be 

concluded that the sig. value is 0.000 <0.05 (p < 0.05), so 
H0 is rejected and Ha is accepted. If Ha is accepted, it can 
be stated that there is a difference in critical thinking 
skills between students who take part in learning using 
electronic LKPD based on problem based learning and 
students who take part in learning without electronic 
LKPD based on problem based learning on ecosystem 
material. 

Next, the hypothesis test is to determine whether or 
not there is a significant difference in collaboration skills 
between students who take part in learning using 
electronic LKPD based on problem-based learning and 
students who take part in learning without electronic 
LKPD based on problem-based learning on ecosystem 
material. This test is carried out using the Between 

Subjects Test by looking at the magnitude of the 
significance value and eta square. The following is Table 
9 of the results of the collaboration skills test. 
 
Table 9. Results of the Test of Between Subject 
Collaboration Skills 
Variable df Mean Square F Sig. Eta Square 

Collaboration 
Skills 

1 2537.641 179.151 0.000 0.743 

 
Based on the results of the analysis, it can be 

concluded that the sig value of 0.000 <0.05 (p <0.05), then 
H0 is rejected and Ha is accepted. If Ha is accepted, it can 
be stated that there is a difference in collaboration skills 
between students who take part in learning using 
electronic LKPD based on problem based learning and 

students who take part in learning without electronic 
LKPD based on problem based learning on ecosystem 
material. 

 
Table 10. Comparison of Prototype I and Prototype II 
Results 
Prototype I (before validation) Prototype I (After Validation) 

Cover View 
 

  
LKPD Content View 
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Prototype I (before validation) Prototype I (After Validation) 

  

  
 

The validation results and suggestions or input 
from the validator are used as a reference by the 
researcher in revising the LKPD in order to perfect the 
product being developed. The revised result of 
prototype I is Prototype II, then if it is declared valid it 
will be tested on a limited basis in class XI of high school. 
The results of the comparison between Prototype I and 
Prototype II which have been revised and adjusted to the 
suggestions and input from validator I and validator II 
experts can be seen in the table 10. 

This research is a type of R&D development 
research conducted by referring to Branch's theory. The 
final result of this development research is to produce a 
teaching material product, namely an electronic Student 
Worksheet (LKPD) based on problem-based learning. 

The initial stage in developing an electronic LKPD based 
on problem-based learning is to conduct a preliminary 
study. Based on the results of the preliminary study, it 
states that the teaching materials used in schools are still 
in the form of school textbooks and LKPDs made by 
educators themselves and used by educators in learning 
activities, but students only listen to the information 
provided by educators then work on assignments in the 

form of sheets containing questions contained in the 
LKPD without being actively involved in the learning 
process. 

The next stage is the validation stage of the 
electronic LKPD product. Validation is an assessment 

carried out by expert material validator lecturers, media 
experts, and practitioners. The assessment is carried out 
using a questionnaire consisting of 2 assessment aspects 
and totaling 10 questions. The aspects assessed are cover 
illustrations, content, and design. The results of the 
media expert assessment with an average score of both 
aspects obtained a value of 90% and were stated in the 
criteria of very feasible. It can be concluded that the 

product is feasible to use with revisions from 
suggestions and input by the validator. Validation of 
material experts on electronic LKPD products based on 
problem based learning was carried out by lecturers. The 
assessment was carried out using a questionnaire sheet 
consisting of three assessment aspects, namely the 
aspect of material quality, language quality, and quality 
of supporting feasibility and totaling 15 question items. 
The results of the assessment from the material expert 
obtained an average value of 100% and were stated in 
the criteria of very feasible to use in the learning process. 
Validation of the biology teacher's response was carried 
out by one of the biology educators of class X SMA. The 
aspects assessed were the aspect of material feasibility, 
material accuracy, didactic aspects, construction aspects, 
and technical aspects with 25 question items. The results 
of the educators' response scores obtained an average of 
94.2% and were stated in the criteria of being feasible 
and can be used as biology teaching materials in schools. 

Before conducting the research, first a trial of critical 
thinking essay questions was conducted in high school 
in grade XI with 25 students selected using random 
sampling techniques. Furthermore, from the results of 
the trial of the question instrument, a test was carried out 
to determine the validity and reliability of the questions. 
The results of the validity of the question items were 
obtained from the test results of 16 essay questions, 13 
questions were declared valid and based on the results 
of the reliability calculation, the test questions had a 
reliability index of 0.906, it can be concluded that the test 
has criteria that are suitable for use in learning activities. 
This is supported by Sanaky (2021) in his research that 
the high or low reliability can be indicated by a number 
that can be called the reliability coefficient value. High 
reliability is reflected by the rxx value approaching 1. In 
general, reliability is considered quite satisfactory if ≥ 
0.700, if alpha > 0.80 suggests that all items are reliable 
and all tests consistently have strong reliability. 

In addition to the validity and reliability tests, an 
analysis calculation was carried out on the average 
increase in students' critical thinking ability tests which 
can be seen in Table 30. The average pretest value of 
critical thinking ability in the control class was 48.03 and 
the average posttest was 73.43. Meanwhile, the results in 
the experimental class obtained a pretest of 53.56 and an 
average posttest of 82.18. So it can be concluded that 
electronic LKPD based on problem based learning in the 
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experimental class is able to improve critical thinking 
skills in students. The percentage of N-gain increase in 
critical thinking ability calculated using the N-gain 
formula can be seen in Table 31 showing that the 
experimental class obtained a value of 0.62 and was 
stated as a moderate criterion. In the control class, it was 
0.49 and was included in the moderate criteria. This is in 
line with Prasetyono et al. (2020) in his research, an 

increase in critical thinking skills can be done by 
analyzing the gain score with the highest criteria, 
namely (N-gain ≥ 0.7), medium criteria, namely (0.7 > N-
gain ≥ 0.3), and low criteria, namely (<0.3). 

Based on the results of the data analysis, the 
improvement of students' collaboration skills was 
carried out with 32 students in the experimental class 
and the control class by providing a questionnaire sheet 
at the beginning and end of the meeting. The results of 
the N-gain analysis can be seen in Table 33, there is an 
increase in students' collaboration skills. In the 
experimental class, the N-gain was obtained at 0.47 and 
was stated as moderate. In the control class, the N-gain 
was obtained at 0.17 and was stated as low criteria. 
Based on the average percentage of the collaboration 
skills aspects achieved by students in the experimental 
class, the value was 77.5% and was stated as good 
criteria, while the control class obtained an average 
percentage value of 69% and was stated as good criteria. 

After all prerequisite tests are met, then a 
multivariate analysis of variance or MANOVA test is 
performed. MANOVA is a statistical method used to 
analyze data consisting of one or more types of 
variables, where the variables have a relationship 
between each other. MANOVA is a linear member of a 
set of statistical products that are often used to measure 
the strength between variables (Sutrisno & Wulandari, 
2018). Therefore, the MANOVA test is used to measure 
the influence of independent variables on a number of 
dependent variables at once or simultaneously. 

The results of data analysis and hypothesis testing 
obtained data on electronic LKPD based on problem 
based learning have an influence on critical thinking 
skills and collaboration skills. The results of the 
calculation of hypothesis test data using MANOVA 
show that the data obtained is significant 0.000 <0.05, 
then H0 is rejected and Ha is accepted, so it can be 
concluded that there is a significant difference in critical 
thinking skills and collaboration skills between students 
who learn using electronic LKPD based on problem 
based learning differentiated learning on ecosystem 
material (experimental class) with students who learn 
not using electronic LKPD based on problem based 
learning on ecosystem material (control class) conducted 
in high school. 

Based on the achievement of critical thinking ability 
indicators obtained from the average value, it can be 

concluded that electronic LKPD based on problem based 
learning has increased students' critical thinking 
abilities, this is in line with previous research from 
Amalia et al. (2022) entitled the quality of electronic 
LKPD on the concept of plantae based on critical 
thinking skills at the high school level, revealed that 
electronic LKPD is classified as effective with an average 
value of 97.32 and effectiveness is classified as very high 

based on six critical thinking indicators including 
interpretation 96.43%, analysis 91.9%, evaluation 92.2%, 
inference 94.54%, explanation 92.2%, and self-regulation 
95%. So it can prove that the use of electronic LKPD for 
learning, especially with the help of a problem-based 
learning model, can improve students' critical thinking 
skills. 

Based on research conducted by Rahmawati et al. 
(2022) entitled development of electronic LKPD based 
on live worksheet concept of circulatory system to 
improve critical thinking skills of high school, that the 
use of LKPD live worksheet in the learning process can 
improve critical thinking skills of students with the 
obtained data of practicality results with a percentage of 
98% and the effectiveness of using electronic LKPD live 
worksheet with categories of six critical thinking 
indicators, obtained five with very good criteria, namely 
aspects of interpretation, analysis, evaluation, 
explanation, and self-regulation. While in the inference 
obtained a good category. So, it can be concluded that 
biology learning using electronic LKPD live worksheet 
has an effect on students' thinking skills at school. 

Fulfillment of students' learning needs is one of the 
criteria for implementing differentiated learning. 
Fulfillment of needs can be done by providing diverse 
learning content so that it can be a choice for students to 
choose their learning needs according to the wishes of 
students (Andajani, 2022). Educators give students the 
freedom to choose content that suits them. Based on the 
learning that is done, differentiated learning can 
improve student achievement and their learning needs 
are met because they are in accordance with their 
wishes. The application of differentiated learning 
requires educators to have a variety of content that suits 
students. The application of differentiation can be given 
videos, images, materials, discussions in groups. 
Because, the educator is a facilitator in the learning 
process (Himmah et al., 2023; Mardani et al., 2024; 
Gusteti et al., 2022; Astuti et al., 2022; Naibaho, 2023). 

Based on the trial conducted, the output of the 
paired sample t test of student learning outcomes with a 
sig value of 0.000 <0.05 was obtained, so H0 was rejected 
and Ha was accepted, it was concluded that electronic 
LKPD had a significant influence in improving student 
learning outcomes. So it can be concluded that electronic 
LKPD has a significant influence because it presents 
material containing interesting images and videos so 
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that it can support student understanding. Integration of 
teaching materials with learning models stimulates the 
learning process by students. Through electronic LKPD 
provided with problem-based learning, students are 
given the opportunity to find and solve problems given 
with the support of their surroundings. Students who 
have critical thinking skills do not just have basic skills 
for critical thinking, but have the ability to apply them 

in evaluations. 
Nugraha et al. (2017) revealed that motivation is 

related to critical thinking, meaning that when students 
have high learning motivation, it will be reflected in 
their learning outcomes. When learning motivation is 
high, critical thinking skills will be seen from the 
intensity of learning and effort in the process. Electronic 
LKPD learning based on problem based learning is very 
good for improving critical thinking skills of high school 
students in ecosystem material. This is supported by the 
opinion of Sarifah et al. (2023) states that critical thinking 
skills are not only skills that can be acquired 
individually, but can be developed collaboratively or in 
cooperation. The importance of learning in groups 
collaboratively to achieve certain learning objectives in 
addition to being able to improve critical thinking skills 
is also able to improve student collaboration. 

The electronic student worksheet based on problem 
based learning that was developed has characteristics 
that are appropriate in terms of content, construction, 
and language. According to Kaharuddin et al (2021) the 
characteristics of electronic LKPD that have been 
adjusted to the PBL learning model. Electronic LKPD 
based on problem based learning has practical criteria 
based on practicality tests. Practicality criteria with 
characteristics, namely electronic LKPD is easy to use, 
has clear instructions for use, and how the activities are 
aimed at each meeting. The learning process makes it 
easier for students to use LKPD products. In addition, 
LKPD also meets the criteria for eligibility, this is 
explained that LKPD is feasible if the percentage of 
eligibility reaches 51-75%. Electronic LKPD based on 
problem based learning is also effective for use in 
learning biology on ecosystem material through 
effectiveness tests. As research conducted by Rochman 
et al. (2021) stated that electronic LKPD based on 
problem based learning can help students' learning 
activities, so that the electronic LKPD products 
produced in this study have met the characteristics of 
being practical, feasible, and effective. With the use of 
this LKPD in learning, students can improve their 
understanding in solving a problem presented. 
 

Conclusion  
 

Electronic LKPD problem based learning in 
differentiated learning is very suitable for use in biology 

learning on ecosystem material phase E. Electronic 
LKPD is part of the development of digital skills that will 
indirectly train digital literacy in learning platforms and 
have digital security. In addition to having easy and 
interesting access. Electronic LKPD problem based 
learning in differentiated learning is practically used for 
biology learning on ecosystem material phase E 
reviewed from the assessment of expert practitioners, 

namely teachers and students. This is more practical in 
terms of time management in completing tasks, 
interactive, flexible, and accessibility for students during 
learning. Electronic LKPD problem based learning in 
differentiated learning is effective in improving critical 
thinking skills and student collaboration which can be 
reviewed from the test results showing that LKPD 
problem based learning in differentiated learning can 
improve critical thinking skills and student 
collaboration in the experimental class of class X. This is 
because of the integration of technology in student 
teaching materials with the PBL learning model, then 
there is differentiated learning that supports and meets 
student learning needs, so that the combination of all 
these factors makes students actively participate during 
dynamic and integrated learning. 
 
Acknowledgments  
All praise be to Allah SWT who has provided ease so that this 
research can be completed well and smoothly. Gratitude is also 
conveyed to the supervisor who has allowed the research to be 
carried out well. Gratitude is conveyed to family and friends 
for their prayers and support. Gratitude is conveyed to all 
parties who have helped in this research. 
 
Author Contributions 
This development research article was produced thanks to the 
cooperation of authors, supervisors, experts, and article 
reviewers who have helped in compiling and perfecting this 
article starting from creating media, conducting research, 
analyzing data, interpreting, and compiling it into an article. 
Many thanks also to the reviewers for approving it to be a 
worthy article. 
 
Funding 
This research received no external funding. 
 
Conflicts of Interest 
There is no conflict of interest. 

 

References  
 
Amalia, D., Zaini, M., & Halang, B. (2022). Kualitas Lkpd 

Elektronik Pada Konsep Plantae Berbasis 
Keterampilan Berpikir Kritis Jenjang Sma. Jurnal 
Inovasi Pembelajaran Biologi, 3(1), 12–20. 
https://doi.org/10.26740/jipb.v3n1.p12-20 

Andajani, K. (2022). Modul Pembelajaran 
Berdiferensiasi. Mata Kuliah Inti Seminar Pendidikan 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2025, Volume 11, Issue 5, 1063-1073  
 

1072 

Profesi Guru, 2(1), 24-54. Retrieved from 
https://scholar.google.com/citations?user 

Angga, A., Suryana, C., Nurwahidah, I., Hernawan, A. 
H., & Prihantini, P. (2022). Komparasi Penerapan 
Kurikulum 2013 dan Kurikulum Merdeka di 
Sekolah Dasar. Jurnal Basicedu, 6(4), 5877–5889. 
http://dx.doi.org/10.31004/basicedu.v6i4.3149 

Astuti, I., & Afendi, A. R. (2022). Implementation of 

Differentiated Learning Through Play Acivities in 
Early Childhood. Eduleni Journal of Education and 
Learning Innovation, 2(3). 358-365. 
http://dx.doi.org/10.35877/454RI.eduline1264 

Barokah, S. M., Suseno, L. C., Deze Say, Y. K., & Mustadi, 
A. (2020). Learning Styles, Does it Cause the 
Differences of Students Achievement? Jurnal Ilmu 

Pendidikan, 25(2), 82. 
https://doi.org/10.17977/um048v25i2p82-87 

Brell, C. D. (1990). Critical Thinking as Transfer: The 
Reconstructive Integration of Otherwise Discrete 
Interpretations of Experience. Educational Theory, 
40, 53-68. http://dx.doi.org/10.1111/j.1741-
5446.1990.00053.x 

Celia, L. M., & Gordon, P. R. (2001). Using Problem-
Based Learning to Promote Critical Thinking in an 
Orientation Program Ffor Novice Nurses. Journal 
Nurses Staff Development, 17, 12-17. 
http://dx.doi.org/10.1097/00124645-200101000-
00002 

Chetty, N. D. S., Handayani, L., Sahabudin, N. A., Ali, 
Z., Hamzah, N., Rahman, N. S. A., & Kasim, S. 
(2019). Learning styles and teaching styles 
determine students’ academic performances. 
International Journal of Evaluation and Research in 
Education, 8(4), 610–615. 
https://doi.org/10.11591/ijere.v8i3. 20345 

Dewi, L. A. N., Rahmawati, M., & Seriawati, C. R. (2025). 
Kompetensi Pedagogik Guru Sekolah Dasar dalam 
Implementasi Kurikulum Merdeka. Jurnal 
Pendidikan Dasar dan Keguruan, 10(1), 65-78. 
http://dx.doi.org/10.47435/jpdk.v10i1.3379 

Duron, R., Limbach, B., & Waugh, W. (2006). Critical 
Thinking Framework For Any Discipline. 
International Journal of Teaching and Learning in 

Higher Education, 17(2), 160–166. Retrieved from 
https://valenciacollege.edu/faculty/developmen
t/courses-resources/documents. 

Fitri, M. N., Asrizal, A., Amanah, R., & Hidayat, H. 
(2024). Development of Global Warming E-Module 
Integrated With PBL Model and Ethnoscience to 
Promote Students' Environmental Litercy. Jurnal 
Penelitian Pendidikan IPA, 10(11), 8276-8289. 
http://dx.doi.org/10.29303/jppipa.v10i11.9059 

Gusteti, M. U., & Neviyarni, N. (2022). Pembelajaran 
Berdiferensiasi pada Pembelajaran Matematika di 
Kurikulum Merdeka. Jurnal Lebesgue Jurnal Ilmiah 

Pendidikan Matematika dan Statistika, 3(3), 636-646. 
http://dx.doi.org/10.46306/lb.v3i3.180 

Herwina, W. (2021). Optimalisasi Kebutuhan Murid Dan 
Hasil Belajar Dengan Pembelajaran 
Berdiferensiasi. Perspektif Ilmu Pendidikan, 35(2), 
175–182. https://doi.org/10.21009/pip.352.10 

Hidayat, F., & Nizar, M. (2021). Model Addie (Analysis, 
Design, Development, Implementation and 

Evaluation) Dalam Pembelajaran Pendidikan 
Agama Islam. Jurnal Inovasi Pendidikan Agama Islam 
(JIPAI), 1(1), 28–38. 
https://doi.org/10.15575/jipai.v1i1.11042 

Hidayati, Y., & Sinaga, P. (2019). The profile of critical 
thinking skills students on science learning. Journal 
of Physics: Conference Series, 1402(4). 
https://doi.org/10.1088/1742-
6596/1402/4/044075 

Himmah, F. I., & Nugraheni, N. (2023). Analisis Gaya 
Belajar Siswa untuk Pembelajaran Berdiferensiasi. 
Jurnal Riset Pendidikan Dasar (JRPD), 4(1), 31. 
https://doi.org/10.30595/jrpd.v4i1.16045 

Kaharuddin, N. A., Hala, Y., & Hartati, D. (2021). 
Pengembangan Lembar Kerja Peserta Didik Berbasis 
Problem Based Learning (PBL) pada Materi Biologi 
SMA Kelas X. Uin Negeri Makasar. Retrieved from 
https://eprints.unm.ac.id/18268/ 

Karanja, L. (2021). Teaching Critical Thingking in a 
College-Level Writing Course: A Critical 
Reflection. International Online Journal of Primary 
Education, 8(1), 229-249. Retrieved from 
https://www.researchgate.net/publication/3879
05774 

Kospian, W. H. M., Supardi, S., & Rahmawati, R. (2025). 
Implementation of the Independent Curriculum in 
Improving the Numeracy of Grade IV Students. 
ALENA Journal of Elementary of Education, 3(1), 74-
82. http://dx.doi.org/10.59638/jee.v3i1.290 

Malik, N., Juniartin, J., Muna, L., & Yarza, H. N. (2024). 
Pemanfaatan Eco Enzyme Melalui Penerapan 
Model Project Based Learning untuk 
Meningkatkan Kesadaran Lingkungan Siswa MA 
Al-Khairat Sidangoli. Al-Nafis Jurnal Biologi dan 
Pendidikan Biologi, 4(2), 141. 
http://dx.doi.org/10.46339/al-nafis.v4i2.1471 

Manalu, J. B., Sitohang, P., Heriwati, N., & Turnip, H. 
(2022). Pengembangan Perangkat Pembelajaran 
Kurikulum Merdeka Belajar. Mahesa Centre 
Research, 1(1), 80–86. 
https://doi.org/10.34007/ppd.v1i1.174 

Mardani, N. K. D. W., & Paramitaa, M. V. A. (2024). 
Smart Box Media Based on Differentiated Learning 
in Natural and Social Sciences Subjects for V Grade 
Student. International Journal of Elementary 
Education, 8(4), 698-708. 
http://dx.doi.org/10.23887/ijee.v8i4.91713 

http://dx.doi.org/10.1111/j.1741-5446.1990.00053.x
http://dx.doi.org/10.1111/j.1741-5446.1990.00053.x
http://dx.doi.org/10.1097/00124645-200101000-00002
http://dx.doi.org/10.1097/00124645-200101000-00002


Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2025, Volume 11, Issue 5, 1063-1073  
 

1073 

Marisa, M. (2021). Inovasi Kurikulum “Merdeka Belajar” 
di Era Society 5.0. Santhet: (Jurnal Sejarah, 
Pendidiikan Dan Humaniora), 5(1), 72. 
https://doi.org/10.36526/js.v3i2.e-ISSN 

Masrinah, E. N., Aripin, I., & Gaffar, A. A.. (2019). 
Problem Based Learning (PBL) Untuk 
Meningkatkan. Seminar Nasional Pendidikan, 1(1), 
924–932. Retrieved from 
https://prosiding.unma.ac.id/index.php/semnas
fkip/article/view/129 

Naibaho, D. P. (2023). Strategi Pembelajaran 
Berdiferensiasi Mampu Meningkatkan 
Pemahaman Belajar Peserta Didik. Journal of 
Creative Student Research, 1(2), 81-91. 
http://dx.doi.org/10.55606/jcsrpolitama.v1i2.115
0  

Nugraha, A. J., Suyitno, H., & Susilaningsih, E. (2017). 
Analisis kemampuan berpikir kritis ditinjau dari 
keterampilan proses sains dan motivasi belajar 
melalui model PBL. Journal of Primary Education, 
6(1), 35–43. Retrieved from 
https://journal.unnes.ac.id/sju/index.php/jpe/a
rticle/view/14511 

Nurwahidah, N., Samsuri, T., Mirawati, B., & Indriati, I. 
(2021). Meningkatkan Keterampilan Kolaborasi 
Siswa Menggunakan Lembar Kerja Siswa Berbasis 
Saintifik. Reflection Journal, 1(2), 70–76. 
https://doi.org/10.36312/rj.v1i2.556 

Prasetyono, R. N., & Haryono, R. C. S. (2020). Lembar 
kerja peserta didik berbasis Livewire untuk 
meningkatkan kemampuan berpikir kritis siswa 
SMK. JIPVA (Jurnal Pendidikan Ipa Veteran), 4(1), 
39–50. Retrieved from http://e-
journal.ivet.ac.id/index.php/jipva/article/view/
1111/861 

Rahayu, R., Rosita, R., Rahayuningsih, Y. S., Hernawan, 
A. H., & Prihantini. (2022). Implementation of 
Independent Curriculum in Driving School. Jurnal 

Basicedu, 6(4), 6313–6319. 
http://dx.doi.org/10.31004/basicedu.v6i4.3237 

Rahmawati, E., Kaspul, K., & Zaini, M. (2022). 
Pengembangan LKPD Elektronik Berbasis 
Liveworksheet Konsep Sistem Sirkulasi untuk 
Meningkatkan Keterampilan Berpikir Kritis SMA. 
Practice of The Science of Teaching Journal: Jurnal 

Praktisi Pendidikan, 1(1), 16–22. 
https://doi.org/10.58362/hafecspost.v1i1.6 

Sanaky, M. M. (2021). Analisis Faktor-Faktor 
Keterlambatan pada Proyek Pembangunan 
Gedung Asrama Man 1 Tulehu Maluku Tengah. 
Jurnal Simetrik, 11(1), 432–439. 
https://doi.org/10.31959/js.v11i1.615 

Sarifah, F., & Nurita, T. (2023). Implementasi Model 
Pembelajaran Inkuiri Terbimbing untuk 
Meningkatkan Keterampilan Berpikir Kritis dan 

Kolaborasi. Pendidikan Sains, 11(1), 22–31. 
Retrieved from 

https://ejournal.unesa.ac.id/index.php/pensa/a
rticle/view/46474  

Siddiq, M. N., Supriatno, B., & Saefudin, S. (2020). 
Pengaruh penerapan problem based learning 
terhadap literasi lingkungan siswa SMP pada 
materi pencemaran lingkungan. Assimilation: 

Indonesian Journal of Biology Education, 3(1), 18–24. 
https://doi.org/10.17509/aijbe.v3i1.23369 

Sugiyono. (2013). Metode Penelitian Kuantitatif, Kualitatif, 
dan R&D. Alfabeta 

Shahin, E. S. M., & Tork, H. M. M. (2013). Critical 
Thingking and Self-Directed Learning as an 
Outcome of Problem-Based Learning Among 
Nursing Students in Egypt and Kingdom of Saudi 
Arabia. Journal of Nursing Education and Practice, 
3(12), 104-110. 
http://dx.doi.org/10.5430/jnep.v3n12p103 

Sutrisno, S., & Wulandari, D. (2018). Multivariate 
Analysis of Variance (MANOVA) untuk 
Memperkaya Hasil Penelitian Pendidikan. 
AKSIOMA : Jurnal Matematika Dan Pendidikan 
Matematika, 9(1), 37. 
https://doi.org/10.26877/aks.v9i1.2472 

Yapicioglu, A. E., Bati, K., & Yilmaz, S. (2012). The Effect 
of Using V-Diagrams in Science and Technology 
Laboratory Teaching on Preservice Teachers' 
Critical Thingking Dispositions. Procedia-Social and 
Behavior Sciences, 46(32), 2257-2272. 
http://dx.doi.org/10.1016/j.sbspro.2012.05.467 

Zhou, Q., Huang, Q., & Tian, H. (2013). Developing 
students’ critical thinking skills by task-based 
learning in chemistry experiment teaching. Creative 

Education, 4(12), 40-45. 
https://doi.org/10.4236/ce.2013.412A1006 

 


