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    ABSTRACT

    The aims of this study are to train students' critical thinking abilities on buffer solution material by creating an E-Worksheet focused on problem-solving using the Canva tool. The method used was the Borg and Gall Research and Development (R&D) model up to the limited pilot test stage with students in grade XI at SMAN 22 Surabaya in the 2025/2026 academic year as subjects. According to the study's findings, the E-Worksheet has a mode of ≥4 and is valid in terms of both content and construct validity. The practicality of the E-Worksheet is demonstrated through student responses of 98.15% and observations of relevant activities ranging from 91.54% to 94.89%. Effectiveness was demonstrated through the N-gain test, in which 61.11% of students met the high criteria and 38.89% met the moderate criteria. The problem-solving-oriented E-Worksheet proven to be valid, practical, and effective in training students’ critical thinking skills.
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INTRODUCTION


The global
change that occurs rapidly demands that many fields evolve, including the field
of education. These developments require the education sector to prepare
students for life in a dynamic world so that they can adapt to it. Therefore,
education in Indonesia is also adapting through curriculum development designed
to provide students with freedom and independence, while emphasizing the development of 21st-century skills
(Lubis et al., 2023).


A set of new
abilities needed to handle a complicated and constantly changing future are
known as 21st-century talents (Erdem, 2019). Ten 21st-century skills
were identified by Binkley et al. (2014)
in four categories: ways of thinking,
ways of working, and ways of living in the world. According to Ministerial
Regulation No. 13 of 2025, the curriculum in Indonesia is designed to achieve
the following graduate profiles: (1) faith and piety toward the One and Only God; (2) citizenship; (3) critical reasoning; (4) creativity; (5) collaboration; (6) independence; (7) health; and (8) communication. aligned with the demands of the twenty-first century. In light
of this, critical thinking is one of the thinking
skills that education is expected to educate. 


Chemistry is
one of the courses in high school that requires students to have critical
thinking abilities. According to Kriswantoro et al. (2021), understanding chemistry should not only help students
comprehend topics but also
enable them to apply those concepts in their everyday
lives. Understanding abstract
chemical concepts and carrying out studies as part of process skills through
observation, analysis, and evaluation require critical thinking abilities.


The
preliminary study found in chemistry classes, students' critical thinking skills
appear to be insufficient because they have not yet been actively
taught. Students' critical
thinking abilities are still comparatively low since they have not been actively involved in
critical thinking or in expanding their knowledge through investigation,
debate, or practical experience (Khoirunnisa & Sabekti, 2020).


The ability
to actively understand and assess based on communication, information, discussion, and observation is referred as critical thinking
(Fisher, 2001). The six fundamental abilities of critical thinking are
interpretation, analysis, evaluation, inference, explanation, and self-regulation (Facione, 2015). According to
Firdaus et al. (2023), the existence of a problem necessitates critical thinking
in order to find answers through experience and acquired understanding. The
problem-solving learning model is one kind of problem-based learning which can
help training critical thinking skills.


According to Miftahussa'adiah et al. (2020),
the problem-solving learning paradigm directs students toward
issues that must be resolved, empowering them to do so through data collection,
analysis, and conclusion-making. The problem-solving learning model, according
to Polya (1973), consists of four parts: comprehending the situation, coming up
with a strategy, implementing the plan, and reflecting back.
This is consistent with earlier
studies by Pratiwi
& Azizah (2018) and Is'ad & Sukarmin (2022), It was found that using
the problem-solving learning model effectively boosted and enhanced critical
thinking skills.



In line with
Setianingsih et al. (2022), because the questions used during the learning process do not yet meet the
criteria for evaluating critical thinking abilities, students' chemistry learning
skills are still rather low. Therefore, in order to train critical thinking
abilities, instructional tools other than textbooks are required.


The Student
Worksheet is one teaching material
that can assist students in developing critical thinking abilities. In order to guarantee that learning
objectives
are met, a student worksheet is a printed teaching tool that includes
exercises, learning materials, and instructions or procedures for finishing assignments.
It also aligns with core competencies (Fahrurrozi et al., 2022).


According to Syafitri and Tressyalina (2020),
electronic worksheets have been created to help students study
more efficiently and effectively. E-Worksheet facilitates independent learning
(Fitriyah & Ghofur, 2021) and increases student enthusiasm due to the integration of technology (Farida
et al., 2024). Canva is one
program that may be used to create E-Worksheets. E-Worksheets can be created
using the Canva platform and shared
instantly via a link, allowing
students to access and work on the offered E-Worksheets right away.


Utilizing the Canva program
to create digital
worksheets, this study seeks to improve student
critical thinking abilities. Furthermore, by presenting a learning model that has never been utilized
before, it is intended that the
digital worksheets created can be used effectively and efficiently to enhance
the learning process and give a method of innovation in learning activities.


 


LITERATURE REVIEW


Student Worksheet


Student
Worksheets are printed teaching materials containing learning content,
exercises, and instructions or step-by-step
guidance for completing a task, aligned with existing learning
objectives to ensure these objectives are achieved (Fahrurrozi et al., 2022).


Student worksheets facilitate learning student-centered by providing clear and
concise content, laboratory instructions, discussion resources, and a variety of context-based practice
problems (Pradiptha & Wiarta, 2021). According to Choirudin et al. (2021),
by facilitating productive interactions between students and teachers and offering
more details about the subjects
being studied through methodical learning activities,
student worksheets can also be utilized as a technique to improve academic
accomplishment and increase student engagement.


 


Critical Thinking Skills


According to
Hartati et al. (2022), critical thinking is the capacity to use logical
reasoning to objectively study and evaluate a situation in order to make
judgments or conclusions about it. To enhance the learning process in the
classroom by delving deeper into the subjects
they study and actively engaging in critical discourse with the underlying theories, students need to be able to think critically (Cottrell, 2005).
Additionally, they must be able to assess the accuracy of information, support
the development of arguments, and make
well-informed choices when confronted with future difficulties (Zakiah & Lestari,
2019). The six main components of critical thinking are inference,
interpretation, analysis, evaluation, explanation, and self-regulation, according to Facione
(2015).


 


Problem Solving Learning Model


A set of
educational exercises that highlight the scientific method of problem-solving
is known as the problem-solving learning model (Azizah & Nasrudin, 2022).
According to Miftahussa'adiah et al. (2020), the problem-solving learning
paradigm points students in the direction of an issue that has to be resolved
so they can do so by gathering information, evaluating it, and coming to
conclusions.


According to
Polya (1973), the learning steps in the problem-solving model consist of four
steps: understanding the problem, devising a plan, carrying out the plan, and
checking the solution. Students are assisted to solve problems they face by
following these methods.


 


Buffer Solution


A buffer
solution is one that keeps its pH stable when a small amount of a strong acid
or base is added. A weak acid and
its conjugate base or a weak base
and its conjugate acid make up buffer solutions (Zumdahl & DeCoste, 2019).
One of the curriculum's learning objectives, particularly with relation to the
practical application of acid-base principles, is buffer solutions. The buffer
solution material is directly tied to everyday life and is an application of
acid-base concepts. The HCO3-/H2CO3 buffer's function in preserving blood pH is
one example. Several HCO3−/H2CO3 buffer systems keep the pH of blood
plasma at about 7.40 (Chang
& Overby, 2019).
Additionally, buffer solutions
are found in antacids—commonly known as heartburn medication—which help
neutralize stomach acid that causes stomach pain. There are many other
applications of buffer solutions, such as in beauty products, beverages, and
the healthcare industry. Because
buffer solutions are so closely
tied to daily life, this topic is well-suited for developing
critical thinking skills.


 


METHODOLOGY


 Research and
Development (R&D) research design is used in this study based on the 10-step
Borg and Gall R&D process
as defined by Sugiyono (2013); however, this study is restricted
to the limited pilot phase, as shown in the flowchart as follows.
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Figure 1. Steps of the Research and
Development (R&D) research design 


 


In this study, the research subjects
were 11th-grade students
at SMAN 22 Surabaya for the 2025/2026
academic year. Data sources for this study were
obtained  from  chemistry  lecturers,  chemistry  teachers,  and  students. 


The instruments used included analysis sheets,
validation sheets, response questionnaires, observation sheets, and critical
thinking test sheets.


Validators
included two chemistry professors. Based on a Likert scale, the validators gave ratings
ranging from 1 to 5. The table
below lists the ratings on the Likert scale.


Table 1. Likert Scale





 
  	
  Criteria

  
  	
  Score

  
 

 
  	
  Excellent

  
  	
  5

  
 

 
  	
  Good

  
  	
  4

  
 

 
  	
  Average

  
  	
  3

  
 

 
  	
  Bad

  
  	
  2

  
 

 
  	
  Very bad

  
  	
  1

  
 







 


A mode value of ≥4
indicates that the examined aspect is considered valid. A mode value of <4 implies that the assessed aspect is
invalid. Revisions and revalidation must be carried out in order to generate a
legitimate product if there are invalid aspects (Lutfi, 2021).


Students' responses to questionnaires and
observations of their activities during the problem-solving-focused E-Worksheet
pilot testing can be used to gauge
how practical the program is. Practicality, as assessed through student
response questionnaires, is determined based on the Guttman Scale, which consists of statements with “yes” and “no”
answers, as shown in the following table.


Table 2. Guttman Scale





 
  	
  Answer

  
  	
  Score

  
 

 
  	
  Positive Answer

  
  	
  Jawaban Negatif

  
 

 
  	
  Yes

  
  	
  1

  
  	
  Yes

  
 

 
  	
  No

  
  	
  0

  
  	
  No

  
 







 


The analysis
is performed using
the following equation.


                                                P
=  x 100%


 


With 


𝑃 = percentage
of student response results (%)


𝐹 = total
response score


𝑁 = maximum
possible response score


Every three minutes, the activity of the students
was monitored. The following equation was then used to assess the observation results.


P (%) =  x 100%


 


With


𝑃 = Percentage of
observation results (%)


𝐹 = Frequency of
observed student activity


𝑁 = Total frequency of
activities


The results,
expressed as percentages derived from the analysis of the questionnaire
responses and observations of the students, were then interpreted using the
score category table shown below.


Table 3. Score Category
Interpretation of Practicality





 
  	
  Category

  
  	
  Percentage

  
 

 
  	
  Excellent

  
  	
  81%-100%

  
 

 
  	
  Good

  
  	
  61%-80%

  
 

 
  	
  Average

  
  	
  41%-60%

  
 

 
  	
  Bad

  
  	
  21%-40%

  
 

 
  	
  Very
  bad

  
  	
  0%-20%

  
 







                                                (Riduwan,
2015)


 


According to Riduwan
(2015), the E-Worksheet is considered practical
if the results of the response questionnaire and observations of student
activities result in a score percentage of ≥61%, which
falls into the Good category.


The N-gain exam will be used to measure the
improvement in critical thinking pretest and posttest scores.
The following formula
from Hake (1998)
is used to determine the N-gain score.


                           N – gain = 


The following N-gain
level criteria are then used to interpret the N-gain scores.


 


Table 4. N-gain Score Criteria





 
  	
  Value

  
  	
  Criteria

  
 

 
  	
  g
  ≥ 0.7

  
  	
  High

  
 

 
  	
  0.7
  > g ≥ 0.3

  
  	
  Moderate

  
 

 
  	
  g
  < 0.3

  
  	
  Low

  
 







Critical thinking skills are considered to have improved
if students achieve an N-gain score of 0.7 > g ≥ 0.3 in the moderate category
or g ≥ 0.7 in the high category.


 


RESEARCH
RESULTS


Identification of Potential and Issues


Information on potential and issues was obtained through
the distribution of questionnaires to 35 students
who had covered buffer solutions
in the previous grade level,
and interviews with chemistry teachers at SMAN 22 Surabaya. The results showed that students’ skills in chemistry
were still low. Additionally, learning activities were still conducted using
textbooks and worksheets. There were no learning media available to help
students develop critical thinking skills.


 


Data collection and literature review


In order to
make sure that the E-Worksheets created are in line with the current
curriculum, this step entails analyzing the curriculum. The application of
acid-base concepts in everyday life is one of the learning outcomes
developed in Phase F based on the existing curriculum. This is further divided
into seven learning objectives within
the buffer solution
module. This phase also includes
a review of the literature on teaching strategies, standards for
effective worksheets, and critical thinking strategies.


 


Product Design


The
subsections on buffer capacity and buffer solution properties are covered in two E-Worksheets, which were
utilized during two class sessions. E-Worksheet 1: Properties of Buffer
Solutions was used in the first session, while E-Worksheet 2: Buffer Capacity
was utilized in the second. The E-Worksheets
include the cover page, table of contents, author information, learning
outcomes and objectives, concept map, content synopsis, and learning Activities
that correspond to the problem-solving learning model's phases as well as the
critical thinking components.


 


Review and
Revision


The initial
design of the E-Worksheet will then be reviewed by the supervising instructor.
The purpose of the review is to obtain feedback on whether the E-Worksheet is satisfactory or requires revision.
The review will also facilitate the validation phase to be conducted
subsequently


 


Product Validation


In order to
create a valid E-Worksheet, validation attempts to gather feedback and recommendations from experts on the generated
problem-solving-oriented E-Worksheet. One chemistry teacher
and two chemistry lecturers conduct validation. By examining (
) the score columns 1 through 5 for the assessed aspects, validators
offer an evaluation.


Table 5. Content
Validity Results



 
  	
  No

  
  	
  Aspect

  
  	
  Mode/Criteria

  
 

 
  	
  1.

  
  	
  Alignment
  of buffer solution material with learning outcomes

  
  	
  4/Baik

  
 

 
  	
  2.

  
  	
  Appropriateness
  of buffer solution material to content

  
  	
  4/Baik

  
 

 
  	
  3.

  
  	
  Appropriateness
  of buffer solution material with learning objectives

  
  	
  4/Baik

  
 

 
  	
  4.

  
  	
  Consistency
  of the phenomenon with the buffer solution

  
  	
  4/Baik

  
 

 
  	
  5.

  
  	
  Alignment
  of the E-Worksheet content with the problem-solving learning model

  
  	
  4/Baik

  
 

 
  	
  6.

  
  	
  Alignment
  of E-Worksheet content with critical thinking skills

  
  	
  4/Baik

  
 




 


Table 6. Construct Validity
Results Data





 
  	
  Aspect

  
  	
  Mode/Criteria

  
 

 
  	
  Presentation

  
  	
  4/Good

  
 

 
  	
  Language

  
  	
  4/Good

  
 

 
  	
  Graphics

  
  	
  4/Good

  
 







 


Based on the validation results
assessed according to content and construct validity,
the overall mode value for all aspects was ≥4. Therefore, the developed E-Worksheet is declared valid with a "good" rating.


 


Limited Pilot Test


A one-group pretest-posttest design was used for the limited pilot test.
The limited pilot test began with a pretest, followed by the administration of
E-Worksheet 1 on the properties of buffer solutions during the first session. Students were then given E-Worksheet 2 on
buffer capacity during the second session. At the end of the limited trial,
students were given a post-test and a response
questionnaire. This yielded
data regarding practicality and effectiveness.


The results of the student response survey,
which included 21 statements, which 17 positive and 4 negative statements,
placed in a random order to assess the practicality of the students'
responses to the E-Worksheet used in the learning activities. The average
student response rate to the E-Worksheet was 98.15%.


According to the findings of the student
survey, students responded favorably to problem-solving-focused E-Worksheets, stating that using them
made studying more pleasurable. This aligns with the findings
of Suwastini et al. (2022), who stated that using E-Worksheets made by combining
various media can result in an interesting learning
environment that helps students all the way through the learning process.
The average response rate to the questionnaire was 98.15%, which is considered
"very good." Thus, according to the student
response questionnaire, the E-Worksheet was considered useful since it received a score of at
least 61%, which is classified as "good" (Riduwan, 2015).


Practicality as observed from the results of
student activity observations: The
observation sheet was filled by five chemistry students acting as observers. Each
observer monitored one or two learning groups and observed student activities
every three minutes. The results of the student observations are recorded in the table below.


Table 7. Data on Student
Activity Observations



 
  	
  Meeting

  
  	
  Percentage of relevant activities

  
  	
  Percentage of Irrelevant Activities

  
 

 
  	
  1

  
  	
  91,54%

  
  	
  8,46%

  
 

 
  	
  2

  
  	
  94,89%

  
  	
  5,11%

  
 




 


A significant percentage of relevant learning
activities were noted, according to the findings
of student observations. Additionally, irrelevant
student activities also decreased from the first to the second learning
session. This indicates that during the first and second sessions,
student activities proceeded very well throughout the E-Worksheet trial. The percentage number of relevant activities in sessions 1 and 2 was
≥61%; thus, the E-Worksheet was deemed practical because the observation
results of student activities yielded a score
of≥ 61% , falls into the “Good” category (Riduwan,
2015).


The effectiveness test was conducted by administering
9 essay questions aligned with the components of critical thinking:
interpretation, inference, analysis, and evaluation. The following are the pretest
and post-test results.


Table 8. Critical Thinking
Skills Test Results





 
  	
  Critical Thinking Components

  
  	
  Pre-test Average

  
  	
  Post-test Average

  
 

 
  	
  Interpretation

  
  	
  5.39

  
  	
  Interpretation

  
 

 
  	
  Inference

  
  	
  5.31

  
  	
  Inference

  
 

 
  	
  Analysis

  
  	
  0.28

  
  	
  Analysis

  
 

 
  	
  Evaluation

  
  	
  4.92

  
  	
  Evaluation

  
 







According to the above analysis
of the pretest and posttest data, using problem-solving-focused E-Worksheets
enhanced students' critical thinking abilities. Cognitive theory states that
upper-secondary students can think abstractly and speculate about possibilities
since they are at the formal operational
stage. The problem-solving-oriented E-Worksheet provided to students
contained a structure
aligned with the problem-solving learning
model, where students
could engage in speculation by formulating problems and hypotheses, evaluating
statements, and thinking abstractly to analyze phenomena related to buffer solutions in daily life based on existing concepts.


In accordance to research by Khusna et al. (2025),
Students' critical thinking and problem-solving skills grow in two settings:
when they work alone (individual space) and when
they communicate with other team members (collaborative space). Each student is
given the chance to learn about the phenomenon, comprehend it, and then
pinpoint any issues. Students create the problem statement, experimental variables, and hypotheses based on the specified phenomenon after determining
the difficulties. These steps create an individual space for each student to
engage in critical thinking, which is then brought into the collaborative space
to develop students’ critical thinking skills within a collaborative setting.
Students conduct experiments to test the hypotheses they have formulated. Through group-based experimental activities, students can
exchange arguments, align differing perspectives, objectively validate
observational results, and construct shared knowledge to solve problems.


Zinki et al. (2021) found that Students'
critical thinking abilities and academic
performance in chemistry classes are enhanced by the application of a
problem-solving model enhanced
by worksheet. This finding is consistent with the improvement in critical thinking
test scores attained through training using problem-solving-oriented E-Worksheet. Furthermore research by Nabila & Azizah (2024) demonstrated that the
problem-solving-oriented worksheets is effective in developing students’
critical thinking skills,
as assessed by the N-gain
test, achieving moderate
and high criteria,
and the research by Mutiara
et al. (2025) states that the use of problem-solving-based E-Worksheets can improve students’ critical thinking skills and
demonstrates increased student engagement and focus because E-Worksheets feature interactive worksheets and a problem-solving
orientation.


Based on the N-gain test, there was an
improvement in students’ critical thinking skills. The results of the N-gain
test are shown below.


Table 9. N-gain
Test Results Data





 
  	
  Percentage

  
  	
  Criteria

  
 

 
  	
  61.11%

  
  	
  61.11%

  
 

 
  	
  38.89

  
  	
  38.89

  
 







 


According to the stated N-gain test results,
38.89% met the intermediate criterion with an N-gain score of 0.7 > g ≥ 0.3, and 61.11% met the high
condition with an N-gain score of g ≥ 0.7. These findings show that
problem-solving-oriented E-Worksheets are useful for training students'
critical thinking skills. According to Hake (1998),
students who achieve
an N-gain score of 0.7 >
g ≥ 0.3 (moderate category) or g ≥ 0.7 (high category) have
improved critical thinking skills.


 


 


 


CONCLUSION AND RECOMMENDATION


The E-Worksheet achieves the following requirements, making it appropriate
for use as instructional material, according to the findings and discussion.


1.     
Based on content and construct validity,
the problem-solving-oriented
E-Worksheet is considered valid. All aspects met the validity
criteria with an overall mode score of 4.


2.      The
practicality of problem-solving-oriented E-Worksheet was deemed effective based
on student response results, which yielded an average response rate of 98.15%
in the “very good” category, as well as based
on observations of student activities: in the first session, a response rate of 91.54% was recorded, and in the second
session, a response rate of 95.20% was recorded, both meeting the “very good”
criteria.


The N-gain
score of 38.89% for students in the moderate category and 61.11% for students in the high category shows that the problem-solving-oriented E-Worksheet was successful in training critical thinking skills in buffer
solutions material.


 


FURTHER
STUDY


            Further
research can be improved by taking the following suggestions into account. This
study was conducted only up to the pilot test phase; therefore, further
research is needed to reach the final stage, as outlined in Borg and Gall’s
research and development model. The critical thinking
components trained were limited
to only four components, namely interpretation, inference, analysis, and evaluation;
therefore, learning that can train other critical thinking components can be
further developed in alignment with appropriate chemistry material. Thus, the
scope of the material is not limited to buffer solutions alone, and students’ critical thinking skills
will improve. In the selection and use of electronic learning media, it is necessary
to consider the electronic devices owned by students so that every student does not have difficulty using electronic-based teaching media.
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