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ABSTRACT 

This study aims to produce a valid, practical, and effective 

E-LKPD utilizing Creative Problem Solving (CPS) 

approach to enhance both Higher Order Thinking Skills 

(HOTS) and the independent learning attitude of students 

in topics related to progressive and standing waves. The 

research method employed was Research and 

Development utilizing the 4-D development design model, 

which includes the phases: Define, Design, Develop, and 

Disseminate; however, Disseminate phase was not 

implemented. The validity of the E-LKPD CPS was 

assessed by material and media validators. Its practicality 

was evaluated based on the feasibility of implementing the 

E-LKPD CPS during the learning process as observed. 

The effectiveness of the E-LKPD CPS was determined 

through N-gain tests, while user response was gathered via 

response questionnaire. Data analysis was conducted 

using quantitative descriptive methods. The E-LKPD CPS 

was pilot-tested in a limited setting at MAN 2 Yogyakarta, 

involving 33 MIPA 1 as experimental group and another 

33 as control group (MIPA 2). The E-LKPD CPS received 

validity scores of 97.47% from content experts and 95.48% 

from media experts, both considered very valid. Its 

practicality scored at 84.08% (good). The effectiveness of 

the E-LKPD CPS in enhancing HOTS was demonstrated 

with experimental group N-gain of 70.69%, compared to 

the control group's 63.70%, both deemed moderately 

effective. The effectiveness in fostering independent 

learning attitudes yielded N-gain of 74.28% for the 

experimental group and 67.23% for the control group, 

also rated as moderately effective. Student response was 

highly favorable at 91.33% (very good). Consequently, the 

developed E-LKPD CPS is declared valid, practical, and 

effective for implementation in educational settings. 
 

 

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


 274 

INTRODUCTION 
 

The process of learning physics involves cultivating curiosity through direct discovery by employing 

scientific work that utilizes facts, constructs concepts, principles, theories, and scientific 

methodologies. Various physical phenomena in daily life are directly observable by students; however, 

there are also many phenomena that are difficult to observe or realistically depict due to certain 

limitations. Teaching and applying physics in schools is crucial because it not only provides students 

with scientific knowledge but also serves as a platform for the development of scientific working 

skills, which are essential for solving everyday problems [1]. Physics is an experimental science used 

to uncover principles and patterns that link various aspects of the universe [2]. It is not merely about 

memorizing theories or formulas but involves deeply understanding numerous concepts [3]. 

 

Achieving proficiency in physics necessitates mastery over three fundamental aspects of the 

discipline: concepts, laws or principles, and theories. Mastery over these components is essential for 

successful engagement with physics [4]. The effectiveness of the learning process is reflected in the 

outcomes; high achievement levels indicate successful learning, while lower achievement levels may 

signal that the educational objectives have not been met. Djamarah [5] posits that the learning process 

is deliberately crafted to benefit students, encompassing both mental and physical engagement, 

thereby leading to transformative changes in behavior and attitudes. Consequently, a robust ability to 

conceptualize within physics is imperative for success in the field. 

 

Several factors determine the learning outcomes in physics, including both internal and external 

factors. Internal factors originate from within the students themselves, whereas external factors come 

from outside the student's personal environment [6]. External factors might include the teaching 

methods employed by educators, the condition of the classroom, the atmosphere of the learning 

environment, available resources, and more. Internal factors, on the other hand, pertain to the 

characteristics of the students, which can encompass intelligence, talent, motivation, social class, level 

of aspiration, perceptions, attitudes, and learning styles [7]. The field of Natural Sciences, particularly 

physics, plays a strategic role in preparing students with the hopes of cultivating their abilities to think 

creatively, critically, and logically, and to have the initiative to respond to problems in their 

environment caused by the effects of knowledge. Critical thinking is included in the life skills essential 

for the 21st century that students are expected to master. 

 

Critical thinking demands effort, care about accuracy, and a persistent attitude in any situation, 

including when facing difficult tasks. Individuals who possess critical thinking abilities are usually 

characterized by an openness to new ideas [8]. The capacity to apply critical thinking is immensely 

beneficial in daily life. According to Brookfield and Gormley, critical thinking skills can assist in 

addressing everyday life challenges as well as those encountered in professional and career contexts 

[9]. There has been a paradigm shift from Low Order Thinking Skills (LOTS) to HOTS, which 

currently forms the foundation of the learning model framework, specifically focusing on the C4, C5, 

and C6 levels of cognitive tasks [10]. HOTS represent a level of mental reasoning that is undeniably 

advanced [11]. HOTS is also regarded as a component of creative thinking abilities and critical 

thinking skills [12]. HOTS encompasses abilities in problem-solving, thinking, analyzing, arguing, and 

decision-making [13]. HOTS was first conceptualized by an author and Associate Professor from 

Duquesne University, named Susan M. Brookhart, in her book, “How to Assess Higher-order 

Thinking Skills in Your Classroom” (2010) [14]. 

 

HOTS represent the highest level in the hierarchy of cognitive processes. High-level thinking skills are 

closely related to cognitive, affective, and psychomotor domains, all of which integrate within the 

teaching and learning process [15]. In physics education, critical thinking can be implemented by 

aligning critical thinking skill indicators with the specific characteristics of physics learning materials. 

The indicators used for measurement are presented in Table 1. 
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Table 1. Indicators of HOTS [11] 

Cognitive Process Cognitive Process Dimensions Knowledge Dimensions 

Analyzing 

Differentiating 

Organizing 

Attributing 

Conceptual 

Evaluating 
Examining 

Criticizing or Assessing 
Procedural 

Creating 

Formulating 

Planning 

Producing 

Metacognitive 

 

The term HOTS is used to describe various cognitive activities that go beyond the level of 

understanding and are situated below the level of application, according to Bloom's Taxonomy [12]. 

 

Empirically, students who possess HOTS can learn more effectively, develop more complete 

performance, and mitigate some learning deficiencies [12]. Essentially, by employing creative and 

innovative thinking, students are effectively applying higher-level thinking skills. The implementation 

of HOTS in students brings several benefits, including developing a positive attitude, enhancing 

motivation, and improving academic achievement [12]. In terms of enhancing learning outcomes 

through the use of HOTS in students, the results will be more significant if accompanied by the 

capability for independent learning. Learner autonomy is crucial for students to take responsibility for 

organizing and disciplining themselves, enabling them to develop learning abilities based on their own 

volition [16]. Learner autonomy is characterized by an individual's attitude in the self-learning process 

aimed at achieving goals that contribute actively to the learning process and not depending on others 

[17]. The term often used to describe learner autonomy is self-regulated learning [18]. 

 

Learner autonomy is not merely about studying alone but rather emphasizes the aspects of being 

active, creative, and independent in one’s learning process. The indicators of learner autonomy can be 

categorized into eight types: 1) thinking critically, creatively, and innovatively; 2) being uninfluenced 

by others; 3) facing problems capably; 4) having a deep understanding of problem-solving; 5) solving 

one’s own problems without seeking others' opinions; 6) possessing high self-confidence, even in 

situations different from others; 7) having a diligent and disciplined work ethic; 8) taking 

responsibility for one’s actions [19]. The level of a person’s learning autonomy in the learning process 

is not solely determined by the individual themselves. There are two types of factors influencing 

student learning autonomy: endogenous and exogenous factors. Exogenous factors include family 

conditions, school environment, and the surrounding community. Endogenous factors originate within 

the students themselves and include physiological factors such as physical condition and health, as 

well as psychological factors like talents, interests, independent attitudes, motivation, and intelligence 

[20]. In the educational process, the role of the teacher as a facilitator is critical in enhancing the 

exogenous factors that improve student learning autonomy. 

 

The 2013 Curriculum (K.13), which is based on Student Centered Learning and casts the teacher as a 

facilitator, mandates that students be more actively involved in the learning process. To realize this 

active involvement of students in aiding the learning process, it is essential to employ various 

strategies and innovations. A learning strategy is a process that involves techniques, the selection of 

various methods, and steps in teaching that educators can determine to optimize students' capabilities 

in the learning process [21]. One strategy that teachers can implement to enhance HOTS and learner 

autonomy is by choosing appropriate models and learning media. The use of media supports the 

learning process; educational media includes all forms of objects and tools used to facilitate the 

learning process [22]. Examples of learning media include textbooks, modules, Student Worksheets 

(LKPD), and educational props [23]. Interactive LKPDs serve as one of the learning resources that can 

be distributed during the educational process. 

 

The ability to foster HOTS and independent learning attitudes towards physics among students can be 

facilitated by implementing interactive LKPDs in their education. With technological advancements, 
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there has been significant innovation in educational media, particularly with interactive LKPDs that 

have integrated electronic features, known as E-LKPDs. E-LKPDs are interactive electronic teaching 

materials that include summaries of topics, instructional guidelines tailored to the content while 

referencing basic competencies and learning objectives [24]. The ease of accessing E-LKPD media via 

smartphones or computers adds a distinct appeal for users. Moreover, the innovative features of E-

LKPDs, which include comprehensive and engaging elements such as images, videos, animations, and 

online experiments, are particularly well-suited for meeting the diverse needs and learning outcomes 

desired by students.  

 

The E-LKPD developed through the Creative Problem Solving (CPS) approach, wherein the CPS 

model is a strategy that engages students in critical thinking and equips them with problem-solving 

skills. This model of creative problem solving promotes creativity in tackling challenges, a process 

that demonstrates competence in HOTS. The CPS learning model stimulates students to become more 

active in generating innovative ideas, which can then serve as solutions to the problems presented 

[25]. Furthermore, the implementation of the CPS model in the educational process can enhance 

problem-solving abilities, scientific process skills, and students' metacognitive awareness [26]. 

 

To facilitate the development of innovative interactive LKPDs, or E-LKPD, using the CPS approach, 

the Live Worksheet application can be utilized. This application supports the inclusion of text, images, 

audio, video, animations, and online experiments. Beyond employing the CPS model to enhance 

HOTS capabilities, the Live Worksheet website can also be used to boost motivation, independent 

learning, and the academic outcomes of students in physics. According to Prihandono [27], the use of 

an interactive E-LKPD assisted by Live Worksheet can improve critical thinking skills, evidenced by 

an N-gain of 53.1% (in the moderate category), with an increase in the completion rate of physics 

learning outcomes by 22.22%.  

 

Research related to the development of E-LKPD using the CPS approach has been extensively 

conducted; however, studies specifically focusing on enhancing the HOTS capabilities and the 

independent learning attitudes of students on the topics of progressive and standing waves in the 

eleventh grade at MAN 2 Yogyakarta through the Live Worksheet website have not yet been 

undertaken. The choice of topics on progressive and standing waves is motivated by interviews with 

physics teachers, who indicated that these topics contain many concepts applicable to daily life. 

Nevertheless, the inadequate application of these concepts to solve real-life problems is a key factor 

contributing to the students' difficulties in developing their HOTS capabilities. Additionally, the use of 

E-LKPD CPS that includes evaluation questions within the cognitive domain of high-level critical 

thinking, accessible online anytime and anywhere, has not been available in the schools where the 

researcher conducted observations and data collection. There is also a lack of full awareness among 

the students regarding the attitude towards independent learning. This is evident from the students' 

reluctance to complete tasks based on their own initiative, often lacking confidence in their own work, 

although there are some students who exhibit a high awareness of independent learning, it is not yet 

widespread. Based on these observations, the author is motivated to develop an E-LKPD product 

through the CPS approach to enhance the HOTS capabilities and independent learning attitudes of 

students on the topics of progressive and standing waves. 

 

 

METHOD 

 
This developmental research resulted in an E-LKPD based on Creative Problem Solving (CPS) using 

the 4-D development process (define, design, development, disseminate), omitting the disseminate 

phase. The product development phase was conducted at the Faculty of Mathematics and Natural 

Sciences, Yogyakarta State University, within the Department of Master of Science in Physics 

Education. The data collection methods employed included validation, observation, testing, and survey 

methods. The validation method involved sending files and the developed product to validators online. 

Observations were made of student activities in accordance with the student activity sheets through 
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activities in the CPS syntax. Testing was conducted online during the learning activities in the 

classroom.  

 

In this developmental study, two sample groups were utilized: one experimental class and one control 

class. A limited trial was conducted with 33 students from XI MIPA 1 as the experimental class and 

33 students from XI MIPA 2 as the control class at MAN 2 Yogyakarta. A pre-test was administered 

to each sample group to assess the initial capabilities of the students. Meanwhile, a post-test was given 

to each group to determine the final capabilities as a benchmark for the success of the learning process 

after the treatment was administered. The experimental class and control class received different 

treatments. The experimental class was taught using the E-LKPD CPS, while the control class used 

traditional student worksheets and teaching modules provided by the school.  

  

The Define phase includes five main stages: front-end analysis, learner analysis, task analysis, concept 

analysis, and analysis of learning objectives specifications. The front-end analysis results in a study 

addressing fundamental issues concerning the HOTS capabilities and the independent learning 

attitudes of students towards relevant learning resources. Learner analysis involves examining the 

characteristics of students’ school life conditions to facilitate the achievement of curricular goals. Task 

analysis entails a review of the tasks and materials presented in learning, ensuring that the breadth of 

the product to be developed aligns with the utilized curriculum. Concept analysis is the stage where 

key concepts are identified and then systematically arranged according to relevant concepts. Analysis 

of learning objectives specifications is a summary of all task and concept analysis results, which then 

guide the learning objectives. These defined learning objectives are subsequently used as the basis for 

creating tests and designing the tools used in CPS-based E-LKPD learning. 

  

The Design phase encompasses four principal stages: constructing criterion-referenced tests, media 

selection, format selection, and creating an initial design. The construction of criterion-referenced tests 

is aimed at developing data collection instruments such as validation sheets, teacher assessment sheets, 

pre-test and post-test questions, student response questionnaires, and questionnaires on students' 

independent learning. Media selection is carried out to determine the most suitable media based on the 

quality of the students and the objectives for item enhancement. Format selection serves as a 

foundation for the content writing in the developed product to ensure alignment with the syntax of the 

adopted learning model. Creating an initial design involves developing teaching modules, data 

collection instruments, and the E-LKPD CPS product. The aspects included in the E-LKPD CPS are 

developed to enhance the HOTS capabilities and the independent learning attitudes of the students. 

 

The Development phase involves the implementation of the E-LKPD CPS with eleventh-grade science 

students (MIPA) at MAN 2 Yogyakarta, scheduled for March to April 2024. Two classes, each 

comprising 33 students, will participate, with one serving as the experimental group and the other as 

the control group. The instruments employed include the E-LKPD CPS validation sheet, student 

activity observation sheet, HOTS-based pre-test and post-test questions, independent learning attitude 

questionnaire, and a student response questionnaire. The validity of the E-LKPD CPS will be 

determined using validation sheets completed by expert media validators and content validators, which 

will then be analyzed using the following Likert scale. 

 

 X̅ =
ΣX

n
 (1) 

 

The next step involves converting the average score of each aspect into a qualitative product quality 

level, using ideal conversion guidelines. Here are the steps to calculate the ideal average as follows. 

 

 X̅i =
1

2
 ideal maximum score + ideal minimum score (2) 

 

Ideal maximum score = Σ Criteria Item×Highest Score  

Ideal minimum score = Σ Criteria Item×Lowest Score 
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Subsequently, the ideal standard deviation is calculated using the formula outlined below. 

 

 SBi =
1

6
(ideal maximum score − ideal minimum score) (3) 

 

Based on the values obtained from the calculations using the formula above, the next step is to 

determine the assessment criteria using the Likert scale as follows. 

 

Table 2. Likert Scale Assessment Criteria 

No Score Interval Category 

1 𝑋̅ > 𝑋̅𝑖 + 1,8 𝑆𝐵𝑖 Excellent 

2 𝑋̅𝑖 + 0,6 𝑆𝐵𝑖 < 𝑋̅ ≤ 𝑋̅𝑖 + 1,8 𝑆𝐵𝑖 Good 

3 𝑋̅𝑖 − 0,6 𝑆𝐵𝑖 < 𝑋̅ ≤ 𝑋̅𝑖 + 0,6 𝑆𝐵𝑖 Fair 

4 𝑋̅𝑖 − 1,8 𝑆𝐵𝑖 < 𝑋̅ ≤ 𝑋̅𝑖 − 0,6 𝑆𝐵𝑖 Poor 

5 𝑋̅ ≤ 𝑋̅𝑖 − 1,8 𝑆𝐵𝑖 Very Poor 

 

The validation conducted by validators to assess the validity of an E-LKPD CPS product is based on 

the results from the validation sheet of material experts and media experts, and is analyzed using the 

following formula. 

 

 Ideal Percentage =
Average score

Ideal maximum score
× 100% (4) 

 

The E-LKPD CPS can be declared valid or excellent for use if the calculations on the Likert scale 

indicate that the average value is greater than 𝑋̅𝑖 + 1,8 𝑆𝐵𝑖, with an ideality percentage of ≥70% in a 

category modified by Riduwan [28]. 

 

The effectiveness of the E-LKPD CPS product is assessed based on students' cognitive learning 

outcomes, HOTS capabilities, and attitudes towards independent learning. The completeness of the 

students' learning outcomes is determined based on cognitive test results and HOTS capability 

indicators, which are considered complete or meet the minimum passing grade (KKM) set by the 

school, which is ≥75. Subsequently, calculations can be performed using the following equation. 

 

 Ideal Percentage =
Average score

Ideal maximum score
× 100% (5) 

 

The E-LKPD CPS is considered effective, in the sense that it can enhance HOTS capabilities and 

attitudes towards independent learning, if the calculations on the Likert scale show that the average 

value is greater than 𝑋̅𝑖 + 1,8 𝑆𝐵𝑖. This is with an ideality percentage of ≥70% according to a 

modification table from Riduwan [29]. 

 

The practicality of the E-LKPD CPS product is determined based on observation results of student 

activities or the implementation observance. The assessment results of the implementation 

effectiveness of the E-LKPD CPS product can be observed during the learning process stages in the 

form of Likert Scale answer choices from 1 to 4. Subsequently, the observation results of the product's 

practicality based on these observations can be calculated using the following formula. 

 

 Ideal Percentage =
Average score

Ideal maximum score
× 100% (6) 

 

The E-LKPD CPS can be considered practical for use if the average percentage obtained is greater 

than the value 𝑋̅𝑖 + 1,8 𝑆𝐵𝑖, with an ideality percentage of ≥70% based on a modification table from 

Riduwan [28]. 

 

The responses of the students are obtained based on the results of the response questionnaire 

administered after participating in the learning implementation using E-LKPD CPS. The student 
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response questionnaire consists of 22 questions covering four aspects with answer choices using a 

Likert scale from 1 to 4. Subsequently, the results of the students' responses on the questionnaire can 

be calculated using the following formula. 

 

 Ideal Percentage =
Average score

Ideal maximum score
× 100% (7) 

 

The E-LKPD CPS developed is declared effective and suitable for use if the average percentage is 

greater than the value 𝑋̅𝑖 + 1,8 𝑆𝐵𝑖, with an ideality percentage of ≥76% based on a modification table 

from Riduwan [28]. 

 

Subsequently, an N-gain test is conducted on the learning outcomes of the students. The purpose of the 

N-gain test is to determine the extent of improvement in the HOTS abilities of students as a result of 

the implementation of E-LKPD CPS in the experimental class and its absence in the control class. The 

N-gain test is performed using the following formula. 

 

 N − gain =
posttest score−pretest score

ideal score−pretest score
 (8) 

 

The criteria for the results from the N-gain are determined based on Table 3. 

 

Tabel 3. Criteria for N-gain Levels [30] 

Percentage (%) Interpretation 

> 76 Effective 

56-75 Moderately Effective 

40-55 Less Effective 

> 40 Not Effective 

 

 

RESULTS AND DISCUSSIONS 

 
The E-LKPD CPS product produced in this research consists of E-LKPD through a creative problem 

solving (CPS) approach to enhance the Higher Order Thinking Skills (HOTS) and the attitude of 

independent learning in students regarding the topics of traveling waves and stationary waves, 

covering two topics. Topic 1 in E-LKPD CPS covers the material on traveling waves, while Topic 2 

focuses on the material about free-end and fixed-end stationary waves. 

 

Each topic contains several syntaxes in accordance with the adopted learning model, which is the CPS 

model, accompanied by discourse and narratives that are highly relevant to the development of HOTS. 

The sections of the E-LKPD CPS include a front cover featuring the title along with the identities of 

the students, table of contents, a brief description, instructions for using the E-LKPD, content 

standards, concept maps, topics, learning objectives, pre-test questions, case studies in the syntax of 

objective finding, fact finding, learning materials according to the topic, problem finding, idea finding, 

solution finding, acceptance finding, post-test questions, and references. The indicators of HOTS 

tested include analyzing, evaluating, and creating, specifically in learning activities outside of written 

tests [31]. Meanwhile, the attitude of independent learning includes various indicators tested among 

the students, such as self-confidence, the ability to appreciate and manage time well, work 

independently, be responsible, and possess skills and expertise appropriate to their field [32]. 

 

The E-LKPD CPS was developed using the website www.liveworksheets.com, and its usage and 

operation require an internet/online connection. This E-LKPD CPS can be accessed through 

smartphones, laptops, and computers, but initially requires loading or registering an account using 

individual Gmail accounts. The unique packaging of this E-LKPD CPS is similar in form to online 

worksheets, and students can directly fill in the answer columns beneath the questions displayed. In 

contrast with printed LKPDs, their use is considered less practical since they are still in book form, 
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making them less effective and efficient as they only contain materials, images, and discussion or 

question sheets. The E-LKPD CPS not only contains student worksheets but also includes various 

types of videos, images, and online lab simulations using PhET simulations, aimed at supporting 

students' understanding of the content provided. The live worksheets site used in the development of 

this E-LKPD CPS product offers two different types of access according to its function. Students can 

access the complete E-LKPD CPS via the student site, while teachers can access it through the teacher 

class site. This application is one of the types that is easy to use in creating E-LKPD CPS because it is 

simple and free. Below are presented several views on the E-LKPD CPS sheets and their components 

in Table 4. 

 

Table 4. The Display of the LKPD CPS (Creative Problem Solving) 

No Display Description 

1. 

 

The Cover of the E-LKPD on 

the Topic of Traveling and 

Stationary Waves in CPS 

(Creative Problem Solving). 

It serves as the front cover, 

providing an overview of the 

content. It includes a section 

for users to fill in their 

personal information. 

2. 

 

The introductory page before 

proceeding to the first syntax 

of the learning activities. This 

page contains a video to 

motivate and stimulate 

students' enthusiasm for 

learning, as well as to provide 

an initial overview of the 

material to be studied. It also 

includes pre-test exercises to 

assess students' initial 

understanding. 

3. 

 

 

The E-LKPD page in the 

objective finding syntax serves 

as the first activity sheet, 

presenting case studies of 

everyday phenomena related to 

the topics (Topic 1: Traveling 

Waves, and Topic 2: 

Stationary Waves). 
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No Display Description 

4. 

 

The second syntax in the E-

LKPD is fact finding, which is 

a group discussion worksheet 

containing several fact-finding 

questions related to the case 

studies from the previous 

syntax. 

5. 

 

The E-LKPD page in the 

problem finding syntax 

includes an independent virtual 

experiment, followed by 

several questions and an 

analysis of problem 

identification related to the 

case studies from the objective 

finding syntax page. 

6. 

 

The next learning activity 

sheet contains the idea finding 

syntax. Idea finding involves 

discovering solutions that can 

be used to address the 

problems formulated on the 

previous syntax sheet. 

7. 

 

The solution finding syntax 

sheet contains the final idea 

design, which is considered 

highly effective as a solution 

to the problems that have been 

formulated. 
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No Display Description 

8. 

 

The acceptance finding syntax 

sheet serves as a conclusion 

and description of the 

developed idea, along with 

observations on its 

implementation to determine 

whether it effectively serves as 

a solution or not. It also acts as 

a validation of the hypothesis 

made against the experimental 

results. 

9. 

 

The final sheet in the E-LKPD 

CPS contains multiple-choice 

and essay post-test questions 

focusing on the cognitive 

domains of C4 and C5. These 

questions aim to assess 

students' cognitive learning 

outcomes, particularly their 

Higher-Order Thinking Skills 

(HOTS). 

 

The Validation of CPS E-worksheet 

Two expert lecturers serve as validators: one for content and the other for media, to validate the E-

LKPD CPS product. The components included in content validation consist of aspects such as 

construction, substance, language, and evaluation. The component indicators for media validation 

encompass graphics, media operation, and language use. The recap of the content validation results 

can be found in Table 5, while the validation results for media aspects are presented in Table 6. 

 

Table 5. The recap of the content validation results of E-LKPD CPS 

No Aspects Mean (%) Category 

1. Substance 98,62 % Highly Valid 

2. Construction 100 % Highly Valid 

3. Language 97,5 % Highly Valid 

4. Evaluation 93,75 % Highly Valid 

Mean of Material Validity 97,47 % Highly Valid 

 

Tabel 6. The recap of E-LKPD CPS Media Validation Results  

No Aspects Mean (%) Kategori 

1. Graphics 96,43 % Highly Valid 

2. Media Operation 92,5 % Highly Valid 

3. Language Use 97,5 % Highly Valid 

Mean of Media Validity 95,48 % Highly Valid 

 

Based on Table 5, the data from the content validation by the expert validators yielded a mean score of 

97.47%, categorized as highly valid. Therefore, it can be concluded that the developed E-LKPD CPS, 

aimed at enhancing students' HOTS and independent learning attitudes in the topics of traveling waves 

and stationary waves, is valid and of high quality for implementation. 
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In Table 6, the data from the media validation by the expert validators revealed a mean score of 

95.48%, categorized as highly valid. Therefore, it can be concluded that the developed E-LKPD CPS, 

designed to enhance students' HOTS and independent learning attitudes in the topics of traveling 

waves and stationary waves, has overall media quality that is valid and highly suitable for 

implementation. 

 

The Practicality of CPS E-Worksheet 

The application of the E-LKPD CPS to high school students aims to assess the product's practicality 

for users. The implementation results of the E-LKPD CPS were conducted with 30 participants, 

consisting of 28 students from class XI at MAN 2 Yogyakarta and 2 physics teachers. The product's 

practicality was assessed based on observations made during group discussions and independent 

activities using the E-LKPD CPS in the classroom. Several aspects were used as measurement 

indicators to evaluate the practicality of the E-LKPD CPS, including content, presentation, graphics, 

and language. The recap of the practicality results of the E-LKPD CPS based on student feedback can 

be found in Table 7. 

 

Table 7. The recap of the practicality results of the E-LKPD CPS 

No Aspects Mean (%) Category 

1. Content 85,22 % Good 

2. Presentation 82,96 % Good 

3. Graphics 83,7 % Good 

4. Language 84,42 % Good 

Mean of Media Practicality 84,08 % Good 

 

Table 7 displays the percentage scores for the practicality of the developed E-LKPD CPS based on 

feedback from users, including students and physics teachers. The overall practicality score mean is 

84.08%, categorized as good for implementation and use. This score indicates that the E-LKPD CPS, 

with all group and independent activities aligned with the CPS syntax, can be executed very well by 

students. This finding aligns with statements regarding the integration of the CPS model into the E-

LKPD, which is highly practical for students as it significantly enhances cognitive learning outcomes 

in science subjects [33]. The implementation of the E-LKPD, oriented toward problem-based learning 

models, is also very practical as it can be accessed using smartphones, laptops, or computers [34]. 

 

The practicality of the E-LKPD CPS from aspects such as content, construction, language, and even 

the system of use and operation is deemed practical because it is flexible; users can access it anywhere 

and anytime with an internet connection. The E-LKPD CPS is very practical to use as it does not 

confuse or overwhelm students in understanding the material and all the group discussion activities, 

whether collaborative or independent, as it is tailored to the cognitive ability levels of the students. 

Another fact is that after students follow and complete tasks for each activity in the E-LKPD CPS in a 

sequential manner, it indicates that they have mastered Higher-Order Thinking Skills (HOTS) and 

have successfully developed a sense of independent learning. 

  

The Effectiveness of E-LKPD CPS 

The E-LKPD CPS can be considered effective if it successfully enhances learning outcomes in terms 

of cognitive learning indicators, HOTS skill acquisition, and students' attitudes toward independent 

learning in the topics of traveling waves and stationary waves. 

 

1. Cognitive Learning Outcomes  

The cognitive learning outcomes were measured using test instruments administered through pre-tests 

and post-tests to 33 students. The pre-test instrument consisted of 20 multiple-choice questions, while 

the post-test included 20 multiple-choice questions and 6 essay questions, targeting the C4 and C5 

cognitive domains according to Bloom's taxonomy. Both the experimental and control classes were 

given the same test instruments, but there were differences in the implementation of teaching media 

and learning models. The control class employed conventional teaching models used by teachers at 
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school, such as inquiry, discussion, and question-and-answer sessions, with instructional materials 

based on LPKD and printed modules available at the school. In contrast, the experimental class 

received different treatment, utilizing the E-LKPD CPS as instructional material and HOTS questions, 

with a learning model that aligned with the CPS syntax. The data obtained from the cognitive test 

instruments for both classes can be seen in Table 8. 

 

Table 8. The Recap of Students’ Cognitive Learning Outcomes  

Students 
Experimental Class Control Class 

Pre-test Post-test Pre-test Post-test 

A001 37,25 77,50 41,25 71,75 

A002 41,55 81,25 42,75 58,25 

A003 31,75 82,50 43,50 62,75 

A004 38,25 80,00 42,25 66,50 

A005 37,55 81,25 41,75 48,25 

A006 38,50 67,50 38,75 68,50 

A007 38,77 73,75 38,25 76,25 

A008 31,25 70,25 29,25 68,50 

A009 33,75 75,75 30,75 52,75 

A010 38,75 91,25 30,25 63,25 

A011 37,25 64,75 32,25 53,25 

A012 44,75 78,50 44,50 68,75 

A013 33,75 82,00 41,00 66,25 

A014 29,75 67,25 38,75 56,25 

A015 27,50 82,75 36,75 58,75 

A016 51,35 71,75 35,50 56,50 

A017 40,00 57,50 33,75 70,50 

A018 23,75 75,75 36,50 55,75 

A019 41,35 71,25 37,50 58,26 

A020 48,25 78,75 40,75 66,50 

A021 26,25 71,75 37,50 61,75 

A022 32,25 78,25 35,75 53,75 

A023 47,50 72,50 36,25 57,75 

A024 42,50 85,25 37,75 65,50 

A025 37,50 92,25 33,25 65,75 

A026 41,25 61,00 31,75 57,50 

A027 47,50 85,50 35,25 60,25 

A028 42,50 85,25 34,50 62,75 

A029 37,50 72,75 34,75 66,75 

A030 31,25 78,75 39,50 51,50 

A031 32,75 82,50 36,50 62,75 

A032 37,50 67,75 40,75 72,25 

A033 41,75 78,50 32,50 62,50 

Mean 37,67 76,46 37,03 62,07 

 

Table 8 shows a significant increase in cognitive scores, particularly in the experimental class, which 

had a mean score of 76.46. In contrast, the control class also experienced an increase in cognitive 

scores, but it was not as significant, with a mean score of 62.07. This indicates that the E-LKPD CPS 

is effective in enhancing cognitive learning outcomes in the topics of traveling waves and stationary 

wave.  

 

2. HOTS Learning Outcomes 

The learning outcomes for students' HOTS in the topics of traveling waves and stationary waves can 

be assessed using the pretest and posttest question sheets. The posttest instrument measuring HOTS 

capabilities includes both multiple-choice and essay questions. The data from the pretest and posttest 



JIPF, Vol. 10 No. 2, May 2025 
 

p-ISSN: 2477-5959 | e-ISSN: 2477-8451  285 

 

were then analyzed using the N-gain test. The N-gain test aims to determine the improvement in 

students' HOTS abilities. The recap of the HOTS learning outcomes for the students is presented in 

Table 9.  

 

Tabel 9. The results of N-gain test HOTS  

Class Pre-test Post-test N-gain (%) Category 

Experimental 37,67 76,46 70,69 % Fairly Effective 

Control 37,03 62,07 63,76 % Fairly Effective  

 

Based on Table 9, the N-gain test results for both the experimental and control classes indicate a 

criterion of fairly effective. However, the experimental class achieved a higher N-gain score of 

70.69% compared to the control class, which scored 63.76%. This difference can be attributed to the 

varying treatments and instructional materials used during the learning process provided by the teacher 

to the students. The N-gain results demonstrate that the E-LKPD CPS, supported by live worksheets, 

is quite effective as a learning media to enhance students' HOTS capabilities.  

 

This is evidenced by statements regarding the implementation of the CPS learning model, which 

significantly supports the enhancement of cognitive abilities in students, particularly in higher-order 

thinking skills (HOTS) [25]. The CPS learning model has a positive and significant impact on 

students' critical thinking abilities when solving HOTS questions. The belief that the CPS model is 

effective in improving HOTS cognitive skills and students' motivation to learn, and that this model is 

among the most superior compared to other learning models, is a true statement supported by evidence 

of its success [35]. 

 

3. Learning Independence Outcomes 

The scores for students' attitudes toward learning independence were obtained from a questionnaire 

administered to 33 students. The learning independence attitude questionnaire consisted of 20 items 

using a 1-4 Likert scale. Both the experimental and control classes used the same questionnaire; 

however, there were differences in the implementation of teaching media and learning models. The 

control class employed conventional teaching models used by teachers, such as inquiry, discussion, 

and question-and-answer sessions, with instructional materials based on LKPD and printed modules 

available at the school. In contrast, the experimental class received different treatment, utilizing the E-

LKPD CPS as instructional material along with a learning model that aligned with the CPS syntax. 

The data obtained from the learning independence attitude questionnaire for both classes can be seen 

in Table 10. 

 

Table 10. The recap of Students’ Learning Independence Outcomes  

Students 
Experimental Class Control Class 

Pre-test Post-test Pre-test Post-test 

A001 46,50 74,50 56,33 72,17 

A002 50,33 78,83 53,67 78,33 

A003 44,33 68,50 54,83 72,50 

A004 54,17 75,33 49,17 67,17 

A005 50,33 75,67 49,25 73,50 

A006 50,83 71,17 57,50 76,33 

A007 56,50 75,83 49,75 78,67 

A008 50,83 80,83 56,50 72,17 

A009 56,00 82,50 50,83 69,50 

A010 49,17 74,67 53,33 74,50 

A011 57,50 79,17 45,83 73,17 

A012 43,33 78,17 52,83 74,83 

A013 48,33 77,83 54,50 75,17 

A014 52,50 73,67 50,50 70,33 

A015 50,00 83,50 53,50 68,83 
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Students 
Experimental Class Control Class 

Pre-test Post-test Pre-test Post-test 

A016 55,00 70,50 48,17 84,67 

A017 48,33 85,33 50,87 81,17 

A018 51,33 75,00 52,00 76,17 

A019 46,50 79,17 46,50 69,67 

A020 55,00 86,83 54,17 73,33 

A021 49,17 75,67 52,33 73,83 

A022 50,83 77,17 50,00 80,33 

A023 46,67 78,67 50,33 75,17 

A024 44,17 75,50 51,50 76,83 

A025 45,83 81,67 48,33 66,50 

A026 49,17 77,50 48,75 77,67 

A027 52,50 76,33 55,75 73,17 

A028 48,83 80,83 51,85 72,75 

A029 53,33 80,50 51,75 78,33 

A030 47,50 77,50 46,77 71,75 

A031 53,33 83,33 51,33 71,53 

A032 48,67 70,50 59,33 75,50 

A033 52,50 74,00 55,83 68,50 

Mean 50,38 77,46 51,94 74,06 

 

Table 10 shows an increase in students' attitudes toward learning independence, particularly in the 

experimental class, which had a mean score of 77.46. In contrast, the control class also experienced an 

improvement compared to their pretest scores, with a posttest mean of 74.06. Although the difference 

in scores from the questionnaire reflecting students' attitudes toward learning independence between 

the experimental and control classes is not very significant, overall, the treatment involving the use of 

the E-LKPD CPS effectively enhances students' attitudes toward learning independence compared to 

not using the E-LKPD CPS. 

 

The pretest and posttest data from the learning independence attitude questionnaire were then analyzed 

using the N-gain test. The N-gain test aims to determine the improvement in students' attitudes toward 

learning independence. The recap of students' learning independence scores can be seen in Table 11.  

 

Table 11. The Result of N-gain test on Students Learning Independence  

Class Pre-test Post-test N-gain (%) Category 

Experimental 50,28 77,46 74,28 % Fairly Effective 

Control 51,94 74,06 67,23 % Fairly Effective 

 

Based on Table 11, the results of the N-gain test from the experimental and control classes indicate a 

criterion of sufficient effectiveness. However, the experimental class achieved a higher N-gain score 

of 74.28% compared to the control class, which had a score of 67.23%. This difference arises from the 

varied treatment applied during the learning process provided by the teacher to the students. The N-

gain test results demonstrate that the E-LKPD CPS, supported by live worksheets, is quite effective as 

a learning medium for enhancing students' attitudes toward learning independence.  

 

The effectiveness of using the E-LKPD to enhance students' attitudes toward learning independence is 

evidenced by a statement indicating that the increase in students' learning independence after 

participating in lessons using multimedia-based E-LKPD falls within the medium category of standard 

gain [36].  

 

4. Students’ Responses 

Student responses to the E-LKPD CPS learning medium are an important aspect of product 

effectiveness as perceived by users. The mean of student responses to the developed and implemented 
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E-LKPD CPS in the learning activities for high school students (SMA/MA) is 91.33%, categorized as 

very good. This data indicates that students had a favorable and positive response during the use of the 

E-LKPD with the CPS learning model, which aimed to enhance HOTS (Higher Order Thinking Skills) 

and promote independent learning attitudes on the topics of wave motion and stationary waves. More 

detailed data on student responses can be found in Table 12 below. 

 

Table 12. Students’ Response on E-LKPD CPS 

No Aspects Mean (%) Category 

1. Content 90 % Very Good 

2. Presentation 89 % Very Good 

3. Language 95 % Very Good 

Mean 91,33 % Very Good 

 

This is very much in line with the data in Table 12, which shows that each aspect received a positive 

response, categorized as very good. The content within the E-LKPD CPS significantly influences 

student responses, with case study topics presented based on real-life phenomena in their 

surroundings. This relevance stimulates students' motivation, allowing them to grasp the meaning of 

the concepts being studied in a real-world context. The increase in student motivation naturally 

impacts their engagement in the learning process, directly honing their Higher Order Thinking Skills 

(HOTS) in physics.  

 

Although the E-LKPD CPS product serves as an engaging learning medium that captures students' 

interest, teachers should remain mindful that not all students are comfortable using technology to 

express their ideas or as a learning resource. Some students may feel that the E-LKPD CPS does not 

enhance their HOTS and independent learning skills. Therefore, when such situations arise, the 

teacher's role should be flexible to seek alternative solutions to ensure that the learning objectives are 

met. In reality, students can learn through various methods to achieve their learning goals. 

 

 

CONCLUSION AND SUGGESTION 

 
Based on the data collection results, analysis, and discussions presented in the development of the E-

LKPD CPS product aimed at enhancing HOTS and independent learning attitudes among 11th-grade 

students in SMA/MA on the topics of progressive and stationary waves, the conclusions drawn are that 

the product is valid and can be effectively utilized. The developed E-LKPD CPS, created through the 

Live Worksheet website, has been evaluated as valid and suitable for implementation among students, 

both in classroom learning and individual study outside the classroom. This suitability is supported by 

data obtained from assessments by material and media validators. The assessment results from the 

material expert validator indicate a score of 97.47%, categorized as highly valid, while the assessment 

from the media expert validator yielded a score of 95.48%, also classified as highly valid. The 

developed E-LKPD CPS, created through the Live Worksheet website, has been assessed as practical 

for use in teaching and learning activities in the classroom as well as for independent study outside the 

classroom. This practicality is evidenced by user assessment data collected during implementation, 

which shows a score of 84.08%, categorized as good or practical. The developed E-LKPD CPS has 

been assessed as effective in enhancing students' Higher Order Thinking Skills (HOTS). This 

effectiveness is supported by the N-gain score of 70.69%, categorized as moderately effective. In 

comparison, the control class, which did not utilize the E-LKPD CPS learning media, achieved an N-

gain score of 63.76%, also categorized as moderately effective, but still lower than that of the 

experimental class. Regarding self-directed learning attitudes, the experimental class recorded an 

effectiveness score of 74.28%, while the control class scored 67.23%. The difference in scores 

between the two classes indicates no significant impact on students' self-directed learning attitudes. 

Additionally, students' responses to the developed E-LKPD CPS were rated as very good, with an N-

gain score of 91.33%. Based on the results of the research and the development of the E-LKPD CPS 

product that has been successfully implemented for students, the suggestions that the researcher can 
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provide for future improvements include the development of different materials to further understand 

the impact of using E-LKPD CPS on other subjects. Additionally, further research should be 

conducted with a larger number of students. 
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