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Objective: This study aims to develop a parabolic motion learning tool based on a 
guided inquiry model with a sports education approach to improve the critical 
thinking skills of high school students. Method: This research is a research and 
development (R&D) study using the ADDIE model, which includes analysis, design, 
development, implementation, and evaluation. The subjects consisted of 11th-grade 
high school students involved in both limited and extensive trials. The research 
instruments included a tool validation sheet, a learning implementation observation 
sheet, a student response questionnaire, and a critical thinking skills test. Data 
analysis was conducted using validity, reliability, N-gain, normality, homogeneity, 
paired t-test, and ANOVA. Results: The results showed that the developed learning 
tool met the criteria for highly valid with a percentage between 84% and 98%; 
practical based on the learning implementation category (very good) and student 
response (87.88%), and effective based on the increase in the N-gain value in the 
moderate category (0.59–0.62). The statistical test results also showed a significant 
increase between pretest and posttest scores, and no significant differences between 
classes, demonstrating the consistent effectiveness of the learning tools. Novelty: The 
novelty of this research lies in the integration of a guided inquiry model with a sports 
education approach in physics instruction on parabolic motion to train critical 
thinking skills through contextual learning based on sports activities, a practice that 
has not been widely explored in previous research. 
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INTRODUCTION 

In this era of rapid modernization and technological development, education is required 

to prepare students with 21st-century skills to face increasingly complex global 

challenges. The Partnership for 21st Century Learning framework emphasizes that 

essential skills students must possess include character, citizenship, communication, 

collaboration, creativity, and critical thinking (OECD, 2021). Among these skills, critical 

thinking is a fundamental competency because it plays a role in supporting problem-

solving abilities, rational decision-making, and the ability to generate innovative 

solutions to future challenges. By mastering critical thinking skills, Indonesia's golden 

generation of 2045 is expected to not only be an adaptive workforce but also visionary 

individuals with global competitiveness (World Economic Forum, 2020). 

Critical thinking skills are crucial because education must essentially shape 

individuals capable of understanding and solving real-world problems. Students need to 

be accustomed to critical thinking to analyze information, evaluate arguments, and draw 

logical conclusions (Saavedra & Ofper, 2012). Facione (2011) defines critical thinking as 

an intellectual process involving reflective and analytical thinking that encourages 

students to actively engage in the learning process. Through this process, students are 
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encouraged to ask questions, develop ideas, and find innovative solutions to complex 

problems. Therefore, education should not only focus on transferring knowledge but also 

on developing higher-order thinking skills, which are essential for modern life. 

However, empirical evidence indicates that students' critical thinking skills remain 

relatively low. An international study showed that despite an 18% increase in Indonesia's 

performance in literacy and mathematics between 2018 and 2022, Indonesia still ranks 

62nd out of 70 countries, below the OECD average (OECD, 2023). This situation indicates 

that Indonesian students' critical thinking skills still need improvement, as reflected in 

the results of the PISA survey (Budiarti, 2023). 

The low PISA scores indicate students' weak mastery of literacy, numeracy, and 

science skills oriented toward contextual problem-solving. This suggests that students 

have not received optimal instruction in developing critical thinking skills such as the 

ability to analyze data, evaluate information, and draw logical conclusions. Research by 

Handayni et al. (2024) indicates that four indicators of critical thinking skills 

interpretation, analysis, evaluation, and inference remain in the low category. Research 

by Khoirunnisa & Dwikoranto (2021) also indicates that students' critical thinking skills 

in solving physics problems are still relatively low. Furthermore, research by Sari (2016) 

found that 86.9% of high school students have low levels of critical thinking skills in 

physics learning. 

Preliminary research conducted by researchers also revealed a similar situation in the 

parabolic motion topic. The data showed that less than 50% of students possessed 

adequate critical thinking skills across all indicators. A total of 55.55% of students 

demonstrated interpretive skills, 47.22% understood concepts, 36.11% evaluated, and 

only 33.33% made accurate inferences. These findings indicate a persistent gap between 

expected competencies and the actual state of students' critical thinking skills in physics 

learning, particularly in parabolic motion. 

Students' low critical thinking skills are influenced by various factors, both internal 

and external. Internal factors include individual characteristics, learning motivation, and 

self-confidence, while external factors include the learning environment and the teacher's 

teaching approach (Hayati & Setiawan, 2022). One of the main causes of low critical 

thinking skills is the use of learning models that are less able to encourage active student 

engagement. Therefore, innovative learning models are needed that can optimally 

develop critical thinking skills. 

One learning model proven to improve critical thinking skills is the guided inquiry 

model. Research by Hattie & Donoghue (2016) shows that inquiry-based learning 

strategies significantly contribute to improving critical thinking skills. Zion & 

Mendelovici (2021) also stated that the guided inquiry approach can help students 

develop critical thinking skills through a systematic investigative process. Research by 

Alfieri et al. (2020) showed that the implementation of guided inquiry can improve 

students' critical thinking skills and academic achievement. Furthermore, research by 

Furtak et al. (2021) also showed that inquiry-based learning can improve students' critical 
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thinking skills in science and science lessons. This indicates that the guided inquiry model 

has great potential for application in physics learning in secondary schools. 

However, the implementation of the guided inquiry model still has several limitations. 

One major weakness is the lack of a learning context relevant to students' real lives, 

resulting in abstract learning (Furtak et al., 2021). Therefore, an approach is needed that 

can contextualize physics learning to make it more meaningful. One approach that can 

be used is sports education, which integrates physics concepts with sports activities. 

Sports education-based learning allows students to directly observe physics 

phenomena in real-life contexts. Sports activities such as basketball, volleyball, and shot 

put can be used as contexts for learning about parabolic motion, making physics concepts 

more concrete and easier to understand (Nathan & Sawyer, 2022). Research by Adair 

(2021) shows that sports can be an engaging context for understanding physics concepts 

because they allow students to directly experience physics principles such as force, 

velocity, and kinetic energy. 

Furthermore, research by Giancoli (2021) shows that the movements in shot put 

involve various physics concepts, such as Newton's Laws and vertical motion. Research 

by Johnson (2020) also shows that contextual learning through sports activities can 

improve student learning outcomes and skills. Research by Serway and Jewett (2020) 

states that the shot put movement is a concrete example of parabolic motion. Rizki (2021) 

also explains that analyzing parabolic motion through sports activities can be done by 

measuring the throwing angle and initial velocity, helping students understand the 

concept more deeply. 

Based on previous research, it can be concluded that the guided inquiry model has 

advantages in developing critical thinking skills through scientific investigation 

activities. Meanwhile, the sports education approach has the advantage of providing an 

authentic learning context and increasing student motivation. However, most previous 

research has examined the two approaches separately. Therefore, there is still a research 

opportunity to integrate the guided inquiry model with the sports education approach in 

physics learning, particularly for parabolic motion. 

Based on this gap, this study seeks to develop a parabolic motion learning tool using 

a sports education-based guided inquiry model to improve students' critical thinking 

skills. This study aims to describe the validity, practicality, and effectiveness of the 

developed learning tool in improving critical thinking skills in high school students. 

The novelty of this research lies in the integration of the guided inquiry model with 

the sports education approach in developing a physics learning tool for parabolic motion. 

Furthermore, this research contributes to the development of learning tools that are not 

only oriented toward concept mastery but also toward developing critical thinking skills 

through contextual learning based on sports activities. This integration is expected to 

become an innovative alternative in physics learning that is more meaningful, contextual, 

and oriented toward the development of 21st-century skills. 
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RESEARCH METHOD 

This research is a research and development (R&D) study aimed at producing a parabolic 
motion learning tool using a guided inquiry model based on sports education to improve 
students' critical thinking skills. The development model used is the ADDIE model, 

which consists of five stages: analysis, design, development, implementation, and 
evaluation (Aldoobie, 2020). The trial design used a one-group pre-test–post-test design 
to assess the effect of the treatment on improving critical thinking skills (Cohen et al., 
2007). 

 
Participants 

The research subjects were 11th grade science students at SMAN 1 Kedunggalar in the 
2025/2026 academic year. A limited trial was conducted in one class, while a broad trial 
was conducted in three classes consisting of one experimental class and two replication 
classes. The selection of research subjects aimed to determine the practicality and 
effectiveness of learning tools in improving students' critical thinking skills. The research 
variables consisted of the independent variable, namely guided inquiry learning based 
on sport education, the dependent variable, namely critical thinking skills, and the 
control variables in the form of learning time, teachers, and learning materials (Sanjaya, 
2013; Sugiyono, 2015). 
 

Table 1. Trial design 
Class Pre-test Treatment Post-test 

Experiment O1 X O2 
Replication-1 O1 X O2 
Replication-2 O1 X O2 

 
Instruments and Procedures 

The research instruments included a learning device validation sheet, an observation 
sheet for learning implementation, a student response questionnaire, and a critical 
thinking skills test in the form of a pre-test and post-test. The learning devices developed 
included lesson plans, student worksheets, teaching materials, and assessment sheets 
(Kurniawan et al., 2020; Sari et al., 2020; Sari et al., 2021; Sutopo et al., 2021). Validation 

of the devices was conducted by three expert validators to ensure the appropriateness of 
the content, construction, and language of the learning devices. Observations were 
conducted by three observers to assess the implementation of the learning (Ciesielska et 
al., 2018). 

Figure 1. Research design 
(Source: Hidayat, 2022) 



Development of Technology-Enhanced Guided Inquiry Parabolic Motion Learning Devices with Sport Education to Improve High 
School Students’ Critical Thinking 

 

 

DPE: https://journal.unesa.ac.id/index.php/dpe      52270 - 5 

The research procedure was carried out through five ADDIE stages: needs analysis, 
device design, device development and validation, learning implementation, and 
evaluation to determine the quality of the developed learning devices (Adeoye, 2024). 
 
Data Analysis 

Data analysis was conducted to determine the validity, practicality, and effectiveness of 
the learning tools. Validity was analyzed using the percentage of validation scores with 
specific interpretation criteria and reliability testing using Cronbach's Alpha (Arikunto, 
2013; Arikunto, 2016; Riduwan & Akdon, 2013; Retnawati, 2020; Kurniawan et al., 2020). 
 

Table 2. Validity percentage and interpretation criteria 
Percentage (%) Interpretation Criteria 

0-20 Totally invalid 
21-40 Less valid 
41-60 Quite valid 
61-80 Valid 

81-100 Very valid 
(Riduwan & Akdon, 2013; Kurniawan et al., 2020) 

Table 3. Reliability criteria 
Reliability Result Criteria 

0.80 < r11 ≤ 1.00 Very high 
0.60 < r11 ≤ 0.80 High 
0.40 < r11 ≤ 0.60 Enough 
0.20 < r11 ≤ 0.40 Low 
0.00 < r11 ≤ 0.20 Very low 

(Arikunto, 2016) 

 
Practicality was analyzed based on observational data on learning implementation 

using quantitative descriptive analysis with the mode technique (Purwanto, 2013; 
Sumintono & Widhiarso, 2014). 

Effectiveness was analyzed using the Shapiro–Wilk normality test and Levene's 
homogeneity test as prerequisite tests (Sudjana, 2005; Usmadi, 2020). Next, a paired 
sample t-test was conducted to determine differences before and after the treatment. 
Improvement in critical thinking skills was analyzed using the N-gain score (Hake, 1998; 
Bao, 2020; Adilla & Jatmiko, 2021). Furthermore, a one-way ANOVA test was used to 
determine the consistency of improvement across classes. Student responses were 
analyzed using Likert scale percentages to determine learning response categories 
(Riduwan, 2015). 

 
Table 4. N-gain criterion 

Nilai 〈𝑔〉 Criteria Level of effectiveness 

〈𝑔〉 ≥ 0.70 High Very Effective 
0.70 > 〈𝑔〉 ≥ 0.30 Moderately Effective 

〈𝑔〉 < 0.30 Low Less Effective 

(Bao, 2020) 
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Table 5. Relationship between variables and data collection and analysis techniques 

Variables Indicators 
Data Collection 

Techniques 
Data Analysis 

Techniques 

Validity Learning device suitability Validation sheet, 
by 3 expert 
validators 

Validity analysis 
with statistics 
(percentage) 
 

Practicality Learning implementation Learning 
observation sheet 
by 3 observers 

Statistics with 
percentage scores 

Effectiveness Improvement of critical 
thinking skills 

Tests (pretest and 
posttest) and 
student responses 

Normality test 
(Shapiro-Wilk), 
homogeneity test 
(Levene), t-test or 
Wilcoxon, gain 
score (Hake), 
ANOVA or 
Kruskal-Wallis 

 
Through these analysis stages, this research methodology is designed to ensure that 

the learning tools developed meet the criteria of being valid, practical, and effective in 
improving students' critical thinking skills. 
 
RESULTS AND DISCUSSION 

Results 

Analysis 

The analysis phase was conducted to identify the need for developing parabolic motion 
learning tools based on a guided inquiry model with a sports education approach. The 
analysis was conducted through a literature review, learning observations, and student 
needs analysis. The results of the literature review indicate that critical thinking skills are 
an essential 21st-century competency because they play a role in analysis, information 
evaluation, and problem-solving. Therefore, physics learning needs to be designed to 
systematically train critical thinking skills. Observations in grade 11 of SMA Negeri 1 
Kedunggalar revealed a gap between the ideal and actual levels of students' critical 
thinking skills. Ideally, critical thinking skills are expected to reach over 80%. However, 
pre-study results indicated interpretation skills of 55.55%, analysis 47.22%, evaluation 
36.11%, and inference 33.33%. 

These low skills are due to learning that still focuses on mastering formulas and does 
not provide optimal opportunities for students to engage in inquiry activities such as 
analyzing problems, testing hypotheses, and drawing conclusions. Furthermore, 
students still experience difficulty conceptually understanding the concept of parabolic 
motion. Based on the needs analysis, the development of guided inquiry-based learning 
tools using a sports education approach is necessary to create more contextual learning 
and enhance students' critical thinking skills. This stage serves as the basis for designing 
learning tools in the next stage. 
 
Design 

The design phase was conducted based on the results of a needs analysis to develop 
parabolic motion learning tools based on a guided inquiry model with a sports education 
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approach. The tools designed included Student Worksheets (LKM), teaching modules 
(RPP), teaching materials, and critical thinking skills assessment instruments. The LKM 
design was developed by integrating guided inquiry syntax with a sports education 
context through sports activities such as basketball throws and volleyball serves to help 
students understand the concept of parabolic motion contextually. The LKM was also 
designed to train critical thinking skills indicators, including interpretation, analysis, 
evaluation, and inference, through activities such as formulating problems, formulating 
hypotheses, conducting experiments, analyzing data, and drawing conclusions. 
Furthermore, the LKM was equipped with the use of technology such as QR codes, 
learning videos, and PhET simulations to support the learning process. 

The teaching module (RPP) design was developed by integrating a sports education 
approach and a guided inquiry model to create more contextual and meaningful 
learning. The RPP was designed in four sessions, encompassing introductory, core, and 
closing activities. It also included prompt questions, collaborative activities, and learning 
reflections to support the development of students' critical thinking skills. The teaching 
materials are designed to support understanding of the concept of parabolic motion 
through examples of its application in sports activities, helping students connect physics 
concepts to real-world phenomena. The presentation of the material is complemented by 
illustrations, case studies, and analytical activities to systematically train students' critical 
thinking skills. 

The assessment instrument is designed in the form of descriptive questions that 
measure four indicators of critical thinking skills: interpretation, analysis, evaluation, and 
inference. This instrument is designed to measure students' ability to understand 
concepts, analyze variable relationships, use problem-solving strategies, and draw 
conclusions based on data. Evaluation of the design stage is conducted to ensure 
alignment between the learning tools and the learning objectives, guided inquiry syntax, 
and critical thinking skill indicators. The evaluation results indicate that the designed 
tools are appropriate for learning needs and ready for further development. 
 
Development 

The development stage was carried out through the preparation of draft learning devices 
that included teaching modules (RPP), LKM, teaching materials, and assessment 
instruments which were then validated by three expert validators to assess the content, 
construct, and linguistic aspects. The validation results showed that all learning devices 
had a very high level of validity with a percentage between 84%–98.8% and a reliability 
value above 0.60, so that all devices were declared very valid and reliable for use in 
research. 
 

Table 6. Validation results of parabolic motion learning devices 

No Validation types 
Average 

Percentage 
Category Reliability 

1 Teaching Module/Lesson Plan 87.5 % Very valid 0.883 
2 Worksheets 90.63% Very valid 0.677 
3 Teaching Materials 84 % Very valid 0.794 
4 Test Instruments 86.6% Very valid 0.883 
5 Implementation Sheets 90.63% Very valid 0.635 
6 Student Response Questionnaires 98.8% Very valid 0.778 
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Following the validation process, the learning tools were revised based on validator 
input, including refining the formulation of learning objectives, adding illustrations to 
the worksheets, improving the presentation of teaching materials, refining question 
indicators, and adjusting the observation sheets for greater consistency. These revisions 
were conducted to enhance the quality of the tools before the implementation phase. 

As part of the development phase, a limited trial was conducted with 32 students to 
assess the initial feasibility of the learning tools. Observation results indicated that the 
learning tools were in the very good category, with teacher implementation rates of 
88.54% in the first cycle and 86.98% in the second cycle, while student implementation 
rates were 86.98% and 85.93%. 

Furthermore, student responses to the learning tools were also in the very good 
category, with an average percentage of 87.93%, indicating that the learning tools were 
easy to use and engaging for students. 

 
Table 7. Limited trial student response analysis 

         
 
 
 
 
 
 

The results of the initial effectiveness test showed an increase in scores from pretest to 
posttest with an average score increasing from 34.75 to 74.91 with an N-gain value of 0.62 
(moderate category). The results of the statistical test also showed a significant difference 
between the pretest and posttest scores (Sig. <0.05) which indicates that the learning 
device was able to improve students' critical thinking skills. 

 
Table 8. Descriptive statistics of pretest and posttest scores 

Variabel N Mean Std. Deviation N-Gain Value 

Pre-test 32 34.75 8.74 0.62 
Post-test 32 74.91 9.63 

 N-gain category Moderate 

 
Based on the results of validity, initial practicality, and initial effectiveness, the 

developed learning device was declared valid, practical, and effective so that it was 
worthy of being continued to a wider implementation stage. 
 
Implementation 

The implementation phase was conducted through extensive trials of the learning tools 
in one experimental class and two replication classes to assess the practicality and 
effectiveness of the parabolic motion learning tools based on the guided inquiry model 
with a sports education approach. 

The results of the learning implementation showed that all learning activities were in 
the very good category, with an average teacher implementation of 87.13% in cycle 1 and 
87.84% in cycle 2, while student implementation was 85.41% and 87.32%. These results 
indicate that the learning tools can be implemented effectively in the learning process. 

 

No Aspect Percentage Category 

1 Language and Appearance 89.52 % Very good 
2 Sports Education Learning 87.60 % Very good 
3 Guided Inquiry Syntax 84.40 % Very good 
4 Critical Thinking Skills 90.20% Very good 
 Average 87.93 % Very good 
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Table 9. Summary of learning implementation 

 
No 

Class 

Percentage of 
Teacher 

Implementation (%) 

Percentage of 
Student 

Implementation (%) 

Cycle 1 Cycle 2 Cycle 1 Cycle 2 

1 Experiment 87.47 90.10 85.41 870.50 
2 Replication 1 84.37 87.49 85.93 88.02 
3 Replication 2 86.45 89.06 84.89 86.45 

  Average  87.13 87.84 85.41 87.32 

 
Student responses to learning also showed a very good category with an average of 

86.85% in the experimental class, 88.20% in replication class 1, and 87.88% in replication 
class 2. This shows that sports education and guided inquiry-based learning is able to 
increase student involvement in learning. 

 
Table 10. Student response analysis 

 
The results of the effectiveness analysis showed an increase in the average pretest to 

posttest scores across all classes with N-gain values of 0.59, 0.59, and 0.62, respectively, 
which are in the moderate category. These results indicate that the learning device is 
effective in improving students' critical thinking skills. 

 
Table 11. The average results of the post-test post-test scores and N-gain (Hake) 

Class 
Pretest 

Average 
Post-Test 
Average 

Average N-
Gain 

Experiment 33.25 72.17 0.59 
Replication 1 31.64 71.19 0.59 
Replication 2 34.03 74.47 0.62 

 
The results of the statistical test showed that the data were normally distributed and 

homogeneous, and the t-test results showed a significant difference between the pretest 
and posttest scores (Sig. < 0.05). In addition, the ANOVA test results showed no 
significant difference in the increase in critical thinking skills between classes (Sig. > 0.05), 
which indicates that the learning tools had a consistent effect on all classes. 

 
Table 12. Results of normality and homogeneity tests 

Value Class 
Normality Test 
(Shapiro Wilk) 

Homogeneity Test 
(Levene Statistic) 

N-gain 
Experiment 0.604 

0.190 Replication 1 0.808 
Replication 2 0.287 

 

No Aspect 
Percentage/Class 

Category 
Experiment Cycle 1 Cycle 2 

1 Language and Appearance 90.20 %  87.60 % 89.52 % Very Good 
2 Sports Education Learning 84.40 % 89.50 % 87.60 % Very Good 
3 Guided Inquiry Syntax 88.20 % 86.46 % 84.40 % Very Good 
4 Critical Thinking Skills 84.40 % 89.24 % 90.20% Very Good 

 Average 86.85 %  88.20% 87.88 % Very Good 
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Table 13. Wilcoxon t-test results 

Data Pair 
Mean 

Difference 
Std. 

Deviation 
t df 

Sig.(2-
tailed) 

Experimental Class -38.91 667 9.2 -25.379 35 0.000 
Replication Class 1 -40.444 7.37 -32.893 35 0.000 
Replication Class 2 -38.91 9.2 -25.379 35 0.000 

Decision criteria Sig. ≤ 0.05 Significant differences 
were found 

 

Table 14. ANOVA N-gain test results 

 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

Between Groups 0.00438 2 0.00219 0.876 0.419 
Within Groups 1.34418 105 0.01280   
Total 1.34856 107    

 
In addition, improvements in critical thinking skills are also seen in all indicators, 

namely interpretation, analysis, evaluation, and inference, which show a moderate 
improvement category. 

 
Table 15. N-gain value for each critical thinking skills indicator 

No 
Critical thinking skills 

indicators 

Class N-gain Value 

Experiment 
Replication 

1 
Replication 

2 

1 Interpreting 0.58 0.57 0.57 
2 Analyzing 0.51 0.50 0.49 
3 Evaluating 0.61 0.62 0.63 
4 Inferring 0.65 0.64 0.63 

 
Evaluation 

The evaluation phase was conducted to ensure that the developed learning tools met the 
criteria for validity, practicality, and effectiveness. The evaluation results indicated that 
the learning tools, including lesson plans (RPP), worksheets (LKM), teaching materials, 
and assessment instruments, were declared valid based on expert assessments of content, 
construction, language, and appropriateness of the learning model. 

From a practical perspective, the learning tools demonstrated excellent learning 
implementation and received positive feedback from students, indicating that they were 
easy to use and capable of increasing student engagement in learning. From an 
effectiveness perspective, the increase in pretest-posttest scores and the moderate N-gain 

value indicated that the learning tools were effective in improving students' critical 
thinking skills. Overall, the evaluation results indicated that the parabolic motion 
learning tools based on a guided inquiry model with a sports education approach met 
the criteria for validity, practicality, and effectiveness, making them suitable for use in 
high school physics instruction. 

 
Discussion 
Validity 

Validation results by three validators indicate that all developed learning tools, including 
the teaching module (RPP), worksheets (LKM), teaching materials, critical thinking skills 
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test instruments, implementation observation sheets, and student response 
questionnaires, achieved a validity percentage of 84% to 98%, categorized as highly valid. 
This percentage exceeds the minimum eligibility threshold of 81%, thus declaring the 
learning tools suitable for use in learning. 

The teaching module (RPP) achieved a validity percentage of 87.5%, indicating the 
suitability of the learning objectives, media selection, materials, and learning scenarios to 
the standards for developing learning tools (Ministry of Education and Culture, 2022). 
These results are consistent with Branch (2020), who stated that learning modules are 
considered appropriate when they include clear learning objectives, relevant materials, 
and systematic instructional procedures. Furthermore, the use of communicative and 
unambiguous language is also an important indicator in determining the readability and 
effectiveness of learning materials (Mayer, 2021). 

The worksheet achieved a validity percentage of 90.6%, indicating its suitability to 
student needs and the stages of guided inquiry. This aligns with Hidayat et al. (2022), 
who stated that worksheets with a validity above 81% are considered highly valid. 
Furthermore, the structure of the worksheet, which includes inquiry stages and an 
attractive visual design, also aligns with the findings Mayer (2021), who stated that valid 
worksheets must have clear learning objectives, systematic inquiry stages, and a display 
that suits student characteristics. 

The teaching materials achieved a validity percentage of 84%, indicating that the 
material was systematically structured using communicative language and supported by 
concept visualizations. This aligns with Kurniawan et al. (2020), who stated that teaching 
materials are considered valid if they are structured coherently, use easy-to-understand 
language, and are complemented by visualizations that support understanding of 
physics concepts. 

The critical thinking skills test instrument achieved a validity of 86.6%, while the 
implementation observation sheet achieved a validity of 90.6%, indicating the indicators' 
suitability to the syntax of guided inquiry. These findings align with those of Retnawati 
(2020), who stated that an observation sheet is valid if its indicators objectively represent 
the learning stages. The student response questionnaire achieved the highest percentage, 
at 98.8%, indicating its suitability for measuring student perceptions and engagement in 
learning. This aligns with Taherdoost (2021), who stated that a questionnaire response is 
considered valid if it accurately reflects student interest and engagement in the learning 
model. Overall, the validation results indicate that the learning tool aligns with learning 
outcomes, guided inquiry syntax, sports education principles, and critical thinking skill 
indicators, making it suitable for use in physics learning. 
 
Practicality 

The practicality of the learning tools was assessed based on their implementation and 
student responses. Observations showed that all aspects of learning, including 
introductory, core, and closing activities, time management, and classroom atmosphere, 
were in the very good category, with percentages exceeding 61% in all three classes. In 
the limited trial, the teacher's implementation of the learning tools averaged 88.54% and 
the students' 86.98%. In the extensive trial, the teacher's implementation of the learning 
tools in the experimental class reached 87.49% in cycle 1 and 90.10% in cycle 2, in 
replication class 1 at 84.37% and 87.49%, and in replication class 2 at 86.45% and 89.06%. 
These results demonstrate that the learning tools can be implemented consistently in 
accordance with the lesson plan design and guided inquiry syntax. 
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The implementation of the learning tools also demonstrated that student activities 
followed the inquiry stages, from formulating problems, developing hypotheses, 
designing and implementing experiments, analyzing data, and drawing conclusions. 
This indicates that the learning device demonstrates clear steps, integrated activities, and 
conforms to the characteristics of process-based science learning (Pedaste et al., 2015). 
Furthermore, the results of the student response questionnaire showed a very good rating 
with an average percentage of 87.88%. Students assessed that the worksheet design was 
engaging, the learning steps were systematic, and the sports education-based learning 
facilitated understanding of the concept of parabolic motion. This learning also trained 
students in identifying problems, analyzing data, and drawing conclusions 
independently, thereby increasing active engagement in learning. 

The positive student responses indicated that the learning device was easy to use and 
capable of creating an active, collaborative, and conducive learning atmosphere. This 
finding aligns with research by Sari et al. (2021), which stated that a collaborative learning 
environment based on real-life activities can improve the quality of learning interactions 
and the effectiveness of implementing the inquiry model in science learning. Based on 
the results of the learning implementation and student responses, it can be concluded 
that the developed learning device meets practical criteria because it is easy to use, can 
be implemented according to plan, and receives positive responses from students. 
 
Effectiveness 

The effectiveness of the learning device was assessed based on improvements in critical 
thinking skills based on pre-test and post-test results, the N-gain value, and the 
fulfillment of statistical assumptions. The results showed an N-gain value in the limited 
trial of 0.62 (moderate category). In the extensive trial, the average N-gain for the 
experimental class was 0.59, replication class 1 was 0.59, and replication class 2 was 0.62, 

all of which were in the moderate category. 
The results of normality and homogeneity tests showed a significance value >0.05, 

indicating normally distributed and homogeneous data. The paired t-test showed a 
significant increase between pre-test and post-test scores, while the ANOVA test showed 
a significance value of 0.419 >0.05, indicating no significant differences between classes. 
This indicates that the learning device was consistently effective across student groups. 
These findings align with the principle of learning device effectiveness, which states that 
a device is considered effective if it has a relatively uniform impact on various target 
groups. 

Improvements also occurred across all critical thinking skill indicators: interpretation, 
analysis, evaluation, and inference, with moderate gains. The inference and evaluation 
indicators showed higher increases than the analysis indicator, indicating that the 
learning tools were more effective in developing inference and evaluation skills than 
analytical skills. The effectiveness of these learning tools can also be explained through 
constructivism theory, which emphasizes that knowledge is built through meaningful 
learning experiences. Sports education-based learning allows students to construct an 
understanding of the concept of parabolic motion through direct experience, while the 
guided inquiry syntax supports the scientific reasoning process through the stages of 
formulating problems, formulating hypotheses, making observations, analyzing data, 
and drawing conclusions. 

The results of this study are also supported by research by Sutopo et al. (2021), which 
showed that a guided inquiry model based on performance assessment effectively 
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improves students' critical thinking skills through active engagement in the inquiry 
process. However, this study did not integrate a sports education approach. In this study, 
this approach was enhanced through teamwork, student role allocation, and sports-
based contextual learning activities, providing a more comprehensive learning 
experience. These findings align with research by Mardiyanti and Jatmiko (2022), which 
demonstrated that a guided inquiry model assisted by PhET effectively improves 
students' critical thinking skills. However, that study focused on digital simulations, 
while this study integrates real-world contexts through a sports education approach, 
making learning more contextual and collaborative. 

Furthermore, research by Rizki et al. (2021) demonstrated that a guided inquiry-based 
student worksheet (LKM) on parabolic motion has high validity and supports students' 
cognitive engagement. Unlike that study, this study developed a learning tool with a 
sports education approach that emphasizes not only concept exploration but also social 
interaction and collaboration, thus potentially enhancing critical thinking skills more 
comprehensively. Overall, the results of this study indicate that a parabolic motion 
learning tool based on a guided inquiry model with a sports education approach is 
effective in improving students' critical thinking skills. 
 
CONCLUSION 

Fundamental Findings: This research produced a parabolic motion learning tool based 
on a guided inquiry model with a sports education approach that met the criteria for 
validity, practicality, and effectiveness in improving high school students' critical 
thinking skills. The tool's validity was demonstrated by expert assessment results with a 
very valid category. Practicality was demonstrated by excellent learning implementation 
and positive student responses. Effectiveness was demonstrated by consistent increases 
in pretest-posttest scores and moderate N-gain across all classes. These findings 
demonstrate that integrating a guided inquiry model with a sports education context can 
create more contextual and meaningful physics learning. Implications: The results of this 
study imply that a guided inquiry-based learning tool with a contextual approach, such 
as sports education, can be an innovative alternative in physics learning to train students' 
critical thinking skills. Furthermore, this study also demonstrates the importance of 
linking physics concepts to real-world phenomena to make learning more relevant, 
increase student engagement, and support 21st-century learning oriented toward higher-
order thinking skills. Limitations: This study is limited by the sample size, which is 
limited to one school, and the material focused on parabolic motion. Furthermore, 
effectiveness measurements are still limited to improving critical thinking skills, thus not 
fully examining the device's influence on other 21st-century skills such as creativity or 
collaboration. Future Research: Further research is recommended to develop similar 
learning devices for other physics topics and involve a wider sample to test the 
consistency of the device's effectiveness. Furthermore, future research could also examine 
the integration of sports education approaches with digital technology or other 
innovative learning models to more comprehensively enhance various 21st-century 
skills. 
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