
____________________________________________________________________________________________ 
Yuanyuan, Toward Better Physical Education Outcomes Assessing the Effectiveness of Blended Learning in Middle School 

Physical Education using TreeSoft Set 

                            Neutrosophic Sets and Systems, Vol. 85, 2025 

  

 

Toward Better Physical Education Outcomes Assessing the Effectiveness of Blended 

Learning in Middle School Physical Education using TreeSoft Set 

Yuanyuan Qi* 

School of Physical Education and Sports, Central China Normal University, Hubei, Wuhan, 

430079, China 

*Corresponding author, E-mail: qyy_05150226@sina.com 

Abstract: Physical education (PE) teaching methods have changed because of blended learning, 

which combines traditional in-person training with online learning resources. The 

implementation of blended learning in physical education in middle schools, when kids are going 

through major developmental changes, necessitates a thorough assessment to ascertain its actual 

efficacy. By looking at both technology integration and physical activity outcomes, this study 

investigates the critical elements that make blended learning in middle school physical education 

settings successful. The study assesses how environmental conditions, instructor involvement, 

student engagement, and instructional design affect overall learning effectiveness using a multi-

criteria assessment approach. We use the TreeSoft set to divide the criteria and sub criteria as Tree 

and we compute the criteria weights in each local criteria and in global criteria. We rank the 

alternatives using the WSM method. For educators and policymakers looking to maximize 

physical education in a changing digital educational environment, the findings provide insightful 

information. 
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______________________________________________________________________________ 

1. Introduction  

Globally, educational systems are undergoing fast change, and technology is becoming a more 

significant factor in determining how pupils learn. Physical education is one of the topics where 

blended learning, an instructional approach that combines traditional classroom experiences with 

online components, is becoming more and more popular. This change in pedagogy calls for a 

reevaluation of teaching methods, especially in middle school physical education, where active 

participation and physical growth are crucial[1], [2]. 

Physical education necessitates active engagement and skill development in physical activities, 

in contrast to academic topics that mostly rely on theoretical knowledge. Thus, there are special 
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opportunities and problems associated with implementing blended learning in physical 

education. It challenges teachers to reconsider how digital resources can support or improve in-

person instruction and the growth of students' fitness[3], [4]. 

A student's middle school years are a time of formative development, characterized by emotional, 

cognitive, and physical maturation. At this level, successful PE programs can promote healthy 

behaviors that last a lifetime. In this situation, blended learning strategies need to be thoroughly 

evaluated to make sure they support students' physical literacy while also meeting their 

developmental needs. 

Blended physical education programs now frequently incorporate interactive apps, online fitness 

tracking, virtual evaluations, and video demonstrations. Although these tools offer flexibility and 

customization, it is yet unclear how well they will encourage participation and physical activity 

in the real world[5], [6]. To achieve the best results, it is imperative to investigate how these 

technologies are used in conjunction with in-person instruction. 

Teachers in blended physical education settings frequently face challenges such inadequate 

technology infrastructure, a lack of training, and trouble remotely tracking students' progress[7], 

[8]. Understanding these issues and how they affect student outcomes and instructional quality 

is necessary for evaluating effectiveness. 

Any physical education program's success depends heavily on the engagement and motivation 

of its students. Because of the combination of digital content and physical duties, it becomes more 

difficult to retain engagement in blended situations[9], [10]. As a result, one of the most important 

factors in determining how successful blended physical education programs are should be 

involvement. 

To evaluate the efficacy of blended learning in middle school physical education, a strong 

framework with several assessment criteria is necessary. These could include learning 

environment, teacher support, student results, technological access, and instructional design. 

Stakeholders can determine areas for improvement as well as strengths through a multi-criteria 

review. 

By looking at important success variables from both a qualitative and quantitative perspective, 

this study seeks to offer a thorough evaluation of blended learning in middle school physical 

education. It gives teachers and decision-makers a better idea of what makes blended learning 

effective in a topic that has historically relied on in-person interaction and presence. 

Decision-makers (DMs) directly determine the relative weights of criteria in this procedure by 

weighing their relative importance. Either a group decision-making process or individual direct 

weighing can be used[11], [12]. Objective weighting techniques use various mathematical 

techniques to obtain the weights of criteria from the decision matrix. Among these, the 

significance of CRITIC and Shannon's entropy  



Neutrosophic Sets and Systems, Vol. 85, 2025                                                                                                                         150 

________________________________________________________________________________________________________ 

____________________________________________________________________________________________ 
Yuanyuan, Toward Better Physical Education Outcomes Assessing the Effectiveness of Blended Learning in Middle School 

Physical Education using TreeSoft Set 

In contrast to the previous category, several subjective weighting methods have been developed 

thus far to optimize the process of translating human thought into criteria weights. The primary 

basis of these methods is pairwise comparison, but there are other methods that use different 

approaches. Subjective weighting methods are more commonly used than objective weighting 

methods[13], [14]. They are primarily developed to translate DMs’ opinions, expectations, 

assessments, judgments, and interpretations of the importance of criteria into weights for those 

criteria. 

The HyperSoft Set (2018), IndetermSoft Set (2022), IndetermHyperSoft Set (2022), 

SuperHyperSoft Set, TreeSoft Set (2022), and ForestSoft Set (2024) are the six new varieties of Soft 

Sets that Smarandache announced[15], [16], [17], [18]. 

2. Proposed Model 

A TreeSoft Set maps subsets of a universal set to the power set of Tree(A), a hierarchical tree-like 

structure of attributes. It is well known that MultiSoft Sets and comparable frameworks can be 

generalized using ideas like TreeSoft Sets[19], [20]. 

Let U be a universal set of discourse, and H non-empty set of U and the power set is P(U). Let set 

attributes or criteria or factors such as: 𝐴 = {𝐴1, 𝐴2, … , 𝐴𝑛}; 𝑛 ≥ 1, each attribute is considered a 

first-level attribute. Every first level attribute has different sub criteria  

𝐴𝑖 = {𝐴𝑖,1, 𝐴𝑖,2, … }                                                                                                                                                       (1) 

𝐴1 = {𝐴1,1, 𝐴1,2, … }                                                                                                                                                  (2) 

𝐴2 = {𝐴2,1, 𝐴2,2, … }                                                                                                                                                                         (3) 

𝐴3 = {𝐴3,1, 𝐴3,2, … }                                                                                                                                                                         (4) 

𝐴4 = {𝐴4,1, 𝐴4,2, … }                                                                                                                                                                         (5) 

𝐴5 = {𝐴5,1, 𝐴5,2, … }                                                                                                                                                                         (6) 

𝐴6 = {𝐴6,1, 𝐴6,2, … }                                                                                                                                                                         (7) 

𝐴7 = {𝐴7,1, 𝐴7,2, … }                                                                                                                                                                         (8) 

𝐴8 = {𝐴8,1, 𝐴8,2, … }                                                                                                                                                                         (9) 

𝐴9 = {𝐴9,1, 𝐴9,2, … }                                                                                                                                                                         (10) 

𝐴10 = {𝐴10,1, 𝐴10,2, … }                                                                                                                                                 (11) 

The TreeSoft set is defined as: 

𝐹: 𝑃(𝑇𝑟𝑒𝑒(𝐴) → 𝑃(𝐻))                                                                                                                                                 (12) 
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We show an example of the TreeSoft Set as shown in Fig 1. In the first level, we show the six 

criteria, in the second level we show three criteria with values. 

 

 

Fig 1. The TreeSoft graph. 

 

We show the steps of the WSM method to rank the alternatives. 

Create the decision matrix. 

The decision makers create the decision matrix based on their opinions.  

𝑋 =  (

𝑥11 ⋯ 𝑥1𝑛

⋮ ⋱ ⋮
𝑥𝑚1 ⋯ 𝑥𝑚𝑛

)                                                                                                                                           (13) 
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Aggregate the decision matrix into a single matrix. 

Compute the criteria weights. 

The weights of the criteria are computed using the average method from the decision matrix 

between the criteria and the alternatives. 

Compute the weighted decision matrix. 

The weighted decision matrix is computed by multiplying the weights of criteria by the decision 

matrix. 

𝐻𝑖𝑗 = 𝑤𝑗𝑥𝑖𝑗                                                                                                                                                                         (14) 

Compute the total sum of weighted decision matrix. 

𝑘𝑖 =  ∑ 𝐻𝑖𝑗
𝑛
𝑖=1                                                                                                                                                   (15) 

Rank the alternatives. 

The alternatives are ranked based on the highest value on the 𝑘𝑖. 

3. Application  

We present an application of the proposed approach to computing the criteria weights and 

ranking alternatives. This study uses six criteria as shown in Fig 1. We use ten alternatives as: 

Flipped Classroom with Fitness Apps, Hybrid Weekly Online/Offline PE Sessions, Game-based 

Learning with Motion Sensors, Virtual Reality Assisted PE, Interactive Live-Streamed PE Lessons, 

Peer-Coached Blended Fitness Program, Pre-recorded Instruction with Daily Activity Logs, 

Project-Based Movement Challenges, Community Integrated Outdoor, AI-Personalized PE 

Instruction & Tracking. 

We use the TreeSoft set to divide the criteria and sub criteria into a tree. We compute the weights 

of criteria in each level and then compute the global weights of criteria. In the first, we compute 

the weights of the main criteria. Three experts created the decision matrix between the main 

criteria and alternatives. We combine the decision matrix as shown in Fig 2. We compute the 

criteria weights using the average method. 

C1– 0.1617, This criterion carries a moderate weight, highlighting the importance of how well the 

blended PE curriculum is structured, including the clarity of learning objectives, alignment with 

standards, and coherence in content delivery. 

C2– 0.1652, With a slightly higher weight, student engagement is recognized as a critical factor in 

ensuring the success of blended PE. This includes motivation, participation, and active interaction 

with the platform and peers. 
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C3– 0.1803, This criterion holds the highest weight among all, reflecting the primary goal of 

physical education—improving students’ fitness, physical skills, and health literacy. Its 

prominence emphasizes outcome-based success measurement. 

C4– 0.1653, Teacher involvement is considered highly influential, almost equal to student 

engagement, emphasizing the role of instructors in delivering, adapting, and monitoring blended 

learning for maximum effectiveness. 

C5– 0.1607, This factor is moderately significant, indicating that while technology is essential to 

enable blended learning, its impact is largely dependent on the quality of instruction and 

engagement strategies built around it. 

C6– 0.1669, This weight suggests a substantial role of the physical and psychological environment 

where blended learning takes place. It encompasses factors like student comfort, safety, and 

opportunities for collaboration 

 

Fig 2. The combined decision matrix for main criteria. 

Then we compute the criteria weights in the first sub criteria. We create the decision matrix 

between the criteria and alternatives. We combine the decision matrix as shown in Fig 3. We 

compute the criteria weights using the average method as shown in Fig 4.   
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Fig 3. Combined decision matrix for first sub criterion. 

 

Fig 4. Weights of first sub criterion. 
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Then we compute the criteria weights in the second sub criteria. We create the decision matrix 

between the criteria and alternatives. We combine the decision matrix as shown in Fig 5. We 

compute the criteria weights using the average method as shown in Fig 6.   

 

Fig 5. Combined decision matrix for second sub criterion. 
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Fig 6. Weights of second sub criterion. 

Then we compute the criteria weights in the third sub criteria. We create the decision matrix 

between the criteria and alternatives. We combine the decision matrix as shown in Fig 7. We 

compute the criteria weights using the average method as shown in Fig 8.   
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Fig 7. Combined decision matrix for third sub criterion. 

 

Fig 8. Weights of third sub criterion. 
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Then we compute the criteria weights in the fourth sub criteria. We create the decision matrix 

between the criteria and alternatives. We combine the decision matrix as shown in Fig 9. We 

compute the criteria weights using the average method as shown in Fig 10.   

 

Fig 9. Combined decision matrix for fourth sub criterion. 
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Fig 10. Weights of fourth sub criterion. 

Then we compute the criteria weights in the fifth sub criteria. We create the decision matrix 

between the criteria and alternatives. We combine the decision matrix as shown in Fig 11. We 

compute the criteria weights using the average method as shown in Fig 12.   
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Fig 11. Combined decision matrix for fifth sub criterion. 

 

Fig 12. Weights of fifth sub criterion. 
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Then we compute the criteria weights in the sixth sub criteria. We create the decision matrix 

between the criteria and alternatives. We combine the decision matrix as shown in Fig 13. We 

compute the criteria weights using the average method as shown in Fig 14.   

 

Fig 13. Combined decision matrix for sixth sub criterion. 
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Fig 14. Weights of sixth sub criterion. 

 

Then we compute the weights of global criteria by multiplying the weights of main criteria by the 

weights of sub criteria as shown in Fig 15. Then we rank the alternatives using the WSM method. 
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Fig 15. The weights of global criteria. 

We show the steps of the WSM method to rank the alternatives. 

We compute the weighted decision matrix using eq. (14) as shown in Fig 16.  

We compute the total sum of weighted decision matrix using eq. (15) as shown in Fig 17. 

We rank the alternatives as shown in Fig 18. 
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Fig 16. The weighted decision matrix. 

 

Fig 17. The total sum weight. 
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Fig 18. The rank of alternatives. 

 

5. Conclusions 

There are opportunities as well as challenges associated with integrating blended learning into 

middle school physical education. Although it could make physical education more adaptable, 

inclusive, and customized, its effectiveness depends on several interconnected elements, 

including the caliber of instruction, student participation, teacher support, and technological 

preparedness. This study highlights how crucial it is to assess integrated physical education 

programs holistically and according to clear standards to make sure that learning objectives are 

in line with developmental and health objectives. The evaluation's conclusions can direct the 

creation and execution of more successful physical education programs, which will ultimately 

result in student populations that are healthier and more active. We used the TreeSoft Set to 

divide the criteria as a tree and we computed the weights in each level. We rank the alternatives 

using the WSM method. 

References 

[1] W. Zheng, Y.-Y. Ma, and H.-L. Lin, “Research on blended learning in physical education 

during the COVID-19 pandemic: A case study of Chinese students,” Sage Open, vol. 11, 

no. 4, p. 21582440211058196, 2021. 

[2] V. Arufe-Giráldez, A. Sanmiguel-Rodríguez, O. Ramos-Álvarez, and R. Navarro-Patón, 



Neutrosophic Sets and Systems, Vol. 85, 2025                                                                                                                         166 

________________________________________________________________________________________________________ 

____________________________________________________________________________________________ 
Yuanyuan, Toward Better Physical Education Outcomes Assessing the Effectiveness of Blended Learning in Middle School 

Physical Education using TreeSoft Set 

“Gamification in physical education: A systematic review,” Educ. Sci., vol. 12, no. 8, p. 

540, 2022. 

[3] A. H. Rakha, “The impact of Blackboard Collaborate breakout groups on the cognitive 

achievement of physical education teaching styles during the COVID-19 pandemic,” 

PLoS One, vol. 18, no. 1, p. e0279921, 2023. 

[4] S. Li and W. Wang, “Effect of blended learning on student performance in K-12 settings: 

A meta-analysis,” J. Comput. Assist. Learn., vol. 38, no. 5, pp. 1254–1272, 2022. 

[5] H. C. Can, E. Zorba, and A. T. Işım, “The effect of blended learning on 21st-Century skills 

and academic success in education of physical education teachers: A mixed method 

research,” Teach. Teach. Educ., vol. 145, p. 104614, 2024. 

[6] I. López-Fernández, R. Burgueño, and F. J. Gil-Espinosa, “High school physical education 

teachers’ perceptions of blended learning one year after the onset of the COVID-19 

pandemic,” Int. J. Environ. Res. Public Health, vol. 18, no. 21, p. 11146, 2021. 

[7] C. Wang, R. D. O. Dev, K. G. Soh, N. J. M. Nasiruddin, and Y. Wang, “Effects of blended 

learning in physical education among university students: a systematic review,” Educ. 

Sci., vol. 12, no. 8, p. 530, 2022. 

[8] C. Wang, R. D. Omar Dev, K. G. Soh, N. J. Mohd Nasirudddin, Y. Yuan, and X. Ji, 

“Blended learning in physical education: a systematic review,” Front. public Heal., vol. 11, 

p. 1073423, 2023. 

[9] A. Calderón, D. Scanlon, A. MacPhail, and B. Moody, “An integrated blended learning 

approach for physical education teacher education programmes: teacher educators’ and 

pre-service teachers’ experiences,” Phys. Educ. Sport Pedagog., vol. 26, no. 6, pp. 562–577, 

2021. 

[10] K. J. Topping, W. Douglas, D. Robertson, and N. Ferguson, “Effectiveness of online and 

blended learning from schools: A systematic review,” Rev. Educ., vol. 10, no. 2, p. e3353, 

2022. 

[11] A. Bousdekis, K. Lepenioti, D. Apostolou, and G. Mentzas, “A review of data-driven 

decision-making methods for industry 4.0 maintenance applications,” Electronics, vol. 10, 

no. 7, p. 828, 2021. 

[12] U. Sadana, A. Chenreddy, E. Delage, A. Forel, E. Frejinger, and T. Vidal, “A survey of 

contextual optimization methods for decision-making under uncertainty,” Eur. J. Oper. 

Res., vol. 320, no. 2, pp. 271–289, 2025. 

[13] M. J. Kochenderfer, T. A. Wheeler, and K. H. Wray, Algorithms for decision making. MIT 

press, 2022. 

[14] J. J. Peng, X. G. Chen, X. K. Wang, J. Q. Wang, Q. Q. Long, and L. J. Yin, “Picture fuzzy 

decision-making theories and methodologies: a systematic review,” Int. J. Syst. Sci., vol. 

54, no. 13, pp. 2663–2675, 2023. 



Neutrosophic Sets and Systems, Vol. 85, 2025                                                                                                                         167 

________________________________________________________________________________________________________ 

____________________________________________________________________________________________ 
Yuanyuan, Toward Better Physical Education Outcomes Assessing the Effectiveness of Blended Learning in Middle School 

Physical Education using TreeSoft Set 

[15] F. Smarandache, Practical applications of IndetermSoft Set and IndetermHyperSoft Set and 

introduction to TreeSoft Set as an extension of the MultiSoft Set. Infinite Study, 2022. 

[16] F. Smarandache, New types of soft sets “hypersoft set, indetermsoft set, indetermhypersoft set, 

and treesoft set”: an improved version. Infinite Study, 2023. 

[17] F. Smarandache, Introduction to the IndetermSoft Set and IndetermHyperSoft Set, vol. 1. 

Infinite Study, 2022. 

[18] F. Smarandache, “Foundation of the SuperHyperSoft Set and the Fuzzy Extension 

SuperHyperSoft Set: A New Vision,” Neutrosophic Syst. with Appl., vol. 11, pp. 48–51, 

2023. 

[19] S. F. AL-baker, I. El-henawy, and M. Mohamed, “Pairing New Approach of Tree Soft 

with MCDM Techniques: Toward Advisory an Outstanding Web Service Provider Based 

on QoS Levels,” Neutrosophic Syst. with Appl., vol. 14, pp. 17–29, 2024. 

[20] A. Alqazzaz and K. M. Sallam, “Evaluation of sustainable waste valorization using 

treesoft set with neutrosophic sets,” Neutrosophic Sets Syst., vol. 65, pp. 151–160, 2024. 

 

 

 

Received: Nov. 29, 2024. Accepted: April 22, 2025 


