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Abstract

Classroom teaching quality evaluation is an important link in the curriculum quality assur-

ance system. It has important guiding significance for the timely feedback of classroom

teaching effects, the achievement of teachers’ teaching goals, and the implementation of

teaching plans. The evaluation system is scientific, objective and accurate. The classroom

teaching quality evaluation is an important way to improve the level of teacher education

and teaching and then determine the quality of talent training in various majors. At present,

although the evaluation work has played a positive role, the backwardness of the evaluation

system has seriously restricted the effectiveness of teaching feedback. The classroom

teaching quality evaluation of college basketball training is viewed as the multi-attribute deci-

sion-making (MADM). In this article, we combine the generalized Heronian mean (GHM)

operator and power average (PA) with 2-tuple linguistic neutrosophic sets (2TLNSs) to pro-

pose the generalized 2-tuple linguistic neutrosophic power HM (G2TLNPHM) operator. The

G2TLNPHM operator is built for MADM. Finally, an example for classroom teaching quality

evaluation of college basketball training is used to show the proposed methods.

1. Introduction

To study multi-attribute decision-making (MADM) problems with qualitative or quantitative

attributes, one of the important research directions is to solve MADM problems with fuzzy

data, that is, the evaluation information of alternatives can be represented by fuzzy numbers or

fuzzy language [1–5]. Therefore, it is necessary to study the quality evaluation of physical edu-

cation based on fuzzy multi-attribute decision-making [6–11]. Then, how to make the final

judgment and ranking of the commodities in the commodity selection of the e-commerce plat-

form, it is necessary to apply the fuzzy MADM method [12–17]. The fuzzy MADM method is

mainly divided into two steps: one is to use the fuzzy MADM method to find out the fuzzy util-

ity value of each scheme; the second is to use the fuzzy sorting method to deal with the fuzzy

utility [18–22]. The theory and method of fuzzy MADM have also been widely used in eco-

nomics, management and other fields [23–28]. The intuitionistic FSs (IFS) [29], as an exten-

sion, have subsequently been widely used in solving MAGDM problems. The IFSs are more
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flexible and practical than traditional FSs [30–36]. Tian, Liu, Xu and Lei [37] researched the

partial derivative of binary IFS functions. Li, Chen, Yang and Li [38] furnished the VIKOR-

depended for IF-MADM. Su, Chen, Xia and Wang [39] constructed the interactive method for

IF-MAGDM. Smarandache [40] built the neutrosophic sets (NS). Then, the SVNS [41] and

INS [42] were devised. Ye [43] studied the SNS and SVNS. Sahin and Kucuk [44] produced

the entropy measure of SVNSs. Ye [45, 46] produced the similarity measure between SVNSs.

Liu, Chu, Li and Chen [47] produced some Hamacher operator under NSs. Wang et al. [48]

produced the 2-tuple linguistic neutrosophic sets (2TLNSs) based on the 2TLs [49–51]. Wang

et al. [52] built CODAS method for MAGDM under 2TLNNs. Wu et al. [53] built the Hamy

mean fused operators under 2TLNNs.

Physical education is an indispensable part of higher education and an important link that

directly affects talent training. Teaching quality is the core of teaching work. The evaluation of

teachers’ teaching quality can not only help us understand the actual teaching situation, but

also improve teaching quality and teaching quality through analysis [54–56]. It is also a power-

ful means to establish and improve the quality monitoring mechanism of physical education

teaching in colleges and universities. However, with the emergence of new ideas and new mod-

els of physical education teaching, the original teaching quality evaluation system It has been

unable to fully meet the requirements of the current development of physical education

courses in colleges and universities [57–59]. The reason is that the assessment of teaching qual-

ity is a relatively subjective issue, and it is difficult to be objective and precise in practical oper-

ation, coupled with the lack of completeness of assessment factors. The credibility of the

evaluation results is worse. Due to the many factors affecting the quality of physical education,

the relationship is more complex, and the non-quantitative phenomenon of evaluation factors

is common, which determines the fuzzy and comprehensive characteristics of classroom teach-

ing quality evaluation [58–60]. Traditional physical education. The teaching concept attaches

great importance to the systematic teaching of subject knowledge, skills and physical strength,

but ignores the stimulation of students’ interests and the publicity of their individuality, which

separates the connection between intra-curricular activities and extra-curricular activities [61–

63]. Traditional physical education is dominated by technical teaching and skill training, so it

pays attention to sports skills teaching, physical fitness teaching, standardization of teaching,

and consistency of evaluation. However, the sports needs of the students are not fully

respected, and the students are less selective, less interested and less motivated. According to

the requirements of the new curriculum standards, through the discussion and research on the

teaching mode of physical education in colleges and universities, and then promoting the

optional teaching of physical education in public physical education and professional physical

education, it will relieve students’ psychological pressure and weariness of physical education,

and improve students’ learning ability. sports interest, promote the effect of physical education

teaching, and truly implement the guiding ideology of physical education teaching of "health

first" in colleges and universities. It is essential to implement optional sports courses, which is

not only conducive to the physical and mental health of college students and the cultivation of

sports hobbies, but also conducive to promoting the overall development of college students.

However, teaching quality evaluation is an important means to monitor the teaching quality of

colleges and universities, so that the sports options of colleges and universities can continue to

develop healthily. The reform of physical education in schools should be people-oriented, pay

attention to the development of students’ personalities, adapt to the changing requirements of

the times, and transition to lifelong physical education. Physical education in colleges and uni-

versities should develop towards meeting students’ physical and mental desires, enhancing

interests, cultivating habits, and improving health [64–66]. The optional course teaching meets

the different needs of college students and promotes the development of physical education.
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However, there are some deficiencies in the process of development. Therefore, it is the focus

and hotspot of current teaching evaluation to continuously explore the multi-angle teaching

quality evaluation mode of physical education options in colleges and universities.

There are three shortcomings in existing MADM problems under 2TLNSs which formed

our incentives in the following:

(1) The existing decision approaches just consider distance-based similarity degree [52, 67,

68] and information fusion [53, 69–71]. How to investigate the decision methods consider the

interrelationships among any number of arguments is an interesting topic. For this reason, the

first incentive of this paper is to build the new decision methods based on Heronian mean

(HM) [72].

(2) The existing weight methods only consider completely known weight [53, 73]. How to

investigate the weight method consider completely unknown weight information is an inter-

esting topic. For this reason, the second incentive of this paper is to build new weight method,

which can deal with completely known weight information based on the PA operator [74].

(3) Physical education is an indispensable part of higher education and an important link

that directly affects talent training. Teaching quality is the core of teaching work. The evalua-

tion of teachers’ teaching quality can not only help us understand the actual teaching situation,

but also improve teaching quality and teaching quality through analysis. The classroom teach-

ing quality evaluation of college basketball training is a classical MADM issues. Thus, the third

incentive of this paper is to build new decision methods for classroom teaching quality evalua-

tion of college basketball training.

On this basis, combined with the characteristics of classroom teaching quality evaluation of

college basketball training, a new MADM method for classroom teaching quality evaluation of

college basketball training in 2TLNSs environment is proposed. The main research motiva-

tions of this study can be summarized: (1) we combine the Heronian mean (HM) [72], gener-

alized HM (GHM) operator [75] and PA operator [74] with 2TLNSs to propose the

generalized 2-tuple linguistic neutrosophic power HM (G2TLNPHM) operator; (2) the

G2TLNPHM operator is developed to tackle the MADM with 2TLNNs; (3) an empirical appli-

cation for classroom teaching quality evaluation of college basketball training is offered to

proof the developed method; (4) some comparative studies are provided to give effect to the

rationality of the G2TLNPHM operator.

In order to do so, the structure of our paper is organized as follows. In the next section, the

concept of 2TLNNSs is introduced. In Section 3, the G2TLNPHM operator is built. In Section

4, the MADM method is built on the G2TLNPHM operator; In Section 5, an example is given

for classroom teaching quality evaluation of college basketball training. Section 6 concludes

this paper.

2. Preliminaries

Wang, Wei and Wei [48] defined the 2TLNSs.

2.1. 2TLSs

Definition 1 [49, 50]. Let tl1,tl2,. . .,tlt be a linguistic term set. Any label tli shows a possible

linguistic variable, and tl is defined:

tl ¼
tl0 ¼ extremely poor; tl1 ¼ very poor; tl2 ¼ poor; tl3 ¼ medium;

tl4 ¼ good; tl5 ¼ very good; tl6 ¼ extremely good:
ð1Þ

(
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2.2. 2TLNNSs

Definition 2 [48]. Let tdjðj ¼ 1; 2; . . . ;UÞ be a 2TLSs. If td ¼ hðtst; txÞ; ðtsi; tcÞ; ðtsf ; tzÞi
is defined for st; si; sf 2 tl; x;c; z 2 ½� 0:5; 0:5Þ; where ðtst; txÞ; ðtsi; tcÞ; ðtsf ; tzÞ depict the

degree of truth, indeterminacy, and falsity membership by 2TLSs, then the 2TLNNSs defined

by Wang et al. [48] are expressed as follows:

tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi ð2Þ

where 0 � D
� 1
ðtstj ; txjÞ � U; 0 � D

� 1
ðtsij ; tcjÞ � U; 0 � D

� 1
ðtsfj ; tzjÞ � U, and

0 � D
� 1
ðtstj ; txjÞ þ D

� 1
ðtsij ; tcjÞ þ D

� 1
ðtsfj ; tzjÞ � 3U:

Definition 3 [48]. Let td ¼ hðtst; txÞ; ðtsi; tcÞ; ðtsf ; tzÞi be a 2TLNN. Then the score func-

tion sf(tδ) and accuracy function af(tδ) are:

sf ðtdÞ ¼
ð2U þ D� 1

ðtst; txÞ � D
� 1
ðtsi; tcÞ � D

� 1
ðtsf ; tzÞÞ

3U
; sf ðtdÞ 2 ½0; 1� ð3Þ

af ðtdÞ ¼ D
� 1
ðtst; txÞ � D

� 1
ðtsf ; tzÞ; af ðtdÞ 2 ½� U;U�: ð4Þ

Definition 4 [48]. Let td1 ¼ hðtst1 ; tx1Þ; ðtsi1 ; tc1Þ; ðtsf1 ; tz1Þi and

td2 ¼ hðtst2 ; tx2Þ; ðtsi2 ; tc2Þ; ðtsf2 ; tz2Þi, then

(1) if sf ðtd1Þ � sf ðtd2Þ; tδ1�tδ2;

(2) if sf ðtd1Þ ¼ sf ðtd2Þ; af ðtd1Þ � af ðtd2Þ, tδ1�tδ2;

(3) if sf ðtd1Þ ¼ sf ðtd2Þ; af ðtd1Þ ¼ af ðtd2Þ, tδ1 = tδ2.

Definition 5 [48]. Let td1 ¼ hðtst1 ; tx1Þ; ðtsi1 ; tc1Þ; ðtsf1 ; tz1Þi, td2 ¼

hðtst2 ; tx2Þ; ðtsi2 ; tc2Þ; ðtsf2 ; tz2Þi and td ¼ hðtst; txÞ; ðtsi; tcÞ; ðtsf ; tzÞi, then

(1) td1 � td2 ¼

D U
D
� 1
ðtst1 ; tx1Þ

U
þ
D
� 1
ðtst2 ; tx2Þ

U
�
D
� 1
ðtst1 ; tx1Þ

U
�
D
� 1
ðtst2 ; tx2Þ

U

 ! !

;

D U
D
� 1
ðtsi1 ; tc1Þ

U
�
D
� 1
ðtsi2 ; tc2Þ

U

 ! !

;D U
D
� 1
ðtsf1 ; tz1Þ

U
�
D
� 1
ðtsf2 ; tz2Þ

U

 ! !

8
>>>>><

>>>>>:

9
>>>>>=

>>>>>;

;

(2) td1 � td2 ¼

D U
D
� 1
ðtst1 ; tx1Þ

U
�
D
� 1
ðtst2 ; tx2Þ

U

 ! !

;

D U
D
� 1
ðtsi1 ; tc1Þ

U
þ
D
� 1
ðtsi2 ; tc2Þ

U
�
D
� 1
ðtsi1 ; tc1Þ

U
�
D
� 1
ðtsi2 ; tc2Þ

U

 ! !

;

D U
D
� 1
ðtsf1 ; tz1Þ

U
þ
D
� 1
ðtsf2 ; tz2Þ

U
�
D
� 1
ðtsf1 ; tz1Þ

U
�
D
� 1
ðtsf2 ; tz2Þ

U

 ! !

8
>>>>>>>>>>><

>>>>>>>>>>>:

9
>>>>>>>>>>>=

>>>>>>>>>>>;

;

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 4 / 19

https://doi.org/10.1371/journal.pone.0279534


(3) atd ¼

D U 1 � 1 �
D
� 1
ðtst; txÞ
U

� �a� �� �

;

D U
D
� 1
ðtsi; tcÞ
U

� �a� �

;D U
D
� 1
ðtsf ; tzÞ
U

 !a !

8
>>>><

>>>>:

9
>>>>=

>>>>;

; a > 0;

(4) tda ¼

D U
D
� 1
ðtst; txÞ
U

� �a� �

;D U 1 � 1 �
D
� 1
ðtsi; tcÞ
U

� �a� �� �

;

D U 1 � 1 �
D
� 1
ðtsf ; tzÞ
U

 !a ! !

8
>>>><

>>>>:

9
>>>>=

>>>>;

; a > 0:

3. The G2TLNPHM

3.1 The G2TLNHM operator

The G2TLNHM operator [71] is given in this section.

Definition 8. Assume tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi. Let θ,ϑ>0, the G2TLNHM

operator is built:

G2TLNHMy;Wðtd1; td2; . . . ; tdmÞ ¼
2

mðmþ 1Þ
�
m

i¼1
�
m

j¼i
tdyi � tdWj
� �� �

1

yþ W

D U 1 �
Ym

i¼1;j¼i

1 �
D
� 1
ðtsti ; txiÞ
U

 !y

�
D
� 1
ðtstj ; txjÞ

U

 !W
0

@

1

A

0

@

1

A

2

mðmþ 1Þ

0

B
B
B
@

1

C
C
C
A

1

yþ W

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

;

D U 1 � 1 �
Ym

i¼1;j¼i

1 � 1 �
D
� 1
ðtsii ; tciÞ

U

 !y

� 1 �
D
� 1
ðtsij ; tcjÞ

U

 !W
0

@

1

A

0

@

1

A

2

mðmþ 1Þ

0

B
B
B
@

1

C
C
C
A

1

yþ W

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

;

D U 1 � 1 �
Ym

i¼1;j¼i

1 � 1 �
D
� 1
ðtsfi ; tziÞ
U

 !y

� 1 �
D
� 1
ðtsfj ; tzjÞ

U

 !W
0

@

1

A

0

@

1

A

2

mðmþ 1Þ

0

B
B
B
@

1

C
C
C
A

1

yþ W

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

8
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

9
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>=

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>;

ð5Þ

The G2TLNHM has the following three properties.

Property 1. (Idempotency) If tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi are equal, then

G2TLNHMy;Wðtd1; td2; . . . ; tdmÞ ¼ td ð6Þ

Property 2. (Monotonicity) Let tdxjandtdyjðj ¼ 1; 2; . . . ;mÞ be 2TLNNs, if ldxj � ldyj , for

all j, then

G2TLNHMy;Wðtdx1
; tdx2

; � � � ; tdxnÞ � G2TLNHMy;Wðtdy1
; tdy2

; � � � ; tdynÞ ð7Þ
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Property 3. (Boundedness) Let tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi be 2TLNNs. If tdþ ¼

ðmaxjðtstj ; txjÞ;minjðtsij ; tcjÞ;minjðtsfj ; tzjÞÞ; td
�
¼ ðminjðtstj ; txjÞ;maxjðtsij ; tcjÞ;maxjðtsfj ; tzjÞÞ then

td� � G2TLNHMy;Wðtd1; td2; . . . ; tdmÞ � tdþ ð8Þ

3.2 The G2TLNPHM operator

The generalized 2-tuple linguistic neutrosophic power HM (G2TLNPHM) operator is defined

based on the G2TLNHM operator [71] and PA operator [74].

Definition 6. Assume tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi be 2TLNNs. Let θ,ϑ>0, the

G2TLNPHM operator is:

G2TLNPHMy;Wðtd1; td2; . . . ; tdmÞ

¼ �
m

i¼1
�
m

j¼i

ð1þ TðtdiÞÞ
Xn

i¼1

ð1þ TðtdiÞÞ

ð1þ TðtdjÞÞ
Xn

j¼1

ð1þ TðtdjÞÞ
ðtdiÞ

y
ðtdjÞ

W

0

B
B
B
B
@

1

C
C
C
C
A

0

B
B
B
B
@

1

C
C
C
C
A

1

yþ W
ð9Þ

where TðtdaÞ ¼
X j ¼ 1

a 6¼ j

m

Supðtda; tdjÞ, and Sup(tδa,tδj) is the support for tδa from tδj, with

the given conditions:

(1) Supðtda; tdbÞ 2 ½0; 1�; (2) Supðtdb; tdaÞ ¼ Supðtda; tdbÞ; (3) Supðtda; tdbÞ � Supðtds; tdtÞ,
if dðtda; tdbÞ � dðtds; tdtÞ, where d is a distance measure.

Theorem 1. Assume tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi be 2TLNNs. The fused result by

G2TLNPHM operators is:

G2TLNPHMy;Wðtd1; td2; . . . ; dnÞ

¼ �
m

i¼1

�
m

j¼i

ð1þ TðtdiÞÞ
Xm

i¼1

ð1þ TðtdiÞÞ

ð1þ TðtdjÞÞ
Xm

j¼1

ð1þ TðtdjÞÞ
ðtdiÞ

y
ðtdjÞ

W

0

B
B
B
B
@

1

C
C
C
C
A

0

B
B
B
B
@

1

C
C
C
C
A

1

yþ W

¼

D U 1 �
Ym

i¼1;j¼i

1 �
D
� 1
ðtsti ; txiÞ
U

 !y

�
D
� 1
ðtstj ; txjÞ

U

 !W
0

@

1

A

ð1þ TðtdiÞÞ
Xm

i¼1

ð1þ TðtdiÞÞ

ð1þ TðtdjÞÞ
Xm

j¼1

ð1þ TðtdjÞÞ

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

1

yþ W

0

B
B
B
B
B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
C
C
C
C
A

;

D U 1 � 1 �
Ym

i¼1;j¼i

1 � 1 �
D
� 1
ðtsii ; tciÞ

U

 !y

� 1 �
D
� 1
ðtsij ; tcjÞ

U

 !W
0

@

1

A

ð1þ TðtdiÞÞ
Xm

i¼1

ð1þ TðtdiÞÞ

ð1þ TðtdjÞÞ
Xm

j¼1

ð1þ TðtdjÞÞ

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

1

yþ W

0

B
B
B
B
B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
C
C
C
C
A

0

B
B
B
B
B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
C
C
C
C
A

;

D U 1 � 1 �
Ym

i¼1;j¼i

1 � 1 �
D
� 1
ðtsfi ; tziÞ
U

 !y

� 1 �
D
� 1
ðtsfj ; tzjÞ

U

 !W
0

@

1

A

ð1þ TðtdiÞÞ
Xm

i¼1

ð1þ TðtdiÞÞ

ð1þ TðtdjÞÞ
Xm

j¼1

ð1þ TðtdjÞÞ

0

B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
A

1

yþ W

0

B
B
B
B
B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
C
C
C
C
A

0

B
B
B
B
B
B
B
B
B
B
B
@

1

C
C
C
C
C
C
C
C
C
C
C
A

8
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

9
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>=

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>;

ð10Þ

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 6 / 19

https://doi.org/10.1371/journal.pone.0279534


Proof

tdyi ¼

D U
D
� 1
ðtsti ; txiÞ
U

 !y !

;D U 1 � 1 �
D
� 1
ðtsii ; tciÞ

U

 !y ! !

;

D U 1 � 1 �
D
� 1
ðtsfi ; tziÞ
U

 !y ! !

8
>>>>>><

>>>>>>:

9
>>>>>>=

>>>>>>;

ð11Þ

tdWj ¼

D U
D
� 1
ðtstj ; txjÞ

U

 !W
0

@

1

A;D U 1 � 1 �
D
� 1
ðtsij ; tcjÞ

U

 !W
0

@

1

A

0

@

1

A;

D U 1 � 1 �
D
� 1
ðtsfj ; tzjÞ

U

 !W
0

@

1

A

0

@

1

A

8
>>>>>>><

>>>>>>>:

9
>>>>>>>=

>>>>>>>;

ð12Þ
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Thereafter,
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Furthermore,
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Hence, (10) is satisfied.
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The G2TLNPHM has the following three properties.

Property 4. (Idempotency) If tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi are equal, then

G2TLNPHMy;Wðtd1; td2; . . . ; tdmÞ ¼ td ð17Þ

Property 5. (Monotonicity) Let tdxj and tdyjðj ¼ 1; 2; . . . ;mÞ be 2TLNNs, if ldxj � ldyj , for

all j, then

G2TLNPHMy;Wðtdx1
; tdx2

; � � � ; tdxnÞ � G2TLNPHMy;Wðtdy1
; tdy2

; � � � ; tdynÞ ð18Þ

Property 6. (Boundedness) Let tdj ¼ hðtstj ; txjÞ; ðtsij ; tcjÞ; ðtsfj ; tzjÞi be 2TLNNs. If tdþ ¼
ðmaxjðtstj ; txjÞ;minjðtsij ; tcjÞ;minjðtsfj ; tzjÞÞ; td

�
¼

ðminjðtstj ; txjÞ;maxjðtsij ; tcjÞ;maxjðtsfj ; tzjÞÞ then

td� � G2TLNPHMy;Wðtd1; td2; . . . ; tdmÞ � tdþ ð19Þ

4. Method for MADM based on the G2TLNPHM

In this section, the MADM method is defined based on G2TLNPHM. Suppose there are m
decision alternatives {TS1,TS2,. . .,TSm}, n evaluation attributes {KK1,KK2,. . .,KKn}. The steps of

MADM are devised based on G2TLNPHM.

Step 1. Build the 2TLNN-matrix TM ¼ ½t�ij�m�n:

KK1 KK2 . . . KKn

TM ¼ ½tdij�m�n ¼

TS1
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..

.

TSm

td
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td
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. . . td
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..

. ..
. ..

. ..
.
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. . . tdmn
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6
6
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6
6
6
6
6
6
6
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7
7
7
7
7
7
7
7
7
7
5

ð20Þ

where Tdij ¼ hðtstij ; txijÞ; ðtsiij ; tcijÞ; ðtsfij ; tzijÞi is 2TLNNs.

Step 2. Normalize the TM ¼ ½tdij�m�n to NM ¼ ½pdij�m�n.

For benefit attributes:

pdij ¼ hðtstij ; txijÞ; ðtsiij ; tcijÞ; ðtsfij ; tzijÞi ð21Þ

For cost attributes:

pdij ¼ hðtstij ; pxijÞ; ðtsiij ; tcijÞ; ðtsfij ; tzijÞÞ

¼

DðU � D� 1
ðtstij ; txijÞÞ;DðU � D

� 1
ðtsiij ; tcijÞÞ;

DðU � D� 1
ðtsfij ; tzijÞÞ

8
><

>:

9
>=

>;

ð22Þ

Step 3. Utilize NM ¼ ½p�ij�m�n and G2TLNPHM to obtain the overall 2TLNN pdi ¼
hðtsti ; txiÞ; ðtsii ; tciÞ; ðtsfi ; tziÞi of alternative TSi.
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Step 4. Obtain the SFðpdiÞ;AFðpdiÞ.

sf ðpdiÞ ¼
ð2U þ D� 1

ðtsti ; txiÞ � D
� 1
ðtsii ; tciÞ � D

� 1
ðtsfi ; tziÞÞ

3U
ð23Þ

af ðpdiÞ ¼ D
� 1
ðtsti ; txiÞ � D

� 1
ðtsfi ; tziÞ ð24Þ

Step 5. Rank the choices TSi(i = 1,2,� � �,m) and obtain the best one(s) by sf(pδi),af(pδi).

5. Numerical example and comparative analysis

5.1. Numerical example

Teaching quality is "educational institutions establish corresponding teaching goals to meet

the development needs of individuals and society. The goal here is the overall structure of tal-

ent training specifications. To achieve this goal, organize, plan, implement and evaluate teach-

ing activities, and feedback whether A measure of the desired effect”. However, physical

education is an open dynamic process, which will be adjusted in time due to the influence of

the subject and object of teaching and the teaching environment. At present, there are not

many studies on the quality of physical education, and there are certain differences. A more

representative explanation is that the quality of physical education is regarded as "the compre-

hensive reflection of the effect of physical education, and the level of physical education quality

is reflected in the degree of achievement of teaching goals. It is mainly composed of various

target elements that reflect the learning effect of students, and it points to the teaching result,

not the process.” It can be seen that the quality of physical education is "expressed in the qual-

ity of learning and practice of the educated", and pays more attention to the quality of students’

learning, which is "a comprehensive reflection of the progress or development level of stu-

dents". Based on the basic understanding that students’ physical education learning effect is

the quality of physical education teaching, the evaluation of physical education teaching quality

should focus on students’ learning starting point and teaching process, and directly point to

students to evaluate students’ learning results. The classroom teaching quality evaluation of

college basketball training is frequently viewed as the MADM issue. Therefore, it is of great sig-

nificance to start with the classroom teaching quality evaluation of college basketball training.

In this section, we provide a numerical example for classroom teaching quality evaluation of

college basketball training by using our proposed G2TLNPHM aggregation operators. There

are five chosen latent college basketball training teachers TSi(i = 1,2,3,4,5) to be selected and

four criteria to assess the classroom teaching quality evaluation of college basketball training.

The construction of a new college physical education classroom teaching quality evaluation

system should follow the following three principles: (1) the principle of suitability. The attri-

butes or the development value attributes that are currently emphasized must be based on the

results of classroom teaching quality evaluation. If the evaluation results are not objective and

the evaluation index system is not established according to the characteristics of the discipline,

then it will lose its reference value. College sports There are many differences between class-

room teaching and classroom teaching in other disciplines, such as the openness of the teach-

ing environment, education and teaching through physical exercises, etc. Therefore, the index

system for evaluating the quality of college physical education classroom teaching must have

its own discipline characteristics. (2) Diversity The principle of diversity. The principle of

diversity in classroom teaching evaluation means that the content of evaluation and the subject

of evaluation should be diversified, and the singularity of evaluation indicators and evaluation

subjects should be avoided. The construction of the evaluation content system requires
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continuous in-depth research and keeps pace with the times. France, Spain, the United States,

etc. have incorporated the development of core literacy into the newly promulgated sports and

health curriculum standards, and infiltrated and reflected the training requirements of core lit-

eracy in sports curriculum planning and goals, that is, core literacy is both a training goal and

an evaluation. With the release of "Chinese Students’ Development of Core Literacy", China is

also studying the implementation of the cultivation of core literacy into the curriculum teach-

ing of various stages and disciplines. College physical education courses should be based on

the cultivation of core literacy of physical education. One of the breakthrough points to lead

the construction of the classroom teaching quality evaluation system. The main body of evalu-

ation also needs to be constantly improved. Teaching is a bilateral activity between teachers’

"teaching" and students’ "learning", especially in college physical education classroom teaching.

The collision of ideas is realized in the process of skill learning. Therefore, the subjectivity of

teachers and students cannot be ignored in the evaluation of classroom teaching quality. Stu-

dent evaluation of teaching is now independent of classroom teaching quality evaluation.

Teacher self-evaluation should be included in the classroom teaching quality evaluation sys-

tem. (3) The principle of value. The current classroom teaching quality evaluation has obvious

tool attributes, and its use is the basis for the promotion of teachers’ professional titles and the

selection of teaching excellence awards. It is manifested in the management and control of

teachers, and does not highlight the original intention of classroom teaching quality evalua-

tion, that is, the value and development of the improvement of teachers’ classroom teaching

quality and the educating function of the classroom, which leads to the transformation of

teachers from the role of "teacher". I feel weak in the role of "educator". Of course, we should

also rationally view the screening role of classroom teaching quality evaluation. Screening is

the foundation, development is the ultimate purpose, and screening serves development. This

is an important part of classroom teaching evaluation that must be adhered to Principles.

According to these three principles, for this purpose, we have selected the following four evalu-

ation attributes:

①KK1 is the teaching preparation: Teaching preparation is mainly based on teaching venue

equipment and teachers’ spiritual preparation. The reason is that physical education teachers

should be more sunny than other professional teachers, and their clear and loud passwords

and full mental state are to a large extent to attract students to participate in the classroom.

important personal charisma.

②KK2 is the teaching process: The real implementation of the core literacy of students’

physical education can only be realized in the physical education classroom and teaching prac-

tice under the top-level design. Therefore, it must fall into the physical education classroom

and physical education teaching, and must be closely related to the students. Teaching effect

evaluation indicators. The design should not be limited to whether teachers complete the

teaching task or not, but strictly implement the teaching progress plan, but should take the stu-

dents’ learning and feeling as an important indicator system for evaluation. The teaching effect

in this evaluation system is combined with the formation of the students’ physical education

core literacy, which is determined by the sports emotion. It is composed of three aspects: char-

acter, sports skills and habits, health knowledge and behavior. Learning tasks should be created

in physical education classrooms. For example, teachers can complete physical education

learning tasks through field group cooperation., can allow students to achieve achievement

and growth through classroom participation, and make students willing to participate in

teaching activities organized by teachers.

③KK3 is the teacher’s Reflection on Teaching: Teaching reflection is an important part of

teachers’ teaching process. After-class reflection helps teachers to continuously summarize

experience and improve teaching level. Especially for young teachers, not paying attention to
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teaching reflection is like knowing mistakes and not correcting them, which is a taboo for

improving teaching ability. Teaching reflection in the teaching quality evaluation system is

composed of teachers’ personal scores and reflections on strengths and weaknesses, which

fully respects teachers’ subject status, helps teachers communicate their personal teaching

reflections with evaluators after class, and promotes peer teachers on the one hand. On the

other hand, it can also answer various reasons for evaluators, such as teaching design, in the

teaching process.

④KK4 is the teaching effect: The real implementation of the core literacy of students’ physi-

cal education can only be realized in the physical education classroom and teaching practice

under the top-level design. Therefore, it must fall into the physical education classroom and

physical education teaching, and must be closely related to the students. Teaching effect evalu-

ation indicators The design should not be limited to whether teachers complete the teaching

task or not, but strictly implement the teaching progress plan, but should take the students’

learning and feeling as an important indicator system for evaluation. The teaching effect in

this evaluation system is combined with the formation of the students’ physical education core

literacy, which is determined by the sports emotion. It is composed of three aspects: character,

sports skills and habits, health knowledge and behavior. Learning tasks should be created in

physical education classrooms. For example, teachers can complete physical education learn-

ing tasks through field group cooperation., can allow students to achieve achievement and

growth through classroom participation, and make students willing to participate in teaching

activities organized by teachers.

The five possible college basketball training teachers TSi(i= 1,2,3,4,5) are to be evaluated

with 2TLNNs with the four criteria, which are given in Table 1.

In the following, we employ the approach built for classroom teaching quality evaluation of

college basketball training.

Step 1. According to Table 1, we can aggregate all 2TLNNs ~rij by using the G2TLNPHM

operator to get the overall 2TLNNs TSi(i= 1,2,3,4,5) of the university students TSi. Suppose

that θ = 2,ϑ = 3, then the aggregating results are shown in Table 2.

Step 2. According to Table 2 and the score functions are shown in Table 3.

Step 3. According to the score function, the ordering is shown in Table 4.

5.2. Influence of the parameter on the final result

In order to show the effects on the ranking results by changing parameters of θ,ϑ in the

G2TLNPHM operators, all the results are shown in Table 5.

Table 1. 2TLNNs decision matrix.

KK1 KK2

TS1 <(tl5,0), (tl2,0) (tl2,0)> <(tl4,0), (tl2,0) (tl2,0)>

TS2 <(tl2,0), (tl2,0) (tl4,0)> <(tl2,0), (tl4,0) (tl4,0)>

TS3 <(tl3,0), (tl2,0) (tl3,0)> <(tl2,0), (tl3,0) (tl4,0)>

TS4 <(tl2,0), (tl2,0) (tl4,0)> <(tl3,0), (tl2,0) (tl2,0)>

TS5 <(tl4,0), (tl2,0) (tl4,0)> <(tl2,0), (tl2,0) (tl2,0)>

KK3 KK4

TS1 <(tl4,0), (tl2,0) (tl2,0)> <(tl5,0), (tl2,0) (tl2,0)>

TS2 <(tl2,0), (tl3,0) (tl4,0)> <(tl2,0), (tl2,0) (tl4,0)>

TS3 <(tl4,0), (tl3,0) (tl3,0)> <(tl2,0), (tl3,0) (tl2,0)>

TS4 <(tl3,0), (tl2,0) (tl4,0)> <(tl4,0), (tl2,0) (tl2,0)>

TS5 <(tl2,0), (tl4,0) (tl3,0)> <(tl2,0), (tl4,0) (tl4,0)>

https://doi.org/10.1371/journal.pone.0279534.t001
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5.3. Comparative analysis

Then, we compare our proposed method with other existing methods including 2TLNNWA

operator and 2TLNNWG operator [48], 2TLNN-CODAS method [52], 2TLNN-EDAS

method [68] and 2TLNN-TODIM method [67]. The comparative results are shown in Table 6.

From the above detailed analysis, it could be seen that these six given models have the same

optimal choice TS1 and these six methods’ order are same. This verifies the G2TLNPHM operator

is reasonable & effective. These four given models have their given advantages: (1) the 2TLNNWA

operator emphasis group decision influences; (2) the 2TLNNWG operator emphasis individual

decision influences; (3) In the 2TLNN-CODAS method, the overall performance of the alterna-

tives is measured by Euclidean distance and Hamming distance of negative ideal points, where

Table 2. The aggregating results by G2TLNPHM operator.

G2TLNPHM operator

TS1 <(tl2, 0.2565), (tl4, 0.4614), (tl6, -0.2426) >

TS2 <(tl3, -0.4421), (tl4,-0.4265), (tl4,0.1546) >

TS3 <(tl2,-0.2422), (tl4,0.2606), (tl6,-0.1222) >

TS4 <(tl3,0.4655), (tl1,-0.2551), (tl4,-0.4265) >

TS5 <(tl2,-0.2544), (tl4,0.1452), (tl6,-0.0445) >

https://doi.org/10.1371/journal.pone.0279534.t002

Table 3. The score functions.

G2TLNPHM operator

TS1 0.6374

TS2 0.5405

TS3 0.3922

TS4 0.5003

TS5 0.5971

https://doi.org/10.1371/journal.pone.0279534.t003

Table 4. Order for five alternatives.

Order

G2TLNPHM operator TS1>TS5>TS2>TS4>TS3

https://doi.org/10.1371/journal.pone.0279534.t004

Table 5. Ranking results for different operational parameters of the G2TLNPHM operator.

(θ,ϑ) sf(TS1) sf(TS2) sf(TS3) sf(TS4) sf(TS5) Order

(1,1) 0.5874 0.4644 0.3366 0.4263 0.5329 TS1>TS5>TS2>TS4>TS3

(3,3) 0.6451 0.5525 0.4009 0.5115 0.6105 TS1>TS5>TS2>TS4>TS3

(5,5) 0.6677 0.5883 0.4244 0.5454 0.646 TS1>TS5>TS2>TS4>TS3

(7,7) 0.6814 0.609 0.4376 0.5649 0.667 TS1>TS5>TS2>TS4>TS3

(9,9) 0.6909 0.6227 0.4464 0.5779 0.6807 TS1>TS5>TS2>TS4>TS3

(3,4) 0.6525 0.5646 0.4087 0.523 0.6208 TS1>TS5>TS2>TS4>TS3

(3,5) 0.659 0.5749 0.4153 0.5327 0.6301 TS1>TS5>TS2>TS4>TS3

(3,6) 0.6647 0.5838 0.4211 0.5411 0.6383 TS1>TS5>TS2>TS4>TS3

(4,3) 0.6521 0.5635 0.4084 0.5219 0.6227 TS1>TS5>TS2>TS4>TS3

(5,3) 0.6583 0.573 0.4148 0.531 0.6333 TS1>TS5>TS2>TS4>TS3

(6,3) 0.6637 0.5813 0.4201 0.5389 0.6424 TS1>TS5>TS2>TS4>TS3

https://doi.org/10.1371/journal.pone.0279534.t005
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Euclidean distance is used as the main measure for evaluation; (4) the 2TLNN-TODIM method is

an interactive MADM method. The method is based on the value function of prospect theory,

establishes the relative dominance function of a certain plan compared with other plans according

to the psychological behavior of decision makers, and selects the best plan according to the size of

the dominance, so as to determine the optimal plan. (5) 2TLNN-EDAS method has required

fewer computations, although it results in the same ranking of alternatives. The evaluations of

alternatives in EDAS method based on distance measures from the average solutions in terms of

each criterion unlike TOPSIS and VIKOR. (6) the G2TLNPHM operator as one of efficient aggre-

gation operator can take the interrelationships among any number of arguments into account

and has been studied by a mass of scholars.

6. Conclusion

Universities are important personnel training institutions in the country. One of its teaching

courses, public sports, is a must for every student, and it is also an important means to ensure

college students’ physical fitness and popularize basic knowledge and skills in sports. In the

whole process of physical education, the quality evaluation of physical education, as a key link

to verify the actual teaching level, is the key to the success or failure of the whole higher educa-

tion practice. Therefore, researching and reviewing the quality evaluation of university public

physical education from the perspective of norms and science will help to promote the cultiva-

tion of all-round development-oriented talents at the level of curriculum reform. The concept

and means of university public physical education will continue to develop with the changes of

the times, and the contemporary embodiment of this concept is the reform of physical educa-

tion. As an important part of the physical education process, teaching quality evaluation

should also continue to improve and innovate. During this process, some scholars believed

that with the in-depth development of the reform of China’s physical education quality evalua-

tion system, the evaluation concept should also keep pace with the times and achieve innova-

tion, not only to further clarify the purpose of teaching quality evaluation, but also to By

referring to the improvement power of evaluation results, the currently popular concept of

reward and punishment evaluation is transformed into an evaluation concept for promoting

teaching improvement, and a scientific evaluation mechanism is established. The key to realiz-

ing the comprehensive physical education reform is to build a university public physical edu-

cation teaching quality evaluation system that meets the educational goals of the new era.

Therefore, the improvement and system construction of the entire teaching quality evaluation

must focus on new teaching ideas and teaching models. On the basis of literature survey, this

review expounds the cutting-edge research results of several scholars in the field of public

physical education teaching quality evaluation in universities from the current situation and

countermeasures, hoping to help promote the process of comprehensive physical education

reform in my country. The classroom teaching quality evaluation of college basketball training

is frequently viewed as the MADM issue. In this paper, considering the relationship among the

Table 6. Ordering of the different methods.

Ordering

2TLNNWA operator [48] TS1>TS5>TS2>TS4>TS3

2TLNNWG operator [48] TS1>TS5>TS4>TS2>TS3

2TLNN-CODAS method [52] TS1>TS5>TS2>TS4>TS3

2TLNN-EDAS method [68] TS1>TS5>TS4>TS2>TS3

2TLNN-TODIM method [67] TS1>TS5>TS4>TS2>TS3

G2TLNPHM operator TS1>TS5>TS4>TS2>TS3

https://doi.org/10.1371/journal.pone.0279534.t006
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2TLNNs, we utilize the GHM operator, GWHM operator and power average to propose the

G2TLNPHM operator. Numerical example for classroom teaching quality evaluation of col-

lege basketball training has been proposed to illustrate the new method and some comparisons

are also conducted to further illustrate advantages of the new method. The main research con-

tributions of this study can be summarized: (1) we combine the HM operator and PA operator

with 2TLNNs to propose the G2TLNPHM operator; (2) the G2TLNWPHM operator is devel-

oped to tackle the MADM with 2TLNNs; (3) an empirical application for classroom teaching

quality evaluation of college basketball training is offered to proof the developed method; (4)

some comparative studies are provided to give effect to the rationality of the G2TLNPHM

operator. In subsequent studies, the application and methods of 2TLNNs needs to be investi-

gated in the any other uncertain decision-making environments.

There may be some possible limitations of this research, which can be further explored in

future research: (1) The method proposed in this paper does not take into account the irratio-

nal state of decision makers when making decisions, and it is a worthwhile research topic to

apply prospect theory to MADM under 2TLNNs; (2) It is very meaningful to avoid regretful

decision-making, and it is also worthwhile to apply regret theory to the study of MADM under

2TLNNs; (3) In subsequent studies, the application and methods of 2TLNNs needs to be inves-

tigated in the any other uncertain decision-making environments; (4) In the future, the evalua-

tion criteria of college physical education classroom teaching quality should consider the

following three opinions at the same time: (a) Innovate the evaluation concept. With the

changes of education and students’ needs, the matching teaching concept should also be con-

stantly innovated, so as to meet the needs of students. Keep up with the times. The traditional

teaching quality evaluation concept pays attention to evaluation management and results, but

ignores the evaluation process, and blindly rewards and punishes according to the evaluation

results. In the assessment and evaluation, we should not only pay attention to the evaluation

results, but also conduct research on the evaluation process and conduct all-round and multi-

level analysis. (b) Improve the evaluation model. Students’ evaluation of course experience and

other aspects generally compares Objective, there must be communication between the two in

order to obtain a true and objective evaluation. The evaluation of college physical education

classroom teaching quality should realize evaluation diversification of methods, traditional

evaluation is often based on result evaluation, such evaluation methods cannot play a positive

role in students’ enthusiasm for learning and teachers’ teaching quality, so process evaluation

and result evaluation should be combined, and students can use process evaluation., the

teacher adopts the final evaluation to realize the combination of qualitative and quantitative

evaluation. (c) Enriching evaluation content. With the diversification of teaching methods,

evaluation content has also changed, new evaluation standards and content have been incor-

porated into the evaluation system, and various evaluation indicators have also become more

diversified. Physical education quality evaluation includes not only sports skills, knowledge

mastery and other indicators, but also students’ sports awareness, interests and hobbies.

Author Contributions

Methodology: Minyu Xiao.

Writing – original draft: Fengshuo Rao.

References
1. Senapati T., Chen G.Y., Mesiar R., Yager R.R., Intuitionistic fuzzy geometric aggregation operators in

the framework of Aczel-Alsina triangular norms and their application to multiple attribute decision mak-

ing, Expert Systems with Applications, 212 (2023) 15.

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 15 / 19

https://doi.org/10.1371/journal.pone.0279534


2. Senapati T., Chen G.Y., Yager R.R., Aczel-Alsina aggregation operators and their application to intuitio-

nistic fuzzy multiple attribute decision making, International Journal of Intelligent Systems, 37 (2022)

1529–1551.

3. Senapati T., Chen G.Y., Mesiar R., Yager R.R., Novel Aczel-Alsina operations-based interval-valued

intuitionistic fuzzy aggregation operators and their applications in multiple attribute decision-making pro-

cess, International Journal of Intelligent Systems, 37 (2022) 5059–5081.

4. Senapati T., Chen G.Y., Mesiar R., Yager R.R., Saha A., Novel Aczel-Alsina operations-based hesitant

fuzzy aggregation operators and their applications in cyclone disaster assessment, International Jour-

nal of General Systems, 51 (2022) 511–546.

5. Senapati T., Approaches to multi-attribute decision-making based on picture fuzzy Aczel-Alsina aver-

age aggregation operators, Computational & Applied Mathematics, 41 (2022) 19.

6. Wu S.Q., Wu M., Dong Y.C., Liang H.M., Zhao S.H., The 2-rank additive model with axiomatic design in

multiple attribute decision making, European Journal of Operational Research, 287 (2020) 536–545.

7. Zarbakhshnia N., Wu Y., Govindan K., Soleimani H., A novel hybrid multiple attribute decision-making

approach for outsourcing sustainable reverse logistics, Journal of Cleaner Production, 242 (2020) 16.

8. Zhang S.Q., Wei G.W., Alsaadi F.E., Hayat T., Wei C., Zhang Z.P., MABAC method for multiple attri-

bute group decision making under picture 2-tuple linguistic environment, Soft Computing, 24 (2020)

5819–5829.

9. Al-Gharabally M., Almutairi A.F., Salman A.A., Particle swarm optimization application for multiple attri-

bute decision making in vertical handover in heterogenous wireless networks, J. Eng. Res., 9 (2021)

12.

10. Alshammari I., Mani P., Ozel C., Garg H., Multiple Attribute Decision Making Algorithm via Picture

Fuzzy Nano Topological Spaces, Symmetry-Basel, 13 (2021) 12.

11. Dong Z., Geng Y.S., Some Trapezoid Intuitionistic Fuzzy Linguistic Maclaurin Symmetric Mean Opera-

tors and Their Application to Multiple-Attribute Decision Making, Symmetry-Basel, 13 (2021) 23.

12. Talafha M., Alkouri A., Alqaraleh S., Zureigat H., Aljarrah A., Complex hesitant fuzzy sets and its appli-

cations in multiple attributes decision-making problems, Journal of Intelligent & Fuzzy Systems, 41

(2021) 7299–7327.

13. Varmaghani A., Nazar A.M., Ahmadi M., Sharifi A., Ghoushchi S.J., Pourasad Y., DMTC: Optimize

Energy Consumption in Dynamic Wireless Sensor Network Based on Fog Computing and Fuzzy Multi-

ple Attribute Decision-Making, Wireless Communications & Mobile Computing, 2021 (2021) 14.

14. Wang G., Wang R.Y., Liu T.L., Zhuo Y., Shen K., Application of Hybrid Multiple Attribute Decision-Mak-

ing Model to Explore the Design Strategies of Children’s Facilities in Neighborhood Open Spaces

Based on Sensory Integration Theory, Journal of Healthcare Engineering, 2021 (2021) 11. https://doi.

org/10.1155/2021/5556172 PMID: 34194683

15. Xu W.H., Shang X.P., Wang J., Multiple attribute group decision-making based on cubic linguistic

Pythagorean fuzzy sets and power Hamy mean, Complex & Intelligent Systems, 7 (2021) 1673–1693.

16. Zuo Q.T., Guo J.H., Ma J.X., Cui G.T., Yang R.X., Yu L., Assessment of regional-scale water resources

carrying capacity based on fuzzy multiple attribute decision-making and scenario simulation, Ecological

Indicators, 130 (2021) 10.

17. Liu P.D., Wang D.Y., An Extended Taxonomy Method Based on Normal T-Spherical Fuzzy Numbers

for Multiple-Attribute Decision-Making, International Journal of Fuzzy Systems, 24 (2022) 73–90.

18. Qiyas M., Abdullah S., Ashraf S., Aslam M., Utilizing Linguistic Picture Fuzzy Aggregation Operators for

Multiple-Attribute Decision-Making Problems, International Journal of Fuzzy Systems, 22 (2020) 310–

320.

19. Shi H.B., Xu M., A Multiple-Attribute Decision-Making Approach to Reinforcement Learning, IEEE

Trans. Cogn. Dev. Syst., 12 (2020) 695–708.

20. Tao Z.F., Liu X., Chen H.Y., Liu J.P., Guan F., Linguistic Z-number fuzzy soft sets and its application on

multiple attribute group decision making problems, International Journal of Intelligent Systems, 35

(2020) 105–124.

21. Tirth V., Singh R.K., Islam S., Badruddin I.A., Abdullah R.A.B., Algahtani A., et al, Kharif Crops Selec-

tion for Sustainable Farming Practices in the Rajasthan-India Using Multiple Attribute-Based Decision-

Making, Agronomy-Basel, 10 (2020) 15.

22. Verma R., Multiple attribute group decision-making based on order-alpha divergence and entropy mea-

sures under q-rung orthopair fuzzy environment, International Journal of Intelligent Systems, 35 (2020)

718–750.

23. Garg H., Nancy, Multiple attribute decision making based on immediate probabilities aggregation opera-

tors for single-valued and interval neutrosophic sets, Journal of Applied Mathematics and Computing,

63 (2020) 619–653.

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 16 / 19

https://doi.org/10.1155/2021/5556172
https://doi.org/10.1155/2021/5556172
http://www.ncbi.nlm.nih.gov/pubmed/34194683
https://doi.org/10.1371/journal.pone.0279534


24. Han B., Tao Z.F., Chen H.Y., Zhou L.G., Liu J.P., A new computational model based on Archimedean

copula for probabilistic unbalanced linguistic term set and its application to multiple attribute group deci-

sion making, Computers & Industrial Engineering, 140 (2020) 27.

25. Jana C., Muhiuddin G., Pal M., Multiple-attribute decision making problems based on SVTNH methods,

Journal of Ambient Intelligence and Humanized Computing, 11 (2020) 3717–3733.

26. Jana C., Pal M., Wang J.Q., Bipolar fuzzy Dombi prioritized aggregation operators in multiple attribute

decision making, Soft Computing, 24 (2020) 3631–3646.

27. Jana C., Pal M., Wei G.W., Multiple Attribute Decision Making method based on intuitionistic Dombi

operators and its application in mutual fund evaluation, Archives of Control Sciences, 30 (2020) 437–

470.

28. Lan J.B., Zou H.Y., Hu M.M., Dominance degrees for intervals and their application in multiple attribute

decision-making, Fuzzy Sets and Systems, 383 (2020) 146–164.

29. Atanassov K.T., Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20 (1986) 87–96.

30. Salimian S., Mousavi S.M., Antucheviciene J., EVALUATION OF INFRASTRUCTURE PROJECTS BY

A DECISION MODEL BASED ON RPR, MABAC, AND WASPAS METHODS WITH INTERVAL-VAL-

UED INTUITIONISTIC FUZZY SETS, International Journal of Strategic Property Management, 26

(2022) 106–118.

31. Salimian S., Mousavi S.M., Antucheviciene J., An Interval-Valued Intuitionistic Fuzzy Model Based on

Extended VIKOR and MARCOS for Sustainable Supplier Selection in Organ Transplantation Networks

for Healthcare Devices, Sustainability, 14 (2022) 21.

32. Sri P.A., Thamaraikannan N., Loganathan K., Chaudhary D.K., Double Domination and Regular Domi-

nation in Intuitionistic Fuzzy Hypergraph, Journal of Mathematics, 2022 (2022) 12.

33. Uddin F., Ishtiaq U., Javed K., Aiadi S.S., Arshad M., Souayah N., et al A New Extension to the Intuitio-

nistic Fuzzy Metric-like Spaces, Symmetry-Basel, 14 (2022) 17.

34. Unver M., Turkarslan E., Celik N., Olgun M., Ye J., Intuitionistic fuzzy-valued neutrosophic multi-sets

and numerical applications to classification, Complex & Intelligent Systems, 8 (2022) 1703–1721.

35. Wang W.J., Zhan J.M., Mi J.S., A three-way decision approach with probabilistic dominance relations

under intuitionistic fuzzy information, Information Sciences, 582 (2022) 114–145.

36. Xie T., Li D.P., Generalized variational inequalities for linguistic interpretations using intuitionistic fuzzy

relations and projected dynamical systems, Journal of Inequalities and Applications, 2022 (2022) 16.

37. Tian F., Liu S.S., Xu Z.H., Lei Q., Partial Derivative and Complete Differential of Binary Intuitionistic

Fuzzy Functions, International Journal of Fuzzy Systems, 19 (2017) 273–284.

38. Li J.Q., Chen W., Yang Z.L., Li C.Y., A time-preference and VIKOR-based dynamic intuitionistic fuzzy

decision making method, Filomat, 32 (2018) 1523–1533.

39. Su Z.X., Chen M.Y., Xia G.P., Wang L., An interactive method for dynamic intuitionistic fuzzy multi-attri-

bute group decision making, Expert Systems with Applications, 38 (2011) 15286–15295.

40. Smarandache F., A unifying field in logics: Neutrosophic logic, Multiple-Valued Logic, 8 (1999).

41. Wang H., Smarandache F., Zhang Y.Q., Sunderraman R., Single valued neutrosophic sets, Multispace

Multistruct, (2010) 410–413.

42. Wang H., Smarandache F., Zhang Y.Q., Sunderraman R., Interval Neutrosophic Sets and Logic: The-

ory and Applications in Computing, Hexis: Phoenix, AZ, USA, (2005).

43. Ye J., A multicriteria decision-making method using aggregation operators for simplified neutrosophic

sets, Journal of Intelligent & Fuzzy Systems, 26 (2014) 2459–2466.

44. Sahin R., Kucuk A., On similarity and entropy of neutrosophic soft sets, Journal of Intelligent & Fuzzy

Systems, 27 (2014) 2417–2430.

45. Ye J., Single valued neutrosophic cross-entropy for multicriteria decision making problems, Applied

Mathematical Modelling, 38 (2014) 1170–1175.

46. Ye J., Similarity measures between interval neutrosophic sets and their applications in multicriteria deci-

sion-making, Journal of Intelligent & Fuzzy Systems, 26 (2014) 165–172.

47. Liu P.D., Chu Y.C., Li Y.W., Chen Y.B., Some Generalized Neutrosophic Number Hamacher Aggrega-

tion Operators and Their Application to Group Decision Making, International Journal of Fuzzy Systems,

16 (2014) 242–255.

48. Wang J., Wei G.W., Wei Y., Models for Green Supplier Selection with Some 2-Tuple Linguistic Neutro-

sophic Number Bonferroni Mean Operators, Symmetry-Basel, 10 (2018) 36.

49. Herrera F., Martinez L., A 2-tuple fuzzy linguistic representation model for computing with words, Ieee

Transactions on Fuzzy Systems, 8 (2000) 746–752.

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 17 / 19

https://doi.org/10.1371/journal.pone.0279534


50. Herrera F., Martinez L., An approach for combining linguistic and numerical information based on the 2-

tuple fuzzy linguistic representation model in decision-making, International Journal of Uncertainty

Fuzziness and Knowledge-Based Systems, 8 (2000) 539–562.

51. Herrera F., Martinez L., The 2-tuple linguistic computational model. Advantages of its linguistic descrip-

tion, accuracy and consistency, International Journal of Uncertainty Fuzziness and Knowledge-Based

Systems, 9 (2001) 33–48.

52. Wang P., Wang J., Wei G.W., Wu J., Wei C., Wei Y., CODAS Method for Multiple Attribute Group Deci-

sion Making Under 2-Tuple Linguistic Neutrosophic Environment, Informatica, 31 (2020) 161–184.

53. Wu S.J., Wang J., Wei G.W., Wei Y., Research on Construction Engineering Project Risk Assessment

with Some 2-Tuple Linguistic Neutrosophic Hamy Mean Operators, Sustainability, 10 (2018) 26.

54. Gao X.P., Zheng Y., Evaluation of the Teaching Quality of Physical Course Based on the Improved

Technique for Order Preference by Similarity to an Ideal Solution, Educational Sciences-Theory & Prac-

tice, 18 (2018) 2108–2114.

55. Zhang W.J., Iop, Research on Physical Education Teaching Quality Improvement Based on Clustering

Analysis, in: International Conference of Green Buildings and Environmental Management (GBEM),

Iop Publishing Ltd, Qingdao, PEOPLES R CHINA, 2018.

56. Ku G.C.M., Shang I.W., Using the Integrated Kano-RIPA Model to Explore Teaching Quality of Physical

Education Programs in Taiwan, International Journal of Environmental Research and Public Health, 17

(2020) 13. https://doi.org/10.3390/ijerph17113954 PMID: 32503185

57. Gao H.C., Improving the physical quality of students by prescription teaching mode, Rev. Bras. Med.

Esporte, 27 (2021) 331–334.

58. Huang X., Huang X.Y., Wang X.P., Construction of the Teaching Quality Monitoring System of Physical

Education Courses in Colleges and Universities Based on the Construction of Smart Campus with Artifi-

cial Intelligence, Mathematical Problems in Engineering, 2021 (2021) 11.

59. Yuan T.Q., Algorithm of Classroom Teaching Quality Evaluation Based on Markov Chain, Complexity,

2021 (2021) 12.

60. Melo S., The role of place on healthcare quality improvement: A qualitative case study of a teaching

hospital, Soc. Sci. Med., 202 (2018) 136–142. https://doi.org/10.1016/j.socscimed.2018.03.003 PMID:

29524869

61. Barbato M.T., Bakos L., Bakos R.M., Prieb R., de Andrade C.D., Predictors of quality of life in patients

with skin melanoma at the Dermatology Department of the Porto Alegre Teaching Hospital, An. Brasil.

Dermatol., 86 (2011) 249–256. https://doi.org/10.1590/s0365-05962011000200007 PMID: 21603807

62. Rasi H.A., Timpka T., Lindqvist K., Moula A., Can a psychosocial intervention programme teaching cop-

ing strategies improve the quality of life of Iranian women? A non-randomised quasi-experimental

study, Bmj Open, 3 (2013) 9.

63. Schultz D.M., Anderson S., Fairman J.G., Lowe D., McFiggans G., Lee E., Seo-Zindy R., ManUniCast:

a real-time weather and air-quality forecasting portal and app for teaching, Weather, 70 (2015) 180–

186.

64. Guo H., Research on the Construction of the Quality Evaluation Model System for the Teaching Reform

of Physical Education Students in Colleges and Universities under the Background of Artificial Intelli-

gence, Scientific Programming, 2022 (2022) 9.

65. Li R.T., Du C.H., Du W., He Y.C., Zhang P., Research on Comprehensive Evaluation Model of Physical

Education Teaching Quality Based on Multivariate Data, Revista De Psicologia Del Deporte, 31 (2022)

235–244.

66. Li Y.L., Quality Evaluation for Physical Education Teaching in Colleges with Joint Neural Network,

Security and Communication Networks, 2022 (2022) 10.

67. Wang J., Wei G.W., Lu M., Todim method for multiple attribute group decision making under 2-tuple lin-

guistic neutrosophic environment, Symmetry-Basel, 10 (2018) 15.

68. Wang P., Wang J., Wei G.W., EDAS method for multiple criteria group decision making under 2-tuple

linguistic neutrosophic environment, Journal of Intelligent & Fuzzy Systems, 37 (2019) 1597–1608.

69. Wang J., Lu J.P., Wei G.W., Lin R., Wei C., Models for MADM with Single-Valued Neutrosophic 2-Tuple

Linguistic Muirhead Mean Operators, Mathematics, 7 (2019) 26.

70. Wei G.W., Wu J., Wei C., Wang J., Lu J.P., Models for MADM With 2-Tuple Linguistic Neutrosophic

Dombi Bonferroni Mean Operators, Ieee Access, 7 (2019) 108878–108905.

71. Yang X., Shi W., A Decision-Making Framework for University Student Sports Study Psychological

Healthy Evaluation with 2-Tuple Linguistic Neutrosophic Numbers, Discrete Dynamics in Nature and

Society, 2022 (2022) 2182207.

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 18 / 19

https://doi.org/10.3390/ijerph17113954
http://www.ncbi.nlm.nih.gov/pubmed/32503185
https://doi.org/10.1016/j.socscimed.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/29524869
https://doi.org/10.1590/s0365-05962011000200007
http://www.ncbi.nlm.nih.gov/pubmed/21603807
https://doi.org/10.1371/journal.pone.0279534


72. Beliakov G., Pradera A., Calvo T., Aggregation functions: A guide for practitioners, Heidelberg:

Springer, 2007.

73. Wang J., Gao H., Wei G.W., Some 2-tuple linguistic neutrosophic number Muirhead mean operators

and their applications to multiple attribute decision making, Journal of Experimental & Theoretical Artifi-

cial Intelligence, 31 (2019) 409–439.

74. Yager R.R., The power average operator, IEEE Transactions on Systems, Man, and Cybernetics-Part

A, 31 (2001) 724–731.

75. Yu D.J., Intuitionistic fuzzy geometric Heronian mean aggregation operators, Applied Soft Computing,

13 (2013) 1235–1246.

PLOS ONE A novel MADM algorithm for physical education teaching quality evaluation

PLOS ONE | https://doi.org/10.1371/journal.pone.0279534 February 9, 2023 19 / 19

https://doi.org/10.1371/journal.pone.0279534

