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Abstract: In order to improve the rationality and fairness of Teachers’ “Double-qualified” Ability, the

article establishes an evaluation model based on 14 evaluation indexes of teachers’ "double-qualified"

ability. it adopts Delphi - entropy weight method to weight the evaluation index, and then combines
TOPSIS method to evaluate the evaluation object. In the evaluation of TOPSIS method, the traditional
TOPSIS weight method was improved, and the entropy weight-delphi method was used to determine the
index weight, which was a combination of subjective and objective, making the evaluation system more

objective, scientific and reasonable.It not only avoids the subjectivity of decision makers and limitations,

but also eliminates the phenomenon of indexes in common impact assessment results and finally applies it

to a university teacher “Double division and triple energy " evaluation system, to provide theoretical basis

and feasibility analysis for the "double type" teachers team construction.
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1 Introduction

With the transformation and upgrading of China's
economic and social development, the higher vocational
education has undergone significant reform. The report
of the 19th national congress of the communist party of
China made it clear that higher vocational education in
the new era should deepen the integration of industry and
education and cooperation between schools and
enterprises, accelerate the construction of first-class
universities and disciplines, and realize the connotation
development of higher vocational education. The
"Double-qualified" teachers are the main force to realize
the connotation development of vocational education, the
fundamental guarantee to improve the quality of talent
training, and the important expression of the core
competitiveness of vocational colleges. The concept of
"Double-qualified" teachers was put forward in the
1990s to embody the characteristics of vocational
education. The original "double-qualified" teacher was
defined as a teacher with a "double certificate" or
"double professional title". In 2019, the state council
issued the implementation plan of the national vocational
education reform (hereinafter referred to as article 20 of
vocational education), The plan clearly points out that
the "double-qualified" teachers are those who have both
theoretical teaching and practical teaching abilities,
applied undergraduate colleges or higher vocational
colleges should take multiple measures to build a
"double-qualified" teacher team and focus on cultivating
teachers' three abilities: First, theoretical teaching ability
and vocational practical teaching ability; second, the

ability of "feedback feeding" teaching by using the
first-line practice results of enterprises; third, applied
scientific research and technology development
capabilities (referred to as " double-qualified teachers
and three-competent teachers"). Constructing a scientific
and reasonable evaluation system of "double-qualified
teachers and three-competent teachers" is the approach to
the management of "double-qualified teachers", as well
as the key to promoting the development of higher
vocational education and improving the level of school
running and the quality of talent training '] .

In the process of establishing the evaluation system
of "double-qualified teachers and three-competent
teachers", combining the characteristics of higher
vocational education and expert opinions, this paper puts
forward 14 evaluation indexes, which are determined
from the aspects of enterprise practice, transformation of
scientific and technological research and development
achievements, vocational skill level identification,
advanced training, etc., focusing on teaching (Table 1),
Moreover, entropy weight and Delphi method were used
to give weight to the evaluation indicators, and then
combined with TOPSIS method to evaluate teachers' "
double-qualified teachers and three-competent teachers "
B4, This method can play a guiding role in building an
innovative and  "double-qualified teachers and
three-competent teachers " teaching staff.

Table 1: The evaluation indexes of teachers

Evaluation indexes
1.The teacher's ethics strengthen
2. The teaching situation
3.The teaching effect
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4.The research results

5. Construction of teaching material
6. To guide the contest

7. Research papers

8. Scientific research project
9. Scientific research project
10. The patent certificate

11. Promotion of results

12. Promotion of results

13. Enterprise training

14. Other training

2 A TOPSIS evaluation model with
Delphi- entropy weights [5]-[8]

TOPSIS method is a common method to solve
multi-objective decision-making problems. This method
is to calculate the Euclidean distance from each
evaluation object to the positive and negative ideal
solution vectors to obtain the degree of closeness
between each object and the ideal solution, and then sort
the degree of closeness according to the degree of
closeness of the ideal solution, and then obtain the
degree of superiority and disadvantage of each object.
The value of proximity degree is between 0 and 1. The
closer the value is to 1, the closer the corresponding
evaluation target is to the optimal level. Otherwise, the
closer the value is to 0, the closer the evaluation target is
to the worst level.

There are subjective weighting method and objective
weighting method to determine the weight of evaluation
index. Subjective weighting methods include analytic
hierarchy process, fuzzy comprehensive evaluation
method, Delphi method, etc. To a large extent, these
methods rely on the opinions of decision-making experts,
which are largely interfered by human factors and have
subjective one-sidedness. Objective weighting methods
include principal component analysis (pca), mean square
error (mse), entropy weighting, etc. This method weights
indicators according to the characteristics of the indicator
data, which can reduce the subjective factors in the
decision-making process and make the decision-making
process more standardized and scientific. Therefore, this
paper adopts Delphi - entropy weight method to weight
the evaluation index, and then combines TOPSIS method
to evaluate the evaluation object. The specific steps are
as follows:

Assume there are m evaluation schemes

A(i=12,--,n) and n indexC,(j=1,2,+-,m), x;is
the index data of evaluation scheme A, under index C;.

(1) The evaluation index is transformed into a
standardized matrix by linear proportional transformation,
Le:

---n) (Benefit type index) (1)

min x,

b, =lsi=n (=12 )

y

(Cost type index) ()
.

(2) Use Delphi - entropy weight method to determine
the weight of evaluation index. Delphi method is a

subjective evaluation method of expert opinions. It can
reduce the one-sidedness caused by experts' personal
preference, reflect different opinions among experts, and
make up for the irrationality brought by objective
evaluation. The specific calculation steps are as follows:
Assume the set of experts being judged
H={n,h,,---h,}, the weight distribution opinion of n

evaluation indicators is given as A ={a,a,,,--q,,} ,
satisfying Zai, ;=1, calculate the weight of each
j=1

evaluation index under the condition that the expert
opinion is consistent:

1 & .
W(l)j :;Zlai’j(JZI’z’...n) 3)

Entropy weight method is an objective weighting
method to determine the weight of each evaluation index
according to the information contained in the index.
According to the definition of entropy, the entropy of m
evaluation schemes and n evaluation indexes is:

H,=—Q f,Inf;)/Inm. (4)
i=1
Among them,

f;=b; /;b,.j . (%)

When f,=0, f,=(1+b,)/Y (1+b,).(6)
i=1
The entropy weight of the evaluation index is

calculated as : W(Z)f:(I_Hf)/(m_ZHf);Z‘W(Uf:l'
= i=

7
@ This paper combines entropy weight and Delphi
method, using linear combination w, =0.6w"  +0.4w® .
To determine the weights.

(3) Construct the weighted norm evaluation matrix
Z =(z;) s » among them,

z;=wb,,(i=1,2,--m;j=1,2,3,---,n)

() w,(j=1,2,3,---,n) is the weight of the indicator.

(4) Construct the positive ideal solution

ST =(z] 23,2y »-52z,) and the negative ideal
solution S~ =(z;,z;,2;, **»%, ), among them:

zj =max(z;), z; =min(z,)(j=12,--,m)

1<i<m

(5) Calculate the EUCLIDEAN distance from each
evaluation scheme to the positive and negative ideal

solutions:
d; =1/Z(z,-,—z,+-)’ , ©)
j=1
&= S5y (10)
j=1

(6) The relative closeness of each evaluation scheme
to the positive ideal solution is calculated C;, among
them

oo 45

v 4 i =1,2,3,--m) (11
T d rd ¢ m) (11)
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3 Case analysis [9]-[10]

In this paper, 12 teachers in a university were selected
for the "double-teacher, three-ability" evaluation (see
figure 1 for evaluation indicators). The scores of 1-14

According to the Delphi- entropy weighted TOPSIS
evaluation model in 1, the solution is as follows:
According to the Delphi- entropy weighted TOPSIS
evaluation model in 1, the solution is as follows:

(1) The evaluation index can be transformed into a

evaluation indicators corresponding to each teacher are

shown in table 2:

0.9800
0.9800
0.9600
0.9800
1.0000
0.9500
0.9500
0.9800
0.9800
0.8000
1.0000
0.9800

0.9184
10000
0.9694
0.9184
0.9694
1.0000
0.9388
0.9694
0.9694
0.8163
1.0000
0.9694

0.8380
0,9694
0,9184
0.9694
0.9694
0.8163
0.8980
1.0000
1.0000
0.8673
0.9694
10000

0.7222
07178
1.0000
0.8889
1.0000
0.8889
0.7178
0.8889
0.8889
0.7222
0.9444
1.0000

0.8211
0.8947
0, 9474
0.8421
0.8947
0.8947
0.8421
0.8047
0.8421
0.6316
0.9474
1.0000

0.7059
0.9412
0.7059
0.7059
0.9412
0.7059
0.8235
0.8235
0.9412
0.7059
0.8235
1.0000

0.4000
0.6000
0.8000
0.5000
0.8000
0.4000
0.6000
0.8000
1.0000
0.6000
0.7000
0.6000

standardized matrix
transformation.

0.4000
0.8000
0.8000
0.8000
1.0000
0.6000
0.6000
0.8000
0.8000
0.4000
0.8000
1.0000

0.3333
0.6667
0.3333
0.3333
0.6667
0.6667
1.0000
1.0000
1.0000
0.3333
1.0000
1.0000

0.8000
0,8000
0.6000
0.8000
1..0000
1.0000
0.8000
0.8000
0.8000
0.8000
0.6000
0.6000

0.1667
0, 1667
0,083
0.3333
0.3333
0.3333
0.6667
0. 6667
1.0000
0.3333
0.6667
0. 6667

0.5000
0, 5000
0,000
0.2500
0.3333
0.3333
0.5000
0.5000
0.3333
1.0000
0.5000
0.3333

1,0000
0.9000
1.0000
1.0000
1.0000
0.9500
1.0000
1.0000
0.9000
0.8000
1.0000
1.0000

R by linear proportional

0.8000
0.9000
0.9000
0.8000
0.7000
0.9000
1.0000
1.0000
0.8000
0.8000
0.9000
1.0000

(2) Use Delphi - entropy weight method to determine the weight of evaluation index Eight experts were organized to
calculate the subjective weight vector based on knowledge and experience:

w® =(0.09,0.08,0.08,0.069,0.049,0.079,0.062,0.071,0.09,0.086,0.066,0.062,0.068,0.048)
The objective weight vector of the evaluation index is obtained by entropy weight method as follows:
w?=(0.0734 00734 00735 00732 00733 00730 00711 00713 00675 00727 00618 0.0691 00735 0.0733)

combined weight is:

w=(0.0834 0.0774 00774 0.0707 0.0587 0.0766 0.0656 0.0711 0.081 0.0807 0.0643

(3) According to z;=wb,,
0.0817
0.0667
0.0801
0.0817
0.0834
0.0667
0.0792
0.0817
0.0817
0.0667
0.0834
0.0817

0.0711
0.0671
0.0750
0.0711
0.0750
0.0553
0.0727
0.0750
0.0750
0.0632
0.0774
0.0750

0.0695
0.0750
00711
0.0750
0.0750
0.0632
0.0695
0.0774
0.0774
0.0671
0.0750
0.0774

0.0511
0.0550
0.0707
0.0628
0.0707
0.0628
0.0550
0.0628
0.0628
0.0511
0.0668
0.0707

0.0482
0.0525
0.0556
0.0494
0.0525
0.0525
0.0494
0.0525
0.0494
0.0371
0.0556
0.0587

0.0541
0.0721
0.0541
0.0541
0.0721
0.0541
0.0631
0.0631
0.0721
0.0541
0.0631
0.0766

0.0262
0.039%4
0.0525
0.0328
0.0525
0.0262
0.0328
0.0525
0.0656
0.03%4
0.0459
0.03%4

(4) The markov distance from the positive and
negative ideal solution and the relative closeness to the
ideal solution are shown in table 3.

According to the ranking of closeness degree, the

evaluation ranking of "double teacher and triple energy
type" of teachers is as follows: Teacher 9> teacher 12>
teacher 8> teacher 11> teacher 5> teacher 7> teacher 2>
teacher 3> teacher 4> teacher 6> teacher 10 >0 teacher 1.
Among them, teacher 9 has a low score in enterprise
practice, but it has a high score in the indicators with
high weight (guidance competition, scientific research
papers, scientific research awards), so it ranks first.

0.0284
0.0569
0.0569
0.0569
0.0711
0.0427
0.0427
0.0569
0.0569
0.0284
0.0569
00711

0.0270
0.0540
0.0270
0.0270
0.0540
0.0540
0.0810
0.0810
0.0810
0.0270
0.0810
0.0810

0.0646
0.0646
0.0484
0.0646
0.0807
0.0807
0.0646
0.0646
0.0646
0.0646
0.0484
0.0484

0.0107
0.0107
0.0054
0.0214
0.0214
0.0214
0.0429
0.0429
0.0643
0.0214
0.0429
0.0429

the weighted norm evaluation matrix Z is obtained.

0.0324
0.0324
0.0324
0.0162
0.0216
0.0216
0.0324
0.0324
0.0216
0.0648
0.0324
0.0216

0.0702
0.0632
0.0702
0.0702
0.0702
0.0667
0.0702
0.0702
0.0632
0.0562
0.0702
0.0702

0.0048 0.0702 0.0581)

0.0465
0.0523
0.0523
0.0465
0.0407
0.0523
0.0581
0.0581
0.0465
0.0465
0.0523
0.0581
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In this paper, 14 evaluation indexes are constructed to
evaluate the "double-teacher and three-ability type" of
teachers. In the evaluation of TOPSIS method, the
traditional TOPSIS weight method was improved, and
the entropy weight-delphi method was used to determine
the index weight, which was a combination of subjective
and objective. It not only eliminates the influence of
subjective one-sidedness of experts, but also eliminates
the phenomenon of misjudgment caused by strong
correlation between indicators, making the evaluation
system more objective, scientific and reasonable.
Through the case analysis, this method can provide the
theoretical basis for the establishment of the teacher
evaluation system, and provide the feasibility analysis for
colleges and universities to build a "high-level"
double-teacher team.
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Table2: Score sheet of 14 indicators for 12 teachers
indicator
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Teacher
1 98 90 88 65 78 60 40 40 20 80 10 40 100 80
2 80 85 95 70 85 80 60 80 40 80 10 40 90 90
3 96 95 90 90 90 60 80 80 20 60 5 40 100 90
4 98 90 95 80 80 60 50 80 20 80 20 80 100 80
5 100 95 95 90 85 80 80 100 40 100 20 60 100 70
6 80 70 80 80 85 60 40 60 40 100 20 60 95 90
7 95 92 88 70 80 70 50 60 60 80 40 40 100 100
8 98 95 98 80 85 70 80 80 60 80 40 40 100 100
9 98 95 98 80 80 80 100 80 60 80 60 60 90 80
10 80 80 85 65 60 60 60 40 20 80 20 20 80 80
11 100 98 95 85 90 70 70 80 60 60 40 40 100 90
12 98 95 98 90 95 85 60 100 60 60 40 60 100 100
Table 3: relative closeness of teacher to positive ideal solution
close degree 1 2 3 4 5 6

d* 0.3183 0.2381 0.2483 0.2703 0.1591 0.2798

d 0.1057 0.1859 0.1757 0.1537 0.2649 01442

ct 0.2493 0.4384 0.4144 0.3625 0.6248 0.3401

close degree 7 8 9 10 11 12

dt 0.1864 0.12849 0.1179 0.3124 0.1487 0.1272

d 0.2376 0.2951 0.3061 0.1116 0.2753 0.2968

ct 0.5604 0.6960 0.7219 0.2632 0.6493 0.7000
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