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Abstract

One way to ensure the teaching quality of institutes of higher learning is by improving university teachers’ teaching ability is an
important approach to. This paper proposes an information content model of teachers’ teaching ability improvement based on
information axiom. Accurate and reliable, this paper analyses factors than influence the teaching ability and constructs an evaluation
indicator system by Analytical Hierarchy Process. It works out the calculation model of information content targeting at different
indicators with the help of fuzzy theory and information axiom. After weight is taken into account, it acquires the comprehensive
information content model and measures teachers’ teaching ability. Case study proves that the model and the algorithm are effective.
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1 Introduction

Teaching ability is an important element to evaluate the
quality of teachers. It is important to ensure the teaching
quality of the school by improving teacher ability. The
improvement of teaching ability is in line with the demand
of teachers as well as the sustainable development of
education sector. Thus, there is a necessity to conduct
accurate and reliable evaluation on teaching ability [1-3].
However, many factors need to be taken into account
because the evaluation is a complicated and fuzzy
decision-making process..

Many researchers have studied how to improve
university teachers’ teaching ability and made progress
about this issue [4-8]. However, these methods are more or
less limited. In comparison, this paper bases itself on fuzzy
theory [9-10] and information axiom [11-13] and studies
from the perspective of fuzzy information content. The
information content model of teachers’ teaching ability
improvement in higher school based on information axiom
is effective enough to evaluate teachers’ teaching ability.

2 evaluation index system of improving university
teachers’ teaching ability

Improving university teachers’ teaching ability there are

certain principles to follow in indicator selections.

(1) Scientific principle: These indicators should be able to
reflect real situation of teachers’ teaching ability in
order to analyse from a multiple perspective.

(2) Principle of completeness: indicators should avoid bias
and single-perspective. They should reflect the teaching
ability systematically.

(3) Practical principle: indicators should be representative
and hold significance. Both quantitative indicators and
qualitative ones should be able to be analysed
effectively.

According to these principles, we can construct an
evaluation indicator system of university teachers’ teaching

ability improvement, as is shown in Table 1.

TABLE 1 Evaluation indicator system of university teachers’ teaching ability improvement

System layer first class index

second class index

enrichment of teaching content C11

evaluation

rationality of teaching progress C12

index system
of improving

correct teaching attitude C13

university

hors: basic professional ability Cl
teachers

advanced teaching method C14

teaching ability

flexibility of teaching method ClS

C

student satisfaction C16

supervisory review satisfaction C17
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planning ability of professional curriculum C21

innovation ability of teaching reform C22

teaching reform ability C,,

number of teaching reform projects C23

number of teaching reform publications C24

evaluation
index system number of teaching reform awards C25
of improving
university number of curriculum design C31
teachers’ . .
teaching ability number of graduation projects C32
C qualified rate of graduation projects C,

innovation practice ability C,

number of internships in enterprise C34

students’ participation in scientific and technical competitions C35

number of scientific and technical awards C36

integration of teaching and researching C41

integration of teaching and
researching C 4

3 An information content model of teachers’ teaching
ability improvement in higher school based on
information axiom

3.1 INFORMATION CONTENT CALCULATION
MODEL OF INDICATORS FOR POINT VALUE

Some evaluation indicators of teachers’ teaching ability
have accurate value of a quantity. Suppose the value of a

quantity about indicator j of teacher i isVj; (C) It is

necessary to apply the benchmark V? (C) of indicator |

to standardization so that the information content has
unified measurement. If indicator j is a positive indicator,

then the standardized value of a quantity Vj; (C) about
indicator j of teacher i isV; (C):

Vi (C)=v; (C)/v7(C)=v; (C)/ﬂ%("ij (©)

1)
m Refers to the number of teachers of higher school.
If indicator | is an adverse indicator, then the standar-

dized value of a quantity Vj (C) about indicator j of

Vi (€)=[vi ™ (€)™ (C)] -

teaching expansion with the help of researching C42

number of scientific research projects C43

number of scientific papers and patents C44

teacher i isV (C) ;

Vi (C)=v{(C)/v(C) :Lﬂiﬂ(\’ij (C))/vi(C)

)
According to information axiom, the exponential
distribution density function or the calculation model of the
point-value information content I/ (C) is:
d _ 1-v;; (C)
I; (C)=log,e ™ @

3.2 INFORMATION CONTENT CALCULATION
MODEL OF INDICATORS FOR INTERVAL
VALUE

Some indicators have value of a quantity. But they are not
in the form of point value, but the interval value. The value
of a quantity about indicator | of teacher i is

Vi (©)=[w" (€)% (C)].
If it is a positive indicator, then the standardized value
Vi (€) is:

The information content calculation model Ii? (C) of indicators is:

N[~

Il (C)=log,e

Viljet (C) vi;ig (C) (4)
| max (v (C)) " max(v;” (C))
v ) Vi (©) ]
max (vi'}'g (C)) gzﬁ(Virjlg (C)) (5)
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ij

If indicator ] isan adverse value, the standardized value of a quantity V. (C) about indicator | of teacher i is:
(

|J C) |:V* let

min(vj* (C)) min(v;"(C))

The information content calculation model Ii'jj (C) of indicators is:

I (C)=log, e

3.3 INFORMATION CONTENT CALCULATION
MODEL OF INDICATORS FOR QUALITATIVE
DESCRIPTION

In the indicator system, some indicators are fuzzy that can
also be described by fuzzy language. Therefore, fuzzy
language is transformed to interval value falling between
[0, 1] to represent evaluation value of corresponding
indicators. The evaluation value can be available through
comprehensive rating, expert consultation and statistical
analysis. 0-1 ratio scale is adopted to transform and the
results are shown in Table 2.

TABLE 2 Fuzzy language transformation of qualitative description

qualitative description
Transformed value of a
quantity of indicators Positive indicator Adverse
indicator
0 very poor Excellent
0.2 Poor Good
04 Ok Medium
0.6 Medium Ok
0.8 Good Poor
1.0 Excellent Very poor
0.1,0.3,0.5,0.7,0.9 In between

Suppose the transformed value of a quantity of
qualitative description about indicator j of teacher i is

@;(C), the information content calculation model

I (C) of corresponding indicator is:

17 (C)=log,e" () (8)

3.4 INFORMATION CONTENT CALCULATION
MODEL OF INDICATORS FOR FUZZY
MEMBERSHIP DEGREE

In the indicator system, some value of a quantity needs
to be expressed by fuzzy membership degree. For one
thing, fuzzy membership degree can be available through
the correlation with the optimal value. If the membership

degree about indicator j of teacher i is u;, then optimal

value is ug, then the information content calculation
model 1§ (C) of indicator is:

uiq—ui-
I (C)=Iogze" ] ©)

* rig C | 1<i=m | 6

e e ©
o Enl (@) pin(4@)

L wE e ™

For another, the fuzzy membership degree can be
expressed by fuzzy membership function. Suppose the

function about indicator j of teacher i is f;(v(x)),

when it is a positive indicator, the information content
calculation model I (C) of indicator is:
Id

i (C)=log,e"

When it is an adverse indicator, the information content
calculation model 1 (C) of indicator is:

5 (v(x)) (10)

19(C)=log, """ (11)
3.5 AN INFORMATION CONTENT MODEL
OF TEACHERS’ TEACHING ABILITY
IMPROVEMENT IN HIGHER SCHOOL
BASED ON INFORMATION AXIOM AND
THE ALGORITHM

Suppose there are n first-class indicators and n, second-
class indicators in the k-th first-class indicator and
suppose they have the same significance, then the
information content calculation model 17 (C)for i -th
institutes of higher learning is:

1'(c Z[ Z i (C J (12)

n]l N %=t

If these indicators have different weight, and the weight
of the second-class indicators is w;, , that of the first-class
indicators is w;, then the information content calculation
model 1 (C) for i-th institutes of higher learning is:

(€)= o Emri )] )

j=1

According to the physical meaning of information
content, the less information content the evaluation object
contains, the better the object is. Thus, based on the
evaluation standard for teachers’ teaching ability impro-
vement, there is:

17 (C)=max (1 (C), - 1] (C),-15(C)) (14)
Thus, the r-th institute of higher learning has the best
evaluation result in terms of teachers’ teaching ability

improvement
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4 Case study and test ment as an example to prove that the information content

model is effective. Based on the evaluation indicator sys-
This paper takes the evaluation on teachers’ teaching abi-  tem and through survey, we can get the data of three
lity of an institute of higher education during the recruit-  qualified teachers, as are shown in Table 3.

TABLE 3 Data of teachers for evaluation to improve university teachers’ teaching ability

] . . Value of a quantity Type of value of a Type of
first class index second class index Teacher A Teacher B Teacher C quantity indicator
Fuzzy
enrichment of teaching content C11 0.92 0.92 0.95 membership Positive
degree
. . . Qualitative .
rationality of teaching progress C12 0.93 0.92 0.93 description Positive
. . litative .
correct teaching attitude C 0.90 0.95 0.90 Qua L Positive
basic professional 9 13 description
ili i Qualitative "
ability Cl advanced teaching method Cl 4 0.85 0.85 0.90 description Positive
- . Qualitative "
flexibility of teaching method C15 0.90 0.85 0.85 description Positive
student satisfaction C16 0.90-0.94 0.90-0.94 0.94-0.96 Interval value Positive
supervisory review satisfaction C17 0.83-0.87 0.88-0.92 0.83-0.87 Interval value Positive
planning ability of professional o
) 0.92 0.93 0.95 Qualitative Positive
curriculum C21 description
innovation ability of teaching o
0.95 0.93 0.85 Qualitative Positive
reform C22 description
teaching reform number of teaching reform projects ) N
ability C2 C23 3 2 2 Point value Positive
number of teaching reform
A 3 4 2 Point value Positive
publications C24
number of teaching reform awards
C 1 1 1 Point value Positive
25
number of curriculum design C31 4 4 2 Point value Positive
number of graduation projects C32 8 10 10 Point value Positive
qualified rate of graduation projects
C 0.875 1.00 0.90 Point value Positive
33
innovation practice number of internships in enterprise
ability C3 C 2 3 3 Point value Positive
34
students’ participation in scientific
and technical competitions C35 4 4 3 Point value Positive
number of scientific and technical
3 4 3 Point value Positive
awards C36
integration of teaching and Fuzzy
researching C 0.85 0.90 0.85 membership Positive
9% degree
teaching expansion with the help of Fuzzy
integration of researching C 0.85 0.90 0.85 membership Positive
teaching and 42 degree
researching C number of scientific research
4 . 4 4 5 Point value Positive
projects C 43
number of scientific papers and
6 10 8 Point value Positive
patents C,,,,
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Subject the value of a quantity to standardization. The results are shown in Table 4.

TABLE 4 Value of a quantity of indicators after standardization for improving university teachers’ teaching ability

second class index

Standardized value of a quantity

Teacher A Teacher B Teacher C
enrichment of teaching content C11 0.920 0.920 0.950
rationality of teaching progress C12 0.930 0.920 0.930
correct teaching attitude C13 0.900 0.950 0.900
advanced teaching method Cl 4 0.850 0.850 0.900
flexibility of teaching method Cl5 0.900 0.850 0.850

student satisfaction C16 0.90-0.94 0.90-0.94 0.94-0.96

supervisory review satisfaction C17 0.83-0.87 0.88-0.92 0.83-0.87
planning ability of professional curriculum C21 0.920 0.930 0.950
innovation ability of teaching reform C22 0.950 0.930 0.850
number of teaching reform projects C23 1.000 0.667 0.667
number of teaching reform publications C24 0.750 1.000 0.500
number of teaching reform awards C g 1.000 1.000 1.000
number of curriculum design C 1.000 1.000 0.500
number of graduation projects C32 0.800 1.000 1.000
qualified rate of graduation projects C33 0.875 1.000 0.90
number of internships in enterprise C34 0.667 1.000 1.000
students’ participation in scientific and technical competitions C35 1.000 1.000 0.750
number of scientific and technical awards C36 0.750 1.000 0.750
integration of teaching and researching C41 0.850 0.900 0.850
teaching expansion with the help of researching C42 0.850 0.900 0.850
number of scientific research projects C43 0.800 0.800 1.000
number of scientific papers and patents C44 0.600 1.000 0.800

According to information content calculation model of different indicators, we can get the corresponding information

content, as in Table 5.

TABLE 5 Information content of indicators for improving university teachers’ teaching ability

second class index

information content of indicators

Teacher A Teacher B Teacher C
enrichment of teaching content C11 0.115 0.115 0.072
rationality of teaching progress C12 0.101 0.115 0.101
correct teaching attitude C13 0.144 0.072 0.144
advanced teaching method C14 0.216 0.216 0.144
flexibility of teaching method C 0.144 0.216 0.216
student satisfaction C, 0.115 0.115 0.072
supervisory review satisfaction C17 0.216 0.144 0.216
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planning ability of professional curriculum C21 0.115 0.101 0.072
innovation ability of teaching reform C22 0.072 0.101 0.216
number of teaching reform projects C,, 0 0.480 0.480
number of teaching reform publications C24 0.361 0 0.721
number of teaching reform awards C, 0 0 0
number of curriculum design C, 0 0 0.721
number of graduation projects C32 0.289 0 0
qualified rate of graduation projects C33 0.180 0 0.144
number of internships in enterprise C34 0.480 0 0
students’ participation in scientific and technical competitions C35 0 0 0.361
number of scientific and technical awards C36 0.361 0 0.361
integration of teaching and researching C41 0.216 0.144 0.216
teaching expansion with the help of researching C42 0.216 0.144 0.216
number of scientific research projects C 43 0.289 0.289 0
number of scientific papers and patents C44 0.577 0 0.289

According to Table 5, we can get the evaluation result
of these 3 teachers. The sequence is

I = (0.191,0.102,0.216) .

Teacher B has the smallest information content, which
means that under the current indicator system, teacher B is
the most qualified one for the job.

5 Conclusions
This paper proposes an information content model of tea-
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