International Conference on Social Science and Higher Education (ICSSHE 2015)

The Method of Evaluation on Mathematical
Teacher's Ability in the Training Mode of
Innovative Talents

Zhong YiHua
Dept. of Sciences, Southwest Petroleum University
SWPU
Chengdu, China
zhongyh_65@126.com

Lin XuXu
Dept. of Sciences, Southwest Petroleum University
SWPU
Chengdu, China

Liu YuXin
Dept. of Sciences, Southwest Petroleum University
SWPU
Chengdu, China

Abstract—Teacher’s ability is the most important and most
direct factor influencing the quality of talents training. Talents
determine the implementation of the “Chinese Dream”. With the
existing situation of teacher's ability not meeting the requirement
for training innovative talents, the evaluation index system of
mathematical teacher's ability was first formulated based on the
demand for mathematics ability in the training mode of innova-
tive talents. Then, an improved method and model of evaluating
mathematical teacher's ability were proposed by using the meth-
od and theory on combination weighting, an improved compre-
hensive cloud and similar cloud theory. Finally, a case study
shows that the method and model presented in the paper are
correct, which may give helpful proposal for improving teacher's
ability.
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l. INTRODUCTION

The 21st century is the Age when human beings depend on
knowledge innovation. Because technology and talent are in-
creasingly becoming the decisive factors of national prosperity
and progress, almost each country in the world takes national
innovative talents resources as the core element of a strategic
resource and technology competitiveness improvement. Esp.,
our country also put forward the strategy of constructing inno-
vative countries, and emphasized the training of creative tal-
ents in recent years. Therefore, the cultivation of innovative
talents becomes the hot topic of education and the focal point
of research.

In order to meet the needs of times and social development,
the cultivation of innovative talents requests higher level and
stronger ability teachers who have the idea of modern educa-
tion, innovative consciousness and teacher’s ability include
basic ability, teaching ability, scientific research ability etc. As
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an example, mathematical innovative talents should possess
solid mathematical knowledge, strong mathematical divergent
thinking and extrapolate, fusion penetration ability, the ability
of applying knowledge they have learned in the study and life
practice to analyze and solve problems and thinking way of
reforming related aspects of the innovation. However, mathe-
matical teacher’s ability in ordinary engineering colleges
and universities can’t completely meet the requirement for
training innovative talents. Thus, it is very important to im-
prove teachers’ ability for these higher schools, which key
problem is to study how to evaluate mathematical teacher’s
ability.

So far, many experts and scholars have done a lot of re-
search work on the teaching. They mainly focused on the
evaluation of teaching performance and teacher’s teaching
competence, the study of teacher quality and teacher develop-
ment. The methods used commonly include analytic hierarch
process (AHP)H fuzzy comPrehensive evaluation method™,
and grey correlation analysist™ etc. In these studies, they sel-
dom consider the following problems: (1) The evaluation for
mathematical teacher’s ability in the training mode of innova-
tive talent is very few studied, and the evaluation index system
of teacher’s ability is still not formed relatively perfect and
ready-made. (2) Whether it is reasonable or not to weight the
weight of evaluation indexes only using a single weighting
method of subjectively or objectively weighting methods. (3)
The existing evaluation methods do not consider the uncer-
tainty under the process of evaluation, especially the fuzziness
and randomness.

With above three problems, we devote ourselves to study
the method of evaluation on mathematical teacher's ability in
modern education mode. It mainly includes establishing eval-
uation index system of mathematical teacher's ability through
investigating and analyzing relative references, studying the
method about combination weighting by combining Delphi



method™ with Entropy value method®™, proposing a new
evaluatlng method with the fuzziness and randomness among
various factors in teacher’s ability using cloud model®™ which
is the transformation between qualitative and quantitative
model presented by De-yi li and the theories of comprehensive
cloud and similar cloud.

Il.  THE EVALUATION INDEX SYSTEM OF MATHEMATICAL

TEACHER’S ABILITY

Since many factors may influence the competence of a
teacher, the structure of the evaluatlon index system of teach-
er’s ability plays an important rolel”. Thus, we first summa-
rized systematically the basic characterlstlcs, quality charac-
teristics and structural characteristics of innovative talents.
Then we studied the requirements of ability that a mathemati-
cal teacher would posses for training innovative talents. Final-
ly, we formulated the evaluation index system of teacher’s
ability by investigating and analyzing the existing references
about the composition of teacher's ability and combining with
above requirements of teacher's ability. Therefore, mathemati-
cal teacher's ability can be divided into general ability includ-
ing basic ability, teaching ability, scientific research ability
and other abilities such as cooperate, innovation ability and
the ability of lifelong learning in the innovative talent training
mode. Where other abilities are key factors of the teacher’s
ability in the mode of cultivating creative talents, which is
distinguish from mathematical teacher’s ability in other types
of talent training mode. The evaluation index system of math-
ematical teacher’s ability is as Tab. /.

I1l.  THE METHOD AND MODEL OF EVALUATING

MATHEMATICAL TEACHER'S ABILITY

A. The method of combination weighting

For subjective weighting and objective weighting have
themselves advantages and disadvantages, we proposes a new
weighting method of determining combination weight, which
combines Delphi method with Entropy weight method to im-
prove the accuracy of index weight in the multi-index com-
prehensive evaluation.

The principle of combination weighting is as follows: de-
note the weight of each index by using separately Entropy
Weight method and expert judgment method (Delphi method)
aso¥ = (0, 0f -, 0P) and o = (o @), then
according to the comprehensive welghts theory[8 ,we present a
method to compute combination weight which may be calcu-
lated by (2).
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B. The evaluation model of teacher’s ability based on
comprehensive cloud

Aiming at the fuzzy and random uncertainty in teacher’s
ability evaluation as well as difficulty to represent accurately
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them by existing model of evaluation, we study its new
evaluation model by using cloud theory !,
1) Cloud theory

Suppose U is a quantitative domain expressed by precise
values, and C is a qualitative concept on the domainU . If the
quantitative value x e U , and X is a random realization to the
qualitative concept C , whose membership z(x) €[0,1] for C
is a random number with stable tendency:

w:U —>[0,1],vxeU,x - u(x)

Then, the distribution of X on the domain U is called as
cloud, and each x; is called as droplet. The more cloud droplets,
the more overall characteristics of the qualitative concept can
be reflected.

TABLE 1. EVALUATION INDEX SYSTEM

Target
layer

Primary

index Secondary index

General cognitive ability
Educating ability
Interpersonal skills
Language competence
Operate Ability
Mathematics Professional ability
The ability to control subject
content
Teaching organization and
management ability
The teaching monitoring capability
Teaching reflection ability
The modern education technology
ability
Publishing paper ability
Published monograph ability
Writing teaching material ability
Inventing patent ability
Researching project ability
Awarding achievement ability
The ability to cooperate
Innovation ability
The ability of lifelong learning

Basic
ability

teaching
ability

Teacher’s
ability

Scientific
research
ability

Other abili-
ties

The overall characteristics of the uncertainty on concept
can be expressed as cloud C(E,, E,, H,) with its three number

features, i.e. expected value ( E, ), Entropy ( E,), Super entropy
(H.).

Combining positive cloud generator with inverse cloud
generator, cloud generator can realize the qualitative and quan-
titative transformation at any time.

The comprehensive cloud technology is the concept gen-
eralization of cloud theory. Comprehensive cloud abstracts two
or more clouds to one high level cloud, which means two or
more same type linguistic values to be abstracted into a higher
level concept language.

2) Cloud model of teacher’s ability evaluation grades

According to the expert's knowledge and experience,
teacher’s ability can be divided into five grades: {excellent,
good, medium, pass, fail}, Then, the number features of five
grades are obtained according to relation table between num-
ber features of cloud model and domain ¥, as Tab. /7/.



3) An improved comprehensive cloud model

Because the evaluation index system of teacher’s ability
has two levels of indicators in Tab. /, we adopt the method of
comprehensive cloud theory to calculate the cloud model of
upper indexes according to the cloud model of secondary in-
dexes. Assume one of the primary indexes has k secondary
level indexes, cloud models of secondary level indexes and
their corresponding weights are as follows:

C(E,.E,.H,;) i=12,--k o={o, 0, 0}

Considering the connotation of entropy, we present a new
comprehensive cloud computing formula based on the original
cloud theory *¥ as (2).

TABLE Il RELATION BETWEEN NUMBER FEATURES OF CLOUD MODEL
AND DOMAINS
Domain
partition D, €[a,.b] D; €[a;,b] D, e[a,,by]
E, a (a+h)/2 b,
E, (b-a)/3 (b,—a;)/6 (b.-a)/3
H, 0.05 0.05 0.05
Exlxa)1+EX2><a;2+ +Exkxa’k
E = Enl E”Z Enk
X
ﬂ + 2 4o a)k
E"'l En2 Enk
En:Enlxa)1+En2Xa)z+"'+Enk><a)k (2)
H91X@1+Hez><602 H, xo,
H, = En1 E”Z Enk
e
& + & 4ot wk
E E E

By (2), the cloud model of other primary indexes and tar-
get layer can also be calculated.

C. The measurement method of similar cloud

If two or more clouds described in the same qualitative
concept have a certain similarity, then these clouds are called
as similar or equivalent cloud. Due to the particularity of the
cloud itself, the similarity among the clouds can be measured
by the distance of a large number of cloud droplets produced
by cloud. Its method is as follows:

Stepl Through positive generator and the numerical fea-
tures of target layer, ith cloud drop X, and its corresponding

certain degree Y, i=12,--,n be

where Y =[V,, ¥,."*, ¥,].
Step2 Ith cloud droplet x,,i =1,2,---,n produced by Step

1 is taken as input of five cloud models on evaluation grades
separately, calculating the certain degree that ith cloud droplet
relates to qth evaluation grade of teacher’s ability, denoted as

Yg:d=12,---,5 i=12,---,n. Then the corresponding matrix
of certain degree is shownas Y .

can got,
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yll y12 y13 yln
y21 y22 y23 y2n
Y:(yqi)an: Yo Y2 VYas Yan
y41 y42 y43 y4n
y51 y52 y53 y5n
Step3  Sorting the certain degree Y and

Yo =[Ya Yq2r " Yaul according to ascending order respective-

ly AV ARERA
Yo =[Yar Yoz s Yon 1 ,Calculating the distance d, between y’

to get and

’

and Yq JAccording to the minimum principle, the dis-

tance d, =min{d,,d,,---,d.} of the corresponding evaluation
level is the final level of teacher’s ability.

IVV.  APPLICATION STUDIES

A. The determinating of evaluation matrix

In order to evaluate the ability level of a young mathe-
matic teacher in our university in innovative talent training
mode, we collected the information about 100 university
mathematical teachers of different levels, including professor,
associate professor, lecturer, teaching assistant, and scored
respectively all the secondary indexes by hundred-mark sys-
tem. Then, evaluating matrix is denoted as:

Xll XlZ Xl 21
A= X21 X22 XZ 21
X100 1 XlOO 2 )9.00 21

B. The determinating of cloud model on evaluation grades

According to Tab. //, the cloud model of evaluation
grades is as Tab.///.

C. The constructing of cloud model on target layer

Using combination weighting method presented in section
[II, the weight of each index is given in Tab. /. When the
cloud model of each secondary index was got by positive
cloud generator, and the cloud model of primary indexes was
calculated by improved comprehensive cloud model by (2).
Finally, the cloud model of target layer is also obtained
as C(89.452,2.372,0.05) .

D. The determinating the level of teacher' s ability

In order to determine the level of teacher's ability, the
figures for similar cloud results are as Fig.1.

Fig.1 shows that the ‘good’ rating curve is better matched
with its evaluating result curve. From Fig.1.6, it can be seen
very intuitively that most of the cloud droplets distribute in the
region [80,100]. In order to ensure that the results are more
accuracy, we calculated the distance of the cloud droplets’
certainty between the target layer and evaluation grades by
using the measurement method presented in 11, as Tab. .



According to

Fig.1 and Tab. I/, the teacher’s ability is

‘good’.
TABLE IlI. CLOUD MODEL OF EVALUATION GRADES
Evaluation Domain partition Number feature
grades
fail [0,60] (0,20,0.05)
pass [60,70] (65,10/6,0.05)
medium [70,80] (75,10/6,0.05)
good [80,90] (85,10/6,0.05)
excellent [90,100] (100,10/3,0.05)
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Fig. 1. similar cloud results
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TABLE V. THE DISTANCE BETWEEN THE TARGET LAYER AND

EVALUATION GRADES

Distance C(89.452,2.372,0.05)
C(0,20,0.05) 0.3938
C(65,10/6,0.05) 0.3631
C(75,10/6,0.05) 0.3998
C(85,10/6,0.05) 0.2773
€(100,10/3,0.05) 0.5480

V. CONCLUSION

Based on the study for the present literatures about the
component of teacher's ability, teacher’s quality and innova-
tion talents training etc., we extracted and built the evaluation
index system of mathematical teacher's ability. In view of the
advantages and disadvantages of subjective weighting and
objective weighting, a combination weighting method was
presented to determine the weight of each indicator. For the
advantages of cloud model to transform between qualitative
concepts and their quantitative numerical uncertainty, the
cloud model of target layer in the evaluation index system of
mathematical teacher's ability is constructed by applying the
theory of an improved comprehensive cloud. Furthermore, we
introduced similar cloud to judge more clearly intuitive which
grade the teacher’s ability belongs to. The results of applica-
tion studies show that evaluation method and model of the
teacher's ability proposed in the paper are correct, reliable and
workable.
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