
Acta Technica 62 (2017), No. 7A, 1547–1560 c© 2017 Institute of Thermomechanics CAS, v.v.i.

Construction of physical education

assessment system based on soft fuzzy

rough set

Junwei Yang1

Abstract. A method for construction of physical education assessment system based on data
mining is proposed in this Article to improve effectiveness of the physical education assessment
system constructed. Objectives on training program description for physical education assessment
system are given. A soft fuzzy rough set is used for reference to solve uncertainty and applied in
classification for construction of physical education assessment system. And a set of feature words
is expressed in the form of vector space model for further data structurization. At meantime,
based on Rough Set Theory, a soft fuzzy rough set model is applied and improved to be capable
in solving problems regarding construction of physical education assessment system. And such
model is used for classification of the physical education assessment system to get a set of classified
assessment system of each test sample data. The results of test and comparison show that, the
method proposed herein is capable of completely eradicating the setting of certain elective courses
being identical to required courses and promoting diverse development of students.

Key words. Soft fuzzy, Rough set, Physical education assessment system, Assessment system
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1. Introduction

As blueprint design to turn educational concepts to specific teaching behavior,
Professional Training Program is a teaching instruction document on integrated de-
sign and planning for student training according to national requirements on training
of talents in colleges and universities, as well as main basis organization and manage-
ment of professional teaching activities. While Post-Olympic Era and Opinions on
Speeding up the Development of Sports Industry to Promote Sports Consumption
upgrade National Fitness to national strategy, the big market of sports, recreation
and fitness, and the football, snow and ice sports and outdoor exercise to be given pri-
ority as determined during the 13th Five-Year Plan of Sports Industry also imposed
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new demands for sports colleges on talent training. Under such circumstances, how
those sports colleges resolve actual conflicts in talent training by effective amend-
ment to training program, how they reflect specialty running characteristic, respond
to social demand changes and bear their cultural deposit, have become an urgent.

Training objective is the prerequisite for professional training, with index and
orientation. Only determination of specific and scientific training objective can lead
the talent training develop correctly. It can be concluded from construction of
Conformity Assessment Program (RFC) issued by Ministry of Education that, the
running orientation of new undergraduate schools shall be evidenced by locality,
education and application, offering comprehensive training with knowledge, ability
and quality requirements. The Course Scheme issued by Ministry of Education has
provided specifications on talent training comprehensively and systematically. It not
only involves moral education, basic quality and literacy, research ability, physique,
health habits and healthy lifestyles, but also imposes requirements on innovation,
self-learning ability, social adaptability, foreign language and computer, aesthetic
appreciation and creativity. The results of comparison and analysis on training
specifications in physical education professional training programs from six schools
show that, contents of such programs essentially comply with the requirements on
talent training specifications under Course Scheme issued by Ministry of Education.
But those schools also provide difference specific requirements according to their own
characteristics. (1) For expression of political thoughts, those requirements cover
having ardent love for the motherland, understanding and mastering basic principles
of Marxism-Leninism, Mao Zedong Thought, Deng Xiaoping Theory and the Three
Represents theory, to establish correct views on world, on life and values. Get
familiar with national principles, policies and regulations on education and sports.
Have good moral and professional ethics, cherish posts and devote wholeheartedly to
work, observe disciplines and abide by laws, and work together. Have innovative and
strong practical ability. Those schools can express above aspects in different ways,
each of which has certain similarity. (2) For requirements on professional knowledge,
professional ability and quality, all training objectives of such schools reflect the
requirements on profound and solid professional knowledge, rich educational and
scientific knowledge, and extensive basic knowledge of culture and science which
students in physical education shall have. Although expressed with characteristics
specifically, connotation is substantially the same.

The construction of physical education assessment system based on soft fuzzy
rough set proposed in this Article involves two aspects. One is promotion of algo-
rithm performance and another is assessment of algorithm efficiency. The problem
model of physical education assessment system is studied to propose the optimization
objective function and constrains for problems in physical education assessment sys-
tem, to build a mathematical optimization model and to give multi-objective weight
adaptive form. At meantime, soft fuzzy rough set algorithm is introduced for so-
lution of strategic benefit model in physical education assessment system and to
improve assessment performance of the algorithm.
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2. Problem model of physical education assessment system

2.1. Problem model

Assume under implementation of the physical education assessment system, there
are substitute PE G teachers, C classes to be assessed, L courses, T time periods
for physical education assessment system and R sites, its mathematical model is
described as:

The set of classes assessed is expressed as C = {c1, · · · , cC}. The set of each
class population is expressed as K = {k1, · · · , kC}. The set of substitute teachers
is expressed as G = {g1, · · · gG}, the set of course numbers which the teachers are
responsible for is expressed as Y = {y1, · · · yG}. The set of PE courses is expressed
as L = {l1, · · · lL} and the quantity of classes opened for each course is expressed
as Z = {z1, · · · zL}. The set of course sites is expressed as R = {r1, · · · , rR}. And
quantity of students hold by each teacher is expressed as X = {x1, · · · , xR}. The
set of each time period is expressed as T = {t1, · · · , tT }.

Through calculation of Cartesian product on time and site, the problems in
physical education assessment system are converted into model pairwise of course
and suitable time and site, in the form of:

M = T ·R = {(t1, r1) , · · · , (tT , rR)} . (1)

2.2. Model constraint

Constraint 1: No more than one course shall be offered to the same class at the
same time, namely the constraint form shall be:

G∑
g=1

L∑
l=1

R∑
r=1

ccggllrrtt ≤ 1 . (2)

In which, c = 1, 2, · · · , C, t = 1, 2, · · · , T . If in site rr and at time tt, class cc is
taken by substitute teacher gg for teaching of course ll, the expression is ccggllrrtt =
1, otherwise it shall be 0.

Constraint 2: No more than one course shall be offered by the same teacher at
the same time, namely the constraint form shall be:

C∑
c=1

L∑
l=1

R∑
r=1

ccggllrrtt ≤ 1 . (3)

In which, g = 1, 2, · · · , G, t = 1, 2, · · · , T . If the teacher gg teaches course ll for
class cc only in site rr and at time tt, the expression is ccggllrrtt = 1, otherwise it
shall be 0.

Constraint 3: No more than one course shall be offered in the same site at the
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same time, namely the constraint form shall be:

C∑
c=1

G∑
g=1

L∑
l=1

ccggllrrtt ≤ 1 . (4)

In which, r = 1, 2, · · · , R, t = 1, 2, · · · , T . If the site rr is used by teacher gg
for teaching course ll to class cc at time tt only, the expression is ccggllrrtt = 1,
otherwise it shall be 0.

2.3. Optimization objective

The physical education assessment system is substantially a problem of multi-
objective optimization, with optimization objectives as follows:

Objective 1: Important courses are arranged at time periods with good teaching
effect. If ai (i = 1, 2, 3, 4, 5) means the 5 teaching sessions each day, according to
actual teaching experience, sessions 1, 3 and 5 have best teaching effect, which is ex-
pressed as ai = 1 (i = 1, 3, 5). And sessions 2 and 4 have worse teaching effect, which
is expressed as ai = 0 (i = 2, 4). Apply parameter βj = 1 (j = 1, 2, 3, 4) to present
course significance, such as granting different weight values to selective courses, basic
courses, major courses and degree courses, the optimization objective is:

max (f1) =
∑

(aiβj) . (5)

Objective 2: Consider the teaching time and site proposed by teachers, assume
title coefficient χi (i = 1, 2, 3, 4), referring to teaching assistant, lecturer, associate
professor and professor. The willing of teachers while setting teaching time can
be expressed as δi = 0, 1, 2, which refers to no, ok and willing respectively. Such
optimization objective is expressed as:

max (f2) =
∑

(χiδj) . (6)

Objective 3: Courses with more periods each week (such as n ≥ 4) shall be
arranged every other day as much as possible to ensure teaching effect. The definition
βj = 1 (j = 1, 2, 3, 4) is identical to Objective 1, and the definition εi (i = 1, 2, 3, 4)
refers to the teaching effect when courses are arranged every i days, then optimization
objective is expressed as:

max (f3) =
∑

(βiεj) . (7)

Objective 4: objective of resource utilization, the greater than ratio of maximum
capacity in the site occupied by student number kc, the higher the utilization will
be, with optimization objective expressed as:

max (f4) =
∑

(kc/rr) . (8)

In objective functions above, problems in application of multi-objective func-
tion are that, optimization objectives are too excessive, final optimization scheme
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is unclear and the scheme is not the best. Problems in application of individual-
objective function are that each objective has different values. Conventional scheme
applied weight method for integration but the weight selection requires knowledge.
In process of actual optimization, each objective weight changes at real time, making
weight fixing obviously unsuitable. Therefore, an adaptive weight form is proposed
as follows:

f = max

(
4∑

m=1

fm − fmin
m

fmax
m − fmin

m

)
. (9)

In which, fm is the current individual adaptive value of the m generation of
group, fmax

m is the maximum adaptive value of such generation of group, and fmin
m

is the minimum adaptive value. In this way, weight adaptive form can be achieved
and searching accuracy can be improved.

3. Soft fuzzy rough set model

3.1. Soft fuzzy rough set

Soft Fuzzy Rough Set theory introduces the concept of soft threshold selection
in soft margin SVM and proposes a concept of soft distance, which is different from
the original method in calculating the minimum distance of samples [8].

Definition 1: Give a physical sample x and a physical sample set Y = {y1, y2, ..., yn},
the soft distance between x and Y is defined as:

SD(x, Y ) = argmax
i
{d(x, yi)− C ×mi}, yi ∈ Y, i = 1, 2, . . . , n, (10)

In which, d(x, yj) is distance function between x and yj , C is penalty factor and mi

is the number of samples meeting with conditions d(x, yj) < d(x, yi), j = 1, 2, ..., n.
Figure 1 gives an example to determine soft distance. Assume sample x belongs

to class1 and other samples belong to Class 2, express the sample set with Y . If we
take y1 as a noise sample and ignore it, SD(x,Y)shall be d2. Therefore a penalty item
is needed to determine how much noise samples shall be ignored. If one sample is
ignored, d(x,yj) will reduce C. For all candidate distances d(x,yj), assume d(x, yk) =
argmax

i
{d(x, yi)− C ×mi} as soft distance between x and Y .

In other words, distance d‘(x,yj) is the maximum value after punishing all ignored
samples. Please refer to Section 4.3 for selection of parameter C.

Based on soft distance, the soft fuzzy rough set is defined as:
Definition 2: Take U as a non-empty domain, R as a fuzzy equivalence relation

on it, and F(U) is the fuzzy power set of U . The lower and upper approximation of
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 Fig. 1. Diagram of soft distance

soft fuzzy in F∈F(U) is defined as:
RSF (x) = 1−R

(
x, arg

y
sup

F (y)≤F (yL)

{1−R(x, y)− C ×m}

)
,

R
S
F (x) = R

(
x, arg

y
sup

F (y)≥F (yU )

{1−R(x, y) + C × n}

)
.

(11)

In which: 
yL = arg

y
inf
y∈U

max {1−R(x, y), F (y)} ,

yU = arg
y

sup
y∈U

min {R(x, y), F (y)} . (12)

C is a penalty factor, m is the number of samples ignored when calculating RSF (x)

and n is the number of samples ignored when calculating R
S
F (x).

If set A is clear, the membership degree of sample x in A with approximation
under soft fuzzy is expressed as:

RSA(x) = 1−R(x, yAL) . (13)

In which,

yAL = arg
y

sup
A(y)=0

{1−R(x, y)− C ×m}

= arg
y

sup
A(y)=0

{d(x, y)− C ×m} = arg
y
SD(x, U −A) . (14)

Obviously, RSA(x) is equal to the soft distance from sample x to U −A.

3.2. Soft fuzzy rough classifier

Based on definition of approximation under soft fuzzy mentioned above, Hu
Qinghua et al designed a stable classifier [8]. It can be used to solve problems
of individual assessment system classification.

Principles of it are summarized as: calculating the value of approximate mem-
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bership degree of a sample to be classified under soft fuzzy of each class. Give a
training sample set with k classes and a sample x to be classified. Firstly, assume
x belongs to each class, calculate the value of approximate membership degree of
sample x under soft fuzzy of class k. Then divide x into the class with maximum
membership degree, which is expressed as:

classi(x) = arg max
1≤j≤k

{RSclassj(x)} . (15)

In which, RSclassi(x) is the approximate membership degree of sample x under
soft fuzzy of class classi.

The algorithm is described as follows:
Input: training sample set X = {(x1, y1), (x2, y2), ..., (xn, yn)}, testing sample set

X ′ = x′1, x
′
2, ..., x

′
m;

Output: class classi of each testing sample xi.
Step 1: calculate the number of classes;
Step 2: process each testing sample xi’∈ X ′ as follows:
For each class classj∈Y(Y={y1,y2,...,yk}), calculate the distance between xi’ and

each sample in different classes to get candidate distance.
Sort the candidate distances obtained and calculate the corresponding soft dis-

tance of class classj according to Formula (3).
It can be seen from Formula (6)-(7) that, the value of soft distance between xi’

and sample in different classes obtained in Formula (1) is equal to that of the lower
approximate membership degree. So we can get the approximate membership degree
of sample xi’ under soft fuzzy of each class.

Select corresponding class assessment system classt in case of maximum mem-
bership degree and return it, obtain the class of sample xi’.

Step 3: Repeat step 2 until get class assessment system of each testing sample.

3.3. Parameter Settings

It can be seen from Figure 1 in Section 4.1 that, the value of penalty factor C in
soft fuzzy rough set is significant to its stability. For parameter settings, a method
is given in Reference [8].

Assume that, take sample x as example, give the degree of belief f of the soft
hypersphere with such sample as center. During calculating the degree of belief
of such soft hypersphere, if the value is greater than or equal to f , when belief
degree equals to f , the value of ratio between radius difference of soft and hard
hypersphere, with the number of few samples in different classes from upper soft
hypersphere is the value of C, taking sample x as center. At meantime, the belief
degree of approximation under soft fuzzy can be assured. For a data set containing
samples, take the average of C calculated by taking each sample as center, value of
parameter C under such data set can be obtained.

For data set of physical education assessment system construction proposed
herein, parameters in each class are selected by converting data of physical edu-
cation assessment system construction into various binary data sets. For different
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classes, BR method may lead to different parameter values, which can be concluded
from Formula (9). The weighted average of each parameter selected by SFRC mod-
ified algorithm is considered as the value of its penalty factor C. the weight value
is the weight of the number of assessment system from each class, in all assessment
systems, which can be concluded from Formula (10).

The Formula to calculate parameter C is as follows:

Ci =
SD(x, Y )−HD(x, Y )

m
. (16)

C =

L∑
i=1

wi × Ci . (17)

In which, L is the total number of assessment system and wi is the weight value
of class i. The approximate belief degree under soft fuzzy selected in testing under
the Article is greater than or equal to 95%, namely the sample error rate in soft
hypersphere is less than 5%.

4. Building of classification model for physical education
assessment system construction

4.1. Learning construction of physical education assess-
ment system

Most of current classification studies are focusing on individual assessment sys-
tem data. However, in certain actual applications, one training sample can always
attribute to multiple classes, namely the set of one assessment system Y ⊆ L. Such
data is called the data for construction of physical education assessment system
(multi-label).

Assume D is a data set for physical education assessment system construction
and contains |D| samples. X = {x1, x2, ..., xn}. And L = {y1, y2, ..., ym} refers
to training sample set, refers to the set of class assessment system which samples
in such set belong to. In which, n is the total number of training samples, m
is the total number of assessment systems, then data set D can be expressed as:
{(x1, Y1), (x2, Y2), ..., (xn, Yn)}. In which xi∈ X, Yj ⊆ L, xi is the sample for physical
education assessment system construction and Yj is the set of the corresponding
class assessment system of the sample. Detailed descriptions of data set for physical
education assessment system construction have been given in Reference [16].

4.2. Building of classification model for physical education
assessment system construction based on problem con-
version

The main idea for method of problem conversion classification is that, each sample
(xi,Yi) for physical education assessment system construction is processed into data
(xi,yi) containing |Yi| individual assessment systems. In which, yi∈Yi, and the
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existing classification model is used for classification of the data set of individual
assessment systems converted to obtain the set of assessment system in each testing
sample.

Binary relevance (BR) method is used in this Article for data conversion. It
trains binary |L| classifiers, each of which divides one class in L only, and |L| refers
to total number of class assessment systems. It converts the original data set for
physical education assessment system construction into |L| data sets Dp of individual
assessment system only with two classes. If the class assessment system set Yi of
data sample Dxi in the individual assessment system converted contains yi, it will be
expressed as 1, otherwise as 0. For a sample physical education assessment system
construction, the assessment system in the set output by BR method is composed by
|L| class assessment systems with assessment system as "1" in base classifier output.

After conversion of processed data for physical education assessment system con-
struction, training and learning of various binary classifiers according to the indi-
vidual assessment system classification algorithm given in Section 4.2, a classifier
for physical education assessment system construction based on soft fuzzy rough set
model is formed.

4.3. Building of classification model for physical educa-
tion assessment system construction based on algo-
rithm adaptation

The main idea for method of algorithm adaptation classification is that improve
the existing algorithm to have capability in directly processing data for physical
education assessment system construction, and give results in the form of class as-
sessment system set. Assessment system in such set is the class where the sample
belongs to. In this Article, the existing soft fuzzy rough set model to process indi-
vidual assessment system data is transformed and used in classification for physical
education assessment system construction.

For existing soft fuzzy rough set model, the approximate membership degree of
its sample under soft fuzzy is determined according to the soft distance between
samples to be classified and samples in different classes. As the same with principles
in soft fuzzy rough classifier, a value of approximate membership degree of sample
to be classified relative to each class under soft fuzzy needs to be calculated.

Assume there are |L| class assessment systems in the data set for physical edu-
cation assessment system construction, sample xi is the sample to be classified, Yi
is the set of class assessment system which such sample belongs to. The process to
obtain assessment system set of xi is as follows:

Step1: Input a data set for physical education assessment system construction
and process the expression form of its class assessment system, to the extent that,
in each class assessment system, "1"means the sample belongs to the class and "0"
means not.

Step2: Assume sample xi for physical education assessment system construction
belongs to each class and according to calculations of approximate membership de-
gree under soft fuzzy, obtain the value of lower approximate membership degree
of |L| samples xi in each class. Such membership degree is the measurement of



1556 JUNWEI YANG

significance on membership of sample xi in each class.
Step 3: give a limit and divide the classes that have higher contribution to sample

xi.
Step 4: Output set of such classes, which is the class assessment system set Yi

of sample xi.
Step 5: For each sample repeat Step 2-4, obtain set of class assessment system

for all samples.
The Formula is expressed as follows:

labelseti(x) = arg
classi

{RSclassi(x)|RSclassi(x) ≥ T (x)} . (18)

In which T (x) means membership degree limit of sample x.
For selection of such limits, two methods are given. One is to give a fixed thresh-

old. Express class relevance with µ, and express each converted value of membership
degree with µ, where 0 ≤ µ ≤ 1. Firstly, assume the relevance of maximum mem-
bership degree is 1, the ratio of membership degree of all other classes and such
maximum value is relevance of each class. Then assume a threshold (for example
90%), for any value greater than such threshold, the sample is determined to belong
to relevant class, with relevant assessment system set locating at "1", otherwise at
"0". Consider particularity of each sample, overall threshold selection may not be
applicable to certain samples. Therefore, another method for threshold selection
considering particularity of each sample is given. Directly take the expected value
Mi of lower approximate membership degree of |L| samples, which is used as limit
for class determination. If the value of lower approximate membership degree of one
sample under class yj is greater than Mi, the sample is determined to belong to class
Mi, otherwise not.

5. Test and Analysis

Test objects are selected from objects in PE Class Schedule of a university in
China, with elements in physical education assessment system shown in Table 1.
The physical education assessment system developed is achieved based on visual
c++.

Table 1. Elements of physical education assessment system

Elements Students Teachers Classes Courses Sites Tasks
Quantity 6200 387 125 669 168 669

Algorithm in Reference [5] is taken in this Test as contrast algorithm, objective
function value and evolution time are used as assessment indicators. The Test was
carried out for 20 times. Comparison on effect of physical education assessment
system is outlined in Table 2.
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Table 2. Comparison on effect of physical eduction assessment system

Method
Number of Days in
Each Week for
Main Courses

Interval of Same
Course Teaching

Average Number
of Sessions
each Day

Reference [5] 2.3 1.3 6.3

This Article 2.7 1,5 4.8

Site Utilization (%) Number of
Courses Missed

Teacher
Satisfaction

Conflict Rate of
Physical Education

Assessment System (%)

89.5 18 86.4 16.3
99.3 0 99.5 1.2

Table 2 gives comparison on effect of algorithm proposed herein and algorithms
in References [5] and [7] in physical education assessment system. From which we
can see that indicators of algorithm proposed herein, including site resource utiliza-
tion, number of course missed, site satisfaction, conflict rate of physical education
assessment system are obviously superior to the physical education assessment sys-
tem method mentioned in References [5] and [7]. The effectiveness of algorithm
proposed herein in application of physical education assessment system is also be
verified. Results of optimal solution among the three contrast methods are outlined
in Table 3.

Table 3. Optimal solution of each algorithm

Algorithm Reference[5] Reference[7] Algorithm Herein

1 0.165 0.155 0.161
2 0.123 0.144 0.140
3 0.052 0.142 0.131
4 0.065 0.039 0.049
5 0.121 0.143 0.098
6 0.194 0.027 0.062
7 0.007 0.117 0.122
8 0.065 0.031 0.046
9 0.140 0.011 0.017
10 0.060 0.184 0.169

Optimal Solution -0.241 -0.273 -0.293

It can be seen from results shown in Table 3 that, under the same setting con-
straint, algorithm proposed herein has relatively better benefit on physical education
assessment system. The program for physical education assessment system is more
reasonable and satisfaction on such assessment system is higher. The test results
above show that, algorithm proposed herein is efficient in solution process to the
combination analysis model of physical education assessment system and has better
performance.

On this basis, the unified setting and selective by students themselves in Major
Selective Course Program 2007 was reformed. Each major is designed with 2-3 mod-
ules reflecting major development direction or different professional skills, offering
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students with the space of self-selection while avoiding the problem of man-specific
course setting caused by common issues in sports schools, such as narrow profes-
sional background and lack of faculty. It can been seen from Table 4 that, Training
Program proposed herein not only improves the specially selection space by aver-
agely 3%, but also completely eradicates the stubborn problems such as setting of
certain elective courses being identical to required courses, making it impossible for
diverse development of students.

Table 4. Comparison of elective courses for training programs

Major

Training Program 2007 Training Program Herein

Score R
equired

Selection
Range

Specially
Selection
Space

Score
Required

Selection
Range

Specially
Selection
Space

Physical Education 14 34 2.42 14 50.2 3.62

Athletic Training 24 41 1.71 16 52 3.21

Martial Arts
And Traditional
Ethnic Sports

8 14.5 1.82 18 27 1.50

Dance Performance 16 23.6 1.47 16 30.2 1.91

Social Sports
Guidance And
Management

39.5 69.6 1.75 29 69 2.34

Sports Human Science 28 32 1.13 29 54 1.93

Applied Psychology 24 30 1.24 34 47.3 1.35

Sports Rehabilitation 34 41.2 1.23 21 44 2.04

Utility Management 27 27 1.01 32 42 1.28

Sports Economy
And Management 30 30 1.02 21 41 2.04

Journalism 25 40 1.55 23 41 1.85
English 12 27 2.24 21 40 2.01

Leisure Sports 14 26 51 8 38 2.05

6. Conclusions

A method for construction of physical education assessment system based on
data mining is proposed and objectives on training program description for physical
education assessment system are given in this Article. A soft fuzzy rough set is used
herein for reference to solve uncertainty and applied in classification for construction
of physical education assessment system. At meantime, based on Rough Set The-
ory, a soft fuzzy rough set model is applied and improved to be capable of solving
problems regarding construction of physical education assessment system. And such
model is used for classification of the physical education assessment system to get a
set of classified assessment system of each test sample data. The results of test and
comparison show effectiveness of the method proposed herein.
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