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Abstract—The forecast of the cost of education in university
is conducive to strengthening the management of the cost of
education, mining the potential of reducing the cost, improv-
ing the management level and improving the use efficiency
of the funds. Through accounting and forecasting of the cost
of education in university, we can make the school to plan
the cost and quota index according to its own practical
needs, so as to improve the financial system and cost man-
agement system of university education. This will enable the
university to carry out the correct decision-making, and
provide support for the preparation of financial budget and
long-term planning. At present, there are some defects in
existing method of the university education cost prediction.
The unitary regression method is very difficult to effectively
remove the noise value in the fitting. Artificial neural net-
work model is applied to predict the big data. Although the
traditional gray forecasting model has a good prediction
effect with the less data and poor information, the model
still has the disadvantage that the background value is not
smooth enough. In order to solve the above problems, this
paper proposes an adaptive residual correction method
based on grey system theory, and improves the grey fore-
casting model. This method can effectively remove the noise
in the original data sequence, and it can be used to predict
the cost of university education in China.

Index Terms—Gray Model, Adaptive Residuals, University
Education, Cost Estimation

L INTRODUCTION

The cost of university education is not only an im-
portant basis for the government to set up the fees and
charges for universities, but also the important content of
the financial cost management in university. Strengthen-
ing the education cost accounting in university has be-
come the focus of the government, universities and the
public. The forecast of the cost of education in university
is conducive to strengthening the management of the cost
of education, mining the potential of reducing the cost,
improving the management level and improving the use
efficiency of the funds. Through accounting and forecast-
ing of the cost of education in university, we can make the
school to plan the cost and quota index according to its
own practical needs, so as to improve the financial system
and university education cost management system. This
will enable the university to carry out the correct decision-
making, and provide support for the preparation of finan-
cial budget and long-term planning.

As one of the earliest scholars in the study of educa-
tional economics, J.vaizey in his books “education costs"
mentioned the "cost of education" for the first time. In this
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book, he analyzed the changes in the UK education fund-
ing in the early twentieth century, and considered that the
cost of education was the education fund [1]. W.Schulte
proposed the concept of cost of all the elements of Educa-
tion in the "economic value of education ". He believed
that the cost of all the elements of education were com-
posed of two parts, which were the cost of education ser-
vices and the opportunity cost of the students to go to
school [2]. E.Cohn was not directly given the definition of
the cost of education. He used a list to express the con-
tents of the educational cost. He believed that education
costs can be divided into two categories, which were di-
rect cost and indirect cost [3]. Yan Dawu and Wang Geng
thought that education cost was the sum of the value form
of the physical labor and living labor in the process of
education [4-5]. Wang Shanmai believed that the educa-
tion cost was the value of the educational resources which
were used to cultivate the students [6]. Yuan Liansheng
divided the concept of higher education into two levels.
The first level was the concept of the cost of measurement
and classification of educational resources. The second
level was based on the analysis of educational decision
and educational cost [7]. Since 1980s, domestic and for-
eign scholars had carried on the research to the measure-
ment method of university [8-15]. Generally speaking, the
measurement method of education cost can be divided
into two categories, which were the mathematical statis-
tics method and the accounting method. Mathematical
statistics method is the method of obtaining the cost of
education through data processing. The source of the data
was obtained from the existing educational funds and
sample surveys. At present, most of the educational cost
data at the school level were calculated by this method.

This paper proposes an adaptive residual correction
method based on grey system theory, and improves the
grey forecasting model. This method can effectively re-
move the noise in the original data sequence, and it can be
used to predict the cost of university education in China.
The structure of this paper is as follows. We introduce the
cost of university education in the second section; in the
section 3, the related work of the traditional grey model is
given; in the section 4 and 5, we construct the modify GM
(1, 1) model and use the model to forecast the cost of
university education in China; the last two sections are
conclusions and references.

II.  CLASSIFICATION OF EDUCATIONAL COST IN
UNIVERSITY

According to the nature and purpose of the cost of edu-
cation in university, it can be divided into material cost
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and labor cost. Material cost is a part of the funds for the
college educational activities in a certain period, and the
labor cost is a part of the consumption of living labor in
higher education in a certain period.

According to the different relations of the educational
cost of the university, it can be divided into direct cost and
indirect cost. Direct cost is the cost of direct use in teach-
ing, public assistance teaching and student assistance. It is
the cost to achieve the goal of university education, and
the indirect cost is the cost of indirect use in the teaching
target, such as the administration fee, the teaching man-
agement fee, etc...

In accordance with the scope of university education
cost management, it can be divided into the total cost of
college education and education cost of each branch. The
total cost of the university is the sum of all kinds of ex-
penses that the school uses it to train the students, and the
education cost of each branch is the consumption cost in
running the schools.

In this paper, we follow the second classification meth-
ods, as shown in Table 1.

TABLE L.
TYPE SIZES FOR CAMERA-READY PAPERS
Education expenditure of the
Social state budget
Direct | direct cost | Extra budgetary funds for
. cost schools' income
Education —
cost Personal | The cost of student living, such
direct cost | as the basic necessities of life
Indirect The opportunity cost, such as tax
cost costs, fixed assets depreciation
costs

III. RELATED WORK

Grey model is the basic model of grey system theory,
and it is also the basis of grey control theory. It is based on
the gray model and the model is built by differential fitting
method. Next, we give the basic algorithm of the gray
model.

Firstly, we set the non-negative sequence is

2 = W)L ()} M
Then, the first-order accumulated generating operation
sequence is

X =01, @2),L ,x" (n)} 2
Which,

k
x (k) = 2 x@) .
Let the background value series be

20 (k) = %[x(l) (k-1)+x" (k)]

k=2,3L ,n 3)
The grey differential equation is constructed with x" by
Eq. (1)
dx"
K =y “4)

dt
Which a is called development coefficient. u is called
grey action variable.
The discrete form of Eq. (4) is

¥ K) +az" (k) =u
(6)

Put parameters into grey differential equation (4), the
solution is

A

20 () =[O (1) = Lo 4 4 ®)
a a

The discrete form of solution is

A

Xk +1) =[xO (1) - L + 2
a a

k=12,L 7
Restore the first-order accumulated generating opera-
tion, we will get the prediction form.

ROk +1) = 20k +1) = 20(k) = (1 - e )(x® (1) - £)e*
k=12L a (s)

In the gray model, the gray plane is called the shadow
area between the upper and lower bounds of the predicted
value. The size of the gray plane is determined by the gray
area of the forecast values for each future time. From
Figure 1 we can see, with the passage of time, the grey
interval of forecast value is more and more big. Due to the
extrapolation of time, the system is gradually distorted. In
order to avoid this problem, we put forward a series meth-
ods to adjust and modify the gray system theory, thus
improving the accuracy of the model.

¥ a

Figure 1. The diagram of Grey interval

IV. THE MoDIFY GM (1,1) MODEL

Although the gray system theory is not required to be so
much information, it can use a small number of discrete,
chaotic data to find their inherent laws. So, we will
achieve the purpose of whitening the gray information.
However, the GM (1, 1) model has a great impact on the
original data, and the number of the sequence generated
by the accumulation will have a great impact on the de-
velopment of the model. So, it can weaken the regularity
of the development of the system, we cannot get the de-
sired results. Therefore, we have to improve the GM (1, 1)
model with the residual error correction method.

The sequence of the original residuals is
= (&' e’ L ,eM.
Among them, the £°(k)=x" (k) - 2" (k)is the residuals

sequence of X

1JET — Volume 10, Issue 8, 2015: "Interactive Computer Aided Learning" 31



PAPER
APPLICATION OF GREY FORECASTING MODEL BASED ON IMPROVED RESIDUAL CORRECTION IN THE COST ESTIM...

If k, satisfies the following conditions.

(I)Vk > ko’go(k)v

s symbol is the same;

@) n—k, Zg, the (&%k,|.|¢" (ky + O)|LL [e*(m)]) is

known as the residuals tail that can be used to build a
model.

We use &° to build the GM (1, 1) mode, find out its pa-
aé‘

u

£

rameter column vector that is 4 = [ }, and calculate the

fitting value of £° (k +1) .

E°(k +1)=(~a,)(&° (k,) - Z_E)e-ag(k—kl,) ©)

The formula (7) is amended as follows:

ﬁ%m—lguﬁ%kﬂk“+12uﬁWkﬂ) k<k, 10)

Next, we set

$= 3 (6 - (k)

When the first order derivative of the sequence is 0, the
prediction error get the minimum value.

At this point, we can get the final prediction equation as
shown below:

[0 = 0= T+ 3 (e
a

(1 _ eu )72 + ief?.u(kfn
[x:”(O) —%][l T+ ZX:U)(k)e—u(k—l)

(1-¢ )72 + 26411(1‘—\»

d-e)'e + 2 k<k,
a

£O(k+1) =

A=e)'e ™ +|@k+D)|  k=k

(11)
Where, k£ =0,LL ,n-1
After finishing the equation 11, we can get:
OO = L-e' 7" + S x (ke Y
a — Z P k <k,
(1_60)72 + efzu(kfli
FO(k+1) = 2
PO - En-e'T" + 2x:°‘(k)e’“‘*’”
4 = e[| kzk,
(l_eu)fl +Z()*Zu(l\fl\
(12)

Where, k =0,1,L ,n-1
In Figure 2, we give the flow chart of the algorithm.

V. EXPERIMENT AND RESULT ANALYSIS

This paper selects the accounting data of the economic
management of key universities as a key research object.
The data is the unit cost of education from 2001 to 2009.
Assume that all the students in the college are divided into
the major of engineering cost, accounting, e-commerce,
business administration, finance and graduate education.
In recent years, the economic development of the country
has become more stable, university education has gradual-
ly to the right track. Especially in the early 21 century, the
state adjusted the enrollment policy, and the university
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education has completed the transition from the elite edu-
cation to mass education. Therefore, the data from 2009 to
2001 are in line with the characteristics of the times. In
this paper, the experiment has a certain representation, and
the results of the experiment are more practical.

Initial data of the unit cost of education of universities
in economics and management, as shown in Figure 3.

According to figure 3, we can see that the unit cost of
education in university is increasing year by year. For this
kind of approximate monotone curve, it is very suitable to
use the gray model to predict. We use grey model of adap-
tive modified residuals to forecast the unit cost of educa-
tion in 2011-2014. In this paper, according to the predic-
tion formula 12, the output of the prediction results are
shown in Figure 4.

Sample data
sequence

Smooth
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Figure 2. The flow chart of grey prediction

12000
10000 -}
- 8000
8
E 6000
H
g =——the sample data
4000 +
2000
0 -+ T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year
Figure 3. Sample data sequence
16000
15000
14000
= 13000 +
8
£ 12000 1 M
H
g
S 11000 —— —GM (1,1}
ARMA
10000 Unitary regression
9000 Actual value
8000 T 1
2011 2012 2013 2014
Year

Figure 4. Comparison chart of prediction result
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The prediction values of different models in this paper
are shown in figure 4. The forecast result of the model is
only for us to provide the development trends. In order to
choose a suitable development model, we must consider
the objective and subjective needs. The forecast results
also prove that the cost of the university is increasing.
According to the theory of education cost compensation,
university education is an industry of increasing cost.
From the situation of educational reform in the world, the
rise of the cost of education has become a trend.

09
08 \
0.7

06 \

05 \

04 \\

03 - \
02

01

adaptive modified
residuals

Figure 5. The variation curve of adaptive residual

It is not hard to see that the prediction model proposed
in this paper can be stabilized with the increase of the
number of iterations. Figure 5 shows that the residuals of
this paper are convergent. From Figure 4, we can see that
the forecast value of this paper is close to the true value
curve, while the accuracy of other methods is lower than
that in this paper. The main reason is that unitary regres-
sion method is very difficult to effectively remove the
noise value in the fitting. Artificial neural network model
is applied to predict the big data. Although the traditional
gray forecasting model has a good prediction effect with
the less data and poor information, the model still has the
disadvantage that the background value is not smooth
enough.

VI. CONCLUSION

In this paper, the prediction method of the small sam-
ple, the uncertainty and the nonlinear problem of the edu-
cational cost of the university are studied. Through the
research, the grey forecasting model based on grey theory
is established, and the corresponding algorithm is given.
The practical results show that the traditional algorithm is
limited. Adopting the grey system theory to forecast is
feasible. The forecast of the cost of education in university
is conducive to strengthening the management of the cost
of education, mining the potential of reducing the cost,
improving the management level and improving the use
efficiency of the funds. Through accounting and forecast-
ing of the cost of education in university, we can make the
school according to its own practice to plan the cost and
quota index, so as to improve the financial system and
university education cost management system. This will
enable the university to carry out the correct decision-
making, and provide support for the preparation of finan-
cial budget and long-term planning
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