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Abstract — In order to improve the rationality and accuracy of the modeling process of inefficient investments, a research method 
on inefficient investment modeling based on artificial neural networks of the boundary value constraint is proposed. Our analysis 
include: i) the problem of sample selection, variable selection and model setting is described, ii) the Richardson model is used to 
measure the enterprise's inefficient investment condition, iii) however, the model is an approximate model, so the accuracy cannot 
be guaranteed, iv) to solve the problem of low accuracy of the above model, the inefficient investment model is designed by using an 
artificial neural network of the boundary value constraint, v) we use the orthogonal least squares algorithm to realize self-learning 
of the model parameters, vi) finally, the effectiveness of the proposed model is verified by a case study. 
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I. INTRODUCTION 
 
Investment activities play a central role in connecting 

link for the three major business sectors in the enterprise: on 
the one hand, the size of the enterprise investment scale 
determines its financing needs; on the other hand, the 
efficiency ratio of the enterprise investment determines the 
amount of the enterprise’s distributable profits; the 
inefficient investment behavior of the enterprise to invest the 
capital in the project that has negative net present value may 
have a significant impact on the asset value. Therefore, how 
to make rational use of the limited economic resources and 
realize more increment of value through improving the 
efficiency of investment is an important issue to be solved 
urgently in theory and practice. 

A large number of empirical studies verify the statistical 
relation between the factors of ownership structure, corporate 
governance and financing constraints and the corporate 
investment efficiency. However, there are certain defects in 
the relevant models to the explanatory power of the 
investment efficiency of enterprises: firstly, the investment 
efficiency of enterprises is the concurrent result of internal 
and external factors; the existing research mainly 
demonstrates the problem of investment efficiency from the 
perspective of company characteristics and other internal 
natural disposition aspects, but ignores the mechanism of 
action about economic cycle and other external economic 
variables; secondly, the existing statistical models are mainly 
to measure the inefficient investment behavior of the 
enterprise, but there is still insufficient relevant empirical 
evidence about the economic consequences result from 
inefficient investment; finally, the existing research mainly 
studies the investment efficiency from the static point of 
view, but does not take into account of the dynamic process 
of the investment efficiency. 

In view of this, this paper uses the combination of macro 
and micro ideas; on the one hand, improve the integrity of 
the existing empirical research through the inclusion of 

economic cycle variables into the statistical model of 
investment efficiency; on the other hand, the economic 
consequences of inefficient investment is verified through 
the establishment of the statistical relationship between the 
inefficient investment and enterprise asset value. At the same 
time, use the neural network of the boundary value constraint 
to model the inefficient investment, to improve the 
adaptability and prediction accuracy of the model. 

 

II. SAMPLE SELECTION AND RESEARCH DESIGN 

A. Sample Selection 

Since this paper mainly studies the statistical relationship 
between investment activities and economic cycle, it chooses 
Juglar cycle as the partition criterion of the economic cycle, 
uses all the listed company in Shanghai and Shenzhen of 
China in 2005~2014 as the initial samples and carries out 
certain screening of the samples according to the research 
convention: firstly, eliminate the samples lacking of data; 
secondly, eliminate the samples with negative net assets; 
finally, eliminate the samples in financial type; at last, it gets 
the balance panel data of 10040 annual observations for the 
included 1004 companies. In this paper, the data is mainly 
from CSMAR, CCER and RESSET database. In order to 
prevent the extreme value influencing the research 
conclusions, the winsorize processing of 1% and 99% 
quantiles is carried out to the main variables in the model. In 
this paper, BVC-RBF neural network is used for data 
processing and empirical analysis. 

B. Variable Selection and Model Setting 

We use the Richardson model to measure the efficiency 
of the enterprise's inefficient investment condition. The 
model is as follows: 
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Where, tinv  is the investment outlay of the enterprise in 
year t; this paper selects two indicators of the added 
value/total assets in the beginning period of current 
investment assets and the total assets of the initial cash flows 
paid for the current acquisition of investment assets at the 
same time, to ensure the robustness of the research 
conclusions. 1tgrowth   is the growth rate of the operating 
income in year t-1; 1tcash   is the cash holdings in year t-1; 

1tsize   is the company size in year t-1; 1tlev   is the debt ratio 
in year t-1; 1tret   is the yield rate in year t-1; 1tinv   is the 
investment expenditure in year t-1; 1tage   is the age of listing 
in year t-1; in addition, the model also controls the industry 
and the time factor, but the above model is an approximate 
model, which does not consider the earnings information, so 
the accuracy cannot be guaranteed. 

Statistical data of 2005~2014 shows that China's 
macroeconomic growth rate was relatively fast before 2008, 

being in a period of economic prosperity; but the GDP 
growth rate has remained at a low level by the impact of the 
global financial crisis after 2008. Therefore, when the 
enterprise is in the economic boom period, the virtual 
variable value tbc of the economic cycle is 1; when the 
enterprise is in the economic recession period, the virtual 
variable value tbc of the economic cycle is 0; 

Since this paper mainly inspects the long-term influence 
of inefficient investment on asset values based on the 
perspective of economic cycle, it chooses a long-term asset 
impairment index twd as the substitution variable for assets 
impairment, and uses BVC-RBF neural network to realize 
the evaluation to the inefficient investment condition. 

 

III. TOPOLOGICAL STRUCTURE OF THE NEURAL 

NETWORK OF BOUNDARY VALUE CONSTRAINT 

(BVC-RBF) 
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Figure 1. BVC - RBF neural network topology model. 

 

Fig. 1 shows the topological structure of BVC-RBF 
neural network; it can be known that the network is a 
nonlinear system with dual inputs and single output. 

According to the characteristics of the inefficient 
investment model, the earnings information is used as an 
input to construct the corresponding data combination of the 
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dual input variables and the single output variable. 
Therefore, the input of the BVC-RBF neural network is: 

 ( ) [ ( ), ( )]Tn i n nx  (2) 

Output of the network is defined as 

 ˆ ( ) ( )n ny   (3) 

Supposed that the training data DN contains N input - 
output data set of {x(n),y(n)}, the expected output response is 

 ( ) ( ( ), ) ( )y n f n b e n x  (4) 

Where the modeling function f is the RBF neural network 
to realize R2→R1; b is the connection weight of the vector; 
e(n) is the residual error. 

(Boundary Value Constraints, BVC) At the same time, 
the model perfectly satisfies the boundary value constraints 
(Boundary Value Constraints, BVC). 

 ( ) , 1,...,j jf d j L x  (5) 

Where: Xj∈R2, dj∈R1. Boundary value constraints give 
a number of prior knowledge, which helps to improve the 
accuracy of the modeling. 

As shown in Fig. 1, the modeling function f: R2→R1 is 
described by the BVC-RBF neural network. 
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n=1,2,…,N；k=1,2,…,M。Where: n=1,2,…,N；
k=1,2,…,M. 

The penalty function g(x(n)) is defined as the following 
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Where: σ2 is the positive scalar; αj is a series of sets of 
weights 

 1α G d   (8) 

Define z(n)=y(n)-g(x(n)); substitute formula (8) into 
formula (6); z(n) can be expressed as 
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   (9) 

According to the formula (11), we can know that the 
problem is transformed into the nonlinear model of the 
traditional RBF neural network. The nonlinear modeling of 
BVC-RBF neural network can be divided into the following 
two parts in specific: 

1)g(x(n))；Solving the boundary value constraints and 
other formulas to obtain the penalty function g(x(n)); 

2)The conventional RBF neural network is trained by 
using general training algorithm. 

 

IV. INEFFICIENT INVESTMENT MODELING 

BASED ON BVC-RBF 

This paper uses orthogonal least squares algorithm (OLS) 
to conduct the training of BVC-RBF neural network. OLS is 
a kind of forward and inverse system algorithm to reduce the 
size of RBF neural network. Formula (8) can be written as a 
matrix form. 
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By using Gram Schmidt Orthogonalization (GSO), the 
reversible matrix can be decomposed into orthogonal vectors 
as follows 
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Where: M MA is the Upper triangular matrix;
N MW ;its elements are orthogonal vectors with each 

other, therefore 

 1 2( , ,..., )T
Mdiag    W W Λ  (13) 

Where: λi is the element of diagonal matrix, and when 
j≠l, meeting the condition of WjTWl=0. 
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Supposed that Γ AB , substitute formula (15) into 
formula (12) and simplify it, so we can get 

  Z WΓ E   (14) 

Use OLS to resolute formula (16) 

 1ˆ TΓ Λ W Z  (15) 

Therefore, according to the formula (16) and the formula 
(17), the availability of the connection weight matrix is 
guaranteed. Since the OLS guarantees the mutual 
orthogonality of matrix WΓ and matrix E in formula (16), 
we have 
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At this time, the error reduction ratio (ERR) is 
determined by the No. k times of normalized constant, shown 
as follows 
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In formula (19), method for effectively obtaining 
standardized constant in RBF forward regression process is 
given. In the training of each step forward regression 
process, select adequate RBF center to make the ERR value 
maximum; the training can only be stopped until regression 
process of the formula (20) is met. 
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V. EMPIRICAL ANALYSIS 

 
In order to reflect the differences of investment scale, 

financing constraints, cash flow and other aspects in different 
stages of economic cycle of the enterprise, this paper 
conducts descriptive statistics to the main variables of all 
samples in accordance with the subgroup of economic 
prosperity period and economic recession period; by means 
of mean value t test and Wilcoxon rank sum test to verify 
whether there is a significant difference for relevant variables 
in the different stages of the economic cycle. Analysis results 
of the inefficient investment modeling based on BVC-RBF 
are as shown in Table 1. 

 
 
 

TABLE 1. ECONOMIC CYCLE AND INEFFICIENT INVESTMENT 

 (1) (2) 

bc 0.2865*** 0.3292*** 

 (4.52) (5.33) 

fcf 0.0651*** 0.0744*** 

 (3.08) (3.52) 

fs 0.0207 0.0344** 

 (1.37) (2.33) 

fs2 -0.0002 -0.0004** 

 (-1.07) (-2.47) 

lev 0.0044** 0.0071*** 

 (2.03) (3.32) 

tq -0.0800** -0.0703*** 

 (-4.11) (-3.78) 

size 0.2765*** 0.2373*** 

 (4.59) (4.06) 

growth 0.0060*** 0.0245*** 

 (4.64) (7.09) 

roa 0.0212*** 0.0064* 

 (4.02) (1.19) 

ind  Under control Under control 

Wald chi2 154.33*** 595.87*** 

N 10040 10040 

 
As shown in Table 1, the earnings information of 

enterprise inefficient investment and economic cycle 
variables (bc) are significantly positively correlated, which 
shows that, compared to the economic recession period, the 
probability of inefficient investment for enterprise is higher 
when the quality of earnings information is higher; assuming 
H1 is verified. 

Table 2 reflects the impact of the inefficient investment 
behavior of enterprises in the economic boom period on the 
impairment of asset of the economic recession period under 
the condition of inefficient investment modeling based on the 
BVC-RBF. Where, the second column reflects the impact of 
inefficient investment on the asset impairment in the first 
year of the economic recession (2008); the third column 
reflects the impact of inefficient investment on the asset 
impairment in the second year of the economic recession 
(2009). 

The results show that the degree of inefficient investment 

overinv
  is significantly positively correlated with the assets 

impairment in 2008 and 2009, which indicates that the higher 
the degree of inefficient investment in the higher quality of 
earnings information is, the more the assets value impair in 
the economic recession period; assuming H2 is verified. This 
fully shows that the investment efficiency of enterprises has 
economic consequences. If the enterprise ignores the 
potential risk of fluctuations in the economic cycle when the 



LING ZHANG: EMPIRICAL ANALYSIS OF THE EFFECT OF INFORMATION QUALITY OF ACCOUNT …  

DOI 10.5013/ IJSSST.a.17.42.18                                               18.5                                 ISSN: 1473-804x online, 1473-8031 print 

quality of earnings information is higher and carries out a lot 
of inefficient investment activities, when in economic 
recession period, with the decline of profitability and market 
prices, the intrinsic value of the investment assets of 
enterprises will impair for a certain period of time. 

TABLE 2. INEFFICIENT INVESTMENT AND ASSET IMPAIRMENT 
 2008 2009 

overinv  0.0183** 0.0176*** 

 (1.81) (1.95) 

lev 0.0001*** 0.0001*** 

 (2.11) (2.28) 

roa -0.0005*** -0.0011*** 

 (-4.91) (-13.14) 

size -0.0015** -0.0011*** 

 (-2.15) (-1.95) 

growth 0.0001 0.0001 

 (1.05) (0.22) 

ms 0.0006** 0.0005*** 

 (2.04) (1.68) 

Ind roa -0.0002 -0.0005 

 (-0.10) (-0.46) 

indgrow 0.0001 -0.0002 

 (0.14) (-0.57) 

cons 0.0380 0.0346 

 (2.38) (2.65) 

ind  Under control Under control 

N 1004 1004 

Adj R-squared 0.1467 0.3336 

VI. CONCLUSION 

This paper takes the balance panel data of China's listed 
companies in 2005~2014 as the research samples, using 
empirical test to verify the difference of the inefficient 
investment in different stages of the economic cycle. 
Research results show that, due to the strong financing 
capacity, low cash demand and optimistic management 
expectation of the enterprise when in the higher earnings 
information quality, the probability of inefficient investment 
is higher compared to the economic recession period. In 
addition, the inefficient investment behavior of enterprises 
will have a long-term impact on the assets value. The higher 
the degree of the inefficient investment of enterprises in the 
higher quality of earnings information is, the more the asset 
values impair in the economic recession period. Therefore, 
when the enterprises are making the investment decisions, on 
the one hand, they shall fully consider the potential risk of 
fluctuations in the economic cycle, to bring the economic 
cycle variables into investment decision-making model; on 
the other hand, they shall make reasonable arrangements for 

the time distribution of the investment activities, to improve 
the efficiency of investment. 
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