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ABSTRACT: In a perfect situation, the investment of a firm can reach to its optimal level which is totally decided
by invest opportunity. In reality, however, the actual investment would unilaterally deviate from its optimal level
because of defects of stock market as well as agency problem. At present, the most popular theories concerning
investment activities are financial constraint and agency cost which are based on Q model. Nevertheless, the
measurement bias of Tobin's Q and the variation of grouping criteria would lead to disagreement in the empirical
results. The limitation of previous researches provides us an opportunity to further study the issue of investment
efficiency. This paper employed two-tier stochastic frontier model to measure the investment inefficiency of GEM
listed firms by combining financial constraint and agency cost, the empirical results show that : (1) The financial
constraint had a significant impact on the investment behavior of the listed GEMs in China. Besides, this effect was
greater than the agency cost. And the net effect of financial constraint and agency cost lead the investment
expenditure reducing its optimal level of 17.9% .(2) Further fractile analysis showed that most of the listed GEMs
was under-investment; and only a few number of the listed GEMs was over-investment. (3) The effect of financial
constraint and agency cost, as well as the overall net effect had the characteristics of heterogeneity in annual and
ownership. Besides, as to the annual differences, the financing difficulty has been eased slightly in 2011,but further
policy step is still needed; as to the ownership differences, the degree of investment inefficiency in state-owned
enterprises is slightly lower than that of non-state-owned enterprises.

KEYWORDS: Financial constraint; Agency cost; GEM; Two-Tier stochastic frontier model; Investment
inefficiency.

INTRODUCTION

Nowdays, economic growth has become more and more rely on investment. Enhancing investment efficiency is
vital to improve the quality of our country’s economic growth. On the micro level, as the most basic financial
activities of enterprise, the quality of investment has a direct influence upon enterprise value. However,
unfortunately, in the enterprises of China, as a result of the imbalance of corporate governance and lack of stringent
constraint on the conduct of enterprises’ investment, the problem of inefficient investment including
over-investment and under-investment always presents. So, the actual investment would unilaterally deviate from its
optimal level. Many scholars have been trying to explore the reason of this problem since the 70s of the 20th century.
Among which, the theories of Principal-agent and Financial- constraint are the most classical. From the theories of
Principal-agent, the agent will make excessive investment behavior for personal interests, due to the information
asymmetry and agency problems （Jensen&Meck-ling,1984）.From the theories of Financial-constraint, the cost of
external financing is higher than the internal financing, which lead the investment expenditure reducing its optimal
level. These theories analyze enterprises’ inefficient investment behavior from different point of view. Although the
conclusion is not the same, there is a common topic, agency cost and financial constraint are the decisive factors of
investment efficiency.

At present, the most popular theories concerning investment activities are based on the company's performance.
Nevertheless, the measurement bias of performance and the variation of grouping criteria would lead to
disagreement in the empirical results. So, the limitation of previous researches provides us an opportunity to further
study the issue of investment efficiency. In addition, scholars mainly analyze for the domestic main market. The
GEM formally established since October 30, 2009, listed companies mainly are entrepreneurial, high
technology-based SEMs. Compared with the large enterprise on the main board, the scale of those listed companies
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is small, the ability of profit is weak, but growth is higher. So, by exploring investment efficiency of GEM listed
companies, we can give some valuable policies recommendation on improving the efficiency of listed companies,
completing investor protection system, deepening reform of enterprises and promoting economic healthy
development, which has important practical significance.

In this paper, we select a sample of 873 which floated in GEM before January 1,2010.On the basis of controlling
firms' annual optimal investment level appropriately, this paper employs two-tier stochastic frontier model to
measure the investment inefficiency of listed firms by combining financial constraint and agency cost, and therefore
overcome many defects that encountered by previous studies. In addition, we also discuss the possible impacts of
various financial factors on investment efficiency. Lastly, we test the results from the aspects of annual and firm
size.

LITERATURE REVIEW

The Influence of Financial Constraint on the Enterprise Investment Efficiency

According to the optimal sequence financing theory, the cost of external financing is usually higher than the internal
financing. Therefore, managers usually consider the internal financing at first, bond financing is the second, finally
they will adopt the way of stock offering financing [1].There are information asymmetry between Shareholders
and creditors, creditor will make some measures for the sake of bankruptcy risk, such as: increasing interest rates,
credit configuration or constraints, which leads increasing the cost of financing. In the period of rapid development,
if enterprises faced with the financial constraint, enterprises usually give up the project with a positive net present
value, which caused investment shortage [2]. Considering over-investment and under-investment in one framework
by setting up models, some scholars study the controlling power allocation and the inefficient investment behaviors
in the ownership. The conclusion of estimation is that the firms, which have more state-owned equities, have more
investment financial constraint. The policy of this conclusion is to reduce the proportions of state-owned equities in
the listed [3].

The Influence of Agency Cost on the Enterprise Investment Efficiency

The agent will make excessive investment behavior for personal interests, due to the information asymmetry, which
results in the agency cost problem [4]. Especially for Chinese enterprise managers, they concerned more about the
scale of enterprise, and are likely to put more resources on new projects to meet the requirements of power, personal
prestige and remuneration. Because of this preference, the company with free cash flow tends to invest projects
rather than distribute dividends to shareholders, which leads to over-investment. Besides, managerial
overconfidence is significantly and positively related to company’s over-investment [5, 6]. And the investment-cash
flow sensitivity is higher for company with these managers. [7]. Conflict between controlling shareholder and
minority shareholder, emerging in the form of firms investment policy, is the inefficient investment behaviors due to
the controlling shareholders pursuit private benefit of control [8,9]. Further the ultimate control shall be carried out
in accordance with the state-owned and non-state-owned classification, the results show that the state-owned
enterprises are more likely to produce excessive investment [10, 11].

Comprehensively speaking, most of previous literatures only consider the investment efficiency on a single level
and not quantitatively estimate the degree of investment inefficiency. In view of this, some scholars estimated the
degree of investment inefficiency based on residual [12]. Nevertheless, the measurement bias of investment
inefficiency would lead to disagreement in the empirical results. And some other scholars such as Lian [13], using
the single profit index to estimate the optimal investment level and ignoring the inherent multicollinearity problem
between operating profit and the main operating profit, exacerbated the measurement bias of investment inefficiency;
some scholars attempted to adopt bilateral random boundary model to quantitatively estimate the forefront of
corporate investment on A-share market, but there is a certain gap compared with the GEM listed companies[14].
The limitation of previous researches provides us an opportunity to further study the issue of investment
inefficiency.

RESEARCH DESIGN

In an imperfect situation, financial constraint and agency cost are often existence at the same time, but the final level
of the investment depends on the net effect of the two kinds of influence. Therefore we can use the method of
two-tier stochastic frontier to build a regression model, which is as follows:

I = I∗ + εit = vit − uit +wit (1)
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Where I is the actual level of investment, I * is the investment of a firm can reach to its optimal level which is
decided by investing opportunity, disturbance term itu is the investment expenditure exceeding its optimal level
due to agency cost, Similarly, itw is the investment expenditure reducing its optimal level due to financial
constraint, and itu and itw are one-sided. In order to estimate parameter β and the influence of financial
constraint and agency costs on investment, in this paper, we assume:(1) vi~iid.N0,σv2 , (2) ui~iid.Expσu,σu2 ,
(3) wi~iid.Expσw,σw2 ,vi,wi, and ui are distributed independently of each other and from the regressors, x. Based on
the above distributional assumption, probability density function can be deduced as follows:

fεi =
expai
σu+σw

Φci +
expbi
σu+σw

hi∞φzdz =
expai
σu+σw

� Фci +
expbi
σu+σw

φhi (2)

Where φ∙ andФ∙ are the probability density function and the cumulative distribution function of standard normal
distribution respectively, other parameters were set up as follows:

ai =
σv
2

2σu
2 +

εi
σu
; bi =

σv
2

2σw
2 −

εi
σw
; hi =

εi
σv
− σv

σw
;ci =−

εi
σv
− σv
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(3)

For a sample containing n observations, the log likelihood function can be expressed as follows:

lnLX;θ =− nlnσu +σw + i=1n lneaiФci +ebiФhi� (4)

Where θ = β,σv,σu,σw' . The ML estimates of all the parameters can be obtained by maximizing the above log
likelihood function.

We focus more on the net surplus of the two effect, so, in this paper, we need to deduce the conditional distribution
of and , which can be represented as fui∣εi and fwi∣εi respectively.

fui∣εi =
λexp−λuiФui/σv+hi
Фhi+expai−biФci

(5a)

fwi∣εi =
λexp−λwiФwi/σv+ci

expbi−aiФhi+expai−biФci
(5b)

λ=1/σu+1/σwin them. With these conditional distributions in (5a) and (5b), we can derive the conditional expectation
as:
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(6b)

Furthermore, the net surplus (NS) can be expressed as :

NS = E1− e−wi∣εi − E1− e− ui∣εi = Ee− ui − e−wi∣εi (7)

When we do the empirical research using (1), σu appears only in ai andci , while σwappears only inbi and di.The
factors that affect the investment efficiency are very complex, the advantage of two-tier stochastic frontier model
compared with other regression models is that the analyst does not need to make a priori assumption, what
influences investment inefficiency, but to evaluate the degree of investment inefficiency only according to the
estimation results.

EMPIRICAL RESULTS

Variable Setting and Descriptive Statistics

We adopt the following principles to filter companies from all GEM listed companies. For all the 4 years from Year
2010 to Year 2013, the selected companies should:

(1) Have continuous relevant data.
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(2) Not marked by ST, * ST or PT

(3) Not delisted or bankrupted during the period, asset liability ratio NOT larger than +100%, net profit growth rate
NOT larger than +100% or smaller than the -100% or containing singular values.

When entrepreneurs making investment decisions, they mainly consider the status of the listed companies during the
period of the past, so the explanation variable selects one-lag, it can also reduce endogenous problems of the model.
Finally there are 873 samples selected of which data comes from CSMAR database. As shown in “Table 1”, all
results are processed by STATA11.2.

Table 1. Descriptive results of selected variables.

Variable Mean Maximum Minimum Std Metering method

INV 17.981 20.985 13.806 1.076 “Build assets, intangible assets and other long-term assets” to pay in

cash

ROA 0.050 0.245 -0.429 0.044 Generate earnings/ total amount of assets

DEBT 0.210 0.826 0,011 0.141 The total debt/total assets

GROWTH 0.263 3.071 -0.116 0.527 At the beginning of this year total assets growth/total

MGSY 0.391 2.049 -2.880 0.349 Net income/ common stock

OC 12.947 75.158 0.692 11.933 The top three shareholders of

the sum of shares

GDZCB 0.148 0.684 0.001 0.114 Fixed assets / total assets

OWN 0.103 1 0 0.304 State-owned enterprises 1 or 0

XJZCB 0.368 0.924 0.022 0.200 Cash and cash equivalents/total assets

SIZE 20.842 22.815 19.552 0.562 Total assets to 10 logs base

Empirical Result
We build two-tier stochastic frontier model to measure the investment inefficiency of GEM listed firms by
combining financial constraint and agency cost. In order to ensure the robustness of the regression results, we use
different models to estimate results respectively, which is shown in table 2: Model I presents results by the standard
OLS regression, the model II ,III ,IV and V are maximum likelihood estimation (MLE) based on the two-tier
stochastic frontier model. In model II, we assume that financial constrain and agency cost are all not affected by
exogenous variables. The model III and IV assume that financial constrain and agency cost are not affected by the
exogenous variables respectively. In the model V, the form of random disturbance term is bilateral. The ratio of the
liquidity replaces the degree of financial constrain, the scale of assets replaces the degree of agency cost.

Table 2. The estimates of two-tier stochastic frontier model.

Dependent variable Model I Model II Model III Model IV Model V

ROA 2.3498**

(2.07)

2.1886**

（2.10）

1.9784*

（1.90）

2.3901**

（2.46）

2.1543**

（2.24）

DEBT 1.233***

(4.76)

1.3139***

（5.42）

1.1153***

（4.35）

0.5789**

（2.41）

0.3535

（1.41）

GROWTH 0.0925

(1.33)

0.0927

（1.47）

0.1008

（1.56）

0.1114**

（2.00）

0.1169**

（2.04）

MGSY 0.3429**

(2.28)

0.4177***

（2.95）

0.4552***

（3.20）

0.2715**

（2.01）

0.3133**

（2.31）
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OC 0.0094***

(3.10)

0.0096***

（3.40）

0.0096***

（3.41）

0.0062**

（2.22）

0.0061**

（2.19）

GDZCB 1.2988***

(4.04)

1.1965***

（3.89）

1.0235***

（3.28）

1.1973***

（4.17）

0.9986***

（3.43）

QYXZ 0.2201*

(1.90)

0.2060**

（1.99）

0.2136**

（2.04）

0.1962**

（2.08）

0.2045**

（2.15）

_CON 17.1088***

(170.90)

17.4911***

（121.72）

17.5473***

（118.96）

17.7172***

（176.57）

17.7760***

（174.27）

Financing constraints of uncertainty _CON -0.2993*** -0.5083*** -0.2874*** -0.5188***

XJZCB 0.5131**

（2.08）

0.5823***

（2.58）

The agency cost of uncertainty _CON -1.0977*** -1.1251*** -28.4141*** -28.5664***

SIZE 1.3009***

(8.00)

1.3084***

（8.13）

ADj-R2 0.0849

Random error -0.4663*** -0.4443*** -0.6781*** -0.6704***

Log-likelihood values -1232.4725 -1230.2049 -1171.0207 -1167.6082

LR Value（PValue） 112.47

（0.000）

95.97

（0.000）

73.47

(0.000)

66.44

（0.000）

1. ***, ** and * represent significance at 1%, 5% and 10% level respectively, with the z-valve in parentheses.

2. LR is the likelihood ratio test results; The original hypothesis is “There is no difference between the two-tier stochastic frontier

model and the maximum likelihood estimation model”.

This article analyzes the financial causes which lead to the investment efficiency deeply. Research shows that: debt
ratio, return on assets, earnings per share, ownership concentration, total assets growth and fixed assets ratio are
possibly the main factors that influence enterprise investment decision. First of all, the coefficient of explanatory
variable ROA and MGSY are positive and the significance are above the level of 5%, which is shown that when a
company has higher profitability, they will have a higher investment level. Besides, the coefficient of explanatory
variable OC and GDZCB are positive and the significance are above the level of 1%, that is to say, large
shareholders prefer putting money on projects which can expand the scale of the enterprise. Compared with
non-state enterprise, the state-owned enterprise investment level is higher, the reason is that state-owned enterprises
relying on government, banks and other institutions are more likely to obtain debt financing.

Each model of table 2 found the similar estimation results. Among which, all parameters in the standard OLS
regression are under the 5% significance level except ROA. However, estimating the investment efficiency by
residual of OLS regression cannot avoid the problems that the residual of the OLS regression would be affected by
white noise and the residual expectation is zero, and hence influences the accuracy of the investment efficiency.
From Table 2, we can find the fitting is weak. The likelihood ratio test is used to select the optimal fitting model.
The maximum likelihood estimation model is to get a logarithmic likelihood function values, From LR value,
bilateral random boundary model significantly rejected the suppose that “bilateral random boundary model is not
different with the maximum likelihood estimation model “ at the 1% level, which is generally shown the bilateral
random boundary model has a good estimation result. And model V is the highest matched-degree. So, the following
analysis is based on the estimation of model V.

From the uncertainty of financing, this article chooses the ratio of cash assets as explanatory variables. Estimation
results show that the ratio of cash assets has a positive correlation on financing uncertainty. Overall, the companies
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of GEM listed average hold cash assets 36.8% of total assets. In this situation, banks and other institutions would
doubt enterprises’ development prospect, so too much idle fund increase the uncertainty of financing. From the
uncertainty of agency cost, this article chooses assets as explanatory variables. Results show that the company assets
would increase the uncertainty of agency problem. The reason is that with the expansion of assets, the company will
further perfect the rules and regulations, which reduced agency cost. However, governance chain will inevitably lead
to increasing agency cost, these make the function of enlarging the scale of assets have a positive correlation on
agency cost uncertainty.

In order to further analyze the explanation ability of financial constrain and agency cost, the variance estimation and
decomposition results are shown in table 3. Seen from table 3, the total variance of the dependent variable is
0.9467,of which 72.37 percent is caused by financing constraint and agency cost. And in these two effects, the
financial constrain account for 79.62%, the agency cost account for only 20.38%.These results indicate that, in the
process of the investment, the two kinds of effects do exist. And the actual investment spending mainly depends on
the financial con-strain effect, agency cost effect is weaker.

Table 3. The explanation ability of the two kinds of effects.

The meaning of variable Sign Measure coefficient

investment inefficiency �� 0.7385

�� 0.3736

�� 0.3649

variance

decomposition

�
�
�t�

�
�t�

�
� 0.9467

�
�
�t�

�
�/�

�
�t�

�
�t�

�
� 0.7237

�
�
�/�

�
�t�

�
� 0.7962

�
�
�/�

�
�t�

�
� 0.2038

Relative to the absolute deviation degree, the relative deviation degree of the investment efficiency is more
important, table 4 shows the degree of financial constraint, agency cost and the net effect. On the whole, the
existence of financial constraint resulted in 42.4% loss of investment efficiency; and agency cost led the investment
expenditure exceeding its optimal level of 24.4%.The overall net effects showed that the investment had the
characteristics of insufficiency, the actual investment spending was less than 17.9% of the optimal investment
spending.

Table 4. The descriptive statistics of financial constraint, agency cost and the net effect.

variable Mean Max Min std

TOTAL P25 P50 P75

Financial constraint 0.424 0.275 0.357 0.526 0.988 0.145 0.195

Agency Cost 0.244 0.131 0.190 0.311 0.927 0.045 0.157

Net surplus 0.179 -0.018 0.177 0.377 0.910 -0.603 0.293

P25, P50, P75, represents the 25, 50, 75 quantile

Statistical results from 1/4 quantile, the net effect of financial constraint and agency cost make the investment of 1/4
companies be 1.8% overvalued. But from 3/4 quantile, the net effect of financial constraint and agency cost make
the investment of other 1/4 companies be 37.7% undervalued. Figure 1-3 presents the distribution characteristics of
the financial constrain, agency cost and the net surplus intuitively, among them, most of net surplus index
distribution are between - 0.5% - 0.5%, thus it can be seen that the deviation of investment efficiency is relatively
small and concentrate in most of GEM listed companies, and the distribution of financial constrain is more scattered
compared with agency cost.
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Figure 1. Effect of financial constraint.
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Figure 2. Effect of agency cost.
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Figure 3. Net surplus.

In order to relieve fund shortage and external financing difficulties, the Chinese government issues a series of
policies to solve this problem. It is worthy to explore the impact of policies on investment efficiency further. So, this
paper lists the annual distribution characteristics of investment efficiency from 2010 to 2013 in table 5, the means of
the net effect was 19.8% in 2010, and it declined to 13.7% in 2011.After that, it was up to 20.4% in 2013, showed a
trend of rising after falling first, it suggests that although the Chinese government has taken some measures, fund
shortage and external financing difficulties have never been relieved for ISMEs effectively. Further analysis of the
indicators can be found that about 73.23% of the enterprises actual investment spending less than the optimal level;
234 annual samples with relatively excessive investment, which is accounting for 26.77% of the total sample; so, the
GEM listed companies had the characteristics of investment insufficiency.
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Table 5. Annual distribution characteristics of investment efficiency.

YEAR

S

MEAN The company number of net

effect > 0

The company number of net

effect < 0

total

number

The radio of net

effect<0TOTA

L

P25 P50 P75

2010 0.198 0.0380.17

2

0.35

7

46 12 58 20.69%

2011 0.137 -0.03

3

0.14

0

0.34

8

132 53 185 28.65%

2012 0.174 -0.02

4

0.17

5

0.36

6

205 80 285 27.97%

2013 0.204 -0.01

6

0.21

1

0.41

8

256 89 345 25.80%

Further, we will classify the enterprise according to ownerships, the result shows that the overall net effect > 0,
which verify the GEM listed companies lacking investment. Among them, the investment level of non-state-owned
enterprises is lower than that of state-owned enterprises. This is because non-state-owned enterprises will face more
restrictions, and once they made wrong decisions, the enterprise must pay for the inefficient investment behavior,
this makes investors more cautious. And the state-owned enterprises rely on government supporting, funding is
broader and borrowing costs is lower, the managers of state-owned enterprises are likely to put more resources on
enlarging enter-prise, so, the investment of state-owned enterprises is relatively sufficient .

Table 6. The description statistics of different ownership.

ownership MEAN The number of net

effect > 0

The number of net

effect < 0

total

number

The radio of net

effect<0TOTA

L

P25 P50 P75

state-owned enterprises 0.168 0.00

5

0.17

6

0.29

7

68 22 90 24.44%

non-state-owned

enterprises

0.181 -0.02

4

0.17

7

0.38

8

570 213 783 27.20%

CONCLUSIONS AND SUGGESTIONS

This paper proposes a concise and effective model of measuring inefficient investment, and uses the model to
measure the inefficient investment of GEM listed companies. We find that the existence of financial constraint
resulted in 42.4% loss of investment efficiency; and agency cost lead the investment expenditure exceeding its
optimal level of 24.4%.The net effect of financial constraint and agency cost lead listed firms over-investment
17.9% above the optimal rate. The further analysis implies that 73.23% of the firms are under the optimal
investment level, while 26.77% of the firms are over-investment. Furthermore, more free cash can lead to financing
uncertainty, and large companies are suffering more serious agency problem.

From the annual change of financial constraint and agency costs, the means of the net effect was 19.8% in 2010, and
it declined to 13.7% in 2011.After that, it was up to 20.4% in 2013, it showed a trend of rising after falling first. The
problem of financing in 2011 is slightly lower compared with other years, the overall net effects showed that the
investment had the characteristics of insufficiency. From the nature of enterprise, although the Chinese government
has taken some measures (Such as “private investment for 36” in 2010,”encourage social investment for 39”in 2014),
fund shortage and external financing difficulties have never been relieved, the degree of investment insufficiency in
state-owned enterprises was slightly lower than non-state-owned enterprises.
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According to the study of investment inefficient behavior of GEM listed companies in our country, our suggestions
are as follows:

Perfect the financial system. The behavior logic of the different types of financial institutions to finance small and
micro enterprises is different. Large financial institutions do not have natural advantages to provide financing
services for small and micro enterprises, and small and medium-sized financial institutions have comparative
advantage. In the present, the system of the financial structure exists in our country that large financial institutions
and the branches are the main body status, and the development of small and medium-sized financial institutions is
insufficient relatively. This financial structure leads to small and micro enterprises face serious financing constraint
problems. Companies’ actual investment level on GEM listed is about 82.1% of the optimal investment level.
Therefore, our country should set up a reasonable distribution, fully function, multi-level system of financial
institutions, through deepening the reform of large commercial banks, developing small and medium-sized financial
institutions vigorously, setting up small and micro enterprises policy financial institutions, speeding up the private
bank pilot, etc. At the same time, it make relevant matching measures, such as making a favorable fiscal and
taxation support policy, implementing reform of financial regulatory system, perfecting the legal system, in order to
optimize the financial structure constantly and ease financing constraints of new enterprises.

Perfect GEM listed company governance contract. Internal and external governance mechanism and structure
influence the inefficient investment behavior of the enterprise to a large extent, information asymmetry has
intensified this kind of behavior. At the same time, China's capital market is not mature, the market monopoly of
some industries and environment of excessive competition make the governance of Chinese listed companies
contract imperfect, agency cost is high, the efficiency is low. To this end, we need to reduce agent level to avoid the
information distortion caused and alleviate the conflict between shareholders and the agent, thus reducing the
efficiency of investment problems.
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