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Abstract. As an important part of China's modern industrial system, high-tech industry has long-
term inefficient investment problems due to the characteristics of high investment demand, high risk
and long cycle. As an incentive and constraint mechanism based on the principal-agent theory,
equity incentive can effectively reduce the agency cost and improve the investment efficiency of
enterprises. Based on the different perspective of equity incentive between senior executives and
core technical personnel, this paper takes the sample of equity incentive in 2018-2022 to test the
impact of equity incentive on the investment efficiency of enterprises. The results show that equity
incentive can effectively improve the investment efficiency, alleviate the investment shortage and
restrain the excessive investment; equity concentration plays a negative effect on the relationship
between equity incentive and enterprise investment efficiency; compared with executive equity
incentives, core technical personnel equity incentives have a more significant effect on improving
investment efficiency, Therefore, enterprises should pay attention to improving the level of equity
incentive; focus on the influence of equity structure on the utility of equity incentive and prevent
excessive equity concentration; when designing equity incentive plans, focus on incentivizing core
technical personnel.

Keywords: Executive Equity Incentive; Core Technical Personnel Equity Incentive; Investment
Efficiency; Equity Concentration.

1. Introduction

High-tech enterprises are an important part of China's modern industrial system and the key engine
to achieve high-quality development. According to the traditional financial theory, there is no
inefficient investment in the perfect capital market [1], and the enterprise investment is all determined
by the investment opportunities. However, in real life, due to the characteristics of high investment
demand, long cycle and high risk [2], information asymmetry [3], two rights separation [1] and other
principal-agent problems exist widely, the actual investment scale of enterprises often deviates from
the optimal level. As an incentive and constraint mechanism based on the principal-agent theory [4],
equity incentive can align the interests of all levels of the enterprise, reduce the agency cost, and
effectively improve the investment efficiency.

The selection of equity incentive object is an important part of equity incentive design. It is very
important to distinguish different incentive objects to deeply investigate the governance effect of
equity incentive. From the existing literature, the research on the relationship between equity
incentive and enterprise investment efficiency mostly focuses on the perspective of executive equity
incentive [5,6], or do not distinguish the incentive object, the equity incentive as a whole test [7,8].
However, the research on the incentive effect of another important incentive object, employees,
especially the core technical personnel, is relatively scarce.

Therefore, the contribution of this paper is mainly reflected in the following three aspects: firstly, the
representative high-tech enterprises are used to examine the influence of equity incentive on the
investment efficiency; secondly, the influence of the executive incentive on the difference in the
investment efficiency, which fills the gap in the current research on the equity incentive of core
technical personnel; finally, further discusses the regulating effect of equity concentration on the
utility of equity incentive, and expands the empirical literature in this field.
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2. Theoretical Analysis and Research Hypotheses

The implementation of equity incentive establishes a reasonable and effective incentive system for
the management investment decision making. The core idea is to transform the pursuit of maximizing
personal interests into the interests of the company, make the managers maximize the management
potential, strengthen the internal cooperation of the enterprise[9], alleviate agency problems and
effectively improve the investment efficiency; meanwhile, equity incentive can effectively enhance
the work enthusiasm of employees[10], attract and retain outstanding talents, improve the corporate
governance structure and enhance the investment level.

The existing literature mostly divides non-efficiency investment into overinvestment and
underinvestment [11,12]. When making business decisions, enterprise managers tend to ignore some
investment projects conducive to the long-term development of enterprises for the purpose of high
return on current investment and expanding their own control right. This short-sighted behavior will
lead to excessive investment of enterprises. The implementation of equity incentive can make the
interests of all classes within the enterprise become consistent, play the effect of "interest
convergence"[13], encourage managers to find projects that can still bring profits for the enterprise
investment in the future, and effectively curb excessive investment. In addition, in order to maintain
their own reputation and avoid risks, managers will reduce the investment in uncertain investment
projects, resulting in insufficient investment of enterprises. The introduction of equity incentive
makes the future incremental income of managers directly related to the company's performance,
which helps managers to overcome the risk avoidance psychology, make full use of investment
opportunities, and alleviate the problem of insufficient investment. Therefore, the following
assumptions are made:

Hypothesis 1: Equity incentive can improve the investment efficiency of enterprises.

Hypothesis 2: Equity incentive can alleviate the non-efficient investment of enterprises, that is,
improve the underinvestment and restrain the excessive investment.

Equity incentive can be divided into executive equity incentive and core technical personnel equity
incentive according to its objects. The implementation of the executive equity incentive weakens the
short-term behavior of the senior executives, reduces the phenomenon of the enterprise value damage
caused by the internal conflicts of interest, and improves the investment decisions. As the key to the
core competitiveness of enterprises, the implementation of equity incentive can strengthen the loyalty
and enthusiasm of core employees, maintain the stability of enterprise operation, and then improve
the investment efficiency. However, relevant studies show that [14], under the condition of high
equity concentration, the correct decisions made by senior executives may not be implemented or
inefficient; meanwhile, due to the existence of professional barriers, high R & D cost and spillover
risk of innovation results, major shareholders tend to avoid risk due to large personal risks[15],
inhibiting technological innovation and efficiency improvement of enterprises. In conclusion, the
following assumptions are proposed:

Hypothesis 3: Executive equity incentive can improve the investment efficiency of enterprises, and
the equity concentration degree has a negative adjustment effect on the relationship between
executive equity incentive and the investment efficiency of enterprises.

Hypothesis 4: The equity incentive of core technical personnel can improve the investment efficiency
of enterprises, and the equity concentration degree plays a negative role in regulating the relationship
between the equity incentive of core technical personnel and the investment efficiency of enterprises.

The senior executive equity incentive improves the investment efficiency by reducing the internal
interest conflict, and acts on the decision-making and management level of the whole enterprise.
However, some studies have found that the impact of executive equity incentive on the investment
efficiency of enterprises is not significant [16], and the self-interest behavior of senior executives and
the hollowing behavior of collusion with major shareholders will play a certain inhibitory effect on
their utility [17], and even worsen the problem of corporate agency [18].The main object of the equity
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incentive for the core technical personnel is the core technical employees as the backbone of the
company, which plays a more direct and significant role in improving the efficiency of high-tech
enterprises. At the same time, by granting the core technical personnel certain equity incentive to
make them become shareholders, it will give them stronger motivation and ability to strengthen the
supervision of the management, effectively reduce the management's interest encroachment behavior
and opportunistic [11], and improve the investment efficiency. In addition, equity incentive can also
improve the self-identity and sense of responsibility of the core technical personnel to the enterprise,
alleviate the agency problem between "shareholders-employees" [19], and improve the investment
level of the enterprise. Therefore, the following assumptions are proposed:

Hypothesis 5: In high-tech enterprises, the impact of equity incentive of core technical personnel on
the improvement of enterprise investment efficiency is more significant than that of executive equity
incentive.

3. Research Design

3.1. Sample Selection and Data Source

This paper takes a-share listed companies from 2018 to 2022 as the initial sample, referring to the
high-tech industry classification (2017) released by the state, and takes the data of high-tech industries
such as computer and office equipment manufacturing, aerospace and equipment manufacturing, and
chemical manufacturing as the final research object. On this basis, eliminate the listed companies
listed by ST, * ST or PT at the end of the year; eliminate the company samples already delisted;
eliminate the company samples with missing values. Finally, 112 high-tech enterprises were obtained,
with a total of 560 observations.

3.2. Variable Setting
3.2.1. Explained Variable

Enterprise investment efficiency: according to Richardson (2006) [20] and Chen (2011) [21] research,
build the following model to measure the enterprise investment efficiency, specific practice is as
follows: Calculated according to model (1), the difference between the actual investment level and
the estimated value as residual €, € 0 means excessive investment (OverInv), € <0 means insufficient
investment (UnderInv).

Invi, = 8 + 6,Growth;,_; + 6,Lev;,_; + 63Cash;;_; + 8,Agej_1 + 65Sizej,_q +
dgReturn;_; + 8;Invi¢_; + YIndustry + Y Year + ;¢ (1)
Where, Inv;;For the explained variable, it represents the actual investment level of company i in year
t. Since the investment level of the company in the current period is mainly determined by the

operation situation of the previous period, the explanatory variables of the model are all variables that
lag behind the first phase, and the specific calculation method is listed in Table 1.

3.2.2. Explanatory Variable

Taking the intensity of equity incentive as the main explanatory variable, the number of equity
incentive issued in the current year is calculated by the proportion of the total share capital.

In order to study the influence of executive equity incentive and core technician equity incentive on
the investment efficiency of enterprises, this paper further divides the equity incentive index into two
indexes: executive equity incentive (MI) and core technician equity incentive (TT).

3.2.3. Regulated Variable

Equity concentration degree (Contl) is selected as the adjustment variable, and the shareholding ratio
of the largest shareholder is taken as the measurement index to investigate its regulating effect on the
relationship between equity incentive and enterprise investment efficiency.
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3.2.4. Controlled Variable

Considering the existing literature comprehensively, multiple control variables are included in this
paper, and the detailed definitions are shown in Table 1.

Table 1. Variable names and definition instructions

property symbol variable-definition
Enterprise investment expenditure =(Cash paid for purchase and construction of fixed
Inv assets intangible assets and other long-term assets-net cash recovered from disposal of
fixed assets intangible assets and other long-term assets) / total assets at the beginning of
the period
explained - - - .
variable InvEfF The absolute value of investment expenditure res%dual, the closer to zero, the higher the
investment efficiency
Overlnv Residual <0
UnderInv Residual> 0
EI Equity incentive level = number of equity incentive / total equity capital
MI Executive equity incentive level = executive equity incentive number / total equity capital
explanatory
variable . . . o .
TI Equity incentive level of core technical personnel = number of equity incentive level of
core technical personnel / total equity capital
rsfﬁgfj Contl Equity concentration degree = the shareholding ratio of the largest shareholder
Growth Growth level = the growth rate of the main business revenue
Lev Asset-to-liability ratio = liabilities / total assets
Cash Cash holdings = monetary funds / total assets
Age Enterprise listing years =The difference between the year and the year of listing plus 1
Size Enterprise size = the natural logarithm of the total assets
Return Stock yield = annual return on individual stocks considering cash dividend reinvestment
cont'rolled Id The portion of independent directors = number of independent directors / total number of
variable P directors
Dual In one, if the chairman and the general manager are the same person, take 1, otherwise take
0
CF Cash flow = net cash flow from operating activities / total assets
Industry control variables are calculated according to the 2012 industry classification
Industry standard of CSRC, manufacturing industry is classified by second-level industry
classification, and others are calculated by first-level classification
Year Annual control variable, takes 1 for that year, otherwise takes 0

3.3. Model Specification
3.3.1. Benchmark Model Setting

In order to preliminarily test the impact of the equity incentive plan on the investment efficiency of
listed companies, the following measurement model is constructed:

InvEffi = ap + o, Elj ¢ + a,Growth; + a3CF;¢ + ayLevi, + asldp;: + agDual;; + a;Age; +

YIndustry + Y Year + g (2)

InvEffi; = ap4 o Elj¢ + a,Growth;  + a3CF;¢ + ayLeviy + asldp;. + agDual;; + a;Age; +

YIndustry + Y Year + g 3)

Among them, the InvEfflt is the explained variable and represents the investment efficiency of the

enterprise. The absolute value of the residual is measured by model (1). The smaller the value
indicates, the higher the investment efficiency, the residual is greater than 0 means the excessive

49



investment (Overlnv), and less than 0 means the insufficient investment (UnderInv). The EI is the
explanatory variable, the other variables are control variables, and the specific definitions and
measures are shown in Table 1. In addition, industry and year fixed effects were added in the model.

3.3.2. Research Technique

Construct model (4), (5) test the impact of executive equity incentive and core technical personnel
equity incentive on the investment efficiency of enterprises.

InvEffi, = By + By Ml;; + B,Growth; + B3Cash; + B4Contl;; + Bsldp; + BgDual; +

B,Sizej¢ + Y Industry + Y Year + ;¢ 4)
InvEffi, = By + B, TI + B,Growth; + B;Cash; + B,Contl;; + BsIdp; + B¢Dual;; +
B,Sizej; + Y Industry + Y Year + ;¢ (5)

On the basis of model (5), the cross item of executive equity incentive and equity concentration is
added to construct model (6) to test the moderating effect of equity concentration.

InvEff;, = By + By MI;; + B, MI;Contl; + B3Growth;, + B,CF;; + BsLev;, + BgDual;; +
B,Size;; + Y Industry + Y Year + ;¢ (6)

On the basis of model (5), the cross items of equity incentive and equity concentration of core
technicians are added to construct model (7) to test the moderating effect of equity concentration.

InvEffi, = By + B1 Tl + BTl (Contl;; + B3Growth; + B4CF; + BsLev;, + B¢Dual; +
B,Sizej; + YIndustry + Y Year + g (7)

4. Summary

4.1. Descriptive Statistics

Table 2 shows the descriptive statistics of the sample.

Table 2. Descriptive statistics for the main variables

observed standard
least value crest value | average value y
value deviation

InvEff 560 0.0001 0.2224 0.0237 0.0284

explained Overlnv 249 0.0001 0.2224 0.0298 0.0362
variable

Underlnv 311 0.0001 0.1794 0.0190 0.0187

El 560 0 0.4378 0.0171 0.0266

explanatory MI 560 0.0003 0.6138 0.0750 0.0613
variable

TI 560 0 0.1328 0.0145 0.0168

Contl 560 0.0418 0.6312 0.2855 0.1374

Cash 560 0.0094 0.6754 0.1999 0.1170

Lev 560 0.0842 0.9077 0.3939 0.1674

CF 560 -0.1092 0.3669 0.0659 0.0595

controlled Tdp 560 03 0.6667 0.3886 0.0583
variable

Dual 560 0 1 0.4286 0.4953

Size 560 20.2231 28.6067 22.7486 13404

Age 560 1.0986 3.4012 2.2851 0.5409

Growth 560 -0.6933 1.6926 0.1791 0.2634
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The VIF was tested and showed that there was no multicollinearity problem among the variables. In
this paper, the hypotheses are tested by further regression analysis of the sample.

4.2. The Impact of Equity Incentive on the Company's Investment Efficiency

The Richardson regression model was used to test whether the implementation of equity incentive
can reduce the non-efficiency investment, and Table 3 presents the regression results.

From the regression results of the benchmark model, the equity incentive coefficient is significantly
negative at the significance level of 1%, indicating that the equity incentive can effectively improve
the investment efficiency of enterprises, which verifies hypothesis 1. Further analysis shows that in
the excessive investment sample and underinvestment in the sample, the equity incentive coefficient
was significantly negative, indicating that the equity incentive effectively suppressed the non-
efficiency investment of enterprises, and verified hypothesis 2.

Table 3. Results of the impact of equity incentives on non-efficiency investments

InvESf Overlnv UnderInv
explanatory variable
3-1 3-2 3-3
- -0.1353*** -0.1277* -0.1136%**
(-3.07) (-1.94) (-2.10)
0.0080* 0.0170* 0.0025
Growth
(1.72) (1.88) (0.61)
CF -0.0025 -0.0159 -0.0260
(-0.12) (-0.45) (-1.21)
-0.0003 0.0034 -0.0023
Lev
(-0.04) (0.19) (-0.30)
” 0.0456* 0.0236 0.0831***
p
(1.86) (0.56) (3.53)
0.0033 0.0039 -0.0014
Dual
(1.31) (0.86) (-0.59)
-0.0092%** -0.0095* -0.0076
Age
(-3.04) (-1.65) (-2.80)
Indl\l]itrriya’b?;l;mal control control control
R? 0.2024 0.3337 0.1949
observed value 560 560 560

Note: *, * * and * * * indicate significance at 10%, 5% and 1% respectively (two-tailed t-test), the
same below.

4.3. Test of the Effect of Equity Incentive of Senior Executives and Core Technical Personnel
And the Adjustment Effect of Equity Concentration

The absolute value and significance of the equity incentive coefficient of core technical personnel are
greater than that of the executive equity incentive, indicating that in high-tech enterprises, the equity
incentive of core technical personnel is more significant in improving the investment efficiency of
enterprises than the equity incentive of senior executives, which proves hypothesis 5.
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4.4. Robustness Test

Table 4. Regression results of the influence of equity incentive on senior executives and core

technicians and the moderating effect of equity concentration

model (4) model (5) model (6) model (7)
4-1 4-2 4-3 4-4
-0.0494%** -0.0573%**
MI
(-2.44) (-2.82)
- -0.2692%** -0.3028***
(-3.71) (-4.16)
0.0153 0.0139
Contl
(1.31) (1.18)
-0.3079*
MI*Contl
(-1.85)
-1.3256%**
TI*Contl
(-2.15)
0.0104** 0.0094** 0.0087* 0.0089*
Growth
(2.25) (2.03) (1.88) (1.93)
-0.0058 -0.0068 -0.0035 -0.0048
Cash
(-0.51) (-0.59) (-0.30) (-0.43)
” 0.0315 0.0317 0.0377 0.0345
p
(1.26) (1.27) (1.53) (1.42)
0.0053** 0.0047* 0.0057** 0.0044*
Dual
(2.09) (1.86) (2.23) (1.75)
i -0.0014 -0.0012 -0.0010 -0.0008
ize
(-1.10) (-0.95) (-0.87) (-0.67)
Industry, annual
: control control control control
variables
R? 0.1834 0.1936 0.1871 0.2010
observed value 560 560 560 560

In this paper, we conduct the robustness test of the benchmark conclusions by replacing the variables.
by referring to relevant research [22,23], the ratio of capital expenditure and capital stock at the end
of the previous period is selected to recalculate the investment level of the enterprise, and Tobin Q is
selected to measure the growth level of the enterprise, the ratio of cash and its equivalent holdings
and total assets to measure the cash holdings of the enterprise.

The results of the recalculation and regression based on the above surrogate variables are shown in
the table 4. The coefficients of the main explanatory variables are significantly positive, indicating
that the equity incentive can improve the investment level of enterprises, which verifies the robustness
of the model.
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Table 5. Robustness test of the impact of equity incentive on investment efficiency

model (2) model (4) model (5)
explanatory variable
5-1 5-2 5-3
0.2176***
EI
(3.10)
0.0764**
MI
(2.05)
0.3768%**
TI
(3.02)
0.0124 0.0112 0.0118
Growth
(1.62) (1.46) (1.55)
-0.0277 -0.0243 -0.237
CF
(-0.69) (-0.61) (-0.60)
0.0248 0.0325 0.0248
Lev
(1.06) (1.39) (1.06)
0.0939%* 0.0949%* 0.0930%*
Idp
(1.82) (1.83) (1.81)
0.0110%* 0.0097* 0.0107*
Dual
(1.89) (1.67) (1.86)
-0.0409*** -0.0416%** -0.0420%***
Age
(-4.21) (-4.21) (-4.27)
Industry, annual variables control control control
R? 0.2387 0.2430 0.2268
observed value 414 414 414
4.5. Endogeneity Test
Table 6. Shows the endogeneity test
model (2) model (4) model (5) model (6) model (7)
-0.2302*
Avg EI
(-1.65)
-0.5898*
Avg MI
(-1.70)
-0.2198*
Avg TI
(-1.69)
-0.4649
Avg MI*Contl
(-1.62)
-1.6231*
Avg TI*Contl
(-1.84)
_cons -0.1076 -0.7623 0.1572 -0.1384 -0.8536
The first stage F value 192.21 71.09 115.43 12.67 11.92
R2 0.6455 0.5000 0.5162 0.1755 0.1755
controlled variable YES YES YES YES YES
Industry, annual variables control control control control control
observed value 560 560 560 560 560
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This paper may have the problem of endogeneity due to reverse causality. To this end, according to
the research of Li Lianwei et al. (2023) [12], the industry annual averages Avg EI, Avg MI, and
Avg TI were re-examined as instrumental variables. The results are shown in Table 6. The average
equity incentive intensity of the industry is related to the endogenous explanatory variables, and will
not directly improve the investment efficiency of enterprises, which meets the requirements of
instrumental variables.

The test results are basically consistent with the previous article, indicating that the conclusion of the
study remained robust after controlling the endogeneity problem. Moreover, because the selected
instrumental variables are consistent with the number of endogenous variables, there is no over-
identification problem and no Hansen test is required.

5. Conclusion and Policy Recommendations

This paper takes the listed companies implementing equity incentive in the high-tech industry in
2018-2022, empirically examines the relationship between equity incentive, equity concentration and
enterprise investment efficiency, and draws the following conclusions: First, Equity incentive can
effectively improve the investment efficiency of enterprises, alleviate the lack of investment, and curb
excessive investment. Second, equity incentive for senior executives and core technical personnel can
improve the investment efficiency of enterprises, and equity concentration plays a negative role in
regulating the relationship between the two and the investment efficiency of enterprises. In addition,
compared with the executive equity incentive, the equity incentive of core technical personnel is more
effective on improving the investment efficiency of enterprises.

This paper has an important guiding significance for guiding the practice of equity incentive system
and optimizing the design of equity incentive scheme in China. First, enterprises should fully evaluate
the feasibility of the scheme when designing the equity incentive, pay attention to the long-term value
of the enterprise rather than the short-term benefits, and establish a reasonable exercise period and
exit mechanism to make it fit with their own development strategy. In addition, we should pay
attention to the tracking and supervision of incentive behavior, so that it can be truly implemented
and effectively implemented, and effectively improve the incentive level. Second, enterprises should
pay attention to the possible impact of their own equity structure on the incentive effect, prevent
excessive equity concentration and market manipulation by strengthening the supervision of equity
transactions, introducing third-party investment, and issuing restricted stock to employees, and make
appropriate adjustments to the equity incentive plan according to their own equity situation. Third,
when determining the incentive objects, enterprises should focus on the core talents who meet the
strategic needs, expand the scope and intensity of the equity incentive for the core employees under
feasible conditions, timely publicize and communicate the goals and effects of the incentive plan, and
strengthen the sense of identity and belonging of the employees to the incentive plan. At the same
time, establish a sound feedback and communication mechanism, according to the opinions and needs
to improve the incentive plan of employees.
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