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Abstract 

With the dataset of 7,962 firms in Vietnam and using the Cox proportional hazard model, the main findings are 
drawn that the relationship between the firm’s growth (both in employment and in assets) and the survival is 
positive and non-linearity, and as increasing the growth, the effect of firm’s growth on the firm survival is 
diminishing. In addition, we also find that the presence of the domestic private and the foreign firms can improve 
the survival chances, compared to the state firms; The firm size in assets and initial debt have positive 
relationships with firm survival; Earning before taxes over labour in year t-1 and the return on assets in year t-1 
are important and have positive impacts on firm survival in year t, whereas the leverage in year t-1 has a negative 
impact on the probability of survival in year t for firms in Vietnam. 
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1. Introduction 

Factors that influence the birth and death of firms and the duration of firm survival in developed countries have 
attracted much attention from researchers in recent years (Parker, 2004; Strotmann, 2006). However, studies of 
firms’ survival in developing countries are less common (Parker, 2004), and, to date, there has been a scarcity of 
work directly studying the survival of new start-up firms in developing countries. In particular, these studies are 
quite rare in a transition economy, like that of Vietnam, which has undergone some changes in the past two 
decades. Vietnam is in transition from being a centrally-planned economy to being a market economy, and the 
recognition and appearance of domestic private and foreign owned firms in the economy is part of this transition 
process. The domestic private and foreign firms have confronted more difficulties from government policies, as 
well as from the market, when compared to firms under state ownership. Hence, this is an interesting period in 
which to investigate firms in Vietnam. 

In understanding firm survival, many econometric models have been used. Hazard models, in particular, have 
been widely employed in studies in the developed world, but in the developing world the use of hazard models is 
still very limited (Nkurunziza, 2005). In this research, a hazard model is applied to investigate newly set-up 
firms in a developing world context and this, to my knowledge, is the first hazard model for studying the survival 
of new start-up firms in Vietnam with a new panel data. 

The purpose of this paper is to analyze the effect of firm’s growth on the survival of new Vietnamese start-up 
firms. The method applied in this paper is the Cox partial likelihood estimation for the proportional hazards 
model. The database used is drawn randomly from the result of annual surveys conducted by the Vietnam 
General Statistical Office. The data is the firm-level panel data in Vietnam covering the period from 2000–2005, 
consisting of 10,000 firms. After filtering by criteria such as outliers, lost data, etc., there are 7,962 qualified 
firms.  

The remainder of this paper is organized as follows: The next section gives a brief literature review. Section 3 
describes the data used, and Section 4 presents the empirical methodology. Section 5 gives a statistical summary 
description of the data. Section 6 presents the empirical results of the Cox proportional hazard model. Finally, 
Section 7 concludes the paper and draws some policy implications that can inform policy in regards to 
supporting firm survival. 

2. Brief Literature Review  

Jovanovic’s (1982) learning model assumes that factors are supplied at a constant price, that the product is 
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homogeneous, and that the time-path of the demand for the product is deterministic and known. Firms and 
potential firms know the entire equilibrium price sequence and rely upon it to make decisions of entry, 
production, and exit. The number of firms in the industry is infinite; each firm is very small to affect the price. 
The path of output prices is a deterministic and self-fulfilling equilibrium. Various firms have different and 
random costs, and the distribution of true costs for all firms is known to each firm, but no firm is sure of its own 
true cost. Each firm has its own belief about its true costs level when entering the market, and, as each period 
passes, based on previous outcomes and possibilities, each firm updates its beliefs about its true costs. Some 
firms are more efficient than others at all levels of output. 

The firm’s growth will influence the failure rate; namely, failure rates should be a decreasing function of firm 
growth and firm size. In other words, growth decreases average costs and increases efficiency, thus improving 
the likelihood of survival. The positive relationship of firm growth and survival is found empirically by other 
studies, such as those by Mata Portugal and Guimaraes (1995), Audretsch (1995), McPherson (1995), 
Fotopoulos and Louri (2000a and 2000b), Mata and Portugal (2002), and Persson (2004). Therefore, the first 
hypothesis is that firm’s growth has a positive effect on firm survival or negative effect on hazard rate of firms 
(Hypothesis 1). 

Jovanovic’s (1982) model also shows that the output is decreasing in x (xt is the information received prior to t) 
and xt+1 = xt(1 + ut), where ut is error terms and has a mean of zero. xt/xt+1 is convexity; thus, for mature firms 
that survive for a long time, xt converges to a constant. This means that the variance of ut declines as the firm 
becomes more nature; younger firms have more variability in their growth rates and grow faster than the older 
firms. Hence, the smaller firms should have higher and more variable growth rates, and they are more likely to 
fail. As Evans (1987a and 1987b) and Dunne, Roberts and Samuelson (1989) illustrate, firm growth declines at a 
diminishing rate to firm size. These imply that when the firm becomes larger, its growth declines; thus, the effect 
of growth on firm survival diminishes over time.  

This is in accordance with some theories and models of firm growth. The theory of firm growth reported by 
Penrose (1959) is that the firm’s growth rate changes with an increase in its size, and there is a maximum growth 
rate for the firm under the given circumstances. After reaching a maximum point, the growth rate tends to 
diminish because growth is restricted by the firm’s productive opportunity. The productive opportunity is limited 
to the extent to which the firm realizes that high growth will not be efficient, or the extent to which it does not 
see opportunities for expansion. Spence’s (1979) model states that, in the growing stage of the evolutionary 
process, after reaching the optimal penetration of the market, the firm will grow at a lower rate. In Nelson and 
Winter’s (1978) model, when the firm has reached a certain size, it becomes larger and will restrain its growth to 
avoid a decrease in price and an average growth rate that first increases and then flattens out, or declines, with 
firm size. Thus, we can hypothesize on the effect of growth on survival over time that As growth increases, the 
positive effect of growth on survival diminishes (Hypothesis 2). 

Based on Jovanovic’s (1982) learning model, two hypotheses above are outlined in this paper. To test hypothesis 
1, growth is measured by the proportionate change in employment and assets, and the coefficients of growth in 
the hazard model are expected to be negative (i.e. they are positive to the survival). For hypothesis 2, variables of 
growth are squared, and it is estimated that their coefficients in the hazard model have positive signs, meaning 
that the impact of growth on survival deceases as growth increases. Hence, non-linearity exists between growth 
and firm survival.  

Firm survival is affected not only by growth, but also by other factors. In this research, other factors that affect 
firm survival are considered, including: differences in types of firms, differences in the economic sector, initial 
founding conditions, productivity, profitability, and leverage. Productivity, profitability, and leverage are 
analysed in the previous period (year t-1) to affect the probability of survival in the current year (year t). 
Therefore, in addition to the hypotheses of growth’s effect on firm survival, we also give hypotheses concerning 
the effects of other determinants on firm survival, as follows: There are significantly different survival rates 
among different types of firms (or different ownerships); Firms operating in different economic sectors have 
different survival rates; Firms with larger scales at start-up time have longer lifetimes; Firms able to gain access 
to initial funds have more likelihood of survival; Capital intensity has a positive effect on firm survival; Firms 
with higher productivity are able to stay in the market longer; The higher profitability (higher ROS and ROA) 
firms have, the longer they survive; After entering the market, firms with higher debt are more likely to fail. 

All of the above hypotheses will be tested by empirical study in this paper in order to determine the effects of 
firm’s growth and other determinants on firm survival in Vietnam.  
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3. Data of Study 

The main data for my paper is from the firm-level database, which is the result of surveys conducted annually by 
the Vietnam General Statistical Office. Such data from Vietnamese firms is currently available from the years 
2000 to 2005.  

Vietnam is a developing country with a transition economy where the information system is very weak and, in 
particular, information about firms is very rare. Thus, at present, this data is the only source in Vietnam which 
provides longitudinal data in order to analyze the post-entry performance and duration of new firms. It is this 
new data set concerning firms that can monitor firms throughout several years in Vietnam. 

Some definitions need to be distinguished in the data: i) The database has many records (many firms), and each 
firm identified is established by the Vietnamese Laws of Enterprises with its own tax code. This does not include 
household firms (this kind of household firm is not provided a tax code) because the tax code is a basis for 
monitoring the firm over the years. ii) Firms defined as ‘entry’ firms appear first in the database. For firms that 
start up before the year 2000, the year of ‘entry’ and the year of ‘start-up’ are different. This is the case for firms 
established prior to 2000 and their start-up times are known. For firms that were set up from the year 2000 and 
beyond, the year of ‘entry and the year of ‘start-up’ are the same. iii) Firms defined by ‘death,’ ‘exit,’ or ‘failure’ 
in the market disappear from the database and never return. iv) The year is used as the unit of discrete time, and 
each time unit (one year) is viewed as a trial. 

The criteria for filtering the data are below: (i) Firms that disappear and reappear in the database are dropped 
from the sample. This phenomenon may be explained by losing information about the firm or by the firm’s 
halting operation for some various reasons. (ii) Alternatively, some firms are dropped when they are identified as 
entering at year t, but there is no information about them at year t. It may be that these firms were set up in the 
months at the end of the calendar year, and they began to operate at the beginning of the next year; thus no 
information about them is available for the start-up year. (iii) Alternatively, some firms are also deleted from the 
dataset when their information is lost in any particular year. This may be caused by a loss of information in 
collecting or inputting data.  

Firms are drawn randomly from the total database, making the sample for this study a random one. The number 
of subjects for this research is 10,000 firms. After filtering unqualified firms according to the above criteria, the 
total number of subjects is 7,962 firms, which enter the sample from 2000–2005. All firms are monitored until 
2005.  

In the dataset, each time unit is a year and the time is considered discrete time. Each firm has many observations 
and each observation is corresponds to each time that a firm is at risk of failure. Thus, for each firm, there are as 
many data rows (each row is for an observation) as there are time intervals at the risk of the event occurring for 
each firm. Corresponding to each time (each observation) are both time invariant covariates and time-varying 
covariates. Hence, the dataset for this research is an unbalanced panel data with both time-invariant covariates 
and time-variant covariates. These characteristics are accounted for data when estimates. 

4. Empirical Methodology 

The firm’s survival time is modeled (Note 1) as a realization of a positive continuous random variable T. The 
probability that a firm goes out of operation within a time interval [t, t + t], conditional on survival until time t, 
can be written as Pr(t ≤ T < t + t T ≥ t), where the conditioning event that T ≥ t is just the event that the firm is 
still surviving at t. 

The random variable T has a cumulative distribution function F(t), and for all points which F(t) may be 
differentiated with probability density function f(t) = F’(t), that is: 
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The probability that a firm survives until time t is given by the survivor function: 

S(t) = 1 – F(t) = Pr(T ≥ t)                               (2) 

The hazard rate expresses the limit of the probability of failure in a short time interval t conditional on 
surviving until t and conditional on a vector of covariates Xi (may include both time variant and time invariant 
variables). The hazard function (t; Xi) is given as: 
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A proportional hazard model is given by 

(t, Xi) = o(t) exp(Xiβ)                                (4) 

The model is known as a proportional hazard model because the covariate and time dependency can be written in 
separable form, in which the baseline hazard o(t) is common to all, and the effect of covariate Xi is a separable 
(proportional) one that either speeds up or slows down the process of ending the spell. 

If a sample of n completed spells is available, and each individual’s spell is independent of the others, the 
likelihood function is the joint probability distribution of the sample as a function of parameters given by 





n

i
itfL

1

)()(                                    (5) 

where   (, p) and f(ti) is the parametric density of a duration of length t implied by the assumed form for the 
hazard function. 

According to Cox (1972 and 1975), the Cox proportional hazard method is used to estimate the slope coefficient 
in  in the proportional hazard model, without specifying the pattern of the baseline hazard function o(t), by 
using the method of partial likelihood. The method of partial likelihood works in term of the time-ordering of 
events, whereas the maximum-likelihood concentrates on across firms (spells). This estimate is sometimes called 
a semi-parametric one because it attempts to synthesize the parametric and nonparametric approaches. The effect 
of the explanatory variables on survival is represented parametrically, but no specific form is assumed for the 
distribution of survival times. 

Each sub-sample, its hazard i(t) is assumed to be a certain proportion of the baseline hazard, and this 
proportionality is a function of covariates: 

(t,Xi) = o(t) e(X
i
 )                                 (6) 

Now, consider a data set of spells, t1, t2, … tn, arranged in order of length from shortest to longest. The 
conditional probability that Observation 1 fails at duration t1, given that any of the n observations could have 
failed at t1, is  
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The baseline hazard function o(t) is common to all sub-samples and is not influenced by any explanatory 
variables. The effect of covariate Xi is a separable (proportional) one that either speeds up or slows down the 
process of ending the spell. 

The same is true for observation ‘j’, the likelihood contribution is given by 
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Thus, the log-likelihood function (Cox, 1972 and 1975) is given by 
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In the Cox proportional hazard regressions, there no assumptions are made about the shape of the baseline 
hazard rate. Estimates of the baseline survivor function in the Cox regression are empirical, without reference to 
any theoretical distribution. 

The partial likelihood method can be applied to a random sample of spell with censoring observations, and it ties 
failure times as follows: Censoring can be handled in the partial likelihood estimation. A firm whose spell is 
censored between duration ti and ti+1 is included in the summation in the denominator of the contribution to the 
partial likelihood of ordered and uncensored observations 1 through i (the denominator of the contribution to 
partial likelihood corresponding to observations that fail before its censoring point). However, it is not included 
in the summation in the denominator of observations that fail after its censoring point. Hence, censored spells do 
not enter the numerator of a likelihood function term. 

Applying this model requires that survival time is a continuous variable and that the firms can be ordered exactly 
with respect to their failure time, meaning that there are no tied survival times (a tie means that two or more 
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observations exit at the same observed time). The data for this study is based on annual surveys, so the observed 
failure times are discrete variables (tied events occur in the survival data). The tie failures are solved as follows: 
Assuming that there are four firms in the risk pool in which Firms 1 and 2 both exit at time t. If we know that 
Firm 2 exits after Firm 1 (and assuming that then Firm 3 leaves and next to depart is Firm 4), the contribution to 
partial likelihood (PL) would be 

)exp()exp()exp()exp(

)exp(
)1(

4321

1




XXXX

X
PL


                   (10) 

and 

)exp()exp()exp(

)exp(
)2(

432

2




XXX

X
PL


                         (11) 

Whereas if Firm 2 had really exited first, followed by Firm 1, the contribution to partial likelihood would be 
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However, in practice, both Firms 1 and 2 exit at the same time, and we do not know which one exits first; thus, 
the only problem is caused by the second denominator. That is how to calculate the risk pool for the second firm 
and in which order to deal the two firms are at issue. 

There are different ways to handle the tied failures. These include the Breslow method, the Efron method, the 
exact marginal method, and the exact partial method. At present, in this study, the Breslow and Efron methods 
are used to handle the tied failures in the calculation of the Cox partial likelihood as follows. 

First method: The method of Breslow (1974): Because the order of firms’ exit is not known, ties can be handled 
by using the same denominator for each of the tied exits. In other words, this method assumes that Firms 1 and 2 
exit at time t, both use the same denominator as the sum of all the exp(Xi): exp(X1) + exp(X2) + exp(X3) + 
exp(X4) for all the tied exits. The calculation in this method is quick. However, the main disadvantage of this 
method is that in the case of many ties in the data, the method will not be very good because the risk pools have 
many observations.  

Second method: The method of Efron (1977): Either Firm 1 or Firm 2 could exit first. The first exit takes the first 
risk pool as a sum of all the exp(Xi): exp(X1) + exp(X2) + exp(X3) + exp(X4), and the second exit takes the 
denominator as 0.5 exp(X1) + 0.5 exp(X2) + exp(X3) + exp(X4).  

Similar weightings are used for cases of more than two ties. Efron’s method is better than Breslow’s because it is 
more accurate due to its consideration of the weight of exits. 

5. Statistic Descriptions 

5.1 Dependent and Independent Variables 

There are two main dependent variables in the model. One is a status variable (Censorvar) to distinguish failure 
or survival. It is the dummy variable capturing the occurrence of the hazard. Censorvar = 1 if the firm exits; 
otherwise, Censorvar = 0. For instance, a firm j exits at year t (2003); its status variable, Censorvar = 0 at the 
year 2000, 2001, and 2002, and Censorvar = 1 at the year 2003. Or, a firm k still survives at the end of the study 
period (2005); it is called a censored firm, and its status variable takes zero value for study years, Censorvar = 0 
in the years 2000, 2001, 2002, 2003, 2004, and 2005.  

Another dependent variable is the duration variable (Duration), defined as the number of years the firm survives 
(firm’s age). Besides, a unique identifier variable (ID) is also created for each firm (the ID is created following 
the firm’s tax code), and each firm has its own ID. This is a sequence of positive integers. Using its unique ID, 
the firm can be tracked each year over the study period.  

The firm’s growth is represented by growth in employment and in assets and independent variables are as 
follows: 

The previous growth in employment (LagGrowth): The firm’s growth in employment is measured by the number 
of employees of the firm at year t minus (-) the number of employees at year t-1, and then divided by the number 
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of employees at year t-1. That is, 

Growth(t) = [employment(t) – employment(t-1)] / employment(t-1) 

Employment growth in the previous year (t-1) is used to consider its effect on survival in the current year (t). 

The previous growth squared (LagGrowthSq): To allow for non-linearities, the previous growth squared is also 
used as an explanatory variable for considering the impact of the firm’s growth on its survival. The previous 
growth is expected to be positive to survival, and the impact of growth on survival diminishes when growth is 
higher, meaning that the coefficient of LagGrowthSq is assumed to be positive to the hazard rate (or negative to 
the survival rate). 

The previous growth in assets (LagAssetgrowth): This variable is included into the model to consider the effect 
of previous growth in assets on firm survival. Calculation for this variable is the same with the variable of 
growth in employment, simply replacing employment by assets. The firm’s growth in assets is measured by the 
total assets of the firm at year t minus (-) the total assets at year t – 1, and then divided by the total assets at year t 
– 1. That is, 

Asset growth (t) = [asset(t) – asset(t-1)] /asset(t-1) 

Asset growth in the previous year (t-1) is used to consider its effect on survival in the current year (t). 

The previous growth in assets squared (LagAssetgrowthSq): To allow for non-linearities, the previous growth in 
assets squared is also used as a covariate to consider the impact of the firm’s growth on the firm’s survival. It is 
thought that the coefficient of LagAssetgrowthSq is positive to the hazard rate to show that the effect of growth 
in assets on survival is decreasing. 

In addition, there are other independent variables as follows:  

The ownership type of firm: State-owned firms are denoted by the variable StateFirms = 1, 0 otherwise. 
Domestic private firms are denoted by DomesticFirms = 1, 0 otherwise. Foreign-owned firms are denoted by 
ForeignFirms = 1, 0 otherwise.  

The economic sector of the firm in operation: Firms in the agricultural sector (rural, agricultural, and fishery 
industries) are denoted by the variable AgriSector = 1, 0 otherwise. Firms in the industrial sector (mining, 
construction, and manufacturing industries) are denoted by the variable InduSector = 1, 0 otherwise. Firms in the 
service sector (service industries) are denoted by ServSector = 1, 0 otherwise.  

The initial founding conditions of the firm: Firm size (Lnsize) is the logarithm of the number of employees in the 
firm at the start–up year, if firms enter the market in or after 2000; or, for firms established prior to 2000, it is the 
logarithm of the number of employees in the firm at the year 2000 (the first year of the study period) divided by 
the firm’s age until this year. Similarly, the firm’s assets (Lnassets) is the logarithm of the total asset of the firm 
at the year 2000 divided by the firm’s age until this year, for firms established prior to 2000; or, it is the 
logarithm of the total assets of the firm at its start-up year if the firm entered the market in or after 2000. The 
firm’s initial liability (Initialdebt) is the firm’s debt at the year 2000 (the first year of the study period) divided by 
the firm’s age until the year 2000 for firms established prior to 2000; or, it is the firm’s debt at the start-up year if 
the firm entered the market in or after 2000 (called initial debt). Capital-intensive (Capintensive) is the total 
capital per person employed by the firm at the year 2000 (the first year of the study period) divided by the firm’s 
age until the year 2000 for firms established prior to 2000 and in 2000; or, it is the total capital per person 
employed by the firm at the start-up year, if the firm entered the market in or after 2000.  

The firm’s productivity: Sales to employees in year t-1 (LagSaleslabor) is defined by the firm’s gross sales over 
total employees in year t – 1. Earnings before tax (EBT) to employees in year t-1 (LagEBTlabor) is identified by 
dividing the firm’s EBT by the total employees in year t – 1. 

The firm’s financial ratios: Return to sales in year t-1 (LagROS) is calculated by dividing the earnings before tax 
by sales revenue in year t – 1. Moreover, the return on assets in year t-1 (LagROA) is calculated by dividing the 
EBT by the total assets of the firm in year t – 1. Leverage in year t-1 (LagLeverage) is calculated by dividing 
debt (including short -, medium – and long term debts) over the total assets in year t – 1.  

5.2 Descriptive Statistics 

Table 1 presents the descriptive statistics of growth and other variables in the sample. The minimum growth in 
labour and assets is -1 (minus one), because when firms are out of the market, their labour and assets are 0 
(zero). The maximum growth is 29.63 times for employment and 33.72 times for assets. The mean growth in 
employment and in assets is 0.113 times (11.3%) and 0.209 times (20.9%), respectively. The lag (t-1) of growth 
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is 26.2%, and the lag (t-1) of asset growth is 38.8%. Of the three types of ownerships in the sample, the domestic 
private firms (DomesticFirms) achieve the highest ratio, with 68.1%, and the state firms (StateFirms) are second, 
with 25.1%. With respect to economic sectors, firms mainly operate in the service sector and in the industrial 
sector (mining, construction, and manufacturing industries), with 63.8% and 35.4%, respectively. In terms of 
productivity represented by sales per employee in year t-1 and earnings before taxes per employee in year t-1, 
the mean productivity in the sample is positive, with 611 for sales per employee and 5.9 for the earnings before 
tax per employee. For ratios of profitability, the mean previous ROA (returns on assets) is positive but low (with 
2.6%), while the mean previous ROS (returns on sales) is negative (with -5.3%). The mean previous leverage 
ratio is 13.8%. 
 
Table 1. Summary of descriptive statistics  

Variable Obs Mean Std. Dev. 

Growth: Firm employment growth in year t 30,276 0.113 1.411 

LagGrowth: Firm employment growth in year t-1 22,329 0.262 1.503 

LagGrowthSq: Firm employment growth squared in year t-1 22,329 2.327 26.048 

Assetgrowth: Firm asset growth in year t 30,265 0.209 1.654 

LagAssetgrowth: Firm asset growth in year t-1 22,321 0.388 1.796 

LagAssetgrowthSq: Firm asset growth squared in year t-1 22,321 3.376 34.120 

StateFirms: State firms 33,518 0.252 0.434 

DomesticFirms: Domestic private firms 33,518 0.681 0.466 

ForeignFirms: Foreign firms 33,518 0.067 0.251 

AgriSector: Agricultural sector 33,518 0.007 0.085 

InduSector: Industrial sector 33,518 0.354 0.478 

ServSector: Service sector 33,518 0.638 0.481 

Lnsize: Ln(Firm employment size) 33,499 2.791 1.575 

Lnassets: Ln(Firm asset size) 33,516 7.574 1.950 

Initialdebt: Initial debt 33,518 8148.30 29330.11 

Capintensive: Capital intensity 33,518 64.83 224.61 

LagSaleslabor: Sales per employee in t-1 25,556 611.50 1329.11 

LagEBTlabor: Earnings before tax per employee in year t-1 25,556 5.919 39.628 

LagROS: Returns on sales in year t-1 25,556 -0.053 0.696 

LagROA: Returns on assets in year t-1 25,556 0.026 0.180 

LagLeverage: Leverage in year t-1 30,518 0.138 0.298 

 
6. Empirical Results 

With the sample of 7,962 firms, the hazard models used to estimate the effect of firm growth and other 
determinants on the survival/exit rates in this paper is the semi-parametric model—the Cox proportional hazard 
model. In the models presented in this paper, the reference groups are StateFirms (state firms), which represent 
the ownership type of firm, and AgriSector (AgriSector includes rural, agricultural, fishery industries), which 
represent firms in the economic sector.  

In these hazard models, a coefficient greater than zero (> 0) implies a positive impact on the hazard (failure) rate 
or a negative effect on the survival rate, all other things being equal. In contrast, a coefficient less than zero (< 0) 
refers to a negative effect on the hazard rate or a positive influence on the survival rate, all other things being 
equal. 

The method of the Cox partial likelihood estimation in analyzing the effect of growth on firm survival does not 
need to specify any assumptions about the shape of the baseline hazard function. Furthermore, this approach can 
be applied to a random sample of spell with censoring observations and it ties failure times.  

The results of the Cox proportional hazard estimated model with the Efron and Breslow methods for treating ties 
are given in Table 2 and 3, respectively. Both the Efron and Breslow methods used is to compare their results 
each other. The results of the Efron and Breslow methods are almost identical. There are three specifications (1, 
2 and 3) in each table (Table 2 and 3); subsequent specification is equal to previous specification added to one 
more group of independent variables. In the model’s analysis of the coefficients, in order to find out factors that 
influence hazard and survival rates, the result of the Efron method is used because it may provide more accurate 
results due to its higher log likelihood. We show the results of using the Efron method on the sample of 7,962 
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firms in Table 2 and observe that the results of coefficients among the specifications (1, 2 and 3) are unchanged 
their signs when adding more explanatory variables in various specifications.  

6.1 The Effect of Growth on Firm Survival 

In order to express the relationship between growth in year t-1 and survival rate in year t, some covariates of firm 
growth are included in the empirical analysis: the firm growth in employment in year t-1 and the firm growth in 
terms of total assets in year t-1. To check the non-linearities in the associations between firm growth and hazard 
rate (or survival rate), these two growth variables are squared. Table 2 demonstrates the effect of growth on firm 
survival. 

The variable of the growth in employment (LagGrowth): The estimated coefficient of LagGrowth in the Cox 
regressions is negative and statistically significant. This result indicates that firm growth in year t-1 has a 
positive impact on firm survival (or a negative effect on the hazard rate of exit) in year t, meaning that firms 
which grow more can expect to survive longer. As we hypothesized, this result is in accordance with Jovanovic’s 
(1982) model and previous empirical study results. Firms with higher growth rates may be able to accumulate 
the necessary resources to provide the expansion and needed to become larger firms (Mata et al., 1995). They 
may also have longer lifetimes. Conversely, firms with no growth rate or a negative growth rate may gradually 
become smaller and weaker, and eventually they have to halt business and escape from the market. Furthermore, 
higher growth may come from the firm having viably new projects, business plans, or products that can meet the 
demand of customers and help to gain more profitability. Thus, firms with a higher growth rate may have a 
higher likelihood of survival. Audretsch (1995) states that surviving firms have a high growth rate, and he shows 
that firms having a positive growth rate are able to survive longer, as they are successful in adjusting and 
producing viable products to meet the demand of the market. Additionally, higher growth is a result of the firm 
gaining more productivity and more profitability (i.e. higher growth comes from higher productivity and higher 
profitability). This helps the firm to resist bankruptcy. A similar study in developing countries (six countries in 
Africa) by Mead and Liedholm (1998) asserts that small and medium-sized firms which increase their number of 
workers are more likely to survive than those which maintain the same size since start-up. This demonstrates that 
small and medium firms which grow are more efficient and, as a result, are more likely to stay in the market. A 
higher growth rate may help the firm in doing business with other partners and clients since, according to Mc 
Pherson (1995), the firm with a higher growth may, in some sense, be thought of as the firm of the success and 
superior and it has received its true efficiency level. Thus, this may increase the firm’s ability to attain alliance 
partners, consumer goodwill, and trust. As pointed out by Almus (2004), the firm’s growth positively influences 
its performance and survival because growth is considered a sign of overcoming the firm’s internal and external 
shocks (such as lower demand conditions, an increase in competition, a rise in input prices, or the leaving or 
retirement of an important manager). 

Hence, growth rate can be applied to measure the firm’s performance. Firms with a higher growth rate may have 
better performance and better prospects of survival. Conversely, inferior performance in a firm may imply no or 
negative growth and, subsequently, a lower probability of the survival. The result of this empirical study is 
consistent with Jovanovic (1982) and Pakes and Ericson’s (1998) models. That is, firm growth is proxy to the 
firm’s process of learning. The firm that maintains growth after entry is more likely to survive longer because 
post-entry growth is a result of learning to operate more efficiently. 

From the specification (3) in table 2, we can predict the effect of growth on the firm’s survival/failure in the 
following manner: we can calculate the hazard ratio (eβ) for the variable of growth. The coefficient of 
LagGrowth is -0.0655; the hazard ratio of growth is e-0.0655 ≈ 0.9366. A useful statistic is obtained if the hazard 
ratio is subtracted by 1 and multiplied by 100. This means that the percentage change in the hazard of failure is 
estimated for each one-unit increase in the covariate; for example a percentage point increase in previous 
employment growth (variable of LagGrowth) induces a decrease of 6.34% in the hazard of exit, holding constant 
for other covariates. 

The squared previous growth in employment (LagGrowthSq): The effect of growth may be non-linear, so a 
quadratic term is included to allow for non-linearity. The variable of firm growth in employment in year t-1 is 
squared. The LagGrowthSq’s coefficient is statistically significant, indicating that the relationship between 
previous growth in employment and the risk of failure (or the chance of survival) is a non-linearity. Moreover, 
the positive coefficient confirms that the effect level of growth on the hazard rate is negative and at an increase 
rate. In other words, the coefficient of previous growth is negative, but the coefficient of the squared previous 
growth is positive, suggesting that the slope of the curve is negative and increasing (the negative slope tends to 
be less steep as growth increases). The growth positively influences survival, but the advantage of higher growth 
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declines with increasing growth in employment (if the growth is higher, then its effect on the survival is 
decreasing).  

This empirical result is consistent with some theories and models studied previously. First of all, the result is in 
line with Penrose’s (1959) theory of firm growth. That is, there is a maximum growth rate for the firm, and when 
the firm achieves to a maximum point at which its growth rate tends to diminish and its absolute size is going on 
increasing because there is a limit provided by the managerial capacity and productive opportunity. Below the 
maximum growth rate, the firm’s capacity of management is released for new plans at a faster rate than such 
plans are generated. Above this maximum rate of growth, the existing managerial capacity is exceeded, and new 
managerial services are needed. As a result, costs increase. Hence, productive opportunity and managerial 
capacity are limited to the extent to which the firm realizes that high growth will not be efficient, or to the extent 
that it does not see opportunities for expansion. The result is in accordance with the life cycle theory of the firm 
presented by Mueller (1972). That is, in the early stages of the firm’s development, there is quick growth because 
all profits gained and all capital consumption allowances are reinvested by the stockholders and even additional 
outside capital is raised to invest in this stage as well taking advantage of profitable opportunities from new ideas 
and new market is for this stage. Thus, the firm expands to reach its maximum size. After that, further expansion 
has limits, such as the loss of information and control, which reduces the firm’s ability to introduce new products 
and techniques, even if there are no increase in the costs of producing the present product lines with existing 
techniques. As a result, the firm’s profitability is effectively lower and/or could lead to a collapse. This means 
that managerial diseconomies of scale exist in the life cycle theory of the firm. The empirical result is in line 
with Spence’s (1979) model, which asserts that, in the growing phase of the evolutionary process, firms able to 
expand quickly, and/or firms that enter early the market, can make a pre-emptive investment in their strategic 
behaviour so that they can reach the optimal penetration of the market (gain dominance in the market) because in 
the mature phase opportunities for changing the firm’s market position are very limited; hence, firms will grow 
at lower rate. This result is also complimentary to Nelson and Winter’s (1978) model, which states that the 
growth rate decreases with firm size and an average growth rate increases and then flattens out, or decreases, 
with firm size. After reaching a certain size, as firms become large ones and set higher target mark-ups, they 
restrain their growth to prevent a decrease in price. 

In the specification (3) of table 2, the coefficient of LagGrowth is -0.0655, and the coefficient of LagGrowthSq 
is 0.0042. Assuming that the other covariates are constant, the quadratic function:  

0.0042(LagGrowth)2 + (-0.0655)LagGrowth 

has minimum at -(-0.0655)/2(0.0042) = 7.80, at which point the function changes direction. Up to a growth of 
7.80, the relative hazard rate falls; after that the hazard rate goes up at an increasing rate. A turning point at 7.80 
is estimated within the range of LagGrowth [-1, 29.63] in Table 1.  

The turning point here is relatively high because, as discussed in descriptive statistics, Vietnam is a new 
emerging market and labour abundant country where there are many opportunities for firms to grow quickly. 
Additionally, firm size in Vietnam is generally small, and small firms experience higher growth rates than larger 
ones. In recent years, firms in Vietnam have appeared in industries in which it is easy to increase employment, 
such as the garment, textile, restaurant, hotel, and tourism industries. Moreover, due to a new market, many 
investment projects and new ventures are in the installation stage, and when they are finished with this stage, 
they will be taken into operation. The transition from installation to operation creates remarkable growth because 
several employees are typically recruited for the firm at the beginning of the operation phase. 

Vietnamese firms have experienced high growth in recent years, and if firms have growth rates up to7.80, then 
their failure rate declines. However, if firms have an employment growth of above 7.80, then their hazard rate 
increases because of one or more of the reasons discussed previously. To be more specific: first, firms with too 
high of a growth rate may not able to control their performance and growth (because of managerial capacity, 
avoiding down prices, diseconomies of scale, etc), so they may be considered very risky ventures which are 
easily liable to bankruptcy. Second, in Vietnam’s situation, state firms are in the process of governmental reform. 
That is, some firms are integrated into each other, and they have high growth, thus becoming larger. This, 
however, generates difficulties (such as human resource, management, strategies, and so on) for management 
board of the existing firms, thus badly affecting their performance and efficiency. At present, there are some 
cases wherein state firms are not efficient; however, the government does not want to privatize or sell them to the 
public for certain reasons; hence, they are merged into other state firms. These inefficient firms are a heavy 
burden for existing state firms and a bad influence on the performance of existing state firms. Finally, some firms 
are established to do one or some business ventures or business plans for some years, after which they will 
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terminate business and escape the market. As a result, they have very high growth rates and short lifetimes. 

This result may prove that growth in employment has a good and necessary impact on the firm’s survival 
chances. However, the firm can increase its growth rate up to a certain point which can improve survival rate; 
after that, if the firm continues increasing its growth rate, then the effect of growth on survival likelihood 
decreases. Hence, to maintain the positive effect of growth on survival over time (meaning that the advantages of 
a higher growth increase with the rising growth in employment), it is necessary to pay attention to the quality of 
growth in employment. That is, growth should be combined with other factors (productivity, financial ratios, and 
so on) in order to generate significantly positive impacts on the survival. In addition to growth in employment, 
there are also other covariates which have a significant impact on survival and failure rates. 

The previous growth in assets (LagAssetgrowth): Beside the firm growth in employment, another aspect of 
growth may be measured by an increase in total assets. The variables of the previous growth in assets are 
included in the model in order to clarify another aspect of the effect of firm growth on the survival rate. When 
adding variables of firm growth in assets in Specifications 2 and 3 in table 2, the results of other variables are 
almost unchanged, particularly as concerns the sign of coefficients. Like the variable of previous growth in 
employment, this variable’s coefficient is negative and statistically significant. Its negative significance is as we 
expected and implies that there is a positive relationship between the previous growth in assets and the likelihood 
of survival (or a negative association between the previous growth in assets and the hazard rate of failure).  

From the specification (3) in Table 2, we can calculate the hazard ratio (eβ) for the variable of LagAssetgrowth. 
The coefficient of the LagAssetgrowth is -0.1331; the hazard ratio of Assetgrowth is e-0.1331 ≈ 0.8754. This means 
that a percentage point rise in asset growth in year t-1 (variable of LagAssetgrowth) reduces the hazard of failure 
by 12.46%. Therefore, the effect of previous asset growth on firm survival is stronger than that of employment 
growth on firm survival. 

The previous growth in assets squared (LagAssetgrowthSq): To consider whether non-linearity exists in the 
relationship between growth in assets and the hazard rate, the previous growth in assets is squared. The 
coefficient of the LagAssetgrowthSq is positive and statistically significant; it is the same sign with the 
coefficient of the squared growth in employment, demonstrating that non-linearity exists in this relationship and 
that the advantages of higher growth in the previous year decrease when increasing the previous growth in assets 
(because the effect of the growth in assets on the hazard rate is negative and at an increasing rate). In other 
words, the higher the growth is, the lower the hazard rate is. 

The coefficient of LagAssetgrowth is negative and the coefficient of LagAssetgrowthSq is positive, because the 
negative slope tends to become less steep as growth rises. The previous growth in assets positively influences 
survival; however, up to a certain level, if the firm increases the previous growth in assets, the effect of the 
previous growth on survival declines. The certain point of previous asset growth is identified as similar to the 
quadratic function for employment growth, in specification (3) of Table 2; the coefficient of LagAssetgrowth is 
-0.1331, and the coefficient of LagAssetgrowthSq is 0.0043. Assuming that other independent variables are 
constant, the quadratic function:  

0.0043(LagAssetgrowth)2 + (-0.1331)LagAssetgrowth 

has a minimum at -(-0.1331)/2(0.0043) = 15.48 at which point the function changes direction. Up to growth of 
15.48, the relative hazard rate falls, and after that the hazard rate goes up at an increasing rate. A turning point at 
15.48 is estimated within the range of LagAssetgrowth [-1, 33.72] in Table 1. 

The turning point in asset growth (15.48) is higher than the one in employment growth (7.8) because the mean 
growth in assets and the regression coefficient of asset growth are higher than those in employment. This is 
possible that the demand of assets for firms in Vietnam to survive is high in this period. 

In summary, firm growth (both in employment and in assets) in year t-1 is important to firm survival and has a 
positive impact on the probability of firm survival in year t. Firms with higher previous growth may avoid failure 
from the market and increase their probability of survival in the current year. Additionally, non-linearities are 
present in the association between previous growth and the risk of exit (or the survival rate). Moreover, as the 
previous growth rate increases, the effect level of previous growth on the hazard rate is negative and at an 
increasing rate, meaning that the advantages of higher growth decline with the rise in growth. This demonstrates 
that, in order to stay in business for a longer time, firms need to maintain not only growth, but also efficiency, as 
well as productivity, the ability to efficiently use assets, and so on.  

Therefore, in addition to the variables of previous growth on survival and hazard exit rates, there are other 
determinants that may also affect firm survival. These other factors are analysed in the next sections.  
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Table 2. Cox proportional hazard regressions for firms in Vietnam with the Efron method for treating ties 

Variables Parameter estimates 

(1) (2) (3) 

DomesticFirms: Domestic private firms -0.5109*** 

(0.0463) 

-0.4874*** 

(0.0465) 

-0.5224*** 

(0.0468) 

ForeignFirms: Foreign firms -1.0488*** 

(0.1201) 

-1.0200*** 

(0.1203) 

-1.0560*** 

(0.1202) 

InduSector: Industrial sector -0.3101 

(0.2096) 

-0.3300* 

(0.2006) 

-0.3250* 

(0.2007) 

ServSector: Service sector -0.3108 

(0.2094) 

-0.3241 

(0.2094) 

-0.3206 

(0.2094) 

Lnsize: Ln(Firm employment size) -0.0207 

(0.0240) 

-0.0107 

(0.0240) 

-0.0186 

(0.0241) 

Lnassets: Ln(Firm asset size) -0.0358* 

(0.0196) 

-0.0423** 

(0.0197) 

-0.0503*** 

(0.0197) 

Initialdebt: Initial debt -3.06e-06** 

(1.32e-06) 

-2.39e-06* 

(1.30e-06) 

-2.38e-06* 

(1.31e-06) 

Capintensive: Capital intensity 3.61e-05 

(0.0001) 

0.0001 

(0.0001) 

0.0001 

(0.0001) 

LagSaleslabor: Sales per employee in t-1 -1.45e-06 

(1.66e-05) 

7.02e-06 

(1.65e-05) 

5.03e-06 

(1.65e-05) 

LagEBTlabor: Earnings before tax per employee in year t-1 -0.0034*** 

(0.0006) 

-0.0034*** 

(0.0006) 

-0.0020*** 

(0.0006) 

LagGrowth: Firm employment growth in year t-1 -0.0923*** 

(0.0274) 

-0.0564** 

(0.0277) 

-0.0655*** 

(0.0278) 

LagGrowthSq: Firm employment growth squared in year t-1 0.0049*** 

(0.0013) 

0.0039*** 

(0.0013) 

0.0042*** 

(0.0013) 

LagAssetgrowth: Firm asset growth in year t-1  -0.1455*** 

(0.0265) 

-0.1331*** 

(0.0263) 

LagAssetgrowthSq: Firm asset growth squared in year t-1  0.0051*** 

(0.0011) 

0.0043*** 

(0.0010) 

LagROS: Returns on sales in year t-1   -0.0259 

(0.0286) 

LagROA: Returns on assets in year t-1   -0.4525*** 

(0.0891) 

LagLeverage: Leverage in year t-1   0.2150*** 

(0.0559) 

Log Likelihood -18,674.0 -18,655.7 -18,581.0 

LR (p value) 0.0000 0.0000 0.0000 

Number of firms (N) 6,707 6,707 6,705 

Observations 22,300 22,288 22,261 

Notes: The reference groups for dummies are StateFirms and AgriSector. Std. Error values are in parentheses. *** is significant at 1%, ** is 

significant at 5% and * is significant at 10%. 
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Table 3. Cox proportional hazard regressions for firms in Vietnam with the Breslow method for treating ties 

Variables Parameter estimates 

(1) (2) (3) 

DomesticFirms: Domestic private firms -0.4753*** 

(0.0463) 

-0.4534*** 

(0.0465) 

-0.4859*** 

(0.0469) 

ForeignFirms: Foreign firms -0.9959*** 

(0.1199) 

-0.9680*** 

(0.1201) 

-1.0029*** 

(0.1201) 

InduSector: Industrial sector -0.3027 

(0.2096) 

-0.3209 

(0.2096) 

-0.3150 

(0.2097) 

ServSector: Service sector -0.3025 

(0.2093) 

-0.3144 

(0.2093) 

-0.3093 

(0.2094) 

Lnsize: Ln(Firm employment size) -0.0199 

(0.0239) 

-0.0107 

(0.0239) 

-0.0176 

(0.0241) 

Lnassets: Ln(Firm asset size) -0.0335* 

(0.0195) 

-0.0396** 

(0.0196) 

-0.0461*** 

(0.0196) 

Initialdebt: Initial debt -2.91e-06** 

(1.31e-06) 

-2.27e-06* 

(1.29e-06) 

-2.33e-06* 

(1.31e-06) 

Capintensive: Capital intensity 3.51e-05 

(0.0001) 

0.0001 

(0.0001) 

0.0001 

(0.0001) 

LagSaleslabor: Sales per employee in t-1 -3.49e-07 

(1.64e-05) 

7.29e-06 

(1.64e-05) 

5.27e-06 

(1.64e-05) 

LagEBTlabor: Earnings before tax per employee in year t-1 -0.0031*** 

(0.0006) 

-0.0031*** 

(0.0006) 

-0.0018*** 

(0.0006) 

LagGrowth: Firm employment growth in year t-1 -0.0837*** 

(0.0271) 

-0.0507** 

(0.0275) 

-0.0572** 

(0.0276) 

LagGrowthSq: Firm employment growth squared in year t-1 0.0044*** 

(0.0013) 

0.0034*** 

(0.0013) 

0.0036*** 

(0.0013) 

LagAssetgrowth: Firm asset growth in year t-1  -0.1340*** 

(0.0263) 

-0.1213*** 

(0.0261) 

LagAssetgrowthSq: Firm asset growth squared in year t-1  0.0047*** 

(0.0011) 

0.0038*** 

(0.0010) 

LagROS: Returns on sales in year t-1   -0.0262 

(0.0281) 

LagROA: Returns on assets in year t-1   -0.4113*** 

(0.0894) 

LagLeverage: Leverage in year t-1   0.1787*** 

(0.0543) 

Log Likelihood -18,864.9 -18,849.1 -18,777.7 

LR (p value) 0.0000 0.0000 0.0000 

Number of firms (N) 6,707 6,707 6,705 

Observations 22,300 22,288 22,261 

Notes: The reference groups for dummies are StateFirms and AgriSector. Std. Error values are in parentheses. *** is significant at 1%, ** is 

significant at 5% and * is significant at 10%. 

 
6.2 Other Determinants on Firm Survival 

The DomesticFirms’ coefficient is negative and statistically significant. This means that, compared to state firms, 
the more firms entry under the forms of ownerships of domestic private firms do, the lower hazard exit rates are 
(the higher survival rates are).  

The coefficient of ForeignFirms has appeared as statistically significant and negative when considering the 
effects of other covariates in the model. There is a negative relationship between the hazard rate and the type of 
firm owned by foreigners. More firms entering the market under this form help the Vietnamese firms to be more 
likely to survive, when compared to the state firms.  

The initial asset size (Lnassets): Beside firm size by employment, firm initial size is also measured by initial 
assets. This variable is included into the model in order to consider how the firm size by assets impacts the firm’s 
survival. The result shows that there is a negative and statistically significant association between initial assets 
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and the hazard rate, implying that the firm with greater initial assets is more likely to survive. The initial debt 
(Initialdebt): Although the magnitude of the coefficient is small, a negative and statistically significant 
coefficient may suggest that the more initial debt firms possess, the more likelihood of survival they have.  

The variable of earnings before taxes over employees in the previous year (LagEBTlabor) can show the firm’s 
productivity in year t-1 in order to influence the hazard rate in year t (or the probability of survival in year t). The 
coefficient of this variable in the model is negative and statistically significant, meaning that firms with higher 
productivity in year t-1 are more likely to survive in year t.  

The returns on assets in year t-1 (LagROA) appears to be a negative and statistically significant coefficient, 
implying that the return on assets in year t-1 has a positive impact on the probability of survival in year t.  

The leverage in year t-1 (LagLeverage) is measured by total debt over total assets in year t-1 corresponding to 
each year (time–variant covariates) in order to show the ratio of the firm’s assets financed by debt. A higher ratio 
means that the firm’s debt is higher. The coefficient is positive and statistically significant, suggesting that 
leverage in year t-1 has a negative effect on the probability of survival in year t. The sign of this variable 
(positive on the hazard rate) is opposite to the sign of the initial debt variable (negative on the hazard rate), 
demonstrating that, although higher initial debt may increase the likelihood of survival because it shows the 
ability of accessing external financial resources to support initial difficulties in operation; nevertheless, higher 
debt (when the firm is in stable operation) may decrease the firm’s chances of survival, since high leverage leads 
to high risk. Thus, lenders typically refuse to provide money to firms having high degrees of leverage.  

7. Conclusion and Policy Implications 

7.1 Conclusion 

From the regression results of the Cox proportional hazard model with the dataset of 7,962 firms in Vietnam, we 
find that the effect of growth and other determinants on the survival of Vietnamese firms can be summarized as 
follows: 

The effect of previous growth (both in terms of employment and of assets) is important to firm survival. Firms 
with higher previous growth may increase the likelihood of survival, and non-linearities exist in this relationship. 
The effect of previous growth on the hazard rate is negative and at an increasing rate, implying that the effect of 
growth on firm survival decreases as growth increases. 

Characteristics of domestic private firms and foreign firms have positive impacts on survival, when compared 
with the state firms. In other words, the presence of domestic private and foreign firms increases survival 
probability for firms in Vietnam. Among initial founding conditions, the firm size in assets and initial debt have 
positive relationships with firm survival. With respect to variables of firm productivity, earning before taxes over 
labour in year t-1 is important and has a positive impact on firm survival in year t. Related to the profit variables, 
the return on assets in year t-1 is positive and significant to firm survival in year t. The leverage in year t-1 is 
found to have a negative impact on the probability of survival in year t for firms in Vietnam. 

7.2 Policy Implications 

The probability of firm survival is based not only on its ability, but also on the government policy constraints of 
the country in which the firm is in business. The change in governmental policies may negatively or positively 
influence the survival rate (or the hazard rate). After analyzing the effects of growth and other determinants to 
firm survival, we can recommend some public policies to improve the survival chances for Vietnamese firms as 
follows: 

Growth, particularly in the initial stages, will lead the firm to avoid failure from the market. Hence, assistance 
programmes for firms after start-up (for new firms) should be considered in order to help these firms grow.  

There are different survival rates among different types of firms. When considering the effects of the covariates 
of efficiency, foreign and domestic private firms display higher probability of survival, in comparison to state 
firms. Hence, in order to improve the survival probability of firms in Vietnam, some policy implications are: To 
encourage the domestic private firms to set up and attract more foreign direct investment into Vietnam; To 
decrease the support, preference, and privileges of state firms, as compared to foreign and domestic private 
firms, in order to create a more equal business environment among different types of firms in the economy; To 
quickly push the process of privatizing state firms so that domestic private and foreign owners can enter these 
state firms; To allow domestic private and foreign firms to access industries which state firms currently 
monopolize. 

The initial assets size and initial debt have positive impacts on survival, so government policies should be issued 
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to promote the financial market in creating and developing opportunities for new firms to acquire access to initial 
finances. Initial support or initial loan programmes for new entrants should be suggested in order to support new 
firms. 

Owners and entrepreneurs should pay attention to augmenting productivity and profitability and to controlling 
their firm’s level of leverage in order to increase the probability of survival. 
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Note 1. The models are based on Kiefer (1988), Lancaster (1979 and 1990), Barmby (2001), Wooldridge (2002), 
Jenkins (2004), and Smith (2006). 


