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Productive Efficiency of Chaebols and Non-Chaebol Firms in Korea: 

Stochastic Production Frontier Estimation using Panel Data 

 

Abstract 

 

This paper first compares productive efficiency of chaebols and non-chaebol firms in Korea. 

The first contribution of this paper lies in that we have treated each chaebol group as a single entity 

consisting of tens of affiliated firms. This is important since affiliated firms in a business group are 

not really independent firms in Korea. They are subject to centralized control, evaluation and resource 

allocation. Using a rigorous econometric technique and utilizing the advantage of panel data models, 

we have found that the average level of productive efficiency of chaebols is lower than that of non-

chaebols although the difference is not significant. When we divide chaebols into the top 4 and the 

bottom 18 chaebols in terms of asset size, the top 4 chaebols are shown to be significantly less effi-

cient than average non-chaebol firms. When we divide the non-chaebols into the superior and the in-

ferior in terms of productive efficiency, chaebols are shown to be significantly less efficient than the 

superior non-chaebol firms. 

   We have also found that estimated productive efficiency is an important determinant of profitabil-

ity. When we control for productive efficiency, the capital-labor ratio, the debt-equity ratio, and asset 

growth, profitability of chaebol's is shown to be significantly lower than that of non-chaebol firms. 

We claim that such lower profitability in chaebols has to do with their pursuit of growth through 

acquisition of assets. 
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1.  Introduction 

 

Nowadays, such company names as Samsung, Hyundai, Daewoo, and LG are representative 

of the whole Korean economy. Chaebols have been the backbone of the economy and their combined 

share in the economy is substantial. While nobody can doubt their past contributions to the rapid 

growth of the Korean economy, the chaebols are now criticized as being responsible for the 1997 Ko-

rean economic crisis leading to the IMF emergency loans. Actually, even before the unfolding of the 

crisis in late 1997, early 1997 saw the successive bankruptcy of several chaebols. The post-crisis cor-

porate reform has fuelled again the long lasting debate on the relative efficiency of the chaebol and 

non-chaebol firms in Korea.1 

There is no doubt that Korean chaebols are a variant of the business groups in general. 

Business groups are somewhat common throughout the world and their importance has been increas-

ingly recognized in the literature. Granovetter (1995) defines business groups as those collections of 

firms bound together in some formal and/or informal ways, characterized by an intermediate level of 

binding, namely neither bound merely by short term strategic alliances nor legally consolidated into a 

single entity. The Korean chaebols fit into this definition, and are also consistent with Strachan 

(1976)'s definition as there are strong personal and operational ties among the member or affiliate 

firms in a chaebol.2 

     As noted in the literature, specific forms the business groups take in each country vary de-

pending upon not only economic but also political and legal conditions of the countries. In the case of 

Korea, protected domestic market, state-controlled banking sector, and active industrial policy by the 

government have been so far important influencing factors for the development of chaebols. In this 

paper the term, chaebol, is used to indicate the whole business group as a unit consisting of numerous 

member or affiliate companies. The terms member firm, group-affiliate firm, or chaebol firm (or com-

pany), are used interchangeably to refer to an individual firm belonging to a chaebol business group. 

                                                           
1. For earlier debate on chaebols, see Steers, Shin and Ungson (1989), Cho (1992) and Jeongand Yang 

(1992). 
2. This is how Strachan (1976) distinguishes the typical American conglomerate from business groups. 

In the case of the former, component companies are acquired and divested mainly on financial 

grounds and there are few operational or personal ties among the member firms. Thus, conglomerates 

are inherently unstable. Recited from Granovetter (1995). 
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These affiliate firms are legal persons and are often listed in the stock market and are inter-locked by 

circular share-holdings, whereas a business group or chaebol itself is not a legal person. 

There exists a large volume of literature on the empirical analysis of the economic perform-

ance of chaebols, although most of these studies are in Korean. The literature can be divided into two 

types. One type examines the performance of chaebols using chaebol data only (for instance Chang 

and Choi 1988), without comparing chaebols and non-chaebol firms. The other type is the compara-

tive analysis of chaebols vs. non-chaebol firms. Most of the previous studies including Choi and 

Cowing (1999), use data on individual member firms when they conduct comparative quantitative 

analysis of chaebols vs. non-chaebol firms. Typically, researchers have used the data on firms listed in 

Korean stock markets. Such analysis compares performance of the firms belonging the business 

groups (usually top 30 chaebols ) with the performance of other firms. However, it would be more 

useful and meaningful to treat each business group as a single firm considering the affiliated firms as 

something similar to divisions in an M-form firm. This makes sense since, although each is a separate 

legal person and is separately listed, affiliated firms in a chaebol do not enjoy managerial autonomy. 

They are different from independent companies. 

 Thus, in this paper, we treat each business group as a single entity and for this purpose, we 

use the consolidated financial statement of the group that puts together all of the financial statements 

of the member firms canceling out within-group transactions.3 This cancellation is very important as 

it enables us to obtain data on the real size of the output values and profits and so on, which are sub-

stantially smaller than the simple summation of the outputs and profits of the member firms.  

The analyses in this paper utilize 4-year panel data to estimate stochastic frontier production 

functions in order to compare technical efficiency of chaebols and non-chaebol firms. This methodol-

ogy is useful since it allows one to get an estimate of productive efficiency of individual firms. Also 

using panel data allows us to tackle the problem of possible endogeneity of capital or labor input vari-

ables. The results show that chaebols are in general less efficient than non-chaebol firms. 

The following section explains the data and basic features of chaebol and non-chaebol firms.  

                                                           
3. Lee and Han (1997) is one of the few works which carries the group-level analysis. However, they 

do not compare chaebol vs non-chaebol firms. They investigate the relationship between diversifica-

tion and profitability using only business group data. While Jeong and Yang (1992) has compiled 

some useful data on the top 30 chaebols, they do not analyze these data to compare chaebol and non-

chaebol firms. Cho (1992) has collected much useful information, and carried out some preliminary 

analyses.  
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Sections 3 and 4, present the estimation methods and results. Discussion of the results follows in the 

final section. 

 

2.  Defining Chaebol as a CMS firm 

 

In Korea, chaebols are usually perceived as family-controlled business groups. One impor-

tant feature of the chaebols is that the actual share of the controlling families is quite small. It is usu-

ally around 10 percent in the case of top 30 chaebols. La Porta, de-Silanes, and Shleifer (1998) and 

Bebchuk, Kraakman, and Triantis (1999) find that such firms with controlling minority structures 

(CMS), as in the case of Korean chaebols, are widespread around the world. In the controlling minor-

ity structure firm, a shareholder exercises control while retaining only a small fraction of the equity 

claims on a company's cash flow. Such a radical separation of control and cash flow rights can occur 

in three principal ways: through a dual-class share structure, stock pyramids, and cross-ownership ties. 

These three methods are exactly what are used by the Korean chaebols. Table 1 shows the share com-

position in the chaebol firms. On average, the owner and relatives own only about 10 percent of 

eyaity in the top 30 business groups. More than 30 percent of the stocks are owned by other member 

firms in the same chaebol group. However, these stock cross-holdings are mutual among the firms 

comprising the chaebol. For example, firm A in a chaebol group owns a share of firm B worth 100 

million Won, firm B owns a share of firm C worth 100 million Won, and finally firm C owns a share 

of firm A worth 100 million Won. These 100 million Won shares do not represent any real asset. It is 

merely a paper asset existing only in the accounting system. However, this paper asset contributes to 

maintenance of control by the family owners and relatives. As Table 1 shows, the sum of the shares 

owned by the owner-relatives and the member firms are as high as 44 percent in the 30 largest chae-

bols in Korea. In the way, the owner-families were able to keep control over a large number of the 

member firms with only a fractional share of real financial capital invested in these firms.  

The CMS structure a resembles controlled structure in that it insulates the controller from 

the market for corporate control, but it resembles dispersed ownership in that it places corporate con-

trol in the hands of an insider who holds a small fraction of equity (Bebchuk, Kraakman and Triantis 

1999).4 The nature of the agency costs of the controlling families in the chaebols is interesting and 

also important because the CMS threatens to combine the incentive problems associated with both the 

                                                           
4. In a controlled structure a large block holder owns a majority or large plurality of a company's 

shares. 
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controlling structure and the dispersed ownership in a single ownership structure, as was noted by 

Bebchuk, Kraakman and Triantis (1999). 

One kind of agency cost in the CMS firm has to do with fact that CMS firms tend to acquire, 

or enter into, businesses which are often not justifiable in terms of returns on investment. A theoretical 

model presented in Bebchuk, Kraakman and Triantis (1999) provides a persuasive reason for this be-

havior. The model explains why inefficient projects are chosen and unprofitable expansions are pur-

sued under CMS. The basic idea of the model is as follows: suppose that there are two alternative pro-

jects, each of which produces a cash flow (S) (available to all shareholders) and a private control 

benefit (B) in different combinations. Then, between the two alternative projects, the model shows 

that the probability that the project generating bigger private benefits is chosen increases sharply as 

αdecreases (αis cash flow rights of the controlling minority shareholder).5 

Another model in Bebchuk, Kraakman and Triantis (1999) shows that given any distribution 

of opportunities to expand and contract, the likelihood that a CMS firm will make an inefficient deci-

sion--and thus incur the expected agency cost--grows larger as the controller's equity stake becomes 

smaller.6 In this modelas as well the deciding factor is the magnitude of private benefits accruing to 

the controller when he keeps or acquires the asset. Often, private benefits tend to come from self-

dealing or appropriation opportunities. In the Korean context, typical private benefits take the form of 

arbitrary and preferential borrowing from the firms and many kinds of outright cash payments to the 

controlling shareholders. These models suggest that the unique agency cost structure of the CMS 

firms pushes chaebols to pursue growth.  

Each year the Korean Fair Trade Commission designates the top 30 business groups in 

terms of asset size and puts them under special monitoring and restrictions. These 30 groups are per-

ceived as representing the so-called chaebols. Firms Then, what are the real differences between the 

top 30 "chaebols" and the "non-chaebols", given that most of the "non-chaebols" are also family-

owned and controlled? For example, how can we say the 30th group is a chaebol but the 31st is not, 
                                                           
5. For example, with a value of αas 10 % and B as 5 % of V, a controller will reject the efficient pro-

ject unless the value gap between the two projects is more than 27%. 
6. A controller will prefer to expand (or not to contract) a firm if α(V-B) + B > P, where P is the buy-

ing or selling prices of the asset. For example, with a value of α as 10% and B = 5% of V, the con-

troller will refuse to sell the asset unless the firm receives a price 45% higher than the real value of 

the asset to the firm. Equivalently, the controller will acquire the asset unless the price is more than 

45% higher than its real value to the firm. 
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simply relying on the criterion of asset size? As a matter of fact, people sometimes talk about the top 

60 or 75 business groups in Korea. Furthermore, many firms in Korea take the form of a business 

group. In a sense, all firms are chaebols. In this case, how can we conduct any meaningful compari-

son of chaebol vs. non-chaebol firms? 

To tackle these problems, and to define chaebols meaningfully, we rely on the concept of 

CMS firms. A firm with substantial owner-manager share holdings is not taken as a chaebol; it is a 

firm of the controlling structure, and in this type of firm, the agency cost problem cannot be serious. 

Specifically, we take as chaebols those business groups with a very high ratio of affiliate firms' share 

holdings to the owners' share holdings. In our empirical analysis, we adopt a ratio of 70 percent of 

ratio as the dividing line.7  

Although it sounds somewhat arbitrary, this criterion enables us to classify business groups 

with a somewhat high share held by owner-families into non-chaebols, although they belong to the 

top 30 chaebols. Table 1 presents the shares held by the owner families and the affiliate firms. There 

are 8 business groups belonging to the top 30 that we classify as non-chaebols; Dong-ah, Dong-yang, 

Mi-won, Halla, Kukdong Refinery, Tongil, Hanbo, and Poongsan. In most of these cases, the owners 

shares range from 25 to 65 percent, and the shares held by affiliate firms range from negligible to 18 

percent. 

As was said earlier, it is important to treat affiliate firms in a business group not as inde-

pendent firms but as divisions in an M-form firm, and thus, to treat each business group consisting of 

tens of affiliated firms as a single business entity. Therefore, we need a consolidated balance sheet for 

each group. The only available and reliable source of the consolidated statements of the chaebols is 

one compiled by the KIS (Korea Credit Investigation Services) for the period of 1986-1989. Table 2 

illustrates the reason for using the consolidated balance sheet rather than simple summing up of each 

balance sheet of the affiliate firms; there are substantial double-counting problems in the latter case. 

For example, table 2 shows that simple sum of profits of each group is substantially larger than true 

values shown in the consolidated balance sheets. 

Our database consists of 222 firms, which include the 30 business groups and 192 inde-

pendent firms. Out of the top 30 business groups, 22 are treated as chaebols and the remaining 8 as 

                                                           
7. To exclude rare cases with a higher than 70 percent ratio of the affiliate firms’ shares to the owners’ 

share but with a very low shares held by affiliated firms, such as 1 percent, we also put an additional 

restriction on the definition of chaebols that the shares owned by the affiliated firms should be at least 

10 percent. 
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non-chaebols. Thus, the total number of the non-chaebols firms in the sample is 200. Actually, we had 

a data of 289 firms listed in the stock market. Out of these 289 firms, 97 firms are member firms of 

the top 30 business groups, and the remaining 192 firms are independent firms. Of course, among the 

non-top-30 business groups, some may have listed two or more of their member firms in the stock 

market. We have checked on this possibility, and it turns out to be very remote.  

Table 3 presents some basic features of these firms. The 22 chaebols are further classified 

into the top 4 and bottom 18 in terms of their asset size. Most importantly, it is shown that the size 

gap between chaebols and non-chaebols is huge. The same is true between the top 4 and bottom 18 

chaebols. Thus, it seems to be meaningful to compare three kinds of firms: the top 4 chaebols, the 

bottom 18 chaebols, and the non-chaebols. We will also try to divide the non-chaebols into two 

groups, the superior and the inferior, and each of them will be compared with the two types of chae-

bols. 

 

3.  Methodology 

 

3.1. Stochastic Production Function 

 

    To compare the productive efficiency of the chaebol and non-chaebol firms, we estimate the fol-

lowing stochastic frontier production function (Aigner et al. 1977; Bauer 1990). 

 

In Y i t  =  α0 + αL ln L i t + αK ln K i t + v i t - u i t ,     i = 1 ... N ,  t = 1 ... T.          (1) 

 

Here, i indexes firms and t indexes years. Yit, Lit, and Kit are output, labor input, and capital input, 

respectively. A simple Cobb-Douglas production function is assumed. 

    The function α0 + αLlnLit + αK ln Kit is a production frontier that gives us a maximum expected 

amount of (log) output from a given input vector when there is no technical inefficiency. The distur-

bance term consists of two components: vit represents pure statistical noise in production, whereas the 

term u i t represents technical inefficiency, capturing the gap between the frontier and actual produc-

tion. The bigger the term u i t , the lower the technical efficiency. We assume that u i t ≥ 0 with a prob-

ability of one.  

    If v i t  and u i t are independent not only over time but also across firms, then the panel data for-

mulation has no advantage over the cross-sectional formation. But if we make further assumptions 

about the property of the inefficiency, we can find some merits in the panel data analyses. Assuming 
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that u i t is time-constant, we obtain 

 

  In Y i t  =  α0 + αL ln L i t + αK ln K i t + v i t - u i  ,        i = 1 ... N ,  t = 1 ... T.      (2) 

 

Equation (2) is a familiar panel data model, except that the mean of the inefficiency term, ui , is not 

equal to zero due to the assumption ui ≥ 0. So rewrite equation (2) as follows: 

 

   In Y i t  =  α0 – E[ui] + αL ln Lit + αK ln Kit + vit – (ui – E[ui])                     

          =  α0 
* + αL lnLit + αK ln Ki t + vi t - ui

* ,         i = 1 ... N , t = 1 ... T.      (3) 

 

     Now E[ ui
* ] = 0 and we can apply the standard panel data estimation technique. Using panel 

data has several advantages over cross-section models as pointed out by Schmidt and Sickles (1984). 

For instance, we can estimate the efficiency level of each firm. Also, we need not assume that the 

firm-specific level of inefficiency is uncorrelated with the input levels. Later we will discuss these 

issues more thoroughly.  

     If we treat ui as a firm-specific constant, equation (3) can be estimated by ordinary least squares 

after adding dummy variables for each firm (as in a "fixed effect" model). Alternatively, one can use  

a "mean-deviation" operation and get the "within estimator," which is exactly the same as the fixed 

effect estimator. Then, firm specific efficiencies can be derived from the firm specific mean residual 

values. 

    Let lower case letters represent log output and log inputs for convenience. Averaging each term 

in equation (2) over time, we obtain 

 

iiiKiLi uvkly −+++= •••• ααα0  .                                           (4) 

 

By subtracting (4) from (2) we get 
 

)()()()( •••• −+−+−=− iitiitKiitLiit vvkkllyy αα                            (5) 

 

Finally we obtain the "within estimator" by applying the OLS estimation method to equation (5). 

      We can also treat ui as a random variable and apply the GLS estimation method to equation (3) 

(a "random effect" model). The estimation consists of two steps. In the first step, we estimate the vari-
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ance-covariance of the disturbance term in equation (3). It is  

 

 Var (v - u ) =  var(vit) · Ω = var (vit) · [ IN ⊗ [M0 + 
2

1
θ

 P0 ] ] ,                   (6) 

 

    Where v is an NT × 1 vector defined as v = ( v11  … v1T … vN1  … vNT )', u is defined similarly 

as u = ( u1  … u1 : uN  … uN )',  IN  is an N by N identity matrix, ⊗ is the Kronecker product opera-

tor, M0  is a mean deviation operator defined as M0  =  I – 
T
1  l·l'  with  l  being a T x 1 vector 

of ones, P0  is a mean extraction operator defined as P0 = 
T
1

 l·l' , and θ is defined as 

2/1

iit

it

 )var(u*T  ) var(v
) v  var(

⎥
⎦

⎤
⎢
⎣

⎡
+

 . 

     

      In order to render the GLS estimation feasible, we only need to compute θ. Note that Ω-1/2  = 

INT - (1- θ) IN ⊗ P0 . The form of Ω-1/2  says that the GLS transformation is to apply a (1-θ) fractional 

mean deviation to each observation. By applying OLS estimation to equation (5), we obtain the 

within group estimator, and to equation (4), the between group estimator. The variance components, 

var(ui) and var (vit), are computed using the sum of squared residuals from these two regressions. 

 

   var (vit )  =  SSEw / N(T-1) ,  and  var(ui) = SSEb / N – var(vit )/T ,                 (7) 

 

where SSEw , SSEb are the sum of squared residuals obtained from within estimation and between 

estimation, respectively. 

    In the second step, we apply OLS to the following transformed equation. The resulting estimator 

is called the random effect estimator.  

 

       iititKitLit uvkly θααθα −+++= ˆˆˆˆ 0  ,                                         (8) 

         where  iitit zzz )1(ˆ θ−−=    and  ititititit vklyz ,,,=  . 

 

    The random effect estimator is more efficient than the fixed effect estimator under the assump-
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tion that the right hand side variables are all exogenous. The fixed effect estimation suffers from the 

loss of degrees of freedom when there are many cross-sectional units as in our data set. But one cru-

cial difficulty in random effect estimation arises when the right side variables are not all exogenous. 

Because inputs are chosen in an optimal way by firms, right hand side variables are less likely to be 

exogenous. If a firm knows its level of efficiency, it is natural to think that the firm should adjust its 

input choices according to that knowledge, resulting in correlation between inputs and ui.  

     We cannot use the rationale suggested by Zellner et al. (1966) to interpret the disturbance term 

in a production function as unexpected shocks. Under their formulation, the disturbance term does not 

affect the input choices and there arises no endogeneity problem. In our model, Zellner's rationale can  

only be applied to vit which, as pure white noise, lies beyond the firm's control. But there is no com-

pelling reason to assume that ui is uncorrelated with input levels : technical inefficiency of an individ-

ual firm doesn't change over time, so a firm is likely to know its inefficiency level and to choose the 

input levels taking into account this information. 

      Within estimation has an important advantage in this regard. It need not to assume that firms' 

inefficiencies are uncorrelated with the input levels. It is because the within transformation in (5) gets 

rid of the problematic ui term. Note that in the GLS transformed equation in (8), ui still exists and po-

tentially causes the endogeneity problem. But the within estimator has some defects. If there are time-

constant covariates, such as managerial characteristics or location, the within estimator cannot iden-

tify these effects because all time-invariant variables are eliminated by the within transformation. An-

other defect is the within estimator is not fully efficient since it ignores variation between firms. 

 

3.2. Hausman and Taylor's IV/GLS estimator 

 

Hausman and Taylor (1981) propose a more satisfactory estimator. Assume that some regressors are 

correlated with ui but others are not. Using the Hausman and Taylor (HT, hereafter) procedure we can 

get a more efficient estimator and also estimate the coefficients of time-invariant covariates. 

    To apply HT's so-called IV/GLS estimation procedure, one needs to classify covariates into ex-

ogenous and endogenous cases. This classification affects the estimation results. However, an impor-

tant feature of the HT approach is that the validity of the classification can be tested. The HT's 

IV/GLS estimation method applies the IV estimation procedure to equation (8) using as instruments 

all exogenous variables themselves and the mean deviations of all covariates.  

     We can test the null hypothesis that a certain subset of regressors is exogenous by comparing 

two different estimators. The within estimator is consistent even when all regressors are correlated 
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with ui. At the other extreme, the GLS estimator (random effect estimator) is consistent only when all 

regressors are uncorrelated with ui . HT's IV/GLS estimator lies in between. It is consistent when the a 

prior chosen subset of regressors is uncorrelated with ui .  

     For example, comparing the within estimator with the GLS estimator, we can test the null hy-

pothesis that the ui are uncorrelated with all regressors. Comparing the within estimator with HT's 

IV/GLS estimator, we can test the null hypothesis that the ui are uncorrelated with the a priori chosen 

subset of regressors. Using Hausman's (1978) specification test idea, we can easily notice that the 

variances of the difference of two estimates can be written as the variance of the inefficient estimator 

minus the variance of the efficient estimator under the null hypothesis. The within estimation is less 

efficient, whereas the GLS estimator is most efficient. HT's IV/GLS estimator again lies in-between. 

 

3.3. Rescaling the data : Controlling the aggregate size effect 

 

     Our sample is composed of a few large sized chaebols and many small sized non-chaebol firms. 

On average, chaebols are much bigger than non-chaebols (table 3). Due to this difference in firm size, 

we cannot treat our sample firms as homogeneous. Without adequately controlling the size effect, in-

efficiency by firm size will be confounded with scale economies or diseconomies.  

     Let us take an example. Suppose that chaebols are less efficient than non-chaebols, and that the 

production technology exhibits constant returns to scale in both chaebol and non-chaebol firms. When 

we pool the chaebol and non-chaebol firms, we may spuriously obtain a production function which 

shows decreasing returns to scale. It is because inefficiency of chaebols may be wrongly captured 

through scale diseconomies. As a result, chaebol firms would not necessarily turn out to be inefficient.  

     The above example clearly indicates that the size effect and the efficiency level are confounded, 

creating an identification problem. Then what are the causes of this identification problem? Size has 

two channels to affect production. One is through production technology. Under decreasing returns to 

scale, for example, chaebol firms produce less outputs than non-chaebol firms per unit input. The 

other channel is through the efficiency level. In this paper, we allow that chaebol and non-chaebol 

firms to differ in their inefficiency levels. Therefore the size difference in inefficiency level is con-

founded with the size effect due to technology.  

     Although these two effects play an important role in reality, we have no natural way of handling 

these two effects separately. So we should make a choice, that is, we should concentrate on estimating 

one effect after blocking out the other effect. Our choice is to get rid of the size effect due to technol-

ogy. To handle this problem, we propose to rescale the size of each firm to have a unit size. Let si de-
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note the i-th firm's size. The rescaled production function is  

 

             iit
i

it
K

i

it
L uv

s
k

s
l

−+++= ααα  0
i

 ti   
s
y

                                               (9) 

 

     Once all input and output data are divided by firm size, there remains only the difference in 

relative input-output ratios across sample firms. So the systematic size difference between chaebol 

and non-chaebol firms is now eliminated. In terms of these rescaled data, chaebol firms do not neces-

sarily take larger values of inputs and outputs than non-chaebol firms. Have we made the right 

choice? We believe so, considering un-related diversification of Korean chaebol firms. A big com-

bined size has nothing to do with economies of scale or scope if the combination is over unrelated 

industries. 

     Korean chaebol firms are characterized by the well-known "unrelated diversification". The 

typical growth strategy of Korean chaebol is characterized by entry into many different industries that 

have no distinct relationship with each other. (See Table 1 showing the number of affiliates and the 

number of industries for the Korean chaebols.) We can neither think that the capital input in the 

chemical industry raises the efficiency of capital inputs in the construction industry due to the econo-

mies of scale, nor think that there are synergy effects between the labor inputs in the steel industry 

and labor inputs in the department store business. So we reasonably assume that Korean chaebol's 

huge size is not directly related to gaining efficiency by expanding their size and/or enjoying synergy 

effects by entering into a related industry.  

     Rather, Korean chaebols are better regarded as simply a collection of many firms under one 

group name which are not highly related with each other in terms of production strategy. For example, 

when we refer to the input or output of Hyundai or Samsung, what we actually mean is the summa-

tion, after cancelling out within-group transactions, of the input or output of thirty to forty affiliates 

which are spread from the amusement park business to semi-conductors, or from life insurance to 

automobiles. Note that in our empirical anelyses, each chaebol enters into the study as a single firm. 

     Suppose that a chaebol consists of ten affiliates of the same size, say unit size, and that all non-

chaebol firms are also of the unit size. The input and output level of the chaebol is the summation of 

those ten affiliates, after within-group transactions are cancelled out. What we use for this calculation 

is simple summation, so the chaebol seems to produce ten units of output from ten units of input (as-

suming no cancellation). When each chaebol affiliate is equally efficient as non-chaebol firms, 

whether we rescale the chaebol group data or not, we will get the same result.  



 

 12

     However, when there is difference in the level of efficiency between chaebol affiliates and non-

chaebol firms, rescaling matters a lot. For example, suppose that chaebol affiliated firms are less effi-

cient than non-chaebol firms of the same size. That is, the combined output of the chaebol as a whole 

is less than ten times the output of a typical non-chaebol firm. In this case, without rescaling the data, 

we will obtain a spurious, decreasing returns to scale production function, and chaebol firms would 

not seem to be inefficient. This is quite misleading because the ten chaebol firms are all of unit size 

(no scale effect) and they are operating in unrelated industries (no scope effect). To prevent this dis-

torted image, we have decided to rescale the data. Only after rescaling, we can expect to obtain a 

meaningful efficiency comparison between chaebol and non-chaebol firms in Korea.  

     Through this rescaling, we can block out the size effect, which doesn't seem to exist in the Ko-

rean chaebol context or at least matters less than the efficiency issue, and concentrate on the ineffi-

ciency comparison between chaebol and non-chaebol firms. This identification issue has not been 

treated adequately in the literature because most existing studies focus on a single industry: Cornwell, 

etc. (1990) on the U.S. airline industry, Kumbhakar (1988) on the U.S. railroad industry, and Ferrier 

and Lovell (1990) on the U.S. banking industry, for example.  

     A benefit of our rescaling approach is that the inefficiency estimate of each firm is less sensitive 

to the economy of scale estimate, αL + αK. The reason is that chaebols are not necessarily bigger in 

terms of rescaled input levels. Previously, what makes the inefficiency level so sensitive to the size 

effect was that all chaebols are much larger than non-chaebols. Our approach is particularly useful 

when the estimate of αL + αK is not robust to different estimation methods.  

     Practically, we rescale our data by dividing all inputs and output by the logarithm of asset size 

averaged over the sample years for each firm. Therefore, our data consists of inputs and output per 

unit size. Also, this approach has another advantage in alleviating heteroskedasticity of the error terms 

resulting from size differences.  

 

4. Results 

 

4.1. Estimating the production frontier  

 

    We have obtained the following result by estimating equation (9). The output is value-added, 

inputs are labor and capital, and all variables are divided by the logarithm of asset size.  

    Table 4 above gives the results of various models for our sample. In each case the coefficients of 

labor and capital inputs and the overall constant term are reported. The t-values are in parentheses. 
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The last row reports the value of Hausman's specification test statistic, which is defined as  

 

     (βwithin - βa )' · ( Var(βwithin ) - Var(βa ) )-1 · (βwithin - βa ),                    (10) 

 

     where "a" denotes alternative estimators,  a  =  GLS,  IV/GLS I,  and  IV/GLS II.  

 

      In the first column of table 4, we present the within estimates of the production frontier. Note 

that the labor coefficient is above twice the size of the capital coefficient. The second column shows 

the GLS estimates. The labor coefficient from the GLS estimation is much different from the corre-

sponding within estimate. Comparing the within and GLS, estimates we test the hypothesis that both 

labor and capital inputs are uncorrelated with the firm specific inefficiency level ui. Under the null 

hypothesis, the test statistic follows a chi-square distribution with two degrees of freedom. Since the 

Hausman statistic is 17.55, we reject the null. This rejection implies that we may not treat both labor 

and capital inputs as exogenous variables. Therefore one or both of our regressors are suspected to be 

correlated with ui . 

    Since we do not have any persuasive reasons a priori to identify the variable that is endogenous, 

we have to examine each case in turn. First let us consider the case that one input level is correlated 

with ui and the other is not. 

    In the third column of table 4 we present IV/GLS estimates assuming labor input is exogenous 

and capital input is endogenous. Note that the coefficients are very similar to the GLS estimates rather 

than the within estimates. The last row reports the Hausman test statistic, which tests the null hy-

pothesis that labor is exogenous. Under the null, the test statistic is distributed according to a chi-

square distribution with one degree of freedom. The statistic takes a value of 15.79, so we reject the 

null. This means that labor input may not be treated as exogenous.  

    The fourth column displays the IV/GLS results assuming capital is exogenous and labor is en-

dogenous. Note that the result is very similar to the within estimates. To test the null hypothesis that 

capital is uncorrelated with ui , we compute the Hausman statistic in the last row. Under the null, the 

test statistic is distributed as a chi-square distribution with one degree of freedom. The critical point 

of the null distribution is 3.84 at 5% size. So we cannot reject the null hypothesis at the 5% signifi-

cance level. Therefore the assumption that labor is endogenous and that capital is exogenous looks 

reasonable.  

     What happens if both capital and labor inputs are endogenous? In our setting this implies that 

all the regressors are correlated with uI and the model is 'just-identified'. In this case, the IV/GLS es-



 

 14

timates are identical to the within estimates which have already been reported. 

    From the results above, we may reasonably assume that "labor input is endogenous and capital is 

exogenous," which assumption forms our 'benchmark model'. We further compare the benchmark 

model estimates with the GLS estimates to test the null hypothesis that labor input is exogenous given 

that capital is exogenous. Since the Hausman test statistic is 13.28, we reject the null. So we confirm 

again that labor is better treated as endogenous.  

 

4.2. Comparing the inefficiency level across the chaebol and non-chaebol firms. 

 

     Once we estimate the production frontier, we can derive an estimate of the efficiency compo-

nent of each firm as  iα̂ = 
T
1 )ˆˆ- 

s
y(

i

 ti
1

i

it
K

i

it
L

T
t s

k
s
l αα −Σ = . Then 

    plim iα̂ = plim 
T
1 )ˆˆ- 

s
y(

i

 ti
1

i

it
K

i

it
L

T
t s

k
s
l αα −Σ =  = plim 

T
1 )( 01 iit

T
t uv −+Σ = α  =  α0 - u i 

    since  plim LL αα =ˆ ,  plim KK αα =ˆ , and  plim
T
1 T

t 1=Σ vit = 0,   i = 1... N.    (11) 

 

The larger iα̂ , the greater the efficiency of firm i. Now, define the inefficiency level iû  as  

       iû   = Nj≤≤1max  ( jα̂ ) - iα̂ ,    i = 1 ... N.                            (12) 

 

This definition implies that the most efficient firm in the sample is 100% efficient (a zero inefficiency 

level) and all the other firms have positive inefficiency levels. Using the estimates from our bench-

mark model, we compute iû  using equation (12). Table 5 reports the estimates of the inefficiency 

level and the efficiency ranking of the chaebol firms. Note that the total number of firms in our sam-

ple is 222.  

    According to table 5, the (unweighted) average inefficiency level of the 22 chaebols is 0.129 

which means that the average chaebol firm is about 13% less efficient than the most efficient firm. 

This value is very close to the average inefficiency level of the non-chaebol firms. The top 4 chaebols 

of Hyundai, Daewoo, Samsung, and LG appear to be less efficient that the next 18 chaebols. To check 

on the statistical significance of the differences between the various sub-groups of chaebol and non-
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chaebols, we run regressions of the inefficiency level on a constant term and a group dummy variable, 

which takes the value of one for firms classified along the columns and zero for firms classified along 

the rows. We can test the significance of the coefficient estimate of the dummy variable using a t-test. 

To compute robust standard errors of the estimates, we adopt White's heteroscedasticity consistent 

covariance formula. Table 6 shows our results.  

    First of all, the difference between chaebols and non-chaebols turns out to be insignificant, with 

a t-value of only 1.526. However, when compared with the superior half of the non-chaebol firms 

(those with less than average inefficiency level), chaebols turn out to be 3.4% less efficient. 

    Second, when we divide the 22 chaebols into the top 4 and the bottom 18 in terms of asset size, 

we obtain more interesting results. The top 4 chaebols are shown to be significantly less efficient than 

the non-chaebol firms, whereas the top 4 chaebols are not significantly different from the inferior half 

of the non-chaebol firms.  

    Third, the inefficiency difference between the bottom 18 chaebols and the non-chaebols is not 

significant. However, the bottom 18 chaebols are shown to perform significantly poorer than the su-

perior half of the non-chaebols, but significantly better than the inferior half. 

    Last, the top 4 chaebols are shown to be about 2% less efficient than the bottom 18 chaebols.  

    In sum, the efficiency comparison suggests the following order of efficiency among the various 

subgroups of firms. From best to worst, superior non-chaebols, bottom 18 chaebols, and finally top 4 

chaebols and inferior non-chaebols. 

 

 

5.  Discussion: Asset Growth, Productive Efficiency and Financial Efficiency in a CMS Firm  

 

    Low productive efficiency of chaebols, exogeneity of capital inputs and endogeneity of labor 

inputs, is consistent with our view of chaebols as CMS firms. Given higher agency costs, the chaebol 

firms tend to acquire more and more assets without due consideration of returns, and to adjust only 

labor inputs endogenously. Such a behavioral pattern is consistent with the hypothesis of higher 

growth propensity and low profitability of chaebols vis-a-vis non-chaebol firms. Table 7 first checks 

the difference between chaebol and non-chaebol firms in annual growth rates of several variables. 

Among others, annual growth rates of assets and sales in chaebols are shown to be significantly 

higher than in non-chaebol firms. The table also compares several indicators of profitability. In most 

cases, chaeobol's profitability is shown to be significantly lower than that of non-chaebol firms.  

    To compare profitability differences more rigorously, we run regressions of profitability on sev-
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eral variables. These regressions use the 4-year average value of variables. Thus, the number of ob-

servations is 222. The results are shown in table 8. Although one might say Tobin's q or other meas-

ures utilizing stock market performance are better measures of profitability, we cannot use them since 

many affiliates of chaebols are not listed in the stock exchange. Thus, we try two measures of profit-

ability as dependent variables, the operating profits to assets and operating profits to sales. Table 8 

presents the results when the dependent variable is the operating profit to asset ratio. The results with 

the other measure of profitability are basically the same (see the appendix table). Explanatory vari-

ables include the capital-labor ratio, the debt equity ratio, asset growth, a chaebol dummy, and the 

inefficiency level estimated previously. 

    First of all, the chaebol dummy is shown to be significantly negative, indicating lower profitabil-

ity of chaebol firms. Although the earlier work by Chang and Choi (1988) reported higher profitabil-

ity of chaebols relative to non-chaebol firms, more recent studies uniformly show lower profitability 

of chaebol firms. For example, Choi and Cowing (1999) and Jo (1998) shows such results in compar-

ing individual group-affiliated firms and non-group firms. G. Lee (1999) estimates the group-

affiliation premium in terms of profitability over the 1980s and 1990s and finds that the premium has 

decreased from positive values to negative values. Yoon (1998) estimates the long term trends of prof-

itability of the Korean firms by size (small, medium and large-sized firms), and finds that before the 

late 1980s, profitability of large sized firms was higher than smaller-sized firms, whereas the opposite 

has been true since the 1980s. All these findings suggest that while chaebols might have been an ef-

fective institutional arrangement in the 1970s and up to the early 1980s, its superiority over non-

chaeobls has continued to decline over the next decade. 

    Asset growth rates are shown to be significant and positively related to profitability. Given that 

asset growth rates, like sales growth, represent the growth propensity of the firms, this finding is not 

surprising and is consistent with the typical results reported in the literature. When we additionally 

include in the regression equation the interaction term between asset growth and chaebol dummy, the 

interaction term turns out to be negative and marginally significant. This suggests that in chaebol 

firms higher asset growth is negatively associated with profitability, which is consistent with our hy-

pothesis that chaebols behave as CMS firms pursuing unjustifiable expansion.  

    The estimated productive inefficiency is also shown to be significant, and negatively related to 

profitability. This result naturally confirms the link between productive efficiency and financial effi-

ciency. Next, the capital-labor ratio turns out to be negative and significant, which is consistent with 

the findings by Yoon (1998) that more capital intensive firms tend to show lower profitability. 

    The debt-equity ratio is negatively related to profitability. This seems to reflect the soft, not hard 
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as in the standard textbooks, nature of debts and high agency costs of debt holders in the Korean con-

text. Although additional variables capturing market power are typically included in profitability re-

gressions, we cannot do that since most chaebols operate in many different markets.  

  

6.  Summary  

 

    This paper first compares the productive efficiency of chaebols and non-chaebol firms in Korea, 

using panel data covering the 1986-1989 period. The first contribution of this paper lies in that we 

have treated each chaebol group as a single entity consisting of affiliated firms. This is important 

since affiliated firms in a business group are not really independent firms in Korea. They are subject 

to centralized control, evaluation and resource allocation. Using a rigorous econometric technique and 

utilizing the advantage of panel data models, we have found that the average level of productive effi-

ciency of chaebols is lower than that of non-chaebols although the difference is not significant. When 

we divide chaebols into the top 4 and the bottom 18 chaebols in terms of asset size, the top 4 chaebols 

are shown to be significantly less efficient than average non-chaebol firms. When we divide the non-

chaebols into the superior and the inferior in terms of productive efficiency, chaebols are shown to be 

significantly less efficient than the superior non-chaebol firms. 

     We have also found that the estimated productive efficiency is an important determinant of 

profitability. When we control for productive efficiency, the capital-labor ratio, the debt-equity ratio, 

and asset growth, chaebol's profitability is shown to be significantly lower than that of non-chaebol 

firms. We claim that such lower profitability in chaebols has to do with their pursuit of unjustifiably 

high growth through acquisition of more and more assets.  
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<Table 3> Basic Statistics of the Sample Firms  (hundred million won)

A. By Type B. chaebol

mean median s.d. min max No. of obs. value added sales asset employment

whole sample value-added 1022 188 3377 7 30424 222 Hyun-Dae 30424 125102 107455 144086

sales 4207 836 14413 41 125102 222 Dae-woo 19301 72324 94405 91901

asset 4217 793 13171 45 107455 222 LG 19679 92566 76788 90713
employment 4858 1245 15191 58 144086 222 Sam-sung 24749 111895 83380 108378

22 chaebol value-added 7589 4140 8232 847 30424 22 Ssang-Yong 7437 33735 33324 18380

sales 31777 16757 35830 2731 125102 22 Han-Jin 9846 28244 47166 29017

asset 31294 20342 30668 6740 107455 22 Han-Wha 5274 20668 21649 19601
employment 32052 15812 38917 2596 144086 22 Kukdong Const. 847 2731 7618 3542

top 4 value-added 23538 22214 5220 19301 30424 4 SK 7770 50365 34351 20556

sales 100472 102231 23036 72324 125102 4 Dae-Rim 4236 12302 21412 12059

asset 90507 88892 13434 76788 107455 4 Lotte 5337 18441 22724 22622
employment 108770 100140 24886 90713 144086 4 Kia 5201 19645 22402 24377

other 18 value-added 4045 3290 2397 847 9846 18 Dong-Kuk steel 3058 13556 11813 10574

sales 16512 13294 11626 2731 50365 18 Kum-Ho 2706 7567 11279 9513

asset 18135 14529 11029 6740 47166 18 Hyo-Sung 3269 20452 14875 11939
employment 15003 12479 8308 2596 32009 18 Doo-San 4044 15072 14182 13243

non-chaebol value-added 299 161 471 7 4949 200 Han-il 3310 10459 19272 32009

sales 1175 745 1400 41 13139 200 Sam-mi 2168 7547 11136 6570

asset 1238 674 1853 45 18057 200 Dong-Bu 2237 10628 8187 9250
employment 1866 1170 2391 58 18470 200 Kolon 2784 13032 10708 11315

Koryo textile 1673 4994 7599 2596
Note : 1986-1989 average values. Hai-Tai 1604 7777 6740 12898



<Table 4> Production Frontier Estimation. (dependent variable is value-added)

within GLS IV/GLS (capital is
endogenous)

IV/GLS (labor is
endogenous)

0.65 0.36 0.36 0.62
(7.97) (9.83) (9.7) (7.79)
0.26 0.29 0.3 0.24
(6.5) (8.3) (7.62) (6.32)
0.21 0.36 0.35 0.25

(3.91) (10.22) (9.23) (5.24)

specification test χ2
2  = 17.55 χ1

2 = 15.79 χ1
2 = 2.87

Note : Within parentheses are t-values.

labor

capital 

constant 



<Table 5> The Estimated Level of Inefficiency

Inefficiency level
efficiency ranking
out of whole 222

sample firm

efficiency ranking
out of 22 chaebol

(A)

asset ranking out
of 22 chaebol

firms (B)

Hyun-Dae 0.145            174               19                 1                   

Dae-woo 0.151            185               20                 2                   

LG 0.143            170               18                 4                   

Sam-sung 0.141            165               16                 3                   

Ssang-Yong 0.117            90                 5                   7                   

Han-Jin 0.134            142               14                 5                   

Han-Wha 0.129            132               13                 10                 

Kukdong Const. 0.122            112               10                 20                 

SK 0.118            97                 7                   6                   

Dae-Rim 0.118            96                 6                   11                 

Lotte 0.136            148               15                 8                   

Kia 0.141            166               17                 9                   

Dong-Kuk steel 0.114            80                 2                   15                 

Kum-Ho 0.123            116               11                 16                 

Hyo-Sung 0.127            127               12                 13                 

Doo-San 0.115            83                 3                   14                 

Han-il 0.170            203               22                 12                 

Sam-mi 0.116            86                 4                   17                 

Dong-Bu 0.119            99                 8                   19                 

Kolon 0.121            107               9                   18                 

Koryo textile 0.089            37                 1                   21                 
Hai-Tai 0.154            189               21                 22                 

average : chaebol 0.129            

top 4 0.145            * spearman rank correlation
other 18 0.126            coefficient between (A) and (B)

average : non-chaebol 0.122            : -0.431

superior non-chaebol 0.094            
inferior non-chaebol 0.15                     



<Table 6> Significant Test of Efficiency Difference

estimated coefficients of the chaebol dummy 

chaebol vs non-chaebol non-chaebol superior non-chaebol inferior non-chaebol

22 chaebol 0.006 0.034 -0.02

(1.53) (8.09) (-4.56)

top 4 0.022 0.05 -0.005

(6.95) (17.17) (-1.54)

other 18 0.003 0.031 -0.024

(0.71) (6.8) (-5.02)

top 4 vs other 18 chaebols bottom 18 chaebols

top 4 chaebols 0.019 (4.374)

Notes: 1. The t-values using White's formula are in the paratheses.
Notes: 2. Significant positive t-values mean that chebols are less efficient



<Table 7>  

A. Growth, Profitability, and Productivity in Chaebols & Non-chaebols

chaebol non-chaebol chaebol: top 4 chaebol: other 18 non-chaebol: superior non-chaebol: inferior

mean median mean median mean median mean median mean median mean median

growth rate asset 0.114 0.114 0.094 0.093 0.133 0.138 0.110 0.108 0.091 0.096 0.097 0.088

value added 0.133 0.104 0.090 0.099 0.157 0.147 0.128 0.102 0.091 0.099 0.088 0.100

sales 0.071 0.049 0.058 0.059 0.083 0.055 0.068 0.049 0.052 0.063 0.063 0.054

labor 0.044 0.052 0.006 0.014 0.053 0.059 0.042 0.052 0.012 0.018 0.000 0.005

fixed capital 0.152 0.170 0.104 0.095 0.132 0.148 0.156 0.170 0.099 0.106 0.108 0.082

profit rate operating income/asset 0.061 0.066 0.097 0.090 0.064 0.062 0.060 0.067 0.111 0.106 0.084 0.078

normal income/asset 0.020 0.025 0.057 0.053 0.019 0.027 0.020 0.022 0.075 0.070 0.039 0.034

operating income/equity 0.474 0.358 0.387 0.321 0.375 0.349 0.496 0.371 0.412 0.322 0.364 0.317

normal income/equity 0.065 0.122 0.166 0.175 0.110 0.154 0.055 0.114 0.185 0.204 0.149 0.139

operating income/sales 0.063 0.062 0.093 0.085 0.056 0.055 0.064 0.065 0.105 0.099 0.081 0.075

normal income/sales 0.014 0.023 0.051 0.050 0.014 0.022 0.015 0.023 0.067 0.067 0.035 0.029

productivity labor productivity 0.279 0.258 0.183 0.152 0.217 0.214 0.293 0.279 0.253 0.233 0.114 0.107

capital productivity 0.500 0.471 0.617 0.562 0.527 0.552 0.494 0.455 0.679 0.649 0.555 0.502

B. Significant Test of the Mean Difference : "Chaebols" - "Non-chaebols".
 

coefficient t-value

growth rate asset 0.043 2.346

value added 0.013 0.553

sales 0.038 2.895

labor 0.047 2.082

fixed capital 0.02 1.295



profit rate operating income/asset -0.036 -5.542

normal income/asset -0.036 -6.056

operating income/equity 0.086 0.683

normal income/equity -0.101 -2.037

operating income/sales -0.03 -3.084

normal income/sales -0.036 -4.116



<Table 8> Determinants of profitability 
 (dependent variable is "operating profits / asset") 

constant inefficiency cap/lab debt
/equity

chaebol
dummy

asset
growth

chaebol*asset
growth R square

estimates 0.18 -0.60 -0.04

t-value 16.10 -7.54 -5.28

*** *** *** 0.25

estimates 0.18 -0.59 -0.04 0.00

t-value 16.62 -7.50 -5.02 -2.31

*** *** *** ** 0.27

estimates 0.15 -0.51 -0.03 0.07

t-value 14.42 -6.36 -3.59 2.21

*** *** *** ** 0.22

estimates 0.18 -0.61 -0.04 0.00 0.08

t-value 16.19 -7.82 -5.45 -2.09 2.68

*** *** *** ** *** 0.29

estimates 0.18 -0.57 -0.03 0.00 -0.02

t-value 16.67 -7.34 -4.52 -2.20 -2.48

*** *** *** ** ** 0.29

estimates 0.18 -0.59 -0.04 0.00 -0.02 0.09

t-value 16.25 -7.67 -4.95 -1.96 -2.64 2.83

*** *** *** ** ** ** 0.32

estimates 0.16 -0.51 0.00 -0.03 0.07

t-value 14.76 -6.38 -2.42 -3.42 2.04

*** *** ** *** ** 0.24

estimates 0.18 -0.60 -0.04 -0.03 0.09

t-value 16.07 -7.72 -5.18 -2.74 3.01

*** *** *** *** *** 0.30

estimates 0.18 -0.58 -0.03 0.00 -0.10

t-value 16.59 -7.39 -4.78 -2.29 -1.40

*** *** *** ** * 0.28

estimates 0.18 -0.61 -0.04 0.10 -0.14

t-value 15.94 -7.78 -5.47 3.16 -1.95

*** *** *** *** * 0.29



estimates 0.18 -0.60 -0.04 0.00 0.09 -0.13

t-value 16.14 -7.73 -5.21 -2.03 2.97 -1.88
*** *** *** ** *** * 0.31



Appendix table: Determinants of profitability 
 (dependent variable is "operating profits / sales")

constant inefficiency cap/lab debt/
equity

chaebol
dummy

asset
growth

chaebol
dummy*asset

growth
R square

estimates 0.16 -0.48 -0.01
t-value 11.26 -4.91 -1.61

*** *** 0.10
estimates 0.16 -0.48 -0.01 0.00

t-value 11.30 -4.85 -1.47 -1.12
*** *** 0.11

estimates 0.15 -0.46 -0.01 0.00 -0.02
t-value 11.27 -4.68 -1.06 -1.01 -2.08

*** *** ** 0.13
estimates 0.15 -0.49 -0.02 0.00 0.06

t-value 10.93 -4.98 -1.68 -0.98 1.49
*** *** * 0.12

estimates 0.15 -0.47 -0.01 0.00 -0.03 0.06
t-value 10.89 -4.82 -1.28 -0.86 -2.16 1.59

*** *** ** 0.14
estimates 0.16 -0.47 -0.01 0.00 -0.08

t-value 11.25 -4.77 -1.32 -1.10 -0.88
*** *** 0.11

estimates 0.15 -0.48 -0.01 0.00 0.07 -0.10
t-value 10.85 -4.90 -1.53 -0.94 1.65 -1.14

*** *** * 0.12
estimates 0.15 -0.49 -0.02 0.07 -0.10

t-value 10.82 -4.96 -1.66 1.75 -1.17
*** *** * * 0.12

estimates 0.15 -0.48 -0.01 0.00 0.07 -0.10
t-value 10.85 -4.90 -1.53 -0.94 1.65 -1.14

*** *** * 0.12
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