
 
 

 
 

Scientific Research and Essays Vol. 5(11), pp. 1234-1242, 4 June, 2010 
Available online at http://www.academicjournals.org/SRE 
ISSN 1992-2248 ©2010 Academic Journals 
 
 
 
 
Full Length Research Paper 
 

A stochastic frontier approach for empirical tests of 
efficiency wage models 

 
Masud Rana1, Azizul Baten2* and Anton Abdulbasah Kamil2 

 
1Department of Statistics, Shah Jalal University of Science and Technology, Sylhet-3114, Bangladesh. 

2Mathematics Program, School of Distance Education, Universiti Sains Malaysia 11800 USM, Penang, Malaysia. 
 

Accepted 21 May, 2010 
 

This paper was aimed at testing the validity of wage efficiency hypothesis in developing country 
through the impact of a wage efficiency policy on the relative technical efficiency of firms. We used 
wage augmented stochastic production frontier models to measure technical efficiency of food 
manufacturing industry using an unbalanced panel data set over the period 1988 - 1989 to 1999 - 2000. 
The wage augmented Cobb Douglas production function was found to be an inadequate representation 
of the data compared to wage augmented Translog frontier model. Our empirical analysis showed that 
the elasticity of the efficiency wage function of employee was, on average, -0.555 while that of operative 
was -0.039. The results indicated that wage efficiency policy was not valid for a developing country like 
Bangladesh. The mean technical efficiency was estimated 0.398 implying that only 39.8% of the 
potential output is being realized in this sector. 
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INTRODUCTION 
 
The efficiency wage model asserts that the productivity of 
workers in firms is positively correlated with the wages 
they receive. Most efficiency wage theories assume that 
productivity depends on the relative wage inside and 
outside the firm. The Solow and Shapiro-Stiglitz models 
argued that paying higher wages lead to greater 
individual work effort and raise firm or industry output or 
productivity (Solow, 1979; Shapiro and Stiglitz, 1984). 
The efficiency wage model is particularly important for 
developing countries since, if valid, it raises important 
questions regarding the effectiveness of stabilization and 
structural adjustment policies (Riveros and Bouton, 
1994).  So,  it  is  necessary  to  determine  whether    the 
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efficiency wage is a useful explanation of this stylized fact 
at the industry level or not. 

A number of studies have shown that there exists a link 
between the level of wages in a firm and labor efficiency. 
The wage efficiency hypothesis which can be justified on 
several grounds (Akerloff and Yellen, 1986), cannot be 
ruled out, that is other things being equal, firms paying 
higher wages benefit from a more efficient labor input. 
Konings and Walsh (1994) looked to discriminate bet-
ween the efficiency wages and rent sharing hypo-theses 
by investigating the relationship between market shares 
and wages. Downes and Leon (1994) found that the 
wage rate has no direct impact on labor productivity in 
Barbados. Riveros and Bouton (1994) found supportive 
evidence for the efficiency wage hypothesis by analyzing 
wage differentials across firms in the manufacturing 
sector in Sao Paulo, Brazil. Francis Teal (1995) used the 
relative wage terms in a productivity equation to test for 
efficiency wages. Huang et al. (1998) recognized that 
both the observable and unobservable components of 
human capital can explain the  wage- productivity   nexus. 



 
 

 
 

 
 
 
 
Bouabdallah et al. (2004) examined the relationship bet-
ween unemployment and working hours in the context of 
an efficiency wage model and proved that work sharing 
may have a reducing impact on unemployment. 

Although the efficiency wages hypothesis seemed 
consistent with several empirical facts, the literature of 
personnel economics and research on motivation (see, 
for instance, Snowdon et al., 1994; Lazear, 2000; 
Goldsmith et al., 2000), the hypothesis faces some 
serious theoretical and empirical challenges. Two major 
results in testing for efficiency wages using production 
functions are those of Wadhwani and Wall (1991); Levine 
(1992), who found that relatively high wages in the firm 
are associated with high productivity. Fidelis (1992) 
applied the effort-augmented production function of the 
efficiency wage model on analysis of monopoly wage and 
employment. Seref Saygili (1998) tested the validity of 
the efficiency wage hypothesis by using firm level data 
from a developing country, namely Turkey. Sergio and 
Contreras (2003) used the econometric frontier approach 
to estimate efficiency measures of the transformation of 
human capital into earned income in the Chilean labor 
market. Atul (2007) empirically investigated the extent of 
labor market inefficiency by using the stochastic frontier 
model.   

At present, there are no industry level studies that tests 
for the efficiency wage model using stochastic frontier 
approach in Bangladesh. The purpose of this study is to 
test the validity of the efficiency wage hypothesis by 
using a wage augmented stochastic production frontier 
for firm level data of Bangladesh food industry. We 
devote to estimate firm level technical inefficiency as the 
performance measure and investigated whether the wage 
is a significant determinant of the firm’s inefficiency or 
whether the most technically efficient firms are 
necessarily at an optimum from the efficiency wage policy 
point of view. This study confirms the predictions of the 
efficiency wage hypothesis. We show that whether the 
Solow condition does hold in this study.  

The paper is organized as follows. Section 2 described 
the basic efficiency wage efficiency model in brief and 
discussed estimation techniques which are used to 
assess the performance of a firm’s efficiency. The data 
and methodology of this study are discussed in section 3. 
The empirical results were presented in section 4 and 
finally the concluding remarks are summarized in section 5.  
 
 
MATERIALS AND METHODS 
 
The wage efficiency model and estimation techniques 
 
There are different versions of efficiency wages models, but in this 
paper we are mainly interested in basic efficiency wage  model  and  
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in its simplest form, the efficiency wage hypothesis can be 
summarized by a production function of the form: 
 

( )( ) ( ), 0Y f e w L e w= >  

 
Where:  
Y is the output or production, 
L is the number of workers,  
w is the real wage and 
e is the effort per worker, or more general, worker productivity and 

)(we is the efficiency or effort function which depend on the wage 
w .  
 
Under the assumption that the effective labor input is the product of 
effort and employment, it can be shown that the elasticity of effort 
with respect to the wage level is unity (Solow, 1979). If the 
efficiency or effort function is such that 0)( >′ we  and 

0)( <′′ we , it can be shown that the optimal behavior of firm is to 

put the wage at a level where the elasticity of )(we , the efficiency 
function, with respect to the wage, equals unity,  
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Two different forms of estimating wage efficiency model have been 
devised.  One is the deterministic frontier and the other is the 
stochastic frontier. The deterministic frontier approach proposed by 
Greene (1980) was rather restrictive and perhaps misleading since 
it may confound inefficiency with the effects of under specification 
and measurement errors. The stochastic frontier production function 
with composed errors has been increasingly used by researchers 
(Caves, 1992; Perelman, 1995; Battese et al., 1996). The most 
important advantage of this method over the more traditional 
methods was that it takes into account the distinction between the 
two main sources of productivity growth, namely technological 
progress and efficiency change.  
 
 
Stochastic Production Frontiers 
 
The stochastic frontier production function for the measurement of 
technical efficiency was first proposed by Aigner et al. (1977) and 
Meeusen and van den Broeck (1977). The ith firm specific 
stochastic output frontier production function at the time t can be 
written as: 
 
   

*
0exp( ) 1, 2,3...... ; 1, 2,3.......it it it itY X v u i N t Tβ β= + + − = =  

 
Where: 

 
*Y  is the output variable,  

X  is the vector of input variables,  
β  is a vector of parameters, the random variable,  

itu , follows a normal distribution with mean µ  and  variance  
2
uσ   
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Table 1. Variables and summary statistics. 
  

Variable Definition Mean 
Standard 
deviation 

Y 
(in TK million) 

Gross output: Gross output is the value of products and by-products, 
plus receipts for work done and for services to others, plus net 
change in work-in-progress. Products and by-products are valued at 
the ex-factory prices, including excise duty, sales tax and other 
indirect taxes. 

3151.13 3330.19 

K 
(in TK million) 

Total fixed assets: Total fixed assets mean all assets, whether 
obtained from other enterprises or produced by the establishment out 
of its resources for its own use, which are expected to have a 
productive life of more than one year. It consists of land, buildings, 
other construction, machinery tools and equipment, transport etc. 

666.16 715.79 

E 
(in TK million) 

Employee: Employee includes all classes of permanent and salaried 
employees of the establishment such as managers, clerks, typists 
and other administrative workers. 

7.95 8.96 

O 
(in TK million) 

Operative: Operative means those who are engaged directly in the 
production process and includes those engaged in manufacturing, 
assembling, packing, repairing etc. Working supervisors and persons 
engaged for repair and maintenance are also included. 

5.65 6.42 

T 
Year: Year is the year of observation where T = 1, 2, 3, 4, 5, 6, 8, 10, 
12 for the years 1988-1989, 1989-1990,1990-1991,1991-1992,1992-
1993,1993-1994,1995-1996,1997-1998 and 1999-2000 respectively 

  

RWE Wage of employee relative to food industry 1.007 1.529 
RWO Wage of operative relative to food industry 1.0 1.385 
 Real Wage for employee (in TK million) 162.95 247.67 
 Real Wage for operative (in TK million) 94.91 134.35 

 

Source: Bangladesh Bureau of Statistics (BBS), Year Books (for 1988-1989 to 1999-2000). 
 
 
 

with non-negative truncations and itv  is distributed normally with 

mean zero and variance 
2
vσ . itu  and itv  are assumed to be 

independently distributed for all i and t.  
 
Then the technical efficiency level of firm i at time t is the ratio of the 
actual to the potential output (Kumbhaker and Lovell, 2000; Taymaz 
and Saatci, 1997) as given below: 
 

( )
( )
0

0

exp
exp( ).

exp
it it it

it it
it it

X v u
TE u

X v

β β
β β
+ + −

= = −
+ +

 

 
In particular, the efforts of managers and workers allowed to 
determine the level of inefficiency (Aigner et al., 1977) and, 
accordingly, the efficiency wage hypothesis can be tested by 
including the wage level amongst the set of variables determining 
the level of inefficiency.  
 
 
DATA AND METHODOLOGY 
 
The data used in this study is drawn from the Census of Manu-
facturing Industries (CMI), and Bangladesh Bureau of Statistics 
(BBS) every year. The  study  area  covered  4-digited  census  fac- 

tories, under registered manufacturing sectors of Bangladesh over 
the reference period 1988 - 1989 to 1999 - 2000. As data for three 
years, viz. 1994 - 1995, 1996 - 1997 and 1998 - 1999 were not 
published; data for the remaining 9 years are considered for this 
study. The estimates at constant prices (1988 – 1989 = 100) are 
derived. 

Following CMI reports, we have an unbalanced sample of 17 
different firms for food manufacturing firm or industry. These are: 
manufacturing of dairy products (3112); processing of fruits and 
vegetables (3113); processing of fish and sea foods (3114); 
manufacturing of hydrogenated vegetables oil (3115); edible, 
vegetable oil except hydrogenated oil (3116); inedible vegetable oil, 
animal oil (3117); grain milling except rice milling (3118); rice milling 
(3119); grain mill products N.E.C. (3121); manufacturing of bakery 
products (3122); manufacture of sugar (3123); Manufacture of Gur 
(3124); cocoa, chocolate and confectionary (3125); tea, coffee pro-
cessing (3126); tea and coffee blending (3127); extraction of edible 
salt (3128) and misc. food, macaroni, noodles (3129); both grain 
mill products N.E.C. and manufacture of gur firms are excluded 
from this study since they do not satisfy the normality assumption of 
the dependent variable. One reason for violating the assumption of 
that the technologies used by these two firms are heterogeneous 
with others. Moreover, since four observations appear as outliers, 
so they are not considered also. Thus, the data involved in this 
study is a total of 131 observations. Variable and summary statistics 
are given in Table 1. 



 
 

 
 

 
 
 
 
Wage augmented stochastic production frontiers 
 
There are basically two common functional forms used here as 
stochastic frontier production functions, namely Cobb-Douglas and 
Translog functional form. A wage augmented Cobb-Douglas frontier 
production function where the wage efficiency assumption is taken 
into account by including both the relative wage of employee 

( RWE ) and relative wage of worker ( RWO ) can be written as 
follows: 
 
 *

0 1 2 3 4 5 6ln ln ln ln ln ln (1)it it it it it it it itY K E O T RWE RWO v uβ β β β β β β= + + + + + + + −
                                                                                                       (1) 
 
Where: 

*
itY is the gross output of firm i at time t, 

itK is the total fixed assets, 

itE  is the employee,  

itO  is the operative, 

T is a time trends. 
 
Here we split the workforce into two categories, the employee (E) 
and operative (O). These two groups have specific efficiency 
functions considered so that we include the relative wages of these 
two categories in the production function that is relative wage for 
employee (RWE) and relative wage for operative (RWO), and a 
composed error structure for the stochastic term is as suggested by 
Battese and Coelli (1993). 

Since the Cobb-Douglas specification is nested in the Translog 
model and the Translog functional form is flexible and it imposes 
fewer restrictions on the data, therefore in this paper we have also 
considered the following form of wage augmented Stochastic 
Translog production frontier function: 
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                                                                                                       (2) 
 
In this above specification if the second-order terms, β , are all 
equal to zero then the model reduces to standard Cobb-Douglas 
form (1). The inclusion of year of observation as a variable allows 
for the shifts of the frontier over time, which is interpreted as 
technical change. 

Estimation of both the wage augmented production frontier 
models are obtained by FRONTIER Version 4.1 program (Coelli, 
1996). The parameters of the frontier models are estimated, such 
that the variance parameters are: 
 

2 22
u vσ σ σ γ= + =       and 
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2

2
uσσ σ σ γ σ= + =  

 
where the γ  parameter has a value between zero and one. 
 
Now, using the estimated values of the Translog production 
function (2), we have computed the following elasticities of output to 
changes in the various inputs, (omitting the indexes i and t) 

 
| 5 55 15 25 35 45 562 ln ln ln ln ln (3)Y RWE RWE K E O T RWOξ β β β β β β β= + + + + + +

                                                                                                       (3) 
 
And 
 

| 6 66 16 26 36 46 562 ln ln ln ln ln . (4)YRWO RWO K E O T RWEξ β β β β β β β= + + + + + +                  

                                                                                                       (4) 
 
Similarly, we obtained the following elasticities of output   
 

| 2 22 12 23 24 25 262 ln ln ln ln ln (5)Y E E K O T RWE RWOξ β β β β β β β= + + + + + +                                          

                                                                                                       (5) 
 
And 
 

| 3 33 13 23 34 35 362 ln ln ln ln ln . (6)Y O O K E T RWE RWOξ β β β β β β β= + + + + + +
                                                                                                       (6) 
 
Then, we can obtain the following measure of the elasticities of the 
labor efficiency function  
 

| | |.Y RWE Y e e RWEξ ξ ξ=  and | | |.Y RWO Y e e RWOξ ξ ξ=  

 

and noting that Y e Y Eξ ξ=  and Y e Y Oξ ξ=  as long as, as 

usually assumed (Solow, 1979), the production function is initially 
expressed in terms of the efficient amount of labor, which is 
obtained by multiplying the physical measure of labor (here the 
number of employee and the number of operative) engaged by the 
efficiency functions ( )e RWE  and ( )e RWO  respectively. Then, 
without assuming any particular form of the efficiency wage function 
(Levine, 1992), and indeed, in order to answer the question of the 
possible existence of a difference between the maximum and the 
optimal productive efficiency of firms, we have obtained the 
elasticities of the efficiency functions for two groups of workers 
(employee and operative) with respect to their relative wages:   
 

|
|

|

Y RWE
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Y E

ξ
ξ
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RESULTS AND DISCUSSION 
 
A simple log-likelihood test indicated that the restrictions 
imposed by the Cobb-Douglas production function are 
not supported by the data. Furthermore, with regard to 
the specification of the error term, the estimation results 
showed that the traditional production function is strongly 
rejected, implying that the technical inefficiency effects 
associated with this industry is significant. The results 
indicated that the technical inefficiency effects tend to 
decline over time since the estimate for the η  parameter 

is positive (that is. 039.0ˆ =η ) and significant. However, 
the γ -estimate associated with the variance of the 
technical inefficiency effect is large and significant.  The 

relevant test is simply a test of 
2

20 : 0.uH σγ σ= =   

The maximum likelihood estimates of wage augmented 
Cobb-Douglas and Translog production function are 
presented in Table 2. The parameter estimates for 
employee is positive while that for operative turns to be 
negative. This implied that as the number of employee 
increases, output increases but as operative increases 
output decreases. These two estimates as a whole 
support the “shirking” variant of efficiency wage hypo-
thesis. Because the supervisory intensity has same 
direction with number of employee but it is opposite 
direction with operative. The estimated coefficient of 
relative wage for operative appears to be positive, as it 
was expected, implying that the output increases with the 
increment of relative wage for operative. This estimate 
confirmed our primary prediction of efficiency wage 
hypothesis. But the coefficient of relative wage for 
employee turns to be negative which is surprising. Our 
estimation results also showed that the Solow condition 
does not hold since the coefficients of the relative wage 
levels for employee and operative are significantly 
different than the coefficients of the employee and 
operative respectively. This implied that the estimated 
elasticity of effort with respect to wages is less than one.  
In addition, from the estimated parameter values of 
Cobb-Douglas production function what we observed that 
the coefficient of employee, operative, wage of operative 
relative are found to be significantly affect in the food 
manufacturing productivity whereas the variables capital, 
time and wage of employee relative are found to be 
insignificant. On the other hand, for the Translog 
production function case, the variables capital, wage of 
operative relative, square terms of wage for employee 
relative and wage for operative relative, interaction in 
capital with wage for employee relative and wage for 
operative relative and interaction in between wage for 
employee  relative  and  wage  for  operative  relative  are  

 
 
 
 
found to be significant affecting the productivity of food 
manufacturing firms. Simultaneously, the variables 
employee, operative, time, square term of operative, 
square term of time, interaction in capital with employee, 
operative, time, interaction in employee with wage of 
employee relative and wage of operative  relative  do  not 
affect to the productivity process significantly in food 
manufacturing firms.             

The elasticities of output to changes in the various 
inputs are estimated in Table 3. These estimates being 
firm specific, we evaluated them, for each firm at its own 
mean value of the variables. Although there is some 
variation in the individual estimates, these elasticities 
take quite plausible values. The elasticity of mean output 
with respect to operative and relative wage for operative 
are being estimated as -0.842 and 0.008 respectively. 
These estimates implied that output is a decreasing 
function of number of operative but increasing function of 
relative wage for operative. On the other hand, an 
opposite situation is observed for employee and their 
relative wage. In this case, output changes in the same 
direction of number of employee but in the opposite 
direction of relative wage for employee. Although the 
elasticity of mean output with respect to operative, rela-
tive wage for employee and relative wage for operative 
showed decreasing return to scale but the mean output 
elasticity for employee appeared as 1.493 with increasing 
returns to scale.  

The mean elasticity of effort with respect to relative 
wage of employee and relative wage of operative along 
with mean technical efficiency are presented in Table 4. 
The results indicated that the elasticities of the efficiency 
functions of both employee and operative are negative. 
This is on average -0.555 and -0.039 for employee and 
operative respectively. The results implied that efficiency 
of the worker is a decreasing function of relative wage 
with decreasing returns to scale. This fact, in turns, does 
not support the existence of efficiency wage hypothesis. 
The overall mean technical efficiency is estimated to be 
0.398 for the food manufacturing industry of Bangladesh, 
which implies that only 39.8% of the potential outputs are 
being realized in food manufacturing industry sector. 
There is a wide variation in the technical efficiencies 
among the different firms of food manufacturing industry. 
The mean technical efficiency implies that the food manu-
facturing industry is not realizing 100% of its potential 
output. The value of λ , which tests the existence of 
inefficiency, also confirmed the results. 

In addition, we observed from the Table 5, that the 
elasticity of the efficiency function of employee is above 
unity while that of other input variables are, on the con-
trary, below unity.  Finally we observed from the Table 6, 
that the elasticity  of  the  efficiency  function  of  wage  of 
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Table 2. Maximum-likelihood estimates for parameters of the wage-augmented production frontier. 
 

Variable 
           Cobb-Douglas                  Translog 

Coefficient t-ratio Coefficient t-ratio 
Constant 9.593* 6.559 0.206 0.016 

K 0.092 1.220 2.044*** 1.530 
E 1.207* 5.320 0.432 0.071 
O -0.484** 2.288 -1.051 0.190 
T -0.002 0.096 -0.084 0.537 

RWE 0.118 0.891 -2.781 1.148 
RWO -0.169*** 1.331 3.492*** 1.414 

2K  - - -0.151* 2.709 

2E  - - -0.806*** 1.560 
2O  - - -0.623 1.224 

2T  - - -0.005 1.266 
2RWE  - - 0.932** 2.145 

2RWO  - - 0.945* 2.450 

EK *  - - 0.282 0.534 

OK *  - - -0.019 0.043 

TK *  - - 0.018*** 1.308 

RWEK *  - - 0.311*** 1.487 

RWOK *  - - -0.285*** 1.373 

OE *  - - 1.303*** 1.633 

TE *  - - 0.039 0.599 

RWEE *  - - -0.312 0.283 

RWOE *  - - -0.193 0.167 

TO *  - - -0.056 0.908 

RWEO *  - - 0.107 0.101 

RWOO *  - - 0.324 0.294 

RWET *  - - -0.045 0.856 

RWOT *  - - 0.033 0.640 

RWORWE *  - - -1.897** 2.320 
2σ  0.719** 1.881 0.535** 1.906 

γ  0.811* 8.100 0.814* 8.140 
η  0.031** 1.917 0.039** 1.965 

λ  133.205 124.856 

likelihoodLog −  -81.801 -61.756 
 

* means significant at 1%,  * * means significant at 5%,  * * *   means significant at 10% 

Note: ( ) ( ){ }0 12 ln ln lnH Hλ � �= − −� �  is generalized likelihood-ratio (LR) statistic where ( ){ } ( ){ }0 1ln and lnL H L H  

are the values of the log-likelihood function for the frontier model under the null and alternative hypothesis. 
Source: Author’s computation 
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Table 3. Firm level elasticities of output. 
 

Industry code 
Elasticity of output with respect to 

Employee Operative Relative wage 
for employee 

Relative wage 
for operative Capital 

3112 1.831 (0.268) -0.943 (0.168) -0.107 (0.302) 0.087 (0.293) -0.046 (0.124) 
3113 2.338 (0.442) -1.355 (0.548) -0.107 (0.672) 0.175 (0.698) -0.079 (0.440) 
3114 2.295 (0.702) -1.326 (0.620) 0.206 (0.487) -0.238 (0.456) -0.090 (0.130) 
3115 1.791 (0.336) -0.898 (0.335) 0.356 (0.233) -0.355 (0.262) -0.025 (0.124) 
3116 1.668 (0.334) -0.806 (0.294) -0.057 (0.490) -0.035 (0.459) -0.068 (0.114) 
3117 1.827 (0.557) -1.204 (0.483) -0.463 (0.317) 0.522 (0.294) 0.331 (0.140) 
3118 1.396 (0.631) -0.682 (0.528) -0.038 (0.263) -0.088 (0.269) 0.114 (0.151) 
3119 2.012 (0.795) -1.311 (0.711) 0.097 (0.252) -0.199 (0.247) 0.170 (0.118) 
3122 0.938 (0.400) -0.590 (0.371) -0.318 (0.368) 0.174 (0.351) 0.483 (0.145) 
3123 -0.118 (0.317) 0.540 (0.310) -0.368 (0.382) -0.076 (0.379) 0.296 (0.115) 
3125 0.650 (0.639) -0.400 (0.558) -0.810 (0.337) 0.735 (0.341) 0.616 (0.092) 
3126 0.903 (0.710) -0.264 (0.587) 0.400 (0.356) -0.549 (0.409) 0.115 (0.113) 
3127 1.671 (0.949) -1.033 (0.821) -0.445 (0.450) 0.415 (0.354) 0.325 (0.244) 
3128 1.195 (0.773) -0.897 (0.657) -0.227 (0.694) 0.163 (0.639) 0.612 (0.143) 
3129 2.001 (0.692) -1.455 (0.867) 0.600 (1.254) -0.607 (1.232) 0.471 (0.457) 
Mean 1.493 (0.672) -0.842 (0.521) -0.086 (0.376) 0.008 (0.377) 0.215 (0.253) 

 

Note: Numbers in parentheses are standard errors. 
 
 
 

Table 4. Statistics about the estimated firm level elasticities of output 
 

Elasticity Mean Std. Dev. Minimum Maximum 

Y Eξ  1.4930 0.6719 -0.1180 2.3380 

Y Oξ  -0.8416 0.5214 -1.4550 0.5400 

Y RWEξ  -8.5E-02 0.3754 -0.8100 0.6000 

Y RWOξ  8.27E-03 0.3766 -0.6070 0.7350 

Y Kξ  0.2150 0.2528 -0.0900 0.6160 

 
 
 
employee relative and wage of operative relative are, 
below unity.       
 
 
Conclusion  
 

In this study, we tested the implications of the wage 
efficiency hypothesis for the food manufacturing industry 
of Bangladesh. We estimated both Cobb-Douglas and 
Translog production function including an efficiency wage 
argument. Translog production function was found to be 
more appropriate than Cobb-Douglas production function 
for this industry. It also allowed us to take into account 
firms’ heterogeneity in a better way. The elasticities of the 

efficiency function of both employee and operative were 
negative implying that the efficiency of the worker was a 
decreasing function of relative wage with decreasing 
returns to scale. Thus, the wage efficiency hypothesis did 
not exist in Bangladesh Food Industry. Our results also 
showed that the coefficient of relative wage for operative 
appears to be positive, as expected, but for employee it 
turned to be negative, which is surprising. The mean 
technical efficiency for food manufacturing industry was 
found only 39.8%, which implied that the industry is not 
realizing 100% of its potential output. The technical 
efficiency affected tends to increase over time and there 
existed a significant positive link between wages  and the  
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Table 5. Firm level elasticities of effort. 
  

Industry code 
Elasticity of effort with respect to relative 

wage for Technical efficiency 
Employee Operative 

3112 -0.064 (0.157) -0.092 (0.299) 0.218 
3113 -0.033 (0.285) 0.019 (0.599) 0.134 
3114 0.118 (0.212) 0.284 (0.421) 0.861 
3115 0.216 (0.147) 0.524 (0.461) 0.856 
3116 -0.054 (0.319) -0.064 (0.684) 0.652 
3117 -0.256 (0.173) -0.452 (0.260) 0.516 
3118 0.001 (0.225) 0.689 (1.308) 0.520 
3119 0.035 (0.224) 0.175 (0.461) 0.273 
3122 -0.566 (0.755) -0.921 (1.624) 0.248 
3123 -6.410 (16.891) 0.095 (0.582) 0.256 
3125 -0.633 (1.538) -1.710 (2.092) 0.170 
3126 1.573 (2.266) 2.758 (8.590) 0.167 
3127 -1.719 (4.309) -0.811 (1.918) 0.693 
3128 -0.701 (1.152) -1.162 (2.154) 0.254 
3129 0.170 (0.566) 0.075 (0.755) 0.150 
Mean -0.555 (1.758) -0.039 (1.016) 0.398 

 

Note: Numbers in parentheses are standard errors 
 
 
 

Table 6. Statistics about the estimated firm level elasticities of effort. 
 

Elasticity Mean Std. Dev. Minimum Maximum 

e RWEξ  -0.5548 1.758 -6.410 1.573 

e RWOξ  -4.0E-02 1.016 -1.710 2.758 
 

Source: Author’s computation. 
 
 
 
output in this industry. 
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