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Firm Efficiency Differences and Distribution in the Kenyan
Manufacturing Sector

Dianah Mukwate Ngui-Muchai and Joseph Muchai Muniu*

Abstract: This article provides empirical evidence on technical efficiency differences and efficiency distribution for three
Kenyan manufacturing subsectors, namely food, metal and textile, using an unbalanced panel data covering two periods.
Econometric production frontiers are estimated for each subsector in each period. The confidence predictions for these efficiencies
were, however, found to be quite wide. The results indicate variation of technical efficiency estimates of the sampled firms in
each period. The technical efficiency distribution for each subsector changed not only in relation to itself, but also in relation
to the other subsectors across the two periods of analysis. The efficiency distribution of the firms for both food and textile
(metal) subsectors improved (declined) during the study period but with the food subsector firms remaining relatively inefficient.
The improvement of the technical efficiency distribution for both the textile and food subsectors is an indication of intra-plant
improvement during the period of analysis. The decline of the technical efficiency distribution for the metal subsector suggests that
the market orientation during the structural reform period did not promote firm efficiencies or the firms were slow in responding
to the reforms.

1. Introduction

Most African countries on attaining independence saw industrialization as their key to economic development. The impact
of industrialization on advanced economies encouraged the less developed countries to adopt policies aimed at development
of a modern industrial sector with much emphasis being put on the manufacturing sector, which has an important role to
play in an economy with respect to the countries’ industrialization strategy. Like many developing countries, the structure of
the manufacturing sector in Kenya since inception was based upon import substitution strategy, which was sustained through
protection of industries by enhancement of tariff barriers (Government of Kenya, 1994). Due to the heavy protection, inefficiencies
in production and the accumulation of excess capacity, the competition of Kenyan products in the export markets reduced.
Therefore, industries found it more profitable to produce for the highly protected domestic market than for the export market,
hence resulting in an ‘anti-export bias’ (Government of Kenya, 1994). On the other hand, due to the relatively low cost of imported
intermediate goods caused by the overvalued currency, the industrial sector became a major drain of foreign exchange as it became
highly import-dependent. The subsidiaries of the multinational corporations generally adopted the capital intensive technology
of the parent companies which generated little employment (Gerdin, 1997).

The resulting inefficiency in the industrial sector and lack of competitiveness of its products led to the review of the industrial
strategy and incentives structure. During the 1980s, the government introduced structural adjustment programmes aimed at
strengthening the competitiveness of the industrial sector. A major restructuring of policies and institutional framework was also
initiated through the publication of the Government of Kenya in 1986. The policy measures in the programme were aimed at
removing ‘anti-export bias’ inherent of the past policies. Thus, the objective of this programme was to promote industrial efficiency
by switching to an outward looking policy, central to which was the encouragement of an export-oriented manufacturing sector
(Government of Kenya, 1994). According to Adenikinju and Chete (2002), an outward-oriented trade policy is expected to induce
overall industrial efficiency in the economy by exposing local firms to competition, thereby improving the allocation of factors
across sectors and increasing the value of domestic production. However, the industrial sector continued to be inward-oriented,
excessively import-dependent, capital intensive and incapable of absorbing an adequate proportion of the rapidly increasing labour
force (Government of Kenya, 1994).
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In light of these weaknesses, restructuring of the industrial sector using policy instruments expected to improve the
efficiency and competitiveness of the sector and to reorient it towards increased production for export and increased use
of domestic resources was started in the 1989–93 plan period and continued in the 1994–96 plan period. The building of
a self-sustaining export-oriented industrial sector has been the central focus of the countries’ industrial development policy.
According to Bigsten et al. (2004), exporting offers the maximum scope for the increased discipline of competition and
contact with foreign customers provides the maximum scope for learning opportunities. For instance, firms may learn about
product design and new technologies or management techniques from the foreign buyers to whom they export, which may
diffuse to other domestic firms not directly engaged in trade (Tybout, 2000). Thus, given the arguments in favour of the
structural reforms, the firms are expected to have improved efficiency provided that they have room to make the necessary
adjustments.

Studying the performance of firms within the adjustment period over time to determine the impact of adjustment on the
performance of firms is therefore important for policy debate.

The purpose of this article is to illustrate the average performance of the Kenyan manufacturing sector during the reform period
by examining empirical evidence on the efficiency differences and efficiency distribution of the Kenyan manufacturing sector.

Methods of estimating technical efficiency are broadly classified into non-parametric frontiers and parametric frontiers. The
parametric approach, which imposes an a priori functional form to the frontier, is dominated by the Stochastic Frontier Analysis
(SFA) model, while the non-parametric approach, which does not impose an a priori functional form to the frontier, is dominated
by the Data Envelopment Analysis (DEA) model. DEA is advantageous in that it does not place any restriction on the functional
form of the frontier making it less prone to confounding the effects of mis-specification of functional forms. However, DEA does
not account for random variation in the data and assumes that deviations from the frontier are due to inefficiency. Therefore,
the computed efficiency scores are very sensitive to extreme observations, number of observations, variable selection and
measurement errors either in output or the input variables (Chirwa, 2001). Hence, DEA requires accuracy of data and is not
appropriate for the survey data which is employed in this study. Comparative studies (see for example Hjalmarsson et al., 1996;
Lundvall, 1999; Brümmer, 2001) reveal that efficiency scores estimated using DEA and SFA are different, and those yielded by
SFA are more plausible than those yielded by DEA. Therefore, SFA was adopted for the current study since apart from yielding
plausible estimates, SFA allows for formal statistical testing of hypotheses as regards the existence of inefficiency and the structure
of production technology, and for construction of confidence intervals as noted by Hjalmarsson et al. (1996).

Most empirical studies on the Kenyan manufacturing sector focus on productivity measures, and studies that use efficiency
measures are limited and/or refer to the period during which a range of structural reforms aiming to liberalize the economy
were undertaken and/or at their early stages1 (see for example Lundvall and Battese, 2000; Lundvall et al., 2002; Mazumdar and
Mazaheri, 2003; Bigsten et al., 2004). Hence, the extent to which the manufacturing sector efficiency differences and efficiency
distribution have changed during the structural reform period have not been investigated in detail and empirically in the Kenyan
manufacturing sector. An unbalanced panel data for food, metal and textile subsectors in the 1992/93–1994/95 and 2000/01–
2002/03 periods was used to estimate stochastic production frontiers and predict firm level efficiencies. The three manufacturing
subsectors emerged early during Kenya’s industrialization process and comprise 68.35 per cent of the manufacturing sector
employment. The subsectors’ share of the manufacturing value-added in 1992 and 2002 were 62.14 per cent and 51.12 per
cent respectively.2 Of the 62.14 per cent (51.12 per cent) of the manufacturing value-added produced by these subsectors in
1992 (2002), the food subsector contributed 67.35 per cent (68.52 per cent) with the metal and textile subsectors contributing
21.21 per cent (17.83 per cent) and 11.44 per cent (13.65 per cent) respectively. The overall decline in the subsectors’ share
of the manufacturing value-added between 1992 and 2002 could be attributed to the poor economic performance3 largely due
to inappropriate agricultural, land and industrial policies compounded by poor international terms of trade and governance
weaknesses. Increased government intrusion into the private sector and import substitution policies made the manufacturing
sector uncompetitive.

The rest of the article is organized as follows. Section 2 provides a brief description of the data as well as the definition and
measurement of the variables used in the empirical analysis. Section 3 presents the econometric model while Section 4 presents
the empirical results. Finally, Section 5 concludes the paper.

2. Data Sources and Descriptions

The data used for the empirical analysis were gathered in the framework of the World Bank Regional Programme on Enterprise
Development survey executed in Kenya in 1993–95 and 2003. The 1993–95 survey consists of 276 firms while the 2003 survey
consists of 282 firms. The 1993–95 survey forms an unbalanced panel for the period 1992/93–1994/95, while the 2003 survey
forms an unbalanced panel for the period 2000/01–2002/03 obtained from only the firms which gave information for either one
or two previous years using the recall method. Data in each period were deflated to remove price effect from data given the price
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fluctuations. The variables used in the empirical analysis of this paper were obtained from this sample and were measured as
follows.

Output was measured by value-added in Kenyan shillings calculated as the difference between gross output and raw materials
and indirect inputs in a given period (Bigsten et al., 2004). Capital was measured by the replacement value of machinery and
other equipment corrected for degree of capacity utilization in a given period. Labour was measured by the total cost for labour
(wage bill) in the period of observation.

To explain differences in technical efficiency, an additional set of variables assumed to be relevant in our analysis was obtained
from the sample. The variables include firm size, firm age, spillover (ownership), sunk costs, capacity utilization and managers’
skills. Firm size was measured by the total number of employees in the firm in a given period while Firm age was measured by
number of years. More so, firms in the 2000/01–2002/03 period were divided into two groups. That is, firms that were active both
in the 1992/93–1994/95 and 2000/01–2002/03 periods (incumbents) and others (entrants). This was done for every observation
period in order to investigate whether age of a firm makes a difference in terms of changes in efficiency in relation to the structural
reforms. If the market orientation during the structural reforms promoted firm efficiencies or the firms responded positively to
the reforms, then the incumbents are expected to improve efficiency provided that they have room to make necessary adjustments.
Sunk costs were proxied by the ratio between the value of sales of used capital and the value of capital stock.

Managers’/entrepreneurs’ skills (human capital) can be proxied by the managers’ formal education, age or experience. Higher
formal education is expected to be positively related to efficiency level since persons with more education may adapt more readily
to changing market conditions and may seek and assimilate information more cheaply than less educated persons. However,
formal education as a proxy for managers’ skills may become less important as one becomes more experienced or rather is
involved in the same activity for a longer time (Seale, 1990). A young entrepreneur would tend to have less management skills
than an older entrepreneur while a new entrepreneur may not have supervisory experience or possess the skills necessary for
management, which involve learning and require more time to master than for an entrepreneur who has been in business for some
time. However, the relationship between experience and technical efficiency does not increase monotonically; after a certain age
the relationship may level off and even decline as the entrepreneur grows older. Of the three proxies of managers’ skills, managers’
experience is expected to best capture managers’ skills and was defined by the number of years the manager has been involved or
exposed to a similar business. The degree of participation measured by the percentage share a foreign firm holds in a company
was used to capture any spillover that might arise from the existence of foreign firms. Finally, the capacity utilization rate was
included to investigate whether higher capacity utilization necessarily improves technical efficiency of firms since the reverse is
true: more efficient firms utilize their capacity more efficiently and hence enjoy higher capacity utilization.

3. Econometric Model

For our estimation, a general log-linear Cobb–Douglas function was used. An attempt to use specifications such as the translog,
which is more flexible, did not yield coefficients of plausible sign and magnitude, possibly due to degrees of freedom and/or
multicollinearity. Moreover, the data did not comply very well with the regularity conditions, as both monotonicity and quasi-
concavity were not fulfilled at each observation, implying that the estimated function was not well-behaved in all regions.4 Lundvall
et al. (2002) and Sotnikov (1998) opted for Cobb–Douglas for similar reasons. More over, time dummies were introduced in the
model to represent technical change.5 Therefore, the Cobb–Douglas stochastic frontier model accounting for technical change
was specified as:

ln yit = β0 +
J∑

j=1

β j ln x jit +
Ti −1∑
t=1

ξt Dti + vit − uit (1)

where j = 1, . . . ,J represents input and t = 1, . . . ,Ti represents the year of observation. ln yit represents the natural logarithm
of the value of output (value-added) of the ith firm at time t while ln x jit represents the natural logarithm of J production inputs
of the ith firm at time t . In this study, J = 2 and is represented by capital (x1) and wage (x2). Dti are time dummies for the ith
firm with D2i and D3i taking the value of one (and zero otherwise) in the second year (that is, 1993 (2001)) and third year (that
is, 1994 (2002)) respectively for the ith firm. vit’s are random variables assumed to be independent and identically distributed
with N (0, σ 2

v
)-distribution while uit’s are one-sided non-negative components representing technical inefficiency of production

assumed to be independent and identically distributed with N +(0, σ 2
u ) truncated to zero to ensure non-negativeness (Latruffe

et al., 2004).
The sources of efficiency differentials are simultaneously estimated with the other parameters of the model using the Caudill

et al. (1995) model which is advantageous since it offers the possibility of solving two problems at once; correcting for one source
of heteroscedasticity and incorporating exogenous influences on efficiency (Kumbhakar and Lovell, 2000; Lachaal et al., 2005).
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Table 1: Results of hypothesis testing for equality of parameters of the stochastic production frontier model

Models Log-likelihood χ 2-statisticsa Critical valueb

Subsector wise 43.773
1992/93–1994/95 –307.664 45.018*
2000/01–2002/03 –420.081 140.022*

Period wise 27.587
Food –295.886 51.472*
Metal –202.555 32.816*
Textile –200.628 43.400*

aThe χ2-statistics refer to the likelihood ratio test.
bValues exceeding the critical value are significant at the 5% level and are marked by an asterisk (*).

Therefore, following Caudill et al. (1995), σuit is modelled in terms of technical efficiency explanatory variables as:

σuit = exp(zi t,δ) (2)

where δ is a vector of unknown parameters assumed to include an intercept term and zit is a vector of observable explanatory
variables related to characteristics of firm and assumed to affect firms’ technical efficiency. These include firm size, firm age,
sunk costs and managers’ skills expressed in natural logarithm and capacity utilization and spillover expressed in percentage
ratios. For simplification purposes, the standard deviation of the two-sided error is also written in an exponential form such that:

σv = exp(θ ) (3)

Given the specification of the stochastic production frontier model in Equation (1), the technical efficiency(TE) of the ith firm at
time t is defined by (Battese and Broca, 1997):

TEit = f (x it,β)exp(vit − uit)

f (x it,β)exp(vit)
= exp(− uit) (4)

The technical efficiency estimate lies between zero and one (0 ≤ TEit ≤ 1) where one indicates full efficiency.
With an access to panel data, the technical inefficiency component can be assumed to be time invariant (see for example Pitt

and Lee, 1981; Schmidt and Sickles, 1984) or time variant (see for example Battese and Coelli, 1995; Greene, 2005). Under these
specifications, the traditional panel methods — random and fixed effects models or maximum likelihood techniques — have been
applied depending on whether any distributional assumptions are imposed on the error components or not. Murillo-Zamorano
(2004) noted that the three approaches present different properties and impose different requirements on the data (see also
Kumbhakar and Lovell, 2000). Hence, the preferability of one approach over the other two would depend on the circumstances
and framework of each analysis. Given the model adopted in this study (Caudill et al., 1995), the short panel available for use
in this study, and the presence of time invariant regressors (for instance capital), the imposition of distributional assumptions is
necessary to identify efficiency differences (see Brümmer, 2001; Kumbhakar and Lovell, 2000). Hence, the maximum likelihood
approach was adopted in this paper. Nevertheless, it should be noted that despite the differences in each approach, ‘the three
approaches are likely to generate similar efficiency rankings, particularly at the top and the bottom of the distribution, where
managerial interest is concentrated’ (Kumbhakar and Lovell, 2000, p. 107).

4. Empirical Results

4.1 Tests and Estimates

The maximum likelihood estimates for the parameters of the frontier model are presented in Table A1 of the appendix. The
restrictions that the parameters for each subsector across the two periods were the same given the period-wise model, and the
parameters for the three different subsectors in each period were the same given the subsector-wise models were rejected at the
5 per cent significance level, and hence the pooling of the data across the three subsectors in each period and across the two periods
for each subsector is not recommended (see Table 1). This indicates that the macroeconomic environment had a significant effect
on the parameters for each subsector across the two periods of analysis. These results are in keeping with Lundvall and Battese
(2000) and Chapelle and Plane (2005) who found sector-based equations to be more appropriate than pooled equations.
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Table 2: Results of hypotheses testing of the stochastic production frontier models for the subsectors
in each period

χ 2-statistics

Null Hypothesis Food Metal Textile Critical value

Technical change = 0 1.95 0.81 0.58 5.99
(HO : ξ1 = ξ2 = 0) (1) (2.21) (0.72)
Truncated vs. half normal (HO : μ = 0) 0.17 0.00 0.92 3.84

(1.84) (2.65) (1.34)
No inefficiency 22.18* 11.46+ 14.85* 13.40
(HO : δ0 = · · · = δ6 = 0) (26.98)* (30.944)* (27.387)*
No efficiency effect 21.66* 11.47+ 16.36* 12.59
(HO : δ1 = · · · = δ6 = 0) (15.12)* (6.99) (14.31)*

Note: The values in parentheses are for the 2000/01–2002/03 period. The χ2-statistics refer to the likelihood ratio test. Values exceeding the critical value are
significant at the 5% level and are marked with an asterisk (*). Values significant at the 10% level are marked with an addition sign (+). Critical values for the
third null hypothesis were obtained from Kodde and Palm (1986, p. 1246, Table 1).
Source: Own calculations.

Table 2 presents the main results of hypothesis testing. The first test and second test consider the frontier function and the
model specification under different distributions of the inefficiency component, respectively, while the remaining tests consider
restrictions on the parameters in Equation (2).

The first null hypothesis that the production frontier does not shift over time (no technical change) was accepted for each
subsector in each period of analysis, while the second null hypothesis that the inefficiency component had a half normal distribution
was accepted. The third null hypothesis that inefficiency was absent from the model was rejected for all subsectors at the 5 per cent
level with an exception of the metal subsector, hence all firms were not technically efficient and the average response function,
in which all firms were assumed to be fully efficient, is not an adequate representation of all the three subsectors in each period.
This test is supported by the value of the gamma parameter (γ ) estimate. The γ -parameter of 0.795 (0.818), 0.648 (0.968), and
0.706 (0.736) for the food, metal and textile subsectors respectively in the 1992/93–1994/95 (2000/01–2002/03) period, implies
that a proportion of the total variability is associated with inefficiency of production.5 Hence, deviations from the best practice
were not entirely due to noise, and stochastic inefficiency was present.

The fourth null hypothesis that the coefficients of all the variables (constant excluded) in Equation (2) were simultaneously
equal to zero was rejected for all the subsectors in each period with an exception of the metal subsector in the 2000/01–2002/03
period. This shows that with an exception of this subsector, the joint effects of the chosen variables were statistically significant
although the individual effects of one or more of the variables may not be statistically significant. This finding also suggests that
the inefficiency component of the error term is heteroscedastic (Bottasso and Sembenelli, 2004).

The parameters for the input variables (production elasticities) were positive as expected for all the subsectors in each period
with an exception of the capital variable for the textile subsector in the 2000/01–2002/03 period, although not significantly
different from zero. The production elasticity for wage was larger compared to that of capital for all the subsectors in each
period with an exception of the metal subsector in the 1992/93–1994/95 period which contradicts other findings on the Kenyan
manufacturing sector (see for example Lundvall and Battese, 2000; Blattman et al., 2004). This implies that the labour input
shares in this model could be biased to some extent, hence reducing the elasticities. In general, the production elasticity for wage
(capital) was large (less) in the 2000/01–2002/03 period compared to the 1992/93–1994/95 period implying substitution of the
inputs across the two periods. The low productivity for capital may be an indication of low efficiency of capital in the firms, but
more likely a reflection of the high capital intensity of the firms while the labour’s marginal contribution to output which is about
twice that of capital, is also probably reflective of the relatively high intensity of capital use. The estimated values for the shift
parameters were not significantly different from zero, which is consistent with the conclusion of no technical change reported in
Table 2.

The scale elasticity did not differ significantly from constant returns to scale in the textile subsector in both periods and the
metal subsector in the 2000/01–2002/03 period. These results are consistent with other studies which found returns to scale not
significantly different from unity (see for example Mazumdar and Mazaheri, 2003). However, the scale elasticity was significantly
less than unity for the food subsector in both periods, and the metal subsector in the 1992/93–1994/95 period (see the last row of
Table A1 and Table A2), a result which could be probably driven by sample noise as pointed out by Roberts and Tybout (1997).
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Table 3: Summary statistics of the technical efficiency point estimates for the subsectors in each period

Values

Statistics Food Metal Textile

Mean 0.52 (0.48; 0.48#) 0.58 (0.42; 0.44#) 0.60 (0.68; 0.67#)
Median 0.60 (0.54; 0.49#) 0.63 (0.40; 0.42#) 0.63 (0.78; 0.75#)
Standard deviation 0.27 (0.21; 0.21#) 0.21 (0.23; 0.23#) 0.26 (0.25; 0.24#)
Skewness −0.40 ( −0.63; −0.56#) −0.54 ( −0.03; −0.07#) −0.54 ( −1.13; −1.13#)
Minimum 0.02 (0.001; 0.001#) 0.03 (0.002; 0.006#) 0.02 (0.06; 0.06#)
Maximum 0.94 (0.83; 0.81) 0.91 (0.86; 0.86#) 0.98 (0.95; 0.95#)
CV (%) 51.4 (43.1; 44.7#) 36.9 (56.3; 52.3#) 42.4 (36.7; 35.6#)

Note: The values in parentheses are for the 2000/01–2002/03 period with the values marked by (#) representing the incumbents. CV denotes coefficient of variation.
Source: Own calculations.

4.2 Technical Efficiency Estimates

Table 3 presents the summary statistics of the technical efficiency point estimates by subsectors and periods.
The average technical efficiency of 52 per cent, 58 per cent and 60 per cent for the food, metal and textile subsectors respectively

imply that nearly 48 per cent, 42 per cent and 40 per cent technical potentialities were not achieved in the 1992/93–1994/95 period
while on the other hand, the average technical efficiency of 48 per cent, 42 per cent and 68 per cent for the food, metal and textile
subsectors respectively imply that nearly 52 per cent, 58 per cent and 32 per cent technical potentialities were not achieved in
the 2000/01–2002/03 period. These findings are consistent with other similar studies on the Kenyan manufacturing sector which
found a large potential of improvement among the analysed firms. For instance, Mazumdar and Mazaheri (2003) reported average
technical efficiencies of 56 per cent, 57 per cent, 61 per cent and 56 per cent for the food, metal, textile and wood subsectors
respectively, which are consistent with the estimates of this study while Lundvall and Battese (2000) reported average technical
efficiencies of 77 per cent, 80 per cent, 76 per cent and 68 per cent for the food, metal, textile and wood subsectors respectively,
which are higher than the estimates of this study. However, in this study the efficiency scores are not directly comparable to those
of Lundvall and Battese (2000) and Mazumdar and Mazaheri (2003) since different models are used. Empirical evidence shows
that efficiency estimates are sensitive to the estimation or computation methods, assumptions about the distribution of the error
terms, data levels and data samples.

In general, the food and metal subsectors indicated a decline in average efficiency estimates from the 1992/93–1994/95
period to the 2000/01–2002/03 period, while the textile subsector indicated an improvement in the average efficiency estimates.
This finding is not surprising given that more firms in the textile subsector became export-oriented compared to the other
subsectors during the study period (see Blattman et al., 2004; Söderbom, 2004). The export promotion hypothesis postulates
that exporting firms are more efficient than non-exporters. To further probe whether participation of firms in exporting had an
impact on the efficiency of the firms in these subsectors, two groups, namely exporting and non-exporting were investigated. The
average technical efficiency estimates for the food, metal and textile exporting (non-exporting) firms were 0.612 (0.459), 0.672
(0.525), and 0.742 (0.539), respectively in the 1992/93–1994/95 period, whereas the average technical efficiency estimates for the
food, metal and textile exporting (non-exporting) firms were 0.497 (0.467), 0.467(0.364), and 0.708 (0.662), respectively in the
2000/01–2002/03 period. For all the subsectors in the 1992/93–1994/95 period and the metal subsector in the 2000/01–2002/03
period, the difference between the average technical efficiency for the exporting and non-exporting firms was significant as
revealed by the Mann–Whitney test. This is in accord with the World Bank (1997) report in Goaied and Ayed-Mouelhi (2000,
p. 256) which states that, ‘participating in export markets brings firms into contact with international best practice and fosters
learning and productivity growth’.

Using the Mann–Whitney test, the null hypothesis that the average technical efficiencies for each subsector across the two
periods were equal was rejected for all the subsectors except the food subsector. The probability values for the food, metal
and textile subsectors were 0.06, 0, and 0.03 respectively, implying that the average technical efficiencies were significantly
(insignificantly) different across both periods for both metal and textile (food) subsectors. These findings were further confirmed
on comparing the average technical efficiency scores in the 1992/93–1994/95 period with the average technical efficiency
scores of the incumbents (that is, firms that were active both in the 1992/93–1994/95 and 2000/01–2002/03 periods) but
with the difference of the food subsector turning out to be statistically significant (see the values marked by (#) in Table 3
for summary statistics). The probability values for the food, metal and textile subsectors were 0.03, 0.001, and 0.02,
respectively. However, a comparison of the incumbents with the other firms (entrants) in the 2000/01–2002/03 period revealed
that the average technical efficiency difference was statistically significant (insignificant) for the metal and textile (food)
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subsectors. The dummy variable coefficients for the metal and textile subsectors were positive and statistically significant at the
5 per cent and 1 per cent level, respectively, implying that the firms which were not active in the 1992/93–1994/95 period
were less efficient than the incumbents (reference group). This can be partly attributed to learning by doing which occurs
with cumulative production experience, and the difference in macroeconomic environment in the two study periods. From 1991
to 1993, growth in GDP stagnated, and agricultural production shrank at an annual rate of 3.9 per cent. Inflation reached a
record 100 per cent in August 1993. In the mid-1990s, the government implemented economic reform measures to stabilize
the economy and restore sustainable growth, including lifting nearly all administrative controls on producer and retail prices,
imports, foreign exchange and grain marketing (see also Oyejide, 2007; Were and Karizzi-Mugerwa, 2009). Nevertheless, the
economy grew by an annual average of only 1.5 per cent between 1997 and 2002, which was below the population growth
estimated at 2.5 per cent per annum, leading to a decline in per capita incomes. The poor economic performance was largely
due to inappropriate agricultural, land and industrial policies compounded by poor international terms of trade and governance
weaknesses. Increased government intrusion into the private sector and import substitution policies made the manufacturing sector
uncompetitive.

The maximum technical efficiency values were high, but varying across the subsectors and periods indicating the existence of
very efficient firms in each subsector and period (see the second last row of Table 3). The maximum technical efficiency values
were low in the 2000/01–2002/03 period compared to the 1992/93–1994/95 period for all the subsectors. The maximum technical
efficiency score was the highest in the textile subsector in both periods compared to the other subsectors. The coefficient of
variation for the food and textile subsectors in the 1992/93–1994/95 period was larger than that of the 2000/01–2002/03 period,
implying that the levels of firm specific efficiencies were less dispersed in the latter period compared to the former period (see the
last row of Table 3). This was contrary to the metal subsector whose coefficient of variation showed that the levels of firm specific
efficiencies were almost one and a half times more dispersed in the 2000/01–2002/03 period compared to the 1992/93–1994/95
period. This could indicate a reduced (an increased) efficiency gap between the higher and the lower players in the market for the
textile and food (metal) subsectors during the study period.

The analysis of the sources of differences in technical efficiency indicated that not all the proposed determinants of technical
efficiency were important in explaining the differences in technical efficiency in each subsector. With respect to firm size,
the study can conclude that the negative relationship between firm size and efficiency for the metal and textile subsectors in
the 2000/01–2002/03 period could be partly explained by operation of excessively large firms driven by increases in factor
inputs rather than improvements in productivity as observed by Bigsten (2002). The negative effect of firm age on technical
efficiency across both periods could be explained by the possibility that relatively young firms utilize more recent technology,
while older firms use relatively obsolete physical capital, and hence contrary to our expectations, older firms may be less
competitive compared to the young firms. Surprisingly, the spillover resulting from foreign ownership for the textile subsector
in the 2000/01–2002/03 period negatively impacted on technical efficiency, hence validating the postulation that domestic firms
benefit from their interactions with foreign firms in the same industry with a real possibility of significant inter-firm technology
transfer.

Confidence intervals for the individual estimates of the efficiency scores were constructed using the approach proposed by
Horrace and Schmidt (1996) (see the Appendix for details on construction of confidence interval estimates). The confidence
intervals were found to be wide, implying that for these data sets, the uncertainty about a given firm’s efficiency is high relative
to the between firm variations in efficiencies. Hence, caution has to be taken upon the interpretation based on the point estimates.
On the other hand, the interval estimates for most of the firms in the sample overlap. That is, the intervals include values in
other firms’ intervals. This overlapping of the intervals has been identified previously in the literature by Brümmer (2001) and
Balcombe et al. (2006) implying that one has to be conservative about the interpretation placed upon the point estimates. Further,
the width of the intervals varies considerably for each subsector in each period, hence as Brümmer (2001, p. 301) observes, ‘the
interpretation of these results neglects the panel character of the data set’. This not only made it hard to separate the firms into
distinct groups of high, average and low technical efficiency using the individual efficiency estimates, but also hard to employ the
graphical analysis to investigate the efficiency distribution. Therefore, cluster analysis was employed to investigate the efficiency
distribution for each subsector in each period. The purpose of cluster analysis was to investigate the structure within the set of
units, in particular, to ask whether the units fall naturally into a certain smaller number of clusters (groups) of units, such that
units within a group are ‘similar’ to one another. Following Brümmer (2001, p. 301), the Ward method with squared Euclidean
distance was applied since it attempts to minimize the sum of squares of any two (hypothetical) clusters that can be formed at each
step. The observations for each subsector in each period of analysis were clustered using the technical efficiency point estimates
at the first step, and interval estimates at the second step. For comparability purposes between the subsectors in each period,
three groups, namely inefficient, moderately inefficient and efficient were adopted (see Ngui, 2008). The results are presented in
Tables 4 and 5 .

The analysis based on the point technical efficiency estimates revealed that less than 25 per cent of the observations in all
subsectors were classified as inefficient with an exception of the metal subsector in both periods (see the last column of Tables 4
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Table 4: Technical efficiency distribution by point and confidence interval estimates for each subsector
in the 1992/93–1994/95 period

Cluster Mean Lower Upper Range Obs

Food
Inefficient 0.13 0.02 0.43 0.41 25

(0.13) (0.02) (0.43) (0.41) (25)
Moderately inefficient 0.53 0.17 0.95 0.78 41

(0.54) (0.18) (0.95) (0.77) (45)
Efficient 0.79 0.51 0.99 0.48 34

(0.81) (0.54) (0.99) (0.45) (30)
Metal

Inefficient 0.31 0.08 0.76 0.68 32
(0.36) (0.10) (0.80) (0.70) (41)

Moderately inefficient 0.57 0.21 0.96 0.75 25
(0.70) (0.35) (0.98) (0.64) (48)

Efficient 0.77 0.46 0.99 0.53 43
(0.86) (0.64) (0.99) (0.36) (11)

Textile
Inefficient 0.20 0.03 0.63 0.59 21

(0.31) (0.06) (0.76) (0.69) (34)
Moderately inefficient 0.60 0.23 0.97 0.74 53

(0.66) (0.28) (0.98) (0.7) (38)
Efficient 0.88 0.71 1 0.29 26

(0.89) (0.72) (1) (0.28) (28)

Note: The values in parentheses represent clusters based on the interval estimates. Obs refer to the number of observations in each cluster (group) expressed as a
percentage of the total observations.
Source: Own calculations.

Table 5: Technical efficiency distribution by point and confidence interval estimates for each subsector
in the 2000/01–2002/03 period

Cluster Mean Lower Upper Range Obs

Food
Inefficient 0.14 0.03 0.46 0.43 20

(0.09) (0.02) (0.30) (0.29) (12)
Moderately inefficient 0.43 0.11 0.91 0.81 30

(0.38) (0.09) (0.86) (0.77) (37)
Efficient 0.65 0.27 0.98 0.71 50

(0.64) (0.27) (0.98) (0.71) (51)
Metal

Inefficient 0.16 0.07 0.31 0.25 37
(0.16) (0.07) (0.31) (0.25) (37)

Moderately inefficient 0.47 0.21 0.84 0.63 38
(0.44) (0.20) (0.82) (0.62) (30)

Efficient 0.72 0.39 0.98 0.59 25
(0.68) (0.36) (0.97) (0.61) (33)

Textile
Inefficient 0.26 0.07 0.61 0.547 21

(0.12) (0.03) (0.33) (0.3) (9)
Moderately inefficient 0.64 0.27 0.97 0.70 19

(0.50) (0.18) (0.91) (0.73) (27)
Efficient 0.84 0.61 0.99 0.38 60

(0.83) (0.59) (0.99) (0.4) (64)

Note: The values in parentheses represent clusters based on the interval estimates. Obs refer to the number of observations in each cluster (group) expressed as a
percentage of the total observations.
Source: Own calculations.
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and 5). Further, slightly more observations were classified in the efficient group compared to the inefficient group in all the
subsectors with an exception of the metal subsector in the 2000/01–2002/03 period. The textile subsector in the 2000/01–2002/03
period had not only the greatest number of observations clustered as efficient, but also the clusters (efficient and moderately
efficient) with the highest average efficiency in relation to the other subsectors in each period. These distributions show that
firms in the food and metal (textile) subsectors appeared to be more (less) efficient in the 1992/93–1994/95 period than in the
2000/01–2002/03 period (see the mean column of Tables 4 and 5). This is despite more observations in the food subsector being
clustered as efficient in the 1992/93–1994/95 period than in the 2000/01–2002/03 period.

On using the interval estimates to cluster the observations, more observations were classified as moderately inefficient (efficient)
than efficient (moderately inefficient) for all the subsectors in the 1992/93–1994/95 (2000/01–2002/03) period, which was not
surprising given the wide and overlapping confidence interval estimates. These results imply that the reported average productivity
gain of 48 per cent (52 per cent), 42 per cent (58 per cent), and 40 per cent (32 per cent) for the food, metal and textile subsectors
respectively in the 1992/93–1994/95 (2000/01–2002/03) period could not be maintained. In general, with an exception of the
food (metal) subsector in the 1992/93–1994/95 (2000/01–2002/03) period where the observations with low efficiency estimates
could still be identified on incorporating the interval estimates in the analysis, the changes occurred between all the clusters in
each period of analysis (see the last column of Tables 4 and 5).

A test of the similarity of efficiency distribution between the subsectors in each period of analysis and between the periods for
each subsector was done using the non-parametric KS test statistic since the efficiency values are not normally distributed (Thiele
and Brodersen, 1999). The null hypothesis was that there was no difference between the distributions of any two subsectors under
consideration. The KS test results revealed that the differences in distributions between the subsectors in the 1992/93–1994/95
period were not statistically significant, implying that the distributions were similar. The test results showed that the maximum
differences between the cumulative distributions, D, were 0.18, 0.16 and 0.18 with corresponding probability values, p, of 0.18,
0.33 and 0.24 for the food versus metal, food versus textile and metal versus textile subsectors respectively. However, the similarity
test of the efficiency distributions in the 2000/01–2002/03 period revealed significant distribution differences between all the
subsectors. The KS test results showed that the maximum differences between the cumulative distributions, D, were 0.2, 0.59 and
0.59 with corresponding probability values, p, of 0.04, 0 and 0 for the food versus metal, food versus textile and metal versus
textile subsectors respectively.

On the other hand, the test of the similarity of efficiency distribution between the periods for each subsector revealed that the
differences in distributions were statistically significant implying that the distributions were not similar for each subsector between
the two periods of analysis. The KS test results showed that the maximum differences between the cumulative distributions, D,
were 0.21, 0.32 and 0.31 with corresponding probability values, p, of 0.04, 0.001 and 0.003 for the food, metal and textile
subsectors respectively. Similar results were obtained for the analysis between the incumbents and the 1992/93–1994/95 period
observations (see Table A3 in the Appendix). A further analysis of the similarity of efficiency distribution between each subsector
in the 2000/01–2002/03 period and the other subsectors in the 1992/93–1994/95 period revealed that the differences in efficiency
distributions were statistically significant (see Table A3 in the Appendix). Thus, the technical efficiency distribution for each
subsector changed not only in relation to itself, but also in relation to the other subsectors across the two periods of analysis.

Table 6 presents average technical efficiency distribution amongst firms in three size categories: small (10–49 employees),
medium (50–99 employees) and large (over 100 employees).

As can be seen from Table 6, technical efficiency appears to be increasing monotonically with size for each subsector in the
1992/93–1994/95 period, a finding contrary to Chirwa (2000) but consistent with Lundvall and Battese (1998) and Mazumdar and
Mazaheri (2003). The same monotonic relation is also displayed for the food subsector in the 2000/01–2002/03 period. However,
for the metal and textile subsectors in the 2000/01–2002/03 period, the relationship is not straightforward. For the metal subsector,
the small firms are more efficient than the medium and large firms while the large firms are more efficient than the medium
firms. For the textile subsector, both small and medium firms are more efficient than the large firms, but with the medium firms
appearing to be more efficient than the small firms. This implies that the technical efficiency distribution for at least one firm
size category for each subsector changed during the period of analysis.

This conclusion was evidenced by the statistics of the KS test where the distribution difference for at least one size category
was statistically significant. It is important to note, however, that with the exception of the food (textile) subsector where the small
(large) firms seem to be more efficient (albeit mildly) in the 2000/01–2002/03 (1992/93–1994/95) period than in the 1992/93–
1994/95 (2000/01–2002/03) period, all the firm size categories appear to be less (more) efficient for the food and metal (textile)
subsectors in the 2000/01–2002/03 period than in the 1992/93–1994/95 period. These results were confirmed on comparing the
incumbents with the 1992/93–1994/95 period firms (see the values marked by #). This implies that the decline (improvement)
in technical efficiency for the food and metal (textile) subsectors indicated in the preceding discussion was reflected on the firm
size categories.
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Table 6: Technical efficiency distribution by firm size categories for each subsector in each period

Category Mean Lower Upper Range N KS test

Food
Small 0.363 0.123 0.696 0.573 32

(0.378) (0.119) (0.751) (0.632) (42) 0.587
0.320# 0.086# 0.699# 0.613# 34#

Medium 0.540 0.219 0.915 0.696 23 0.280
(0.453) (0.148) (0.876) (0.729) (17)
0.453# 0.148# 0.876# 0.729# 17#

Large 0.772 0.509 0.981 0.472 18 0
(0.570) (0.224) (0.930) (0.707) (51)
0.562# 0.215# 0.927# 0.713# 48#

Metal
Small 0.492 0.192 0.885 0.693 34 0.577

(0.441) (0.218) (0.725) (0.507) (38)
0.490# 0.245# 0.796# 0.551# 27#

Medium 0.569 0.266 0.891 0.625 23 0.001
(0.308) (0.140) (0.556) (0.416) (13)
0.236# 0.104# 0.460# 0.356# 10#

Large 0.771 0.471 0.988 0.517 16 0
(0.433) (0.217) (0.682) (0.464) (22)
0.474# 0.245# 0.711# 0.465# 14#

Textile
Small 0.393 0.105 0.809 0.705 (0.444) 26 0

(0.668) (0.442) (0.886) (36)
0.668# 0.442# 0.886# 0.444# 36#

Medium 0.668 0.313 0.977 0.664 13 0.094
(0.734) (0.434) (0.981) (0.547) (19)
0.684# 0.341# 0.977# 0.633# 14#

Large 0.845 0.640 0.991 0.351 19 0.001
(0.643) (0.409) (0.876) (0.466) (20)
0.658# 0.382# 0.919# 0.537# 10#

Note: The values in parentheses are for the 2000/01–2002/03 period while the values marked by (#) are for the incumbents. N refers to the number of observations.
The values under the KS test column are probability (p) values. Probability values below 0.05 lead to rejection of the null hypothesis.

5. Conclusion

In this article, we have analysed efficiency differences and efficiency distribution for three Kenyan manufacturing subsectors,
namely food, metal and textile during the structural reform period using an unbalanced panel data for the periods 1992/93–1994/95
and 2000/01–2002/03, and using the model proposed by Caudill et al. (1995). The technical efficiency point estimates indicated
variation of technical efficiency estimates of the sampled firms in each period, but with the efficiency gap of the firms in both food
and textile (metal) subsectors declining (increasing) during the study period. However, caution should be exercised in interpreting
the technical efficiencies because the reported confidence intervals are wide. Hence, as noted by Battese et al. (2000, p. 637)
‘it is desirable to develop more precise interval predictions to enable more definite conclusions on inefficiency’: In general, the
technical efficiency point estimates indicated that nearly 48 per cent (53 per cent), 42 per cent (58 per cent), and 40 per cent
(32 per cent) technical potentialities for the food, metal and textile subsectors respectively were not achieved in the 1992/93–
1994/95 (2000/01–2002/03) period.

The analysis on technical efficiency distribution revealed that the technical efficiency distribution for all the subsectors
significantly changed during the period of analysis. The textile and food (metal) subsectors showed an improvement (a decline) in
technical efficiency distribution during the period of analysis, but with the food subsector firms remaining relatively inefficient.
These results, supported by the confidence interval estimates despite the fragility of the observation rankings, were in keeping
with the analysis of the technical efficiency point estimates which indicated a decrease (an increase) in the efficiency gap for
both the food and textile (metal) subsectors. The improvement of the technical efficiency distribution for both the textile and food
subsectors is not only an indication of the reforms enhancing technical efficiency, but also of intra-plant improvement during the
period of analysis. Note that more firms in the textile subsector became export-oriented during the study period. According to
Bigsten et al. (2004) exporting offers the maximum scope for the increased discipline of competition and contact with foreign
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customers provides the maximum scope for learning opportunities. For instance, firms may learn about product design and new
technologies or management techniques from the foreign buyers to whom they export, which may diffuse to other domestic
firms not directly engaged in trade (Tybout, 2000). The decline of the technical efficiency distribution for the metal subsector
suggests that the market orientation during the structural reform period did not promote firm efficiencies or the firms were slow
in responding to the reforms.

The exporting firms were less efficient in the 2000/01–2002/03 period than in the 1992/93–1994/95 period, a finding that could
be explained by participation in trade not necessarily being related with higher firm efficiency, but with the export promotion
policies adopted during the reform period. Most of the foreign-owned firms were exporting firms probably motivated by the
incentives (export promotion policies) offered by the Kenyan government during the structural reform period. Therefore the
export promotion policy of the Kenyan government should be complemented with an industrial policy that enhances the technical
efficiency of exporting firms to increase international competition of Kenyan manufacturers. For instance, the government should
ensure competitive pricing of inputs by not only investing heavily in human resource development, but also adopting selective
and targeted strategies for foreign direct investments and local investments. This would ensure that firms do not experience
restrained access to inputs. The negative relationship between firm size and efficiency for the metal and textile subsectors in
the 2000/01–2002/03 period, could be partly explained by operation of excessively large firms driven by increases in factor
inputs rather than improvements in productivity, hence leading to higher complexity in larger firms that makes identification
of inefficiency more difficult than in smaller firms. Hence, support programmes should not only be geared towards stimulating
the growth in size rather than number of firms, but also improving the technical efficiency and consequently the total factor
productivity of the firms.

This paper shed some light on the efficiency of the Kenyan manufacturing food, metal and textile subsectors during the
structural reform period. However, despite the paper employing data from two periods during the structural reform period, the
evolution of technical efficiency over time was not covered in depth. Hence, further research to determine whether the indicated
change in technical efficiency among the analysed subsectors was short term or long term is necessary. Furthermore, there is a
need for a further investigation on the technical efficiency point and confidence interval estimates using parametric bootstrapping
methods (Simar and Wilson, 2005), and with samples in which the time period is long, hence there are more observations per
firm which may generate further insights regarding the degree of inefficiency of the Kenyan manufacturing sector.

Notes

1. For instance, the system of price controls was abolished in 1994, tariff rates were significantly reduced so that by 1996/97,
the top tariff rate had been reduced from 170 per cent to 35 per cent, and export promotion interventions like the export
compensation scheme and Duty/Value Added Tax exemption scheme were abolished and introduced respectively in 1993
and 1991(see Bigsten, 2002, pp. 14 ff).

2. These values have been calculated from the gross product (value-added) values reported in Government of Kenya (1995,
p. 157, Table 94a; 2006, p. 133, Table 78a).

3. The economy grew by an annual average of only 1.5% between 1997 and 2002, which was below the population growth
estimated at 2.5 per cent per annum, leading to a decline in per capita incomes.

4. Sauer et al. (2006) noted that the derived efficiency scores from frontiers that are not regular are not theoretically consistent
and therefore are not an appropriate basis for the formulation of policy measures focusing on the relative performance of the
investigated decision-making units.

5. Heshmati (2001) observed that time dummies are more appropriate for short panels as in the data used in the current study
while Kumbhakar et al. (1999) observed that there are some built-in restrictions on the nature of technical change in the time
trend model in that the pure time component either increases or decreases linearly, and with unbalanced data (as the data
used in the current study), it is not clear whether the trend variable for a firm entering in a given period should start from
that period or rescaled to start from unity.
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Appendix

Confidence Intervals Calculation

Following Horrace and Schmidt (1996, pp. 261 ff), the (1 − α) × 100 confidence intervals for technical efficiency (TEit) can be
calculated as:
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)]}
(A2b)

�(•) is the standard normal distribution function.

Table A1: Estimation results of the stochastic production frontier models for the subsectors
in the 1992/93–1994/95 period

Modelsa

Variablesb Parameters Food Metal Textile

Production technology
Constant β0 7.158 (1.95)∗∗ 5.11 (1.53)∗∗ 6.59 (2.95)∗
Capital β1 0.28 (0.15)+ 0.49 (0.16)∗∗ 0.10 (0.15)
Wage β2 0.35 (0.22) 0.24 (0.21) 0.56 (0.24)∗
Dummy (1993) ξ1 −0.07 (0.35) −0.19 (0.28) −0.21 (0.36)
Dummy (1994) ξ2 −0.35 (0.30) −0.22 (0.26) −0.17(0.38)
Ln(σv) θ −0.16 (0.14) −0.26 (0.14)∗ −0.02 (0.14)

Inefficiency effects
Constant δ0 5.98 (2.07)∗∗ 3.27 (2.9) 7.29 (4.35)+
Firm size δ1 −0.74 (0.18)∗∗ −0.563(0.16)∗∗ −0.79 (0.29)∗∗
Firm age δ2 0.97 (0.34)∗∗ 0.74 (0.29)∗∗ 0.86 (0.48)+
Spillover δ3 −0.86 (0.73) −0.41 (0.42) 0.24 (0.28)
Sunk costs δ4 −0.21 (0.14) 0.26 (0.16) −0.08 (0.20)
Managers’ skills δ5 −1.37 (0.57)∗ −1.09 (0.81) −1.79 (1.28)
Capacity utilization δ6 0.38 (0.16)∗ 0.22 (0.15) −0.02 (1.44)

Variance parameters
Gamma γ 0.80 0.65 0.71
VAR(uit)/VAR(εit) 0.58 0.40 0.47
Log-likelihood −111.42 −99.03 −91.63
Returns to scale 0.63 0.73 0.66
CRTS (p-value)c 0.005 0.01 0.09

aThe values in parentheses are robust standard errors. ∗∗, ∗ and + indicates significance at the 1%, 5% and 10% level respectively. All the variables
and coefficient parameters are defined in Section 4.
bVAR, CRTS and p denotes variance, constant returns to scale and probability, respectively.
cWald test of the null hypothesis: ln (capital) + ln (wage) = 1.
Source: Own calculations.
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Table A2: Estimation results of the stochastic production frontier models for the subsectors
in the 2000/01–2002/03 period

Modelsa

Variablesb Parameters Food Metal Textile

Production technology
Constant β0 5.98(1.98)∗∗ 1.79(1.32) 1.16(1.55)
Capital β1 0.11(0.09) 0.39(0.1)∗∗ −0.02(0.07)
Wage β2 0.65(0.12)∗∗ 0.62(0.1)∗∗ 1.03(0.13)∗∗
Dummy (2001) ξ1 −0.17(0.24) −0.29(0.24) 0.03(0.21)
Dummy (2002) ξ2 −0.04(0.28) −0.37(0.27) 0.17(0.23)
Ln(σv) θ −0.22(0.13)+ −1.12(0.37)∗∗ −0.43(0.11)∗∗

Inefficiency effects
Constant δ0 −1.8(1.72)+ −1.86(2.46) 1.09(4.01)
Firm size δ1 −0.19(0.11)+ 0.15(0.12) 0.42(0.28)
Firm age δ2 0.29(0.2) −0.14(0.13) 1.08(0.5)∗
Spillover δ3 0.04(0.3) −0.24(0.27) 1.65(0.47)∗∗
Sunk costs δ4 −0.33(0.13)∗∗ −0.06(0.13) −0.32(0.18)+
Managers’ skills δ5 0.69(0.44) 0.58(0.57) −1.64(0.93)+
Capacity utilization δ6 0.01(0.12) 0.1(0.14) −0.41(0.23)+

Variance parameters
Gamma γ 0.82 0.97 0.74
VAR(uit)/VAR(εit) 0.62 0.92 0.5
Log-likelihood −172.39 −101.47 −91.31
Returns to scale 0.76 1.01 1.01
CRTS (p-value)c 0.04 0.92 0.89

Notes: See notes to Table A1.

Table A3: Kolmogorov-Smirnov test between the subsectors across the periods

2000/01–2002/03 →
1992/93–1994/95 ↓ Food Metal Textile

Food 0.04 0.01 0
Metal 0 0.001 0
Textile 0.002 0 0.003

Incumbents

Food 0.03 0.05 0
Metal 0 0.01 0.003
Textile 0.001 0.001 0.01

Note: Probability values are reported. The null hypothesis is that the distribution is the same between any two subsectors across the two periods of analysis.
Probability values below 0.05 lead to rejection of the null hypothesis.
Source: Own calculations.
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