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Returns to scale, productive e� ciency,
and optimal ® rm size evidence from
Taiwan’s ® rm data

YIH-CHYI CHUANG

Department of Economics, National Chengchi University, Taipei, Taiwan, ROC

By using Taiwan’s census ® rm data, this paper estimates and tests the variable returns
to scale hypothesis for aggregate manufacturing and two-digit industries. An e� -
ciency measure is constructed to further examine the size-e� ciency relations among
two-digit industries. Analysis indicates that increasing returns exist at the aggregate
manufacturing level and its magnitude is higher for exporting ® rms than for non-
exporting ® rms. Moreover, trade is bene® cial only for small ® rms. However, the
property of increasing returns diminishes for most of the industries at the two-digit
level, particularly for the exporting ® rms. This sharp comparison between aggregate
and two-digit level results suggests that trade is conducive to productivity, and
provides an indication of the speci® c form of technology spillovers among ® rms and
across industries. Further investigation of the relationship between productive e� -
ciency and ® rm size renders the result that optimal ® rm size is small for exporting
® rms in most industries, particularly in the most export-oriented ones. The technology
spillover e� ect among ® rms and across industries is likely the reason for being small
and e� cient. Our results also indicate that an industry-wide spillover e� ect across
® rms within the same industry is roughly one-sixth of the ® rm-speci® c export-induced
learning e� ect. Findings in this study provide valuable insight into Taiwan’s economic
development and also provide a development strategy for developing countries to
follow.

I . INTRODUCTION

Economic development generally implies a process of indus-
tralization during which predominance within the industrial
structure shifts from the traditional agricultural sector to
modern manufacturing. Moreover, the dynamic process of
industrialization involves a shift in production structure
within the manufacturing sector. Both facets of this persist-
ent structural change are keys to sustaining economic
growth. Thus, investigating the productivity and size-
e� ciency relations among di� erent industries becomes es-
sential to more thoroughly understanding economic
growth.

After the surge of endogenous growth theory in the mid
1980s, numerous models have pointed out the importance
of increasing returns or externalities to sustain a country’s
long run growth (see, for example Romer, 1986; Grossman
and Helpman, 1991; Barro and Sala-i-Martin, 1995 and

references therein). Therefore, increasing returns to scale
in manufacturing industry might be a prominent factor
for industrialization and economic growth. However,
Blomstrom and Wol� (1993) indicated that the new growth
literature has largely neglected the discussion of the trans-
formation and the technology di� usion within countries
and industries. Using Mexican manufacturing data, they
found that most of the variation in labour productivity
across plant class sizes can be attributed to di� erences in
capital intensity and that the variation in TFP levels across
size classes tends to be small. This result corresponds to
Meller (1976) and Ramaswamy’s (1994) ® ndings of no sys-
tematic di� erences in technical e� ciency between large and
small establishments for Chilean establishments and Indian
industry, respectively.

In this study, we estimate the returns to scale and examine
size-e� ciency relations of the manufacturing sector by using
Taiwan’s ® rm data. We ® nd weak increasing returns at the
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1 Hereafter lower case letters denote the logarithm form of the capital letters’ variables.

aggregate manufacturing level. Comparing exporting versus
nonexporting ® rms, we ® nd that exporting ® rms in aggreg-
ate generally exhibit stronger increasing returns and a
higher capital intensity than nonexporting ® rms. In a two-
digit industry level, however, signi® cant variable returns to
scale can only be found in some industries: namely, food,
textiles, chemicals, chemical products, plastic products, and
basic metal industries. By using our e� ciency measure, we
® nd that 12 out of 20 industries have a small optimal ® rm
size for the exporting ® rms. Such evidence should perhaps
come as little surprise, given that SME’s predominate in
Taiwan’s for-export markets.

The rest of the paper is organized as follows. Section II
provides a brief description of the Taiwanese economy;
Section III presents the empirical model; Section IV dis-
cusses data and the estimation method employed; Section
V summarizes the estimation results for aggregate manu-
facturing and two-digit industries. Concluding remarks are
® nally made in Section VI.

II . THE TAIWANESE ECONOMY

Since the end of World War II, Taiwan’s economy has
grown by leaps and bounds, and has successfully trans-
formed from an agriculturally-oriented economy to an
industrially-oriented one, with a subsequent rise of the ad-
vanced service industry appearing still more recent. From
1953 to 1993, the annual average economic growth rate in
Taiwan measured an impressive 8.7% (6.3% for per capita
GNP). The share of agriculture in GDP was 34.45% in
1953, and has declined steadily over time to reach 3.46% by
1993. The share of industry was only 19.39% in 1953, and
then increased annually, surpassing agriculture in 1962. It
reached its highest value of 47.64% in 1986 and then slightly
declined beginning in the late 1980s. Production structure
has changed dramatically as well, as evident in the shift of
the leading industry from food to textiles, and then to
electrical and electronic machinery. Obviously, Taiwan’s
rapid economic growth is synonymous with its successful
industrialization process.

As the government policy passed from import substitu-
tion in the early 1950s, through export-promotion begin-
ning in the late 1950s, and then onto more aggressive trade
liberalization in the 1980s, the dependence of Taiwan’s
economy on foreign trade has increased tremendously.
From 1960 to 1993, the average annual growth rate of real
exports was 15.4% (13.7% for real imports). The trade
structure also changed enormously. The share of industrial
products was only 8.1% in 1952, but later surged to 46% in
1965 and 78.6% in 1970; thereafter, following a moderate
increasing trend, it reached 96% in 1993. As for Taiwan
imports, during 1952–93, over 60% of all imports were

agricultural and industrial raw materials due to the scarcity
of natural resources. The share of capital goods in total
annual imports increased from 14.2% in 1952 to 29.3% in
1965, hovered above 30% until 1975, and then gradually
declined to 15.45% in 1993.

As the economy matured and expanded outwardly, pri-
vate savings also increased. The savings rate (i.e., gross
national savings divided by GDP) increased from 15.3% in
1952 to 32.1% in 1972 and then remained stable at approx-
imately 33% through 1990. It was the increase in domestic
savings which really enabled the economy to ® nance its
accumulation of physical capital. Since the mid 1970s, how-
ever, domestic savings has outpaced domestic investment,
re¯ ecting the sustained trade surplus in Taiwan’s current
account.

Investment in human capital accumulation was also re-
markable. The distribution of employed workers having
completed primary, secondary, and tertiary schooling was
54.95%, 14.87%, and 3.93%, respectively, in 1964. However,
the same ® gures in 1993 registered 26.09%, 51.80%, and
18.04%, respectively, indicating an unequivocal upward
shift in the quality of the labour force.

In sum, Taiwan’s economic growth over the past four
decades has been characterized by successful industrial-
ization, heavy dependence on international trade, and per-
sistent accumulation of capital and improvement in human
resources. Hence, Taiwan is de® nitely a quali® ed candidate
for investigation as a case-study in this paper.

II I . THE EMPIRICAL MODEL

In this study, a Solow-type production function, augmented
to include embodied technical change, is adopted to esti-
mate returns to scale. Moreover, we allow the latter to vary
as a function of ® rm size. As indicated in Szpiro and Cette
(1994), the Solow production function can be generalized in
the following manner:

Y i = Aj ´exp {l j (ET Ci )] Sf j (si )
i (1)

where indices i and j denote the individual ® rm and sector,
respectively; Si = K a j

i L 1 ± a j
i is an index of ® rm size for ® rm

i in sector j, and si = a j ki + (1 - a j )li is the logarithm of Si ;1

Y , K, L are the volumes of value added, capital, and labour
in production, respectively; ET C represents the embodied
technical change, and l j re¯ ects the e� ect of the embodied
technical change; fj (si) is a sector-speci® c polynomial func-
tion of variable si , and captures the possibility of variable
returns to scale for each industry j. Taking the logarithm,
Equation 1 becomes

yi = aj + l j (ET Ci ) + gj (si) with gj (si) = si ´fj (si) (2)
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2 The twenty two-digit industries are food, textile mill products, wearing apparel and accessories, leather and fur products, wood and
bamboo products, furniture and ® xtures, pulp, paper and paper products, printing processing, chemicals, chemical products, rubber
products, plastic products, non-metallic mineral products, basic metals, fabricated metal products, machinery and equipment, electric and
electronic machinery, transport equipment, precision instruments, and miscellaneous manufactured products industries.
3 The convergence criterion is set that the changes in loss function satis® ed (L OSSi ± 1 - L OSSi ) /(L OSSi + 10 ± 6 ) < 10 ± 8 .

Notably, if fj (si) is a polynomial of order n then Equation 2
can be further simpli® ed to

yi = aj + l j (ET Ci ) +
n+ 1

+
r = 1

t r i s r
i (3)

If t r i ¹ 0 for all r > 2, then variable returns to scale cannot
be rejected. However, if t 1 i ¹ 0 but t r i = 0 for all r > 2, then
the production function has the ® xed returns’ property and,
in fact, the constant returns to scale provided that t 1 i = 1.
We de® ne returns to scale as the elasticity of output with
respect to ® rm size, i.e.,

Ri (s) º
¶ yi

¶ si
=

n+ 1

+
r = 1

r ´ t r is r ± 1
i (4)

our measure of variable returns for each industry is, Ri (s),
thus only constrained to be some polynomial of order n.

Using the concept of total factor productivity and elimin-
ating the e� ect of the embodied technical change, we exam-
ine size-e� ciency relations by constructing an e� ciency
index de® ned as

EFFi º yi - l j (ET Ci ) - si (5)

Each sector’s optimal ® rm size can thus be determined by
comparing the EFF indices between di� erent size classes of
® rms. Thus, in this paper the optimal ® rm size is de® ned as
the one with the highest EFF index. Equations 3, 4 and 5 are
the basic equations used for our empirical estimations in
Section V.

IV. DATA AND THE ESTIMATION METHOD

Data

The data used herein originated from The Report on 1991
Industrial and Commercial Census for Taiwan-Fukien Area
published by Directorate-General of Budget, Accounting
and Statistics, Executive Yuan, The Republic of China.
The de® nitions of variables are found in the Appendix. The
census has been conducted every ® ve years since 1954, the
most recent issue available covering 1991. However, due to
data limitations for the measure of embodied technology
change, we look only at data for manufacturing establish-
ments in 1991. For that year, the census documents 146 086
manufacturing establishments, comparing 2 622 934 em-
ployees and a total output value of NT$1610 (US$62) bil-
lion. Measuring by establishment unit, the mean value of
total output is NT$5 155 000, while the average size is 18
employees. Gross value added per person is NT$287 000,
and the net value of assets in operation per person is

NT$1 390 000 with an average rate of automation at 38%.
Value added per dollar sale is 0.15, and the average share of
exports in ® rm’s total sales is 28%. In general, the size of
Taiwan’s manufacturing ® rms (in conventional terms of the
number of employees) is rather small. Approximately 90%
of establishments employ fewer than 30 persons, and
97.88% have less than 100 employees.

As for two-digit industries, 22 classi® cations are in the
report. For our purposes herein we omit tobacco manufac-
turing and petroleum and coal products industries from our
sample since those industries are public-owned enterprises
and enjoy a monopolistic position.2 Table 1 lists the sample
mean values by establishments for the two-digit industries.
For these two-digit industries, electrical and electronic ma-
chinery, leather and fur products, and transport equipment
have the largest share in gross value added. Chemicals,
electrical and electronic machinery, and leather and fur
products have the largest scale in terms of employed
workers. Basic metals, machinery and equipment, fabricated
metal products, and printing processing have the highest
labour productivity. Chemical, basic metals, and food
industry have the greatest capital labour ratio. Printing
processing, fabricated metal products, and furniture and
® xtures have the highest value added per dollar of sale.
Precision instruments, furniture and ® xtures, leather and fur
products, wearing apparel, and electrical and electronic
products have export shares exceeding 50% of total produc-
tion. Finally, textile mill products, basic metals, pulp and
paper products, and chemicals show the greatest degree of
automation.

Estimation method

For estimation purpose, the embodied technical change
described in Equation 1 is further decomposed into two
components: the e� ects of vintage capital and accumulated
learning by doing. The vintage capital e� ect is captured by
using dummy variable of automation (AUT O = 1 if auto-
mation machinery is used or AUT O = 0 otherwise). The
e� ect of accumulated learning by doing from operating
machinery is captured by the ratio of accumulative depre-
ciation to total value of the machinery (ACCU). The larger
the value implies the longer the machine is used and, hence,
the greater e� ect on learning by doing is expected to obtain.
Both variables are expected to have a positive sign.

In this paper the ® rm size is de® ned as a weighted combi-
nation of labour and capital. In estimating Equation 3,
the weight parameter a j , a value between zero and one, is
estimated by a nonlinear least squares method using the
Marquardt iterative method.3 The order of polynomial of

Returns to scale, productivity and optimal ® rm size 1355
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variable returns (n) is determined by ® nding the order form
speci® cation that has the minimum residual sum of squares
or the contribution of reducing sum of square is less than
10 ± 8 by adding one higher order (the initial value for n is
zero). For those variable returns’ cases, an order of three or
below can generally be found. Hence, the returns to scale
measure R(s) are generally a polynomial of order two of the
® rm size, that is, it is either a concave or a convex curve.

V. ESTIM ATION RESULTS

Aggregate manufacturing level

As expected, Table 2 reveals that the coe� cients of both
variables of embodied technical change show positive signs
and statistically signi® cant (AUT O = 0.1273, SE = 0.0047;
ACCU = 0.2918, SE = 0.0065). This ® nding implies that
signi® cant embodied technological change has occurred in
Taiwan’s manufacturing industry. Tests of null hypothesis
of constant returns by using Cobb–Douglas production
function or variable return’s formulation are all rejected
whether or not we consider embodied technical change
(Regressions 1 and 2). Nonlinear estimates of variable re-
turns indicate that the returns to scale are a polynomial
function of ® rm size with an order of three (Regression 3).

If we further run regressions for nonexporting and ex-
porting ® rms separately (Regressions 4 and 5), we ® nd that
value of a for exporting ® rms is nearly twice than that for
nonexporting ® rms. However, the e� ect of embodied tech-
nical change (measured by AUT O and ACCU) is lower for
exporting ® rms than for nonexporting ® rms, and the e� ect
of accumulated learning for nonexporting ® rms is around
three times that of exporting ® rms. Those results imply that
production technology is quite di� erent between exporting
and nonexporting ® rms.

Tests of constant returns to scale for the two types of ® rm
are still rejected. Variable returns with order three in ® rm
size are also found for the two types of ® rm. Figure 1 depicts
the measure of variable returns to scale, R(s), as de® ned in
Equation 4. A U-shaped curve of R(s) is found in which
exporting ® rms have a higher magnitude than nonexporting
® rms everywhere except in the middle range of ® rm size
where constant returns are prevailed. We further con® ned
our sample to exporting ® rms only. By adding variable of
export share to total output (EX ) (Regression 6) we ® nd a
negative and signi® cant e� ect for the export share variable
( - 0.0354, SE = 0.0175). This is certainly puzzling, given
the conventional wisdom that exporting goods abroad
should have a positive e� ect on productivity. Nevertheless,
if we add an interaction term between export share and our
index of ® rm size (denoted by s), a weighted combination of
labour and capital, for the interaction term, then the coe� c-
ient of export share is positive (0.1836, SE = 0.0779) and
that of the interaction term is negative ( - 0.0428,
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Table 2. Regression results for aggregate manufacturing industry

(1) (2) (3) (4) (5) (6) (7)
Dep. var. L NY L NY L NY L NY L NY L NY L NY

Constant 4.3994* 4.4013* 4.3271* 4.393* 3.7236* 3.9553* 3.8438*
(0.0190) (0.0101) (0.0210) (0.0224) (0.2285) (0.0465) (0.0606)

AUT O 0.1273* 0.1274* 0.1223* 0.1078* 0.1096* 0.1098*
(0.0047) (0.0047) (0.0052) (0.0133) (0.0133) (0.0133)

ACCU 0.2918* 0.2922* 0.3082* 0.0872* 0.0863* 0.0896*
(0.0065) (0.0065) (0.0052) (0.0269) (0.0271) (0.0271)

L NK 0.1919* – – – – – –
(0.0014)

L NL 0.8536* – – – – – –
(0.0017)

L NS – 1.0188* 1.0930* 1.0981* 1.1952+ 1.0066 1.0297#

(0.0021) (0.0169) (0.0201) (0.1288) (0.0053) (0.0136)
L NS2 – – - 0.0215* - 0.0236* - 0.0468# – –

(0.0047) ( - 0.0061) (0.0241)
L NS3 – – 0.0019* 0.0017* 0.0035# – –

(0.0004) (0.0006) (0.0015)
EX – – – – – - 0.0354# 0.1836*

(0.0175) (0.0779)
EXL NS – – – – – – - 0.0408*

(0.0148)
a – 0.1836* 0.1833* 0.173* 0.2813* 0.2827* 0.2815*

(0.0016) (0.0016) (0.0017) (0.0082) (0.0063) (0.0083)
No. of Obs. 135 646 135 306 135 306 121 059 8593 8550 8550

Notes: Numbers in the parentheses are standard deviation.
For L NS variable, the null hypothesis is that the estimated parameter equals to one.
*, # , and + indicate statistical signi® cance at 1%, 5%, and 10% levels, respectively.

Fig. 1. Variable returns to scale
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SE = 0.0148) (Regression 7). Therefore, the ® rm size cannot
be too large to guarantee a positive e� ect from exporting.
The estimated ceiling for the ® rm size is LnS = 4.3, smaller
than the median value of ® rm size for the sample of 4.6.

This result suggests that in order for trade to have a posit-
ive e� ect on ® rm’s production, the ® rm should be small in
terms of our weighted Cobb–Douglas measure. Most im-
portantly, this measure also allows di� erent combinations
of capital and labour that satisfy the required standard for
positive trade e� ect. For instance, for a ® rm with a median
value of capital, the minimum required number of worker
falls to less than ten employees. Meanwhile, for a ® rm with
median value of labour the required value for capital is less
that NT$1 164 000.

T wo-digit industry

Our study includes 20 industries in the two-digit industrial
classi® cation. Table 3 summarizes the estimation results at
this level. Tests of constant returns are not rejected for most
two-digit industries, the exceptions being food, textiles,
chemicals, plastic products, and basic metals industries.
Estimates based upon the variable returns speci® cation also
con® rm this ® nding. Among the six increasing returns in-
dustries, a polynomial of order three in ® rm size is found for
food textiles, chemicals, and basic metals industries and an
order of four is found for chemical products and plastic
products industries.

Firms found to be subject to increasing returns are gener-
ally noted to have higher a values (i.e., are more capital
intensive than ® rms subject to constant returns). The only
exceptional case of the constant returns’ industries is the
electrical and electronic machinery which has a a value of
0.2247 comparable to that of the increasing returns indus-
tries. As for embodied technical change measured by AUT O
and ACCU, the vintage capital e� ect is highest for chem-
icals, food, nonmetallic minerals, leather, machinery, and
electrical and electronic machinery industries; in turn the
e� ect of embodied learning by doing is highest for printing
processing, paper and paper products, leather, fabricated
metal products, plastic products, rubber products, textiles,
and chemicals industries.

According to previous estimates obtained for aggregate
manufacturing, production technologies may be di� erent
for exporting and nonexporting ® rms. If we distinguish
between exporting and nonexporting ® rms and run regres-
sions for each type of ® rm, as in the aggregate level from
Tables 4 and 5, nonexporting ® rms are generally found to
have greater embodied technical change, except for chem-
icals and chemical products industries where the e� ect of
accumulated learning by doing for exporting ® rms is four
times that for nonexporting ® rms. However, a values are
higher for exporting ® rms in all industries, i.e., for the same
® rm size exporting ® rms tend to be relatively more capital
intensive. For exporting ® rms in all except for the food T
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4 In the sample, our measure of ® rm size (s) has a correlation coe� cient of 0.9714 with the conventional proxy of the number of employees.
There are eleven instead of ten classes for exporting ® rms.

industry, constant returns to scale cannot be rejected, while
for nonexporting ® rms food, chemical, and plastic products
industries are still found to exhibit increasing returns. These
® ndings in two-digit industry level in contrast to what we
have found in aggregate manufacturing level in the previous
section where the magnitude of returns to scale measure is
higher for exporting ® rms as shown in Fig. 1.

Existence of industry-wide technology spillovers

In light of this clear contrast, we brie¯ y return to aggregate
analysis. These results apparently suggest that a certain
form of technology spillover e� ects may exist among export-
ing ® rms in the same industry. Chuang (1996) estimated that
approximately 40% of output growth of Taiwan’s manufac-
turing during 1975–90 has due to trade-induced learning by
doing. By using the volume of exports (L NE) and total
volume of other ® rms’ exports of the industry (SPOR) as an
additional variable capturing spillover e� ects across export-
ing ® rms within the same industry, for the entire manufac-
turing industry, we ® nd that

L NY = 3.2512+ 0.1135 AUT O + 0.0972 ACCU

(0.0935) (0.0128) (0.0260)

+ 0.9073 L NS + 0.0990 L NE + 0.0160 SPOR

(0.0109) (0.0040) (0.0048)

a = 0.2843, N = 8593, R2 = 0.9970

Both ® rm-speci® c learning and industry-wide spillover
e� ects are positive and signi® cant. Moreover, industry-wide
spillover e� ect across ® rms within the same industry is
approximately one-sixth of the ® rm-speci® c export-induced
learning e� ect. Notably, by including the e� ect of export-
induced learning, increasing returns disappears in aggregate
manufacturing data as well.

Productive e� ciency and optimal ® rm size

This subsection further examines the relations between
productive e� ciency and optimal ® rm size for each two-
digit industry. Firms are ® rst divided and ranked from one
to ten according to ® rm size, s.4 An index of productive
e� ciency is calculated according to Equation 5 for each ® rm
and the mean values of the productive e� ciency of each
class are presented in Table 6. In particular, optimal ® rm
size appears large for food, textile products, furniture and
® xtures, printing processing, chemicals, nonmetallic mineral
products, and transport equipment, while small optimal size
is found only in the wearing apparel industry.

Earlier results from Tables 4 and 5 reveal that the e� ects
of embodied technical change and returns to scale are quite
di� erent for exporting and nonexporting ® rms. If we further
decompose the two-digit industry classi® cation (as before at
the aggregate level ) sample into exporting ® rms and non-
exporting ® rms, optimal ® rm sizes are rather di� erent for
the two types of ® rm (see Tables 7 and 8). Although the
mean value of ® rm size is relatively larger for exporting
® rms than for nonexporting ® rms, interesting comparisons
arise between the two groups. For food, textiles, chemicals,
and chemical products industries, optimal ® rm size is small
for exporting ® rms but is large for nonexporting ® rms. For
machinery, electrical and electronic machinery, transport
equipment, and precision instrument industries, optimal
® rm size is found to be small for both types of ® rm. As
a whole, our estimations clearly indicate that for exporting
® rms, small ® rm size has an e� ciency advantage over
a large one. This may account for why small- and medium-
size enterprises take a majority share in Taiwan’s total
exports and they are the major contributions to Taiwan’s
economic growth. Our ® ndings also suggest that a large
technology spillover e� ect among ® rms and across indus-
tries is the most likely reason for e� ciency in small-scale
production.

VI . CONCLUDING REMARKS

Taiwan’s ® rm data reveal that weak increasing returns exist
for aggregate manufacturing industry. Returns to scale are
a U-shaped curve with respect to ® rm size, and their magni-
tude is higher for exporting ® rms than for nonexporting
ones. Moreover, export is bene® cial only if the ® rm remains
small. In contrast, for the two-digit industry constant re-
turns to scale prevail for most of the industries particularly
for the case of exporting ® rms. This evidence, as the ® nding
from time series data (see, for example, Chuang, 1996),
suggests that certain form of technology spillovers exists
among ® rms and across industries. We ® nd that industry-
wide spillover e� ect across ® rms is approximately one-sixth
of the ® rm-speci® c export-induced learning e� ect. These
® ndings correspond to the hypothesis of endogenous
growth models posting c̀onstant returns learning spillover
technology’ (see, for example, Stokey, 1988; Young, 1991;
and Lucas, 1993).

As for size-e� ciency relations, evidence clearly indicates
that optimal ® rm size for exporting ® rms is small in most
industries, particularly the highly export-oriented ones.
Electrical and electronic machinery, precision instruments,
machinery and equipment, rubber products, food, leather
and fur products, and textiles industries are prime examples.
This ® nding helps account for why small- and medium-sized

1360 Y .-C. Chuang
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Table 8. Optimal ® rm size – exporting ® rms

Class of ® rm size Optimal
Sector 1 2 3 4 5 6 7 8 9 10 11 ® rm size

Food – – 100 93 86 81 76 78 88 82 – Small
– – (6) (31) (61) (75) (63) (27) (15) (1) –

Textile mill products – – 100 85 86 80 75 74 77 66 70 Small
– – (3) (40) (108) (157) (135) (77) (33) (7) (3)

Wearing apparel and accessories – 85 95 100 100 99 92 94 93 – – Intermediate
– (3) (15) (63) (84) (89) (33) (5) (4) – –

Leather and fur products – 100 84 88 83 81 80 82 87 – – Small
– (1) (7) (31) (49) (52) (27) (23) (2) – –

Wood and bamboo products 100 87 92 89 91 90 89 – – – – Intermediate
(2) (10) (46) (67) (49) (17) (4) – – – –

Furniture and ® xtures – 98 99 98 97 95 99 96 100 – – Intermediate
– (4) (25) (65) (66) (41) (6) (1) (1) – –

Pulp, paper and paper products – – 85 93 89 84 81 84 100 – 87 Intermediate
– – (2) (37) (37) (36) (31) (9) (1) – (1)

Printing processings – – 100 84 77 77 74 73 90 75 – Small
– – (2) (9) (16) (20) (17) (4) (1) (1) –

Chemicals – – – – 100 92 90 82 75 83 – Small
– – – – (15) (27) (51) (38) (8) (2) –

Chemical products – – 100 94 91 91 92 77 – – – Small
– – (11) (32) (76) (69) (25) (8) – – –

Rubber products – 100 98 92 92 89 90 89 87 – – Small
– (1) (9) (43) (80) (68) (13) (5) (1) – –

Plastic products – – 95 92 90 88 85 83 85 100 – Intermediate
– – (14) (105) (223) (294) (181) (61) (6) (1) –

Nonmetallic mineral products – – 89 85 87 88 86 91 100 93 – Big
– – (8) (23) (78) (62) (40) (9) (2) (1) –

Basic metals – – 72 93 89 90 92 94 100 95 – Big
– – (1) (11) (37) (71) (81) (53) (15) (2) –

Fabricated metal products – 100 90 84 80 74 72 63 67 – – Small
– (4) (43) (203) (274) (229) (100) (18) (3) – –

Machinery and equipments – 100 91 91 90 86 86 83 80 74 – Small
– (2) (44) (243) (431) (301) (104) (22) (6) (2) –

Electrical and electronic machinery – – 100 100 99 96 93 91 90 94 89 Small
– – (18) (134) (358) (461) (310) (142) (47) (18) (3)

Transport equipments – – 98 93 90 87 88 86 86 100 – Intermediate
– – (6) (49) (93) (123) (85) (40) (11) (2) –

Precision instruments – – – 100 93 88 83 85 82 – – Small
– – – (21) (57) (67) (40) (15) (1) – –

Misc. manufactured products – 94 100 96 96 96 93 88 – – – Small
– (4) (39) (134) (197) (111) (51) (4) – – –

Notes: See notes in Table 6.

enterprises comprise over 90% in Taiwan’s manufacturing
industry.

In sum, the ® ndings in this study provide valuable insight
into Taiwan’s economic development which is remarkable
but not unique. The estimated U-shaped curve of returns to
scale suggested that another development path may exist
wherein optimal ® rm size is larger, and in which trade may
or may not be good for economic development. However,
evidence from Taiwan’s development experience provides

a good example for developing countries: initial conditions
such as small ® rm size and production of labour intensive
goods need not be anti-thetical to growth; by contrast they,
along with policies to open trade to international markets,
may serve as keystones in development strategies leading to
a successful process of industrialization and sustainable
economic growth. As our measure of ® rm size allows di� er-
ent combinations of capital and labour that satisfy the
required standard for positive trade e� ect, there may exist
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signi® cant variations for the values of required capital and
labour. Therefore, a close investigation of these values and
the regimes in which most Taiwanese ® rms appear to have
operated, are surely areas for future study.
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APPENDIX : DEFINITIONS OF VARIABLES

ACCU Accumulated depreciation as the share of machinery.
AUT O 1 for using automation machinery, 0 for not using

automation machinery.
DUMEX 1 for exporting ® rms, 0 for nonexporting ® rms.
EX Share of exports to total production.
EXL NS Product of EX and L NS.
EFEF An index of productive e� ciency.
L NY Logarithm form of value-added.
L NK Logarithm form of net asset.
L NL Logarithm form of workers employed.
L NS Logarithm form of ® rm size, where

L NS = a L NK + (1 - a ) L NL .
L NE Logarithm form of value of exports.
SPOR Logarithm form of total value of other ® rm’s exports

within the same industry.

Source: The Report on 1991 Industrial and Commercial Census
for Taiwan-Fukien Area, Directorate-General of Budget, Ac-
counting and Statistics, Executive Yuan, The Republic of China.
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