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Abstract:

This paper provides empirical evidence on how the internadonal diffusion of industrial
process innovations is affected by a country's level of economic development, It analyses
annua! data on newly installed machinery in the spinning and weaving industries, where
open-end rotors and shuttleless looms, respectively, represent easily identifiable innovations.
A variable coefficient model, based on an 5-shaped diffusion curve, is ¢stimated from pooled
data to assess the impact of the level of economic development on the diffusion of each
innovation, Tt is found thas the level of economic development affected the timing of the stan
of the diffusion process, but not the speed of diffusion within each country.

JEL classification: 014, 033,



1. Introduction*

This paper is motivated by the crucial importance of the way in which technical progress
diffuses across space. In wmaditional trade theory, the assumption is uswally made that
technology is costlessly available world-wide. More recent "North-South" models of ade
and growth rely on other, more restrictive assumptions about the spread of technological
knowledge. Obviously, the applicability of the theoretical results depends on which of the
underlying assumptions epproximate reality rore adequately,

At a more pragmatic level, analysts of development policies have been concermed by the
perceived inability of developing countries to adopt recent microelectronics-telaied process
innovations (e.g. Kaplinsky, 1984, p. 157; Castelis, 1985, p. 304; Henke, 1990, p. 8). It was
suspected, therefore, that manufactrers in developing countries might lose international
competitiveness, and that prospects for economic growih in developing countries would
WOIsen.

Empirical studies on the creation and diffusion of techaical progress have frequently anatysed
data on the diffusion of (product or process) innovations. Such data typically cover the
diffusion of one innovation in a particular country or, at best, in a small number of countries
a1 a similar level of economic development (e.g. Ray, 1984}, Lintle information seems to be
available on the diffusion of innovations across countries at different levels of development.
Liicke (1993) has analysed data from the textile and steel industries relating to the shares of
four inrovative types of machinery in total capacity installed. Logistic diffusion curves were
estimated for each country, and tests were performed for the influence of the level of
economic development on the parameter estimates. The general finding was that the
innovations under swdy diffused rapidly across countries. While adoption in developing
countries was retarded in some cases, this could be related 10 the likely relative profitability
of those innovations given different relative factor prices. At any rate, the level of economic
development explained only a modest proportion of inter-country differences in the
parameters of the diffusion curves,

The present paper seeks to test the robusiness of these results by analysing annual data on the
share of innovative machinery in newly instafled equipment, or gross investment. Such daw
are available for the two texile industry innovations included in the previous study. In
contrast to stock data, they are not directly affected by changes in total productive capacity,
which depend on such faciors as variarions in the compeditiveness of national textile

* This paper has benefiued from cammenis by Adam B. Jaffe, Rolf J. Langhammer and seminar participants
al the Kiel Instituee of World Economics and the 1994 Annwval Meeting of the American Economic
Association. The author alone is responsible for all remaining efrors.
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industries. The data cover the adoption of open-end rotors in spinning and shuiileless looms
in weaving in a variety of deveioping and industrialized countries from 1974 through 1992,

The following section of this paper discusses the econometric model that is employed. The
third section describes the data sources and criteria for the compilation of the dataser. Tt also
characterizes briefly the technical astributes of the two innovations. The fourth section
presents the empirical estimates, and the final sectiop discusses the implications of the
findings.

2, Econometrlc_ Model

The emphasis in this paper is on possible cross-country differences in the diffusion of the two
innovations, rather than on the determinants of adoption bekaviour as such. The analysis
therefore follows a two-stage approach. The first stage consists in describing the diffusion
process and determining whether the relevant parameters differ across countries. An S-shaped
logistic diffusion curve is estimated for each innovation with a full set of intercept and slope
country dummies. In the second stage of the analysis, the estimated coefficients of the
dummy variables are regressed on 1 measure of per capita GDP in order to determine whether
inter-country differences in parameters are related to the level of economic development.

This approach is in the tradition of early studies such as Griliches {1957) and Mansfield
(1968) who used logistic diffusion curves to analyse the diffusion of particular innovations in
different settings (e.g. hybrid corn in different US states, or diesel locometives in different
railroad companies). Since then, numerous case studies have confirmed that the simple
logistic function is a powerful tool for describing and forecasting the diffusion of a wide
variety of technical and social innovatons (Marchett, 1990a; 1990b). This is not surprising
because a wide variety of diffasion models predict that the tfime path of the adoption rate will
be S-shaped. Nevertheless, the more recent literature has infroduced modifications to the
approach taken in these earty studies whose implications for the present analysis need 10 be
considered. )

First, the “epidemic” diffusion model underlying the simple logistic curve accounts only for
the impact of information spreading on the adoption of an innovation (sometimes rermed
“internal” factors; cf. Lavaraj, Gore, 1990). Clearly, there are also economic, or "external"
factors that act upon diffusion, such as changes in the relative profitability of conventional vs.
new ‘technotogy. Such external factors may be integrated into a diffusion model direcdy,
rather than only indirectly by comparing diffosion processes in different environments
(Karshenas, Stoneman, 1992). In the present paper, the consideration of "economic” factors
would be possible only if the comesponding data were available for a fairly large number of
countries. Relative profitability, for example, may well depend on the prevailing relative
factor prices (cf. Section 3), in which case it would differ substantially between
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tndustrialized and developing countries. It has been found impossible to obtain, or construct,
such time series of relevant economic data.

Second, a wide variety of more flexible functional forrns have been used insiead of the simple
togistic function. This has been of particular concern in studies in the field of marketing
where forecasting performance is of great practical impontance. The dependent variable in
such marketing-type models is usually the number of first adopters of an innovation in a
ceriain period, while the spreading of information on the new technology is related to the
cumulative total number of actual relative 1o potential adopters (Parker, 1993; Karshenas and
Sioneman, 1992; Zettelmeyer and Stoneman, 1993). Thus it is explicitly acknowledged that
new technology can only enter the capital stock through investment. This approach is clearly
more realistic than the assumption underlying the simple epidemic diffusion model that the
whole population may be affected by the "virus" of innovation at any fime. An application of
this approach is not possible in the present analysis, however, because there are no reliable
daia on the stock of machinery (cf. Section 3.). Furthermore, while more flexible functional
forms may be handled by non-linear estimation, this has been found 1o present problems with
the data ynder study due to the relatively large number of parareters (time-series and cross-
secion-wise) that need to be estimated. Parsimony with respect to the number of explanatory
variables and parameters is therefore an imporant consideration for the choice of the
functional form in the present study.

Third, a number of studies, sometimes from a sociological perspective, have taken a closer
looks at the atiributes of firms that facilitate, or inhibit, innovation (cf. Gotiinger, 1991}, In
such studies the dependent variable is most often the time elapsed before an innovation is first
inroduced in any particular unit of observation. This approach is not applicable to the
countries represented in the present study becavse the focus is on the process of diffusion
within each country, not on the time of first adoption,

The analysis in this paper differs from many other studies in that the dependent variable is the
share of the new technology in gross investment, rather than in total capacity. The use of a
logistic function to describe the time path of the adoption rate in gross investment may be
justified in two ways. First, it may be argued that gross investment in a given year is a bewer
measure of the adopiion potential for the innovaton than iotal capacity. Further, it is
plausible to assume that the availability of information about the innovation is more closely
iclated to the share of new technology in invesmment than to the corresponding share in total
capacity. This would be troe, for example, if both technologies are used side by side in
individual firms and invesunent is not excessively lompy, i.c. firms replace part of their
capital stock ar frequent intervals. In this case, a high share of new technology in current
investment implies thar a large proportion of firms have the opporiunity to learn about the
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new technology. Under these conditions, the logistic diffusion curve may represent an
acceptable approximation of the time path of the adoption rate in investment.

Second, it can be shown that if the adoption rate in total capacity follows an S-shaped time
path, so will the adoption rate in gross investent, This resu_ilt applies under a wide variety of
plausible assumptions about depreciation rates and desired changes in total capacity. The
adoption rate in investment, however, will normally be higher than in total capacity; further,
the difference between the two shares increases along the time axis as long as the slope of the
diffusion curve relating to total capacity increases (Antonelli, Petit, Tahar, 1992, p. 82f.}.
Hence, if the latier follows a logistic diffusion curve where the point of inflection is at 50 per
cent of the sawration level, the adoption rate in investment will not exactly follow a logistic
time path because its point of inflection will be above 50 per cent.

Thus there may be a specification problem if the symmetry assumption underlying the logistic
diffusion curve jurmns out to be way off the mark. As an alternative, one might think of using
other functional forms with few parameters that can be estimated by linear modets, e.g. the
log-normal cumulative distribution curve. Unfortunately, this approach does not offer a
solution to the underlying problem. Linear estimation of such functional forms wvsually
requires the log of the time index to be used as an independent variable. Hence the extent of
non-linearity as well a5 the estimated parameters depend on the way the time index is defined
(i.e. what year is to be r=0). This is undesirable in the present smudy where the time index
has to be the same for a vanety of countries where diffusion may have started ar different
times. '

Therefore the logistic diffusion curve, despite its simplicity and possible shoricomings, is
used to describe the evolution of the share of the two innovations in newly installed
machinery. In the general form of the logistic function

B =a/{1+explb-ct)} , 1))

F, is the share of new machinery at time 1, @ is the level of samration, b reflects the date of

first adoptiﬁn. and ¢ represents the speed of diffusion. This general form is nonlinear in
variables and parameters, If the level of saturation is known a peiori, £ may be redefined

relative to the ‘maximum adoption of the innovation (P/). As suggested by Fisher and Pry
(1970), Equation (1) can then be transformed into

n(P7/{1~P)) = LOGIT(P} = ~b+ct . @)

In order to allow oqcfﬁcicns w differ across countric's, a full set of intercept and siope
dunemies is included in (2):

LOGIT(F,, )= 8] — b Dy—...=by Dy + 31+ 6] Dyt+.. .+ Dg it 3
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where k=1,....,K is the country index, and residuals e neglected for the time being.
Equation (3} represents the first stage of our econometric model. ' ' '

The second stage of the modet mvolves I:esn.ng the hypotheses that the start of d:[fusnon
{parameter b) or the speed of diffusion within each country (parameter ¢) depend on. the
level of economic development, This is done by estimating

—by =0y + BRGDP, T )
and

ot =, + fRGDP, )
with by =0, cx =0, RGDP: real gross domestic jamduci per capita.

Since the functional form of equations (4} and (5) is not clear a priori, they are-also estimated
in semi-loglinear form with InRGOP as the independent variable, The semi-loglinear form
allows for the possibility that the increases in by and ¢} in response to tising per capita
income are large at low income levels, but become smaller as per capita income rises

successively. Estimation of (4) and {3} nceds to account for possible heteroskedasticity of the
residuals because by and'cy, are themselves random variables.

Equations (4} and (S) may be substituted into (3) to form a one-pass regression model 1o
estimate B, and f;:

LOGIT{?, )= a, + BRGDP, +ayt + BRGDP ©
Under certain restrictive assumptions about the residuals in (3), (4), and (5), consistent
weighted least sguares estimators of B and B, can be derived such that estimating equation
(6} is equivalent to estimating (3), (4), and (5) separately (Amemiya, 1978, p. 795). These
restrictive assumptions, however, particularly the absence of serial autocorrelation in (3), are
unlikely to apply in the present context because of the inevitable shortcomings of our rather
simple model, Therefore the one-pass and two-step procedures will be applied alternatively,
and the estimates will be tested for the likely problems of autocorrelation and
heteroskedasticity.

3. Data

Open-end rotors in spinaing and shuttleless looms in weaving have in common that they have
been adopted on a large scale in countries at widely different levels of economic
development, It is plausible to assume, therefore, that they reduce per-unit production costs
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under a wide range of relative factor prices.] Nevertheless, adoption of these innovations
leads to increased labour productivity, affecting uaskilled as well as skilled labour, while
fixed capital requirements per unit of output tend to rise (Liicke, 1990, p. 142).2 Therefore
the relative profitability of innovative and conventional equipment may be affected by the
relative prices of factors of production. In the case of both open-end rotors and shuttleless
looms, the adoption rates for each year of observation are positively correlated with per-
capita GDP as a proxy for the level of economic development, :

While open-end rotors représent a major techrological improvement over conventional ring
spindles, their application is still limited to low-quality yarns. The data assembled in Table 1
show that in many countries the share of rotors in newly installed spinning machinery has
even decreased since the mid-1980s. This is especially true for Western Europe where the
textile indusiry has concentrated on high-quality market segrents. The limited applicability
of open-end rotors raises several problems for the empirical estimation of the logistic
diffusion curve. The saturation level may not only be considerably below 100 per cent, but
may also differ acvoss countries. o

Such problems do not exist in the case of the various types of shutile-less looms which have
now replaced conventional looms entirely in newly instailed machinery in many developed
countries. This is not immediately clear from the data presented Table 2 because values of
100 per cent have been excluded from the dataset for the regressions. The number of such
datapoints would be essentially arbitrary once an innovation has diffused completely, and
inclusion of a larger number will push the estimate of b in equation (1) downward. ° -,

The dara analysed in this paper are based on information supplied to the International Textile
Manufacturers Federation by producers of textile machinery. The data source states that in the
carly 1990s these data covered the vast majority of world-wide shipments of textile
machinery except for China. Over the years, however, the coverage of the daiz source has
varied somewhat. Although such variations are more likely to affect absolute numbers than
the share of innovative machinery, they inevitably introduce an element of unceriainty. The

U The technical characseristics of both types of machincry are described concisely in Toyne (1984, p. 376L)
and Anionelli, Petit, Toahar (1992, p. S06E). Ripken (1981) provides a detailed account of the tachmlugml
development ‘and adoption of open-end rotors.

Lavoid using the terms of “factor-saving” vs. "neural” technical progress, which arc normally employed o
characterize 3 shifi in a neoclassical, substimional production function. The presemt discession, by
contrast, relates 19 the choice betwecn several distinct tectinigues.
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analysis uses data for all countries for which the data source gives at least five obseivations.3

4. Empirical Resulis

Regression results are presented in Table 3 for open-end rotors and in Table 4 for shuuleless
looms, The coefficients fy and B, have been estimated both by the "one-pass” model
according to equation (6), and by the explicit iwo-stage procedure described by equations (3),
{4}, and (5}. In the casc of open-end rotors, where the saturation level is not clear a priori,
equations (6) and (3} have been ¢stimated for altermative sawration levels searching for the
best fit of the transformed linear model. "Local maxima" of the adjusted coefficient of
determination have been found at sawuration levels of 70 and 100 per cent, and results are
reported for both values.

The one-pass estimates {(equation (6)) are affected by substantial ﬁrst-orde'f correlation as
well as heteroskedasticity.3 Visual inspection of the residuals reveals that frequently nearly ali
residuals for individual countries have the same sign. Hence, the variable coefficient model
apparently captures only part of the tnwe inter-couniry variation of the parameters of the
diffusion curves. This hypothesis is confirmed by the regression results for equation (3)
where the variable coefficient approach is replaced by a full ser of intercept and slope
dumemies. Both first-order autocorrelation and heteroskedasticity are much reduced.

Overall, the logistic curve fits the data for shunleless Jooms better than for open-end rotors,
judging by the adjusted coefficients of determination for equation (3} (.71 vs. .47 or .4B).
This finding is hardly surprising given the more limited applicability of rotors in general, as
weil as the associated differences across countries. Tn order w test for pdssiblc nonlinearities,
a squared time trend was added to the explanatory variables in equation (3) along with a fuil
set of slope dummies. An F-test was then performed to check whether the coefficients of

Tt may be noled that (hese data on annual shipments are frequently ot consistent with the swock daa used
in Liicke {1993), alihough the latter are also published by the Intermationat Textile Manufacterers
Fedzration. The data on installed capacity are based on estimates of national textile industry associations,
which are known nol to be very accurate sometimes, There is therefore no sound way of calculating the
annual number of first adopters of the innovations, ¢.8. as the dilference in stocks at the beginning of two
consecutive years, This would otherwise be highly desirable because the number of first adopters in a given
period is vsed as the dependent variable in many diffusion models of the matketing variety employing
more flexible functional forms. ‘

4 Non-linear least squares estimation of equation (1) has also been atempted for the diffusion of open-end
rotors in order to allow the sawration ievel w0 vary across counuics. Unforiunately, the resulis of dhe
iterative procedure did not converge, apparently because the required tumber of dummy variables was 100
large, Altematively, the level of saluration was assumed the same for all countries, bui was allowed 1o
change over rime (i.e. parameter a in equation (1) was made a linear function of time and 1ime squared).
Again egtimation failed, presamably because the parametexs in eguation (1) were no longer very well
identified. 1t was possible, however, to reproduce the sesulis for equation {6) contained in Table 3 using
nonlinear Icast squares instead of the transformed linear model.

5 Since the analysis uses annual daia, tesis for higher-onder autocorelation have not been performed.
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these additional variables are jointly 7ero. The null hjrpoﬂiesis was rejected in all three cases
at the 5 per cent level of significance at least. While this finding cautions against an uncritical
reading of the regression results, the parameters of the “quadratic” model itself do not have a
ready economic interpretation, nor dées there appear to be 2 practical alternative model given
the limitations of the available data, )

The estimates of B based on the explicit two-stage model (equation (4)) are positive and
significantly ditferent from zero for both open-end rotors (assuming a 70 per cent saturation
tevel) and for shuttleless looms. The estimate for open-end rotors, assuming a 100 per cent
saturation level, has a p-value of .111. Tn each case, the coefficient estimates are also of a
comparable order of magnitude to the estimates based on equatidn (6). This seems
noteworthy given the substantial autocorrelation and heteroskedasticity problems in the latter,
Hence a fairly robust conclusion may be drawn that both infovations started to diffuse later in
less developed countries. As the adjusted coefficients of determination for equation (4) never
exceed .20, however, it may also be concluded that the influence of the level of economic
development on the timing of the start of diffusion was timited.

With only one exception, the estimates of B, based on either equation (5) or (6) are not
significandy different from zero, The "deviant” estimate for shuttleless looms based on
equation (6} can be considered less reliable, however, than the estimate based on equation (5)
because of the substantial first-order autocorrelation and heseroskedasticity problems in the
former, It is concluded, therefore, that there is no firm evidence that the level of econoinic
development has exerted a significant influence on the speed of the diffusion of the two
process innovations as measured by 8.

5. Conclus:ons

The data analysed in this paper mdxcatc ihat throughout the period of observation the
adoption rates of the two innovations in individual countries were positively comelated with
the level of economic development. The estimates of the logistic diffusion curves have
provided evidence that this reflects the fact that diffusion tended to start earlier in more
developed countries. This finding may be explained with respect to the relative profitability
of new versus conventional iechnology, which is likely to be higher in more developed
countries because both innovations tend to raise labour, rather than capital, productvity. A
relaied argument is that, at an early stage, application of the new machinery may have
required a relatively large amount of human capital, a scarce factor in developing countries.
No significant link was found, ho\;vever, between the speed of diffusion within each country
and !he respecuvc level of economic dcvelopment

If one asswmes a sweady stream of producumy—rmsmg process innovations, these findings
support.the fiypothesis that there exists a "echnology gap” or, by iraplication, producuv_lty
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gap between counwries at different levels of economic developmentS It may be noted,
however, that a gap in physical productivity need not manslate into reduced competitiveness
of the less productive countries if factor prices differ. The empirical findings also suggest that
the producrivity gap does not increase over time, since the speed of diffusion ‘within
individual countries does not appear to depend on the level of economic development, once
the process has begun.

The relatively rapid diffusion of the two process innovations even in developing countries
might reflect the fact that they are embodied in physical capital, have artained a high dcgrec
of technological mawrity, and no longer require a large amount of human capital. in--
application. Furthermore, new textile technology is now predominandy developed. by
equipment manufaciurers, rather than producers of textiles. Equipment manufacturers are not
very likely 10 inhibit access to mew technology by textile producers based in developing
countries. It would be interesting therefore to study the international diffusion of more recent
innovations in fields like microclectronics, biotechnology, and new materials where these
conditions may not apply.

At the outset of this paper the queston has been raised of whether the assumption of
instantaneous diffusion of new technology is an acceptable approximation of reality. Our
analysis has demonstrated that this assumption does not hold literally. It also suggest,
however, that if there exists a productivity gap, it does not appear to widen over time. If this-
finding can be generalized, the assumption of instantaneous diffosion may stll be a useful
abstraction under many circomstances.

& Krugmar (1985) presents a one-factor model of the possible implications For the intemational division of
labour, With more than one facvor of production, the weighting of single factor productivities to calculate
towal factor productivity for the purpose of an international comparison involves difficult concepiual
problems.
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Canads 289 384 X% 172 138 na. 501 2 952 na na na L . nao- L 12196
Merico s 124 ne L2 &1 al na 49.5 217 435 Bl 468 434 188 # 445 3085
LS.A. 490 3.5 639 403 330 2 Tz 97 & G96.5 918 855 547 317 5.4 £3.9 93 12532
Argene o.a na 27 150 J0.8 na. 47 218 385 38 366 s k1) 548 0.4 174 86
Brazil 80 30 11 104 (34 4.7 5l 4.3 33 1y LA 127 5.8 o 120 17 Erird
Columbia 1o 82 TS 335 Th LR na na ne 50 il 184 157 nL T 5.4 1509
Erusdst ne 355 7y o 50 na na. (R 782 559 4.2 na, 07 139 20 Fix] 238
Foru N, na 173 3 97 7540 153 ne 207 %0 i» ng s 205 3nS 15 4
Venetatls 11 IR ] nL i e na. nk 163 4T3 nL LK 4T 569 na na 415 1548
Hong Kang 861 91.7 304 23 L2 ] nm 46.2 158 ™ ne B34 96 427 e na 6l L]
Rangledesh. [XY no e na, na na nk (%9 na 5.0 19 2346 265 216 157 ne 647
China LES ne 0H 484 504 na ne ilh ¢ Bl T30 519 n7 137 nz 60 2444
India LES LA Lili] 125 [N} LS 02 05 14 14 24 82 142 L) 1z T 50
Indonegia 1d 27 B-a na, %1 [ R XY 4 257 6.4 19 o 1nz 54 32 147 1255
Japan 40,3 153 210 nd, 154 1.0 ol 54 ne 0.5 195 103 a0 148 1 11 [L3] Sd4T
Kores. Rep. 15 .2 &7 Pty 1.8 (B3 22 a3 6.0 6.7 EES 32 1.7 14 6.5 L4 et
Pakitum . na 171 194 50 LT a ne 197 489 171 &5 1.7 31 1.2 11 1153
Prhilippimes ne na 47 ne na LR na ne na. 172 4.8 569 72 -1 178 362 1361
Taiwan, ROC. 4.8 154 24 45.2 17 T44 153 36 53 1748 M3 s 102 LT 23 LX) 3581
“Thailand e na na na 134 il 3k 44 i62 506 M 139 6.0 Lk ] 6.3 3 " 1900
Belgm Tha 599 na na nh ne na na B3 953 558 614 05 0.4 334 na, Lriil
France 553 Ti4 50 15 SB4 4.0 643 6.7 616 41t Tl 0.8 4349 3.7 L T L L
Germany, ER. -2 ] 15 .4 LIE] iR 738 T8z 548 0.3 2845 545 31 218 194 363 LY Logiid
Opeers 3% 1.5 na 122 WA T pali) LR 1 pEE) 52 () 11 45,2 40 k) LEt)
Tualy 2 131 835 130 e 1.8 494 424 10 400 s 103 L1 4 4.1 .2 RLF]
Ponugal e ne 231 23 C1LE 15 14 44 1 M 119 9.0 149 218 i 3.5 3l
Spam 32 ane 245 149 152 544 513 367 9.8 45 621 48.8 U7 HE 9.1 B6.1 6437

. 166 9.8 925 na. na 553 w07 na na (28 na. L (¥ na e ne B&&S
Aumny 34 A3 57 17 11 £74 153 397 173 prh ) ol ) K] M43 EA 165 25 M3
Swiizertand na, na 332 131 1% X 23 04 M £5.6 193 198 PR 14 ni. 492 10640
Poland o 7% na na na. e ne ne 4.8 na ey na. 65.8 2 na A EEIE]
Torkey 1.8 6.1 ne 1.9 pt 3 23 e 79 32 158 216 M5 118 nz 17.2 152 2333
Ne. of cheervatitns <] % 14 bl w0 5 24 26 n 3 ) 31 az n 26 k)]
Mean w6 nz 31 pri ni na PR 49 16 4145 0.1 e 1% w3 3 161
Cofrelatian cosfficient )

{ihare of open-end

TkersRGDP1} 072 2.1 0.10 LA 047 36 073 062 047 034 0.3} fikl o 02z Gdg D5

e rotor is scuried a1 aquivelent o three -p.mlu {Aumtencli, Petir, Takar, 1992, p. 101). - "n LSS ut 1980 inemarionsl prices,
| ional Mimal. Fe I ional Texule Machinery Ship iaics, varpos istucr, Hemon, 5 {1988); own




Table 7 - Shar of Shutzlelen Lovoms wm Newly Innalicd Weaving Machinery, 1974-1992 (per com)

193477 1918 1579 1980 1981 1982 1983 1984 1985 1986 1587 1988 1939 1990 99 1991 RGDP1
(19885%
Algeria 66 %63 94 6135 b na 4923 k. 98.2 198 ie LTS na na A, na 2142
Egypt [ ba (B 3 5.0 4.0 na Ll LT Y 0.5 483 “s ne LY 0.5 X ViBg
Nigena 133 79 kT3 33 kLR 500 ne RN e na na n ne Lk na 9.6 L
Carnda na, e 4.0 a7.0 8.8 ra n 91.5 na 5T 1.5 na na. A na na. 121%
Gumais na na. 656 na 2.3 . ne 0.0 6.0 na o8 na na na. . e 1604
Meiice 408 n2 po k] po A ik 9.1 o Te8 w4 906 824 s 54 w24 98.% [T} 3985
U.5.A, 832 Bed B0y 2.6 980 9240 - o914 na e na na e na, 95,2 o 12532
Brwzil pck ) >3] 156 2iG e 2.2 445 49.0 26.1 513 459 118 737 920 LA 934 382
Calombia 871 Tb %15 LIt s T kL na, 0.6 71 434 ne L XY ne na e 2409
Bangladesh na na na n LEN na ni na. 03 a3 b L oa 350 b 67 &47
Chioa na na e na. 369 ne 8.1 9.5 na 4 LEY 958 99.2 903 901 914 2444
Honp Kong 92 44t T9.1 IR .2 2.1 0 na na. 99 s na oA na, aN LY Lo k]
s 3.0 128 34 4.1 3.2 &3 77 159 126 176 128 #.1 3 175 b2 326 50
Indoncsic 48 126 25 0 1.5 1A ] 14.3 162 s [1H] 62 LTF-] 76.1 637 513 6.9 1255
Tixn 1.7 328 167 na. Jb.e 4.1 i o 7.9 FlE 352 R Lok 931 ne na w22
Iraq 21 o 819 T3 9.2 h na na 18 0.0 .1 .y na. na na na. W13
Tsene) 718 2639 2T 109 412 951 £43 853 918 na oa. na na ne na na 4270
Tapam 151 458 480 5TA 570 4] O Th4 847 833 3.0 %0z %8 a0 988 973 9447
Kores Rep. 5 23 T 9.3 159 94 116 26.8 e ] .y HE 46.2 6.0 614 5.0 B5.2 3056
Pakisnn 1% 54 65 N, na 175 na 3] 109 9.4 10 50.7 558 &10 6.0 [1F. 1153
Philippines na LEY M2 6T 10 W8 m 123 n.a. na 89 na na, 0.3 519 o 1351
5t Lanka na. D& ni -, na 50.0 XY 400 na 7.6 .0 n na ne 50 a2 1539
Syra na. na 103 b %69 9.8 LEN na na 7% AN 226 k] e 315 oR 2900
Taiwm R.OLC. 127 [+ 5.2 na 519 62.5 56 459 w9 e o ne 995 na fa nm 3581
Thailand n, ne 14 LA it} 33 e s 7 B4 260 i, LN ¥i3 9 0.0 00
Belgium 658 6.5 79 4.1 w4 97 9.5 () 995 LT nd. na na nm na na Ll bl
Frunce 6.2 % LR ) 955 985 993 983 LY ne 419 LTS nL o na ne w18
Gemany, ER. 555 BY.1 a2 b ¥l u1a 4989 09 P06 LY ne ne % LN Y nL ne 10708
Taly E1% 9.9 fadid B41 210 984 007 1) ne ok na, LEY LE " . nL 1425
Ponwugal 420 0.2 my kN T 963 976 ke e 93 ha. ne nL o n ny me
Spain 09 ire 65.5 813 9%.6 9921 . 999 e e g ns na na na . 7
UK. 1.0 623 M9 433 53.5 859 wI 9 e na. ne 0.5 ne na LAY na [ 8665
Ausiria T4.B [ F3: 06,3 w2 46 %7 1.5 e e ne [ e na na na na. 4713
Sweden 05 %3 93 ¥y EEY 815 na LK ] "7 e 911 na na ¥y na. na 9
Switzertand £23 $0.2 s 3% 302 B2 923 na na na A " na ne na na 10640
Poland 931 994 52y na [x na fd e EL 2 na 739 98.7 L1 na na na, 4913
Turkey 3.6 i85 97 na 755 128 610 594 6.5 na 3.8 95.3 [ X8 na na N 533
Ne. of cbscrvations 29 P kL] Fi] kr 3 ) 4 an 14 il 13 13 13 15 "
Mean 183 58.3 b 653 617 68,7 9.7 6715 (18] 9.1 i 9.8 et 490 67d 5.1
Correlatjan coefficien
(ahare of shuttbeless
loomuRGDP1) 0.62 059 064 (1334 .56 06l L[] 069 D3]] [E234) 054 044 44 - D60 (.55 050

“ln USS 91 1980 intemasionat prices.
Sowres: | ional Manuf F 1 Tentile Machinery Shi Sudissics, variows issues: Hesian, 3 {1958): own ealeuleli
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Table 3 - The international Diffusion of Open-end Rolors - Regression Resulis

B B No. of o LM-test for first-order White test for
observations serial ante-corelation® heteroskedasticily
(chi-squared test setistic}
70 per cent saturation tevel
(] 213 E-03% 233 E-05 354 J4 9.81%=> 24.5%=x
(2.95) {-.50)
& 194 47 2.08%% 91.6
{4) 157 E-00* s m - 87
(2.0
[&)] 266 E-05 35 -.02 2
{.54)
Semi-loghnear model:
“) ST 35 10 - .79
{2.16}
3 52 E-02 35 -03 52
(.36}
100 per cent saturation level
{6 206 E-{3ve* - 252 E-05 446 A3 LL43wes 13.3%%+
{3.09) (-58)
&) 446 48 324%us 116.3
“ J32E03 36 04 < 563w
(L6
(5} A21E-08 36 -02 486"
(68)*
Semi-loglinear model:
&3] A8 16 0 - 1077w
(1043
(53 02 ¥ 01 - 10,540
(678
1-statistics in parentheses fwo-lailed test). - "% (**; *) significant a¢ the | por cent (5; 10 per cent) confidence fevel, - ?Siandard errors adjusted for
heteroskedasticity of unlmown form (White, 1980}, - by siatistic for coefficient of {apged cesiduat in a regression of the esiimated residuals on all expl iy

variables plus the lsgged residual (MacKinnon, 1992, p. L11).

Source:  Data c}, Table 1; own calculations with TSP Version 4.2 sofiware.




Table 4 - The International Diffesion of Shoiileless Looms - Regression Resulis

B i B No. of chservations r LM-test for firss-order Whire test for
serial auto-correlation® heteroskedasticity
(chi-squared test statistic)
{6) 92 BL)3ees 166 E-D4vse 6] i 11,730+ 143700
(2.62) 2.72) :
[£)] £ ) 1.31 130.9*
[£)] 378 E-0)ver 37 A5 - 4.08*
(2.81)8
{5) 3715 E-05 37 -2 - 37
(.38) :
Semi-loglinear model:
) 1,78 a7 20 8.
(236 . .
(5) : 022 » 02 - A7
(.52)

t-statistics in parentheses (two-tailed vest). - *** (**; *) significant at the 1 pet cent (5; 10 per cent) confidence level. - 35tandard errors adjusted for heteroskedasticity of
unknown form {White, 1980). - by_sraristic for coefficient of lagged residual in 4 regression of the esumated residuals on all explanatory variables plus the lagged residual

(MacKionen, 1992, p. 111).
Source:  Data of. Table 2; own calcnlations with TSP Version 4.2 software.




