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Abstract

This paper based on the United Nations Industrial Development Organization
(UNIDO) panel data set makes an attempt to estimate total factor productivity
growth (TFPG) across countries. Productivity convergence over time is evident
when countries are divided across regions which could be attributed to a greater
degree of association of countries in a given region pursuing joint efforts for infra-
structural development, ICT coverage and advancement, trade negotiations, technol-
ogy acquisition and innovation, and inflow of FDI. In terms of efficiency estimates
for select years, most of the countries are seen to be operating much below the fron-
tier. This is indicative of the fact that countries are keen to pursue resource-driven
growth in an attempt to maximize it. Based on the inter-temporal data, we observed
that a number of countries registered either a negative or a positive but low cor-
relation between labour productivity growth and TFPG. Evidently, countries are
engaged in greater mechanization which may be raising labour productivity with-
out ushering in much success in terms of TFPG. From panel data regression, the
impact of technology perceived in terms of TFPG, on employment, is seen to be
negligible though it is important to note that none of the groups, income or region-
wise, recorded a statistically significant negative effect except the least developed
countries (LDCs), while the significant cases (howsoever scanty) reveal a positive
association. Appropriate incentives may motivate firms to experience technological
progress and employment growth both.
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1 Analytical Framework

Non-resource-driven growth is the key to sustainable development in the long
run, else resource intensive economic growth can result in crisis in the future
years. Technological advancement is endemic to economic growth, and growth
in output which is more than proportionate increase in inputs is attributed to total
factor productivity growth (TFPG), after controlling for returns to scale. There-
fore, decomposing growth in terms of resource-driven and non-resource-based
components, the endogenous growth models can be relooked to identify the major
determinants of the latter part, i.e. TFPG. Endogenous growth models urge that
research and development (R&D) expenditures taken as a broad proxy for innova-
tive moves contribute directly to firms’ productivity enhancement, and indirectly
through their industry-wide spill-over effects (see Grossman & Helpman 1990;
Romer; 1986). Similarly, import of technology and foreign direct investment
(FDI) can also result in technological advancement, contributing to TFPG.

At the global level, TFPG has witnessed a deceleration in the recent past which
is a matter of serious concern. In the light of Kuznets’ (1966) modern economic
growth, while the developing countries may be trying to catch up with the devel-
oped countries by investing in factors that contribute to productivity and growth,
the gap between the two sets of countries may not actually disappear. This is
likely to happen only when the developed countries are able to pursue techno-
logical progress in a continuous manner, translating into shifts in higher levels
of productivity. However, the productivity decline in the recent past is indica-
tive of poor performance both from the point of view of the developed as well as
developing countries. Investment growth has slowed down in both developed and
developing countries with implications on innovation, skills and infrastructure,
and through these factors on productivity (Das 2018). The technological progress
among the leaders has decelerated, while the developing countries are not able to
raise their performance in terms of productivity. Even when factor input contribu-
tions remained relatively strong, TFPG declines occurred in the emerging market
economies (Erumban & Ark 2018). The contribution of ICT has reached a satura-
tion point (Erumban & Ark 2018) as the cost of capital for the price of IT capital
input is very large relative to the cost of capital comprising non-IT input (Jorgen-
son 2018). Though the labour share is on the decline, the share of intangible capi-
tal is on the rise and the globalization process with its consequent effect on value
chain has possibly resulted in productivity declines in the developed countries
without commensurate increase in productivity growth in the developing coun-
tries as their growth is resource intensive. Besides, the cost of knowledge workers
using ICT might have been on the rise, reducing the TFPG (Jorgenson 2018).

The other issue relates to the effect of technology on employment. A large
number of studies have argued that new technology, particularly when it is
imported from the labour scarce developed countries, is capital and skill inten-
sive, which may be reducing the pace of employment creation, particularly from
the point of view of the unskilled variety of labour (Berman and Machin 2004;
Acemoglu 2003). The import of capital and skill intensive technology from the

@ Springer %



The Indian Journal of Labour Economics (2023) 66:155-179 157

developed to the developing world results in sluggish employment growth though
UNIDO (2005) urged that such technology mobility should be facilitated by other
means of reforms on the macro-front. Globalisation and the economic reforms
pursued by most of the countries at the behest of World Bank-IMF initiation did
witness a sharp decline in the effective rate of protection and other trade barriers
all of which encouraged import of technology. The adoption and adaptation of
these international technologies are indeed costly because of tacit knowledge and
circumstantial sensitivity of technology (Evenson & Westphal 1995). Further,
unless an importing country has significant technological capability, it cannot
fully utilize the imported technology. Besides, imported technology may require
more skilled than unskilled workers, while developing countries usually have an
abundant supply of the latter type. Acemoglu and Zilibotti (2001) argued that
due to the difference in skill scarcity, technology in developed countries tends to
be skill intensive and is inappropriate for developing countries. Though UNIDO
(2005) argues that it is still cheaper for a latecomer to buy the technology already
invented by others than to re-invent the wheel, there can be serious implications
in terms of employment loss.

On the other hand, a number of reasons are cited to suggest that new technol-
ogy in developing countries can still create new employment opportunities. Vivarelli
(2013) for example argues that the new technology may enhance profitability,
resulting in new investment with job avenues. The displacement and compensation
mechanisms which are at work have been discussed with great details by Vivarelli
(2013). He reminds that labour-saving and deskilling effects of capital-intensive
technology have been a concern since the Luddite movement of the early 19th cen-
tury. However, he also draws attention to the theoretical debate, which identifies a
range of compensation mechanisms that may alleviate such concerns. Labour-saving
effects of technology can be offset through: (i) additional employment in industries
producing the new machines; (ii) higher demand for goods/services due to lower
prices; (iii) new investments made using extra profits; (iv) decreases in wages result-
ing from price adjustment mechanisms; (v) higher income resulting from redistri-
bution of innovation gains; and (vi) new products created using new technologies.
Mitra and Jha (2015) further noted that innovation of new technology may lead to an
expansion in the activities of firms such as processing of by-products, without any
proportionate increase in capital. All this is expected to raise employment in abso-
lute terms though labour to value added ratio may not increase in comparison with
its pre-innovation magnitude.

The paper uses the UNIDO data for the organized manufacturing across 132
countries for the period ranging from 1990 to 2010. The definition of the organized
sector may be different across the countries, and hence, the interpretation needs to
be made carefully. The study proposes to estimate TFPG and technical efficiency
(TE) for several countries (relatively more number of developing countries) and
decipher patterns, if any. It also examines the relationship between TFPG and labour
productivity growth (LPG) in order to throw light on the dampening effect of TFPG.
The effect of technology perceived through changes in TFPG/TE and the number of
patents, on employment, comprises another important dimension of the paper.
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Information on patent and per capita income in constant prices is taken from the
World Bank data set. The variables such as value added, wage rate and capital in
different countries are given in nominal terms by UNIDO, and they are subjected to
the influence of foreign exchange movement and domestic inflation. In order to con-
vert them into real terms, we have considered the figures in international currency
(dollar) based on the average exchange rate prevailing over 1990-2010 and then
deflating the figures by the country-specific implicit price deflator. The methodology
adopted to estimate TFPG and TE from panel data is due to Cornwell et. al. (1990),
where TFPG is estimated as a combination of technological progress (regress) and
the change in technical efficiency. From the production function estimated on the
basis of the panel data (across countries and over time), the coefficient of time trend
is taken as the pace of technological progress (regress).

In the second stage using the residuals as a quadratic function of time for each
country separately, TE and the change in TE (dTE/dt) have been estimated. Then,
the estimated values of the residual from all the country specific regressions, using
the inter-temporal data, have been pooled and relative to the maximum value the effi-
ciency index for each country and for every year has been generated: exp(residual—
max residual). Thus, though the technological progress is perceived to be common
for all countries over a given time period, which in a globalizing world is quite a
realistic assumption, the change in technical efficiency over time is perceived to be
different across countries. Hence, TFPG over time and across countries is likely to
have considerable variations (for details on the methodology see appendix).

The rest of the paper is structured as follows: Section 2 focuses on the TFPG
estimates across countries over different time constellations and tries to verify if the
cross-sectional variations in productivity estimates are converging in a broad sense.
Section 3 turns to the relationship between labour productivity and TFPG in order to
reflect on whether the contribution of non-resource-driven growth is driving the fac-
tor productivity or whether the rise in productivity of one factor (labour) is mainly
related to capital accumulation without improvement in the overall performance.
Section 4 turns to the relationship between technology and employment. Improve-
ments in technology may raise productivity which in turn tends to reduce the utiliza-
tions of all factors including labour. Alternately, technological progress makes tech-
nology cheaper, improves the accessibility of all types of firms, expands the scale
of production and encourages the processing of by-products, all resulting in rise in
employment. Finally, Section 5 summarizes the major findings.

2 TFPG Estimates

Though the year-to-year estimates of TFPG and TE have been derived for the period
1990-2010 depending on the availability of data, in the appendix table 2, we present
the estimates for a few select years only, which is again not available uniformly for
each of the countries due to missing information. In Table 1, we have tried to pre-
sent a summary of TFPG estimates based on the figures for the 1990s and the 2000s.
The number of countries in Table 1 has dropped considerably in comparison with
the table in the appendix due to the lack of data. However, the pattern suggests that
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Table 1 Total Factor Productivity Growth over the Years
1990’s
Negative Low Medium High
2000s
Negative Cyprus China, Macao SAR China, Hong Kong SAR
Ethiopia Japan Luxembourg
Iran (Islamic Republic Morocco Republic of Korea
of)
Kuwait
Philippines
Spain
Turkey
Uruguay
Low Austria India
Norway Israel
Malaysia
Medium  Germany Finland Belgium Ecuador
Italy Oman Netherlands
Malta United States of America
Portugal
Romania
High Denmark Ireland United
Republic
of Tanza-
nia
Eritrea Sri Lanka
Hungary Sweden
Jordan United Kingdom
Latvia
Malawi
Mexico
New Zealand
Poland
Singapore
Slovakia
Slovenia
Viet Nam

Low, medium and large refer to range of values in terms of growth rates. Low (0-2%), Medium (2-5%),
High (5% & above)

Source: Based on UNIDO Data
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quite a few countries, many of which belong to the developed world, experienced a
rise in TFPG in the 2000s, while they had recorded either a negative or a low TFPG
in the 1990s (Table 1).

Based on the year-to-year estimates, the cross-sectional variations are meas-
ured after dividing the countries into various income groups. From the results, for
all countries combined, a significant decline is evident in the standard deviation of
TFPG estimates, which may be interpreted as a sign of sigma convergence. Across
various groups of countries, however, such a pattern is not evident. For example,
among the least developed countries (LDCs), the long-term pace of decline in the
variation is mild though the humps of the early nineties and late nineties and early
2000s were not repeated thereafter. Similarly, in the case of low-income countries,
again the cross-country variation in TFPG seems to have become less volatile in the
2000s though the extent of long-term decline in the sigma is mild. Among the lower
middle income, upper middle income and high-income countries, the drop in the
sigma magnitude is prominent though, for the last group, the country experiences
tend to widen sharply during 2007-2010 (Fig. 1).

Looking at the sigma value (the standard deviations) after dividing the countries
across regions East Asia and Pacific, Europe and Central Asia and Latin America
and Caribbean, countries seem to have registered a steady fall, indicating conver-
gence in the productivity growth experience of the countries. Middle East and North
Africa on the other hand unfold a rising tendency in the productivity growth wit-
nessed across countries within the group. South Asia, with missing data for the years
between 2002 and 2005, reveals a rise in the country-wide variation in productivity
growth towards the end of the 2000s, though between 1990 and 2001, sigma conver-
gence was taking place. Sub-Saharan countries after experiencing a sharp increase
in the productivity growth variation during the nineties witnessed a major decline in
the sigma value which is also less fluctuating on year-to-year basis. On the whole, in
several regions in the world, there is a tendency of productivity convergence, though
the value around which countries in each region are converging may itself vary from
region to region. This could be attributed to a greater degree of association of coun-
tries in a given region pursuing efforts jointly for infrastructural development, ICT
coverage and advancement, trade negotiations, technology acquisition and innova-
tion, and inflow of FDI.

Looking at the efficiency estimates for select years (appendix table), most of
the countries are seen to be operating much below the frontier. This is indicative
of the fact that countries are keen to pursue resource-driven growth in an attempt
to maximize the growth strategy in the wake of globalization. Without bothering
to use the resources optimally or to exploit the existing capacity to the maximum
possible extent, countries are in a mad rush to raise the growth magnitude which
would indeed show up in the future years, resulting in its non-sustainability. The
standard deviation computed from the TE magnitudes across countries seems to
be declining except in the case of lower middle income countries, high-income
countries and region-wise, East Asia and Pacific, South Asia, and Sub-Saharan
Africa (Fig. 2). In other words, in some of the groups of countries, the compet-
itiveness is high, and hence, efforts are on to catch up in terms of the utiliza-
tion of resources. Countries which were lagging behind have tried to get closer
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Fig. 1 Sigma Convergence:TFPG (Based on year-to-year TFPG) [Trend in Standard Deviation of TFPG]

to the relatively better performers though most of them may still be operating
much below the frontier. In other words, there is enormous scope to utilize the
resources efficiently.
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Fig. 1 (continued)

3 Labour Productivity and TFPG

As mentioned in Sect. 1, there has been a productivity decline (in terms of TFPG)
across the globe since the advanced countries are not able to raise it steadily while
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many developing countries are not able to exploit the productivity advantages in
a sustainable manner. In the backdrop of globalization, many of the developing
countries are involved in maximizing the growth strategy without exploring the
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possibilities of raising the non-resource-driven component. Hence, the growth story
and the TFPG trajectories may not match in many countries. Labour productivity
growth which is in fact much more directly observable and can be closely related
to the overall growth experience of the countries can then be assessed in relation to
TFPG. In other words, whether the non-resource-driven growth component is trans-
lating itself to labour productivity growth or the latter is growing more indepen-
dently using up the existing resource base? For example, on a priori basis, increased
capital per worker may result in rapid labour productivity growth without any major
dent on TFPG.

Based on the inter-temporal data for each of the countries, we observe from
Table 2 that a number of countries registered either a negative or a positive though
low, correlation between labour productivity growth and TFPG. Relatively fewer
countries show a positive and medium/high correlation between the two variables.
Evidently, countries are engaged in greater mechanization which may be raising the
labour productivity without ushering in much success in terms of total factor pro-
ductivity that tries to conserve all the resources and not one at the expense of the
other.

Dividing the time period into two phases, Table 3 indicates that most of the coun-
tries which showed a negative or weakly positive correlation between labour pro-
ductivity growth and TFPG in the nineties continued to remain so in the 2000s as
well. Only a handful of countries graduated to unfold a better association between
these variables. Only a few countries like Denmark, Malawi, Malta and Ethiopia
moved from negative correlation to medium-/high-correlation category and France,
Denmark and Sri Lanka improved from low-to-medium correlation category.
So, on the whole, the countries’ strategy to catch up in terms of growth does not
seem to be based on resource-saving approach which is indeed a key to sustainable
development.

The regression results' which in addition to TFPG include the number of pat-
ents as a determinant of labour productivity are suggestive of the fact that patents
are insignificant in the LDCs and the low-income countries, while it is significant
in lower middle income, upper middle income and high-income countries. Region-
wise, the Latin American and Caribbean and South Asian countries again unravel a
significant impact of patents on labour productivity (Table 4). TFPG, on the other
hand, is a significant determinant in a number of groups of countries including the
aggregate results (all countries combined). In terms of income, the least developed
and low-income countries and region-wise East Asia and Pacific, Middle East and
North Africa, North America and Sub-Saharan African countries show TFPG as an
insignificant determinant of labour productivity growth. In other words, many of the
countries in regions largely corresponding to the developing world are not engaged
in resource-saving pursuits. The production processes in these countries adhere to
resource intensive growth, which in future can pose serious challenges.

! Three sets of estimates—OLS, Fixed Effect (FE) and Random Effect (RE)—were generated, and based
on the test statistic, the appropriate model has been retained.
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Table 3 Correlation between Labour Productivity and TFPG in the 1990s and 2000s

Correlation between Annual Labour Productivity Growth & TFPG:

1990s
Negative Low Medium High
2000s
Negative Austria Finland Chile Kuwait
Belgium Greece Poland
Cameroon Israel Fiji
China, Macao SAR Italy Japan
Hungary Jordan United Republic of Tanzania
Iran (Islamic Republic of) Malaysia
Oman Mexico
Slovakia Morocco
Sweden Republic of Korea
United States of America Tunisia
Turkey
Low Estonia Cyprus China, Hong Kong SAR Indonesia
India Ecuador The f. Yugosl. Rep. of Macedonia Slovenia
Latvia Ireland
New Zealand Portugal
Norway Spain
Singapore
Medium Denmark France Bulgaria
Malawi Netherlands Luxembourg Eritrea
Malta Sri Lanka United Kingdom Romania
High Ethiopia Panama Egypt

Trinidad and Tobago

Low is less than and equal to 0.3; medium is greater than 0.3 and up to 0.6, and high is greater than 0.6

4 Technology and Employment

In the previous section, we noted that the contribution of TFPG to labour productiv-
ity growth is not substantial and much of the labour productivity growth has accrued
due to capital accumulation. In this section, we turn to a more fundamental ques-
tion: is the modern technology itself averse to employment creation? In other words,
effect of technology on employment is an important concern. Whether technological
growth tends to reduce employment or it can be conducive to employment growth
is a pertinent issue. If technological development means lesser utilization of all the
factors of production for the same level of output, then naturally, it tends to reduce
employment per unit of output as well. But, if it reduces the utilization of some of
the factors of production and not labour, then both technology and employment can
go hand in hand. In support of this view, it may be argued that output growth is faster
than the growth of some of the inputs such as capital but not labour because the
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labour contracts may involve rigidity. Labour might have been hired on a long-term
basis, which can be treated as a sunk cost (fixed or variable)—a retrospective cost
that has already been incurred and cannot be recovered. Besides, the operation of the
new technology is not necessarily automated which involves labour displacement.

A related point is also of great interest. Even if technology leads to lesser utiliza-
tion of all the factors (including labour) for a given level of output, the rise in the
quantum of production certainly contributes to employment generation, i.e. the scale
effect. Modernization of technology may lead to its large-scale application in vari-
ous sectors of the economy, and hence, the quantum of production and employment
both may increase simultaneously even when the new technology gets more capi-
tal intensive. Though labour per unit of output may be declining in absolute terms,
the increase in employment can still be substantial. These issues of employment
increase at the aggregate level due to wider application of the advanced technology
prompted by the profit motive and are certainly of great relevance, particularly in the
context of the developing economies confronted with the compulsion of maximizing
growth and generating employment opportunities for the vast supplies of labour.

Nevertheless from another angle, there can be a negative effect of technology
on employment. Since technological innovations largely take place in developed
countries, they are made to suit these economies and their factor endowments. Inci-
dentally, these countries are primarily labour scarce, and thus, the new technology
tends to become increasingly labour saving (Pack & Todaro 1969). In other words,
the developed countries are faced with a severe shortage of labour ready to pursue
mechanical jobs, and thus, the innovations relating to technical progress are usu-
ally pursued with an objective of reduction in labour requirement in the production
process. So technical progress and rising capital intensity proceed synonymously,
which do not conflict with the labour market situation in the developed countries.”
However, with import liberalization if the developing countries import this sort of
technology at a cheaper cost, it restricts their employment growth particularly in
the high productivity formal sector. Thus, the labour-saving technical change is a
definite disadvantage to developing economies (Kelley et al. 1972) though UNIDO
(2005) argues that it is still cheaper for a latecomer to buy the technology already
invented by others than to re-invent the wheel. Similar is the case with innovation
which is believed to be highly capital intensive.

So one hypothesis in this section is that the import of technology and innova-
tion both being capital intensive may reduce employment. Alternately, technological
progress and employment both can be positively associated due to the scale effects
prompted by the reductions in technology price. This may lead to a greater acces-
sibility and adoption of the technology and also processing of by-products which
may not result in proportionate increase in capital but require greater magnitude of
labour in absolute sense.

In order to test this, hypothesis log of employment is taken to be a function of log
of value added and log of wage rate and the number of patents. The performance

2 Different mechanisms of technological change and effects on jobs emerge in the work of Bogliacino
and Pianta (2010).
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indicator (TFPG/TE) is included to test if productivity growth or better utilization of
resources results in higher output growth relative to input growth including labour or
alternately and does not affect employment though reduces the use of other inputs.

Based on panel data across countries, it is observed that the elasticity of employ-
ment with respect to value added is positive across regions and various income
groups though there are considerable variations in the magnitude (Table 5). The
same is true in relation to wage elasticity of employment.

TFPG is an omnibus measure of technological change. It incorporates produc-
tivity growth arising from all kinds of technological change (could involve mod-
ern technologies such as robotics, artificial intelligence, or earlier generations of
technologies). The concern about employment has been with reference to modern
technologies. Our results show that the impact of performance indicator (TFPG)
is negligible (statistically insignificant) in most of the cases except in the low and
lower middle income countries and region-wise, North America. It is important to
note that none of the groups, income or regions, recorded a (statistically significant)
negative effect of TFPG on employment, except the LDC, while the significant cases
(howsoever scanty) reveal a positive association.” However, the effect of patents,
wherever statistically significant, is seen to reduce employment when countries are
divided as per income. On the other hand, different regions decipher differential
impact: East Asia & Pacific, North America and South Asia are indicative of a nega-
tive effect, while Europe & Central Asia, Latin America & Caribbean and Middle
East & North Africa show a positive impact of patents on employment.

5 Conclusion

This paper based on UNIDO panel data makes an attempt to estimate TFPG across
countries and over time. Though inter-temporal comparison was not possible for a
number of countries, among the ones for which a comparison could be made, many
belonged to the developed world and experienced a rise in TFPG in the 2000s, while
they had recorded either a negative or a low TFPG in the 1990s. However, in the
case of the developing countries, such improvements were rather limited.
Productivity convergence is not evident among some of the groups of countries.
For example, among the least developed countries, the long-term pace of decline
in the variation is mild though the humps of the early nineties and late nineties and
early 2000s were not repeated thereafter. Similarly in the case of low-income coun-
tries, again the cross-country variation in TFPG seems to have become less volatile
in the 2000s though the extent of long-term decline in the sigma (standard devia-
tion) is mild. On the other hand, among the lower middle income, upper middle
income and high income countries, the drop in the sigma magnitude is prominent.
Looking at the sigma value after dividing the countries across regions, East Asia and
Pacific, Europe and Central Asian and Latin America and Caribbean countries seem
to have registered a steady fall, indicating convergence in the productivity growth

3 As we replace TFPG by TE (Table 6) the effect of performance index remains mixed: lower middle
income and high income countries show a positive and negative effect respectively.
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experience of the countries in these regions. This could be attributed to a greater
degree of association of countries in a given region pursuing jointly infrastructural
ventures, ICT coverage and advancement, trade negotiations, technology acquisition
and innovation, and inflow of FDI.

In terms of efficiency estimates for select years, most of the countries are seen to
be operating much below the frontier. This is indicative of the fact that countries are
keen to pursue resource-driven growth in an attempt to maximize the growth strat-
egy in the wake of globalization. Without being concerned to use the resources opti-
mally or to exploit the existing capacity to the maximum possible extent, countries
are in a mad rush to raise the growth magnitude which would indeed show up in the
future years, resulting in its non-sustainability.

Based on the inter-temporal data for each of the countries, we observed that a
number of countries registered either a negative or a positive but low correlation
between labour productivity growth and TFPG. Relatively fewer countries show
a positive and medium/high correlation between the two variables, be it develop-
ing or developed. Evidently, countries are engaged in greater mechanization which
may be raising the labour productivity without ushering in much success in terms of
overall productivity (TFP). Even with real technological change, there may not be
a rise in TFPG, particularly if tangible capital cost is excessive. From panel data, it
is observed that the elasticity of employment with respect to value added is positive
across regions as well as various income groups though there are considerable vari-
ations in the magnitude. The same is true in relation to wage elasticity of employ-
ment. However, the impact of technology perceived in terms of performance indica-
tor (TFPG) is negligible (statistically insignificant) in most of the cases, though it is
important to note that TFPG does not necessarily tell us about the kind of techno-
logical change. But it is important to note that none of the groups, income or region,
recorded a (statistically significant) negative effect of TFPG on employment, except
the LDCs, while the significant cases (howsoever scanty) reveal a positive associa-
tion. On the whole, TFPG has been weak, while capital deepening has been sig-
nificant. Considering TFPG as a very broad proxy of technological change, we may
infer that modern technology is not necessarily employment saving in absolute sense
at least. The scale effect and the scope to process by-products resulting in the expan-
sion of activities of firms may contribute to employment creation. Hence, appro-
priate incentives may motivate firms to experience both technological progress and
employment growth.

Appendix

Country Year TE TFPG Country Year TE TFPG
Albania 2000 0.01 5.36  China, Hong Kong SAR 1995 0.11 5.05
Albania 2005 0.02 9.53  China, Hong Kong SAR 2000 0.14 3.04
Albania 2010 0.04 13.70  China, Hong Kong SAR 2005 0.16 1.03
Armenia 2005 0.06 —38.21 China, Hong Kong SAR 2010 0.17 —-0.98
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Country Year TE  TFPG Country Year TE  TFPG
Australia 1990 0.12 —-11.84 China, Macao SAR 1990 0.09 3.07
Australia 2005 0.10 7.29  China, Macao SAR 1995 0.11 2.03
Austria 1990 0.08 1.34  China, Macao SAR 2000 0.13 0.98
Austria 1995 0.09 1.49  China, Macao SAR 2005 0.14 —-0.06
Austria 2000 0.10 1.64  China, Macao SAR 2010 0.14 —-1.11
Austria 2005 0.12 1.79  Colombia 1990 0.10 27.35
Azerbaijan 2005 0.05 5.98 Colombia 1995 0.30 16.69
Azerbaijan 2010 0.06 —6.16 Colombia 2005 0.60 —4.64
Bahamas 1990 0.06 30.63 Cyprus 1990 0.09 2.60
Bahamas 1995 0.11 —-7.88 Cyprus 1995 0.10 0.77
Bangladesh 1990 0.04 17.97 Cyprus 2000 0.10 —1.06
Bangladesh 1995 0.07 -—1.68 Cyprus 2005 0.10 -—2.89
Barbados 1990 0.05 51.92  Cyprus 2010 0.08 —4.72
Barbados 1995 0.11 —19.89 Czech Republic 1995 0.04 -1.88
Belarus 2005 0.01 0.50  Czech Republic 2005 0.06 8.71
Belgium 1990 0.06 4.47  Denmark 1990 0.12 -721
Belgium 2000 0.10 3.25 Denmark 1995 0.10 -—-3.34
Belgium 2005 0.12 2.64  Denmark 2000 0.09 0.52
Bolivia 1990 0.11 —0.15 Denmark 2005 0.11 4.39
Bolivia 1995 0.09 -10.84 Ecuador 1990 0.03 9.66
Brazil 1990 0.90 36.48  Ecuador 1995  0.05 8.21
Bulgaria 2000 0.02 —7.53 Ecuador 2000 0.07 6.75
Bulgaria 2005 0.03 14.94  Ecuador 2005 0.11 5.30
Cameroon 1990 0.04 7.13  Egypt 1990 0.06 -16.90
Cameroon 1995 0.05 —-132 Egypt 1995 0.03 -14.49
Cameroon 2000 0.04 —-9.76 Egypt 2005 0.01 —9.68
Central African Republic 1990 0.07 —10.90 El Salvador 1995 0.07 -7.10
Chile 1990 0.12 —0.67 Eritrea 1995 0.06 -—20.31
Chile 2005 0.17 2.57  Eritrea 2000 0.03 —647
China, Hong Kong SAR 1990 0.08 7.06  Eritrea 2005 0.03 7.37
Country Year TE TFPG Country Year TE TFPG
Eritrea 2010 0.07 21.21 Indonesia 1990 0.12 — 4294
Estonia 1995 0.04 —3.46 Indonesia 1995 0.02 - 2275
Estonia 2005 0.05 8.03 Indonesia 2000 0.01 —-2.57
Ethiopia 1990 0.11 - 1.96 Indonesia 2005 0.02 17.62
Ethiopia 1995 0.11 —-2.79 Iran (Islamic Republic of) 1990 0.16 —3.00
Ethiopia 2000 0.10 —-3.63 Iran (Islamic Republic of) 1995 0.14 —-3.37
Ethiopia 2005 0.08 —447 Iran (Islamic Republic of) 2000 0.13 —-3.74
Fiji 1990 0.04 19.72 Iran (Islamic Republic of) 2005 0.11 —-4.11
Fiji 2000 0.13 —0.11 Ireland 1990 0.16 -5.92

Fiji 2005 0.11 —10.03 Ireland 1995 0.14 - 1.53
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Country Year TE TFPG Country Year TE TFPG
Finland 1990 0.08 0.47 Ireland 2000 0.15 2.85
Finland 1995 0.09 1.29 Ireland 2005 0.20 7.24
Finland 2000 0.10 2.11 Israel 1995 0.07 2.49
Finland 2005 0.12 2.93 Israel 2000 0.08 1.96
France 1990 0.08 0.49 Italy 1990 0.09 —2.44
France 2005 0.11 0.67 Italy 1995 0.08 - 1.10
Georgia 2000 0.00 21.88 Italy 2000 0.08 0.23
Georgia 2005 0.01 12.84 Italy 2005 0.09 1.56
Georgia 2010 0.01 3.80 Japan 1990 0.10 3.13
Germany 1990 0.11 —4.38 Japan 1995 0.12 1.87
Germany 2000 0.10 0.14 Japan 2000 0.13 0.62
Germany 2005 0.11 2.39 Japan 2005 0.14 —0.64
Greece 1990 0.10 —4.36 Japan 2010 0.14 - 1.90
Greece 1995 0.09 —-2.03 Jordan 1990 0.13 -9.68
Greece 2005 0.10 2.64 Jordan 1995 0.09 -5.74
Hungary 1995 0.05 -17.15 Jordan 2000 0.08 - 1.81
Hungary 2000 0.04 —0.44 Jordan 2005 0.08 2.13
Hungary 2005 0.05 6.28 Jordan 2010 0.11 6.06
Iceland 2000 0.14 4.98 Kenya 1995 0.10 49.77
Iceland 2005 0.08 —28.78 Kuwait 1995 0.15 -1.30
India 1990 0.02 4.10 Kuwait 2000 0.13 —-5.94
India 1995 0.03 3.14 Kuwait 2005 0.09 —-10.59
India 2000 0.03 2.18 Kuwait 2010 0.05 - 1523
India 2005 0.04 1.22 Latvia 1995 0.05 -9.78
Country Year TE TFPG Country Year TE TFPG
Latvia 2005 0.03 0.60 Morocco 2010 0.05 -2.72
Latvia 2010 0.04 5.80 Nepal 1990 0.02 —5.06
Lithuania 2000 0.04 —-3.83 Netherlands 1990 0.08 1.97
Lithuania 2005 0.04 5.65 Netherlands 1995 0.09 2.23
Lithuania 2010 0.07 15.13 Netherlands 2000 0.11 2.48
Luxembourg 1995 0.08 6.54 Netherlands 2005 0.13 2.74
Luxembourg 2005 0.11 —-0.31 New Zealand 1995 0.11 —4.66
Madagascar 2005 0.00 - 17.36 New Zealand 2000 0.10 0.14
Malawi 1990 0.08 —22.80 New Zealand 2005 0.12 494
Malawi 1995 0.03 - 11.18 Niger 2000 0.05 53.76
Malawi 2000 0.03 0.44 Nigeria 1995 0.10 —7.54
Malawi 2005 0.04 12.05 Norway 1990 0.11 - 0.76
Malaysia 1990 0.03 7.43 Norway 1995 0.11 -0.14
Malaysia 1995 0.04 5.92 Norway 2000 0.12 0.48
Malaysia 2000 0.06 4.40 Norway 2005 0.13 1.10
Malaysia 2005 0.08 2.89 Oman 1995 0.02 0.59
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Country Year TE TFPG Country Year TE TFPG
Malaysia 2010 0.09 1.38 Oman 2000 0.02 1.75
Malta 1990 0.10 - 6.79 Oman 2005 0.02 2.90
Malta 1995 0.08 —3.56 Oman 2010 0.02 4.06
Malta 2000 0.07 -0.33 Panama 1990 0.13 - 3281
Malta 2005 0.08 2.89 Panama 2000 0.07 19.52
Mauritius 2005 0.06 —-22.12 Peru 1990 0.41 —57.80
Mauritius 2010 0.10 38.64 Peru 1995 0.12 7.05
Mexico 1990 0.17 —13.41 Philippines 1990 0.07 -1.27
Mexico 1995 0.11 -17.01 Philippines 1995 0.07 -0.92
Mexico 2000 0.09 —0.60 Philippines 2005 0.07 -0.22
Mexico 2010 0.18 12.21 Poland 1990 0.09 -9.93
Mongolia 1990 0.04 - 12.36 Poland 1995 0.06 - 5.64
Mongolia 1995 0.02 —25.67 Poland 2000 0.05 - 135
Mongolia 2000 0.00 - 3897 Poland 2005 0.06 2.94
Morocco 1990 0.04 3.44 Portugal 1990 0.06 —2.89
Morocco 1995 0.05 1.90 Portugal 2000 0.06 0.30
Morocco 2000 0.05 0.36 Portugal 2005 0.06 1.89
Morocco 2005 0.06 -1.18 Republic of Korea 1990 0.05 5.98
Country Year TE TFPG  Country Year TE TFPG
Republic of Korea 1995 0.06 4.00 Spain 1990 0.12 —-3.97
Republic of Korea 2000 0.08 2.03 Spain 1995 0.10 -3.00
Republic of Korea 2005 0.09 0.05 Spain 2000 0.10 —2.04
Republic of Moldova 2000 0.02 —7.85 Spain 2005 0.09 -1.07
Republic of Moldova 2005 0.01 —3.35 SriLanka 1990 0.08 —5.62
Republic of Moldova 2010 0.01 1.14  Sri Lanka 1995 0.07 —-2.02
Romania 1990 0.35 —38.58 SriLanka 2000 0.07 1.59
Romania 1995 0.07 —27.67 SriLanka 2010 0.13 8.80
Romania 2000 0.02 —16.77 Swaziland 1990 0.13 15.96
Romania 2005 0.01 —5.87 Swaziland 1995 0.06 —49.44
Singapore 1990 0.08 —5.12 Sweden 1995 0.08 0.53
Singapore 1995 0.07 —2.39 Sweden 2000 0.09 2.27
Singapore 2000 0.07 0.34 Sweden 2005 0.11 4.01
Singapore 2005 0.08 3.07 Thailand 1990 0.04 15.80
Singapore 2010 0.10 5.80 The f. Yugosl. Rep. of Macedonia 1990 0.50 - 32.73
Slovakia 1995 0.03 —4.05 Thef. Yugosl. Rep. of Macedonia 1995 0.13 —21.18
Slovakia 2000 0.03 0.76  The f. Yugosl. Rep. of Macedonia 2000 0.07 —9.63
Slovakia 2005 0.03 5.58 The f. Yugosl. Rep. of Macedonia 2005 0.06 1.91
Slovenia 1995 0.15 —20.48 Thef. Yugosl. Rep. of Macedonia 2010 0.09 13.46
Slovenia 2000 0.07 —10.22 Trinidad and Tobago 1990 0.09 - 19.65
Slovenia 2005 0.06 0.04 Trinidad and Tobago 1995 0.05 -6.22

Slovenia 2010 0.08  10.30 Trinidad and Tobago 2000 0.05 7.21
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Country Year TE TFPG

Tunisia 1995 0.06 3.30
Tunisia 2000 0.06 —2.56
Turkey 1990 0.56 - 1591
Turkey 1995 0.26 - 16.57
Turkey 2000 0.12 -17.23
Turkey 2005 0.05 - 17.89
United Kingdom 1990 0.13 -6.39
United Kingdom 1995 0.11 —-2.54
United Kingdom 2000 0.11 1.30
United Kingdom 2005 0.13 5.15
United Republic of Tanzania 1990 0.00 11.03
United Republic of Tanzania 1995 0.01 10.91
United Republic of Tanzania 2005 0.03 10.67
United Republic of Tanzania 2010 0.05 10.55
United States of America 1990 0.16 - 0.40
United States of America 1995 0.17 0.60
United States of America 2000 0.19 1.61
United States of America 2005 0.22 2.61
Uruguay 1990 0.27 - 8.96
Uruguay 1995 0.18 —8.84
Uruguay 2000 0.12 - 8.73
Uruguay 2005 0.08 —8.61
Venezuela (Bolivarian Republic of) 1990 0.18 —27.81
Venezuela (Bolivarian Republic of) 1995 0.06 —20.28
Viet Nam 2000 0.01 —-2224
Viet Nam 2010 0.01 15.47

Acknowledgements The data were made available by the researchers from UNIDO, free of cost. The
authors are grateful to them. Thanks to Dr Ajit Ghosh for his detailed comments on an earlier version of
the paper.

Funding No funding was used from any source while pursuing the study.

Declarations

Conflict of interest There is no conflict of interest.

References

Acemoglu, D., and F. Zilibotti. 2001. Productivity differences. Quarterly Journal of Economics 116:
563-606.

Acemoglu, D. 2003. The Form of Property Rights: Oligarchic vs. Democratic Societies, National Bureau
of Economic Research Working Paper 10037.

€\ Springer | -



The Indian Journal of Labour Economics (2023) 66:155-179 179

Berman, E., and S. Machin. 2004. Globalization, skill-biased technological change and labour demand.
In Understanding globalization, employment and poverty reduction, ed. E. Lee and M. Vivarelli,
39-66. New York: Palgrave Macmillan.

Bogliacino, F., and M. Pianta. 2010. Innovation and employment: An investigation using revised Pavitt
classes. Research Policy 39: 799-809.

Cornwell, C., et al. 1990. Production frontiers with cross-sectional and time series variation in efficiency
levels. Journal of Econometrics 46: 185-200.

Das, Deb Kusum. 2018. Introduction. In Productivity dynamics in emerging and industrialized countries
South Asia Edition, ed. D.K. Das, 1-33. New York: Routledge.

Erumban, Abdul A., and Bart Van Ark. 2018. Productivity in the Global Economy. In Productivity
dynamics in emerging and industrialized countries South Asia Edition, ed. D.K. Das, 58-80. New
York: Routledge.

Evenson, R., and L.E. Westphal. 1995. Technological change and technology strategy, ch 37. In Hand-
book of development economics, 3A, ed. J. Behrman and T.N. Srinivasan, 2209-2229. Amsterdam:
North-Holland.

Grossman, G.M., & Helpman E. 1990.Trade, innovation and growth.The American Economic Review,
80, 2. In Papers and proceedings of the hundred and second annual meeting of the American Eco-
nomic Association, May, pp 86-91.

Jorgenson, D.W. 2018. The growth of the world economy. In Productivity dynamics in emerging and
industrialized countries South Asia Edition, ed. D.K. Das, 37-57. New York: Routledge.

Kelley, A.C., J.G. Williamson, and R.J. Cheetham. 1972. Biased technological progress and labour force
growth in a dualistic economy. Quarterly Journal of Economics. 86 (3): 426-447.

Kuznets, S. 1966. Modern economic growth: Rate, structure and spread. New Haven: Yale University
Press.

Mitra, A., and A.K. Jha. 2015. Innovation and employment: A firm level study of Indian industries. Eura-
sian Business Review 5: 45-T1.

Pack, H., and M. Todaro. 1969. Technological transfer, labour absorption, and economic development.
Oxford Economic Papers 21: 395-403.

Romer, PM. 1986. Increasing returns and long-run growth. The Journal of Political Economy 94:
1002-1037.

UNIDO. 2005. Productivity in developing countries: Trends and policies. Vienna: United Nations Indus-
trial Development Organisation.

Vivarelli, M. 2013. Technology, employment and skills: An interpretative framework. Eurasian Business
Review 3: 66-89.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and
applicable law.

ISLE @ Springer



	Technology, TFPG and Employment: A Panel Data Analysis
	Abstract
	1 Analytical Framework
	2 TFPG Estimates
	3 Labour Productivity and TFPG
	4 Technology and Employment
	5 Conclusion
	Appendix
	Acknowledgements 
	References




