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Abstract
This paper investigates the domestic productivity and spillover effects of foreign technology
and embodied R&D on Egyptian manufacturing industries, 2006 to 2009. It also analyses
the heterogeneous sectoral effects of technology transfer by focusing specifically on the
productivity effects on highly internationalized and technology-intensive industries. These
are expected to have greater absorptive capacity with respect to foreign technology and
therefore larger productivity effects because of their greater exposure to foreign competition
and greater technological capacity respectively. This study is the first to analyse the
efficiency effects of foreign technology by classifying industries in this manner. It finds that
foreign technology and embodied R&D have positive and significant industry-specific
effects on domestic productivity and TFP in technology-intensive industries but that these
are weaker in internationally oriented industries. The study suggests that only technological-
intensive industries in Egypt have sufficient absorptive capacity to assimilate foreign
technology effectively. The paper’s findings highlight the key role of foreign technology
in domestic productivity growth, subject to the absorptive capacity of the domestic labour
force, and the need for improved policies to promote the domestic benefits of technology
transfer through the accumulation of local technological competences.
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1 Introduction

The transfer of foreign technology is a critically important conduit for developing countries to
acquire advanced techniques and innovations in order for them to improve productivity and
increase economic growth. The effectiveness of such transfers through learning and their
efficient utilization, however, is highly dependent upon the absorptive capacity of a host
country’s human capital stock and the magnitude of the technology gap with the source
country. Industrialized economies have invested heavily in R&D and human capital to develop
innovative production methods and proprietary technology resulting in both technological
progress and the accumulation of substantial stocks of knowledge. Many developing countries
have acquired foreign technology embodied in inflows of foreign direct investment (FDI) and/
or imports of capital equipment but these transfers have generally been less successful in that
they have not stimulated the anticipated improvements in productivity. The economic growth
effects of technological progress in developing countries are argued to be subject to critical
constraints that are not present in most industrialized economies. In particular, persistent and
unresolved structural and institutional constraints and impediments to innovation and technical
advancement, including a lack of appropriate policies, to foster the accumulation of relevant
knowledge necessary for the successful adoption of new technologies.

This paper analyses the effects of the transfer of foreign technology and its embodied R&D
on domestic industrial productivity with respect to Egypt from 2006 to 2009. As is the case for
many developing countries, foreign R&D is a vitally important source of technology; the share
of domestic R&D in Egyptian GDP is 0.7%, of which only 8 % is undertaken by the business
sector (UNESCO 2019). The paper follows Reggiani and Shevtsova (2018) in testing the
importance of existing technological capacity and the extent to which foreign technology and
its embodied R&D generate heterogeneous domestic productivity effects and technology
spillovers between industries. This is accomplished by classifying industries according to their
openness to trade and technological intensity. Those sectors that are more internationally
oriented and have a greater degree of technological intensity can be expected to possess a
greater capacity to adapt more advanced foreign technologies—i.e., greater absorptive
capacity—and therefore generate larger beneficial learning and efficiency spillover effects.
By grouping Egyptian manufacturing industries in this manner, this study is the first to capture
the effect of industry-level stocks of international R&D using the unbiased weighting ap-
proach, as suggested by Lichtenberg and de la Potterie (1998).

The next section presents an overview of the relevant literature on channels through which
advanced foreign technologies are transferred to developing countries and the determinants of
their productivity effects. This is followed by a discussion of the estimation methods utilized in
the paper and a description of the data. The empirical results and their implications are
discussed in Section 5. Some conclusions and policy implications are presented in the final
section.

2 Theoretical Foundation and Review of the Literature

Endogenous growth theory regards the international transfer of innovation and advanced
technology as a critically important determinant of long-run economic growth, particularly
for those countries lacking in indigenous R&D—i.e., developing countries. Analogous to the
‘catch-up’ theory of growth (Gerschenkron 1962), the rate of technology diffusion will be
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more rapid the greater the extent of the technological gap with advanced economies. The
primary determinant of variations in growth rates across countries is differences in total factor
productivity (e.g., Easterly and Levine 2001; Caselli 2005) which are attributable, in great part,
to national policies (Beck et al. 2000), including international trade and foreign direct
investment (FDI). Trade and FDI are the principal channels for the diffusion of technological
progress between countries, with foreign innovations and technologies being embodied in
inflows of capital goods, intermediate products and final goods and services (see, for example,
Coe and Helpman 1995; Keller 1998; Hejazi and Safarian 1999; de la Potterie and Lichtenberg
2001). These inflows may also generate positive technology spillovers through learning-by-
doing and demonstration effects (Javorcik 2004). The magnitude of such spillovers however,
depends upon the extent to which such tacit knowledge can be assimilated; i.e., domestic
absorptive capacity.

Many developing countries have acquired foreign technology through trade and FDI, but
the empirical evidence indicates that this has not necessarily led to the anticipated improve-
ments in domestic productivity (e.g., Khan and Reinhart 1990; Lee 1995; Mazumdar 2001;
Caselli and Wilson 2004; Ajakaiye and Page 2012; Nwaogu and Ryan 2015; Koo and Perkins
2016). The principal explanation for this shortfall in performance is the poor quality of policy
design and implementation to promote the knowledge accumulation necessary for the adoption
of more advanced technologies (Lall and Wangwe 1998; Lall and Pietrobelli 2002; Hanushek
2013; Koo and Perkins 2016). Nevertheless, the main driver of technological change in
developing countries has been imports of capital goods and technology spillovers (Lall and
Wangwe 1998). The notable success of many high growth economies in Southeast Asia in
recent decades is the outcome of explicit policies to transform fundamentally their levels of
technological sophistication and the magnitude and quality of their human capital stocks.

Technological progress and growth in developing countries are partly dependent upon their
openness to both international trade and FDI, which are themselves correlated. Bhagwati
(1978) argues that greater openness to trade attracts increased inflows of FDI, while the growth
effects of FDI increase with trade openness. Several studies find support for this latter
relationship for developing countries (Balasubramanyam et al. 1996; de Mello 1999; Read
2008) although Borensztein et al. (1998) also suggest that such growth is a non-linear function
of domestic absorptive capacity; i.e., it is dependent upon a minimum threshold stock of
human capital. Further, Lichtenberg and de la Potterie (1998) demonstrate that the growth
effects of foreign R&D are greater the more open to trade is the host economy.

The effects of technology transfer and spillovers on domestic productivity are analysed in
an extensive empirical literature. The accumulation of imported capital contributes significant-
ly to technological progress in developing countries (Brada and Hoffman 1985), including the
generation of significant technology spillovers (Coe et al. 1995). Imported technologies and
new varieties of intermediate goods are also associated with higher manufacturing productivity
resulting from increased specialization in production (Grossman and Helpman 1991). Most
cross-country studies investigating the effects of FDI on recipient countries, both industrialized
and developing, find significant support for positive domestic productivity effects of foreign
technology, directly as a result of technology transfers but also as a result of spillovers (e.g.,
Coe and Helpman 1995; Lee 1995; Lichtenberg and de la Potterie 1998; Hejazi and Safarian
1999; Keller 2000, 2004; Mazumdar 2001; Caselli and Wilson 2004; Cecchini and Lai-Tong
2008). Individual country-level findings are broadly similar although the effects tend to be
heterogeneous, with larger productivity growth in those sectors with greater technological
intensity. Evidence for India shows that foreign technology in chemicals, pharmaceuticals,
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electronics and machinery generate significant positive productivity effects (Hasan 2002).
Lower technology sectors however derive larger productivity effects from additional domestic
capital. Further, more productive firms experience significantly positive efficiency effects
arising from foreign technologies (Bas and Berthou 2017). In China, only those industries
close to the technological frontier are found to generate significant productivity spillovers from
foreign technology (Chuang and Hsu 2004). Evidence from Hungary offers support for
Grossman and Helpman (1991) and the availability of additional varieties of intermediate
inputs (Halpern et al. 2006).

The host country growth effects of technology transfer depend upon the extent of the
technology ‘gap’ with the source country and, by implication, the absorptive capacity of
domestic human capital to assimilate more advanced technology (Glass and Saggi 1998). The
‘relative backwardness’ hypothesis, according to which technologically laggard countries
exhibit faster growth via diffusion (Findlay 1978; Wang and Blomström 1992) however,
receives only limited empirical support. In an analysis of manufacturing productivity in 27
industries across seven Asian economies, Chamarbagwala et al. (2000) find that the growth
effects of foreign technology are greater for more technologically sophisticated countries; i.e.,
those with more abundant human capital and skilled labour. Malikane and Chitambara (2017)
test the effects of the technology gap and growth for 45 African economies but find no
evidence to support more rapid catch-up. In Chile in the late 1970s and early 1980s, only
import-competing manufacturing sectors exhibited positive productivity gains from innovation
and technical progress channelled by foreign trade and gave rise to a reallocation of domestic
resources (Pavcnik 2002). Similarly, Bloom et al. (2016) find significant productivity gains
through increased innovation and advanced technologies for European firms as a result of
increased Chinese import competition.

Building on the work of De Long and Summers (1993), Temple and Voth (1998) and
Hendricks (2000) suggest that the productivity effects of adopting superior technology in
the presence of human capital are considerable. The critical issue is whether the absorptive
capacity of the human capital stock is sufficient for the optimal adoption of foreign
technologies. Further, inflows of foreign technology may significantly enhance the domes-
tic skill base, particularly in more trade-oriented and import-competing sectors. Burstein
et al. (2013) demonstrate that advanced foreign technology tends (unsurprisingly) to be
skill-biased, with knock-on effects on labour demand and possible ‘crowding out’, as in the
cases of Ireland (Barry and Bradley 1997), Fiji and Samoa (Driffield and Read 2004).
Productivity gains arise from the shift of domestic factors into more skill-intensive sectors –
as per Pavcnik above—along with a significant increase in the skill premium (Burstein and
Vogel 2017).

Technology spillovers via backward or upstream vertical linkages between foreign firms
and local suppliers are regarded as an important additional means of generating beneficial
domestic productivity effects (Javorcik 2004). The magnitude of such spillovers again depends
upon the technology gap, domestic absorptive capacity and the willingness of foreign affiliates
to create such linkages (Glass and Saggi 1998). Horizontal spillovers however are far less
likely owing to the risk of loss of proprietary technology (Javorcik 2004; Kugler 2006; Blalock
and Gertler 2008). The empirical studies of inter-industry spillovers of foreign technology on
domestic productivity have mixed findings. The stock of foreign technology in India is found
to generate positive domestic productivity spillovers in 13 out of 26 manufacturing sectors
(Kathuria 2000). Further, analyses of the impact of the 1991 Indian economic reforms on
manufacturing find significant increases in productivity in import-competing manufacturing
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sectors (Topalova and Khandelwal 2011) as well as for ‘scientific’ (i.e., technology-intensive)
domestic firms but negative for ‘non-scientific’ ones (Kathuria 2002). These findings contrast
with those of Keller and Yeaple (2009) for the USA, where productivity spillovers from
imports are insignificant. One explanation for these differential results is the magnitude of the
gap between domestic and foreign technologies, which might be expected to be large for India
but small or even negative for many US industries.

The absorptive capacity of host economies to assimilate foreign technology is affected by
government policies as well as infrastructure and industry characteristics (Furman et al. 2002).
Investment in domestic human capital enhances countries’ abilities to adapt new technologies
and their innovative capacity (Furman and Hayes 2004). Many industrializing economies are
investing heavily in human capital formation, particularly in science and technology, to
stimulate domestic R&D activity and reduce their technology gap through imitation and
reverse engineering (Alvarez and Robertson 2004; Almeida and Fernandes 2008). The R&D
embodied in foreign technology has significant indirect spillover effects on domestic innova-
tion (Katrak 1990; Lumenga-Neso et al. 2005; Schiff and Wang 2008), while for Chinese
firms, the productivity effects of foreign technology depend, at least partly, upon interaction
with in-house R&D (Hu et al. 2005; Liang and Zhang 2012).

Technology spilloversmay also enhance the competitiveness of domestic firms although this
depends upon a small technology gap (Cantwell 1989; Kokko 1994), a greater absorptive
capacity of labour, competitive intensity (Sjöholm 1999), level of internationalization (Baily
et al. 1995; Xu and Sheng 2012) and the rate of adoption by competitors (Evenson andWestphal
1995). Firms that are less trade-oriented however are also shown to have greater scope to benefit
from foreign technologies (Blomström and Sjöholm 1999), i.e., to improve their efficiency. A
major constraint for domestic firmsmay be the cost of acquisition alongwith the negative output
effects of any initial learning period, even for standard technologies (Amiti and Khandelwal
2013). It is important to note that competition spillovers may be negative if domestic firms are
‘crowded out’ by more efficient foreign affiliates, particularly where the market is limited as in
small and/or developing countries (see Driffield and Read 2004; Read 2018).

An early study of Egypt finds that the domestic productivity impact of Western capital in
the period 1952–1985 was substantially greater than that of Eastern European and domestic
capital (Karake 1988). The contribution of total factor productivity to output growth was small
relative to that of physical inputs, suggesting that foreign technology had little effect on the
productivity of domestic labour. Massoud (2008) analyses the growth effects of FDI in three
sectors in Egypt 1974–2007 and finds that these are positive only for manufacturing and then
only when interacting with human capital. Hanafy (2015) finds similar results although
without positive interaction effects with human capital in manufacturing. Elkomy et al.
(2018) find that the FDI in Egypt 1990–2007 has positive growth effects in resource-based
sectors but negative ones in services, suggesting possible crowding out of domestic investment
and a lack of absorptive capacity.

The current paper empirically examines the effect of foreign technology and foreign
innovative capital stock—measured by foreign R&D—on productivity in Egyptian
manufacturing with reference to their differential sectoral and internationalization characteris-
tics. By incorporating these variables in a production function, this approach is intended to
capture the efficiency effects and indirect knowledge spillovers of foreign technology that are
not fully accounted for by physical capital accumulation. In so doing, it addresses three
specific research questions. (i) To what extent are foreign technology and its embodied
R&D in Egypt associated with positive productivity effects and efficiency spillovers as a
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result of knowledge transfers? (ii) Are more internationally oriented domestic firms better able
to transform foreign technological innovations into improved performance? (iii) Do domestic
firms in more technology-intensive sectors exhibit positive efficiency spillovers from foreign
technology?

3 Methodology

This study follows Aslanoglu (2000), Liu et al. (2000) and Driffield and Love (2007) in
estimating the following logarithmic regression equation:

lnLPit ¼ δ0 þ δ1lnKLit þ δ2lnMLit þ δ3lnWLit þ δ4lnWCLit þ δ5lnFirmsizeit

þ δ6lnForeign Techit þ μi þ νt þ εit ð1Þ
where LP is labour productivity, i.e., the ratio of gross value added by total labour employed in
industry i; and Foreign Tech is foreign capital imports per employee, measured as the annual
flow of investment in purchases of foreign machinery and equipment per worker. δ6 is the
main coefficient of interest since; if Foreign Tech has a positive and significant impact on
labour productivity, domestic industries are able to assimilate advanced imported technologies
efficiently. ML is total materials per unit of labour; KL is the capital-labour ratio, measured as
the share of fixed capital assets to labour; and Firmsize is the average revenue per firm in each
industry, reflecting market structure and some market characteristics (Liu et al. 2000; Melitz
2003; Luttmer 2007). Melitz details the theoretical foundation of examining the effects of trade
on industrial productivity as well as the linkages between aggregate productivity in each
industry and specific industrial factors, including a proxy for firm size measured as revenues
(or profits) according to the number of firms in each industry. Large firm size is expected to
generate productivity gains owing to lower average costs arising from economies of scale.

The skill-intensity of labour is measured by two proxy variables: wages (WL), calculated as
total remuneration per unit of labour, and the white-collar labour ratio (WCL), measured as the
ratio of white-collar workers to total employment. The latter includes entrepreneurs, managers,
technicians, specialists, administrators and secretaries. These two proxy variables control for
an industry’s capacity to adopt advanced foreign technologies (Buckley et al. 2002; Sinani and
Meyer 2004; Rosell-Martinez and Sanchez-Sellero 2012). White collar labour identifies labour
with certain educational levels and technical abilities, while the average wage rate reflects the
mean skill level of labour (Globerman 1979; Balasubramanyam et al. 1999). Since all variables
are in logs, the coefficient estimates denote elasticities, while μi are industry-specific effects, νt
are time-specific effects and εit is the random error term.

In addition, the model tests for the impact of foreign R&D stock embodied in imported
capital on domestic labour productivity using the following empirical specification:

lnLPit ¼ δ0 þ δ1lnKLit þ δ2lnMLit þ δ3lnWLit þ δ4lnWCLit þ δ5lnFirmsizeit

þ δ6lnForeign R&Dit þ μi þ νt þ εit ð2Þ

In Eq. (2), Foreign R&D replaces Foreign Tech to test for the presence of productivity
spillovers of foreign R&D arising from imports of foreign capital. This captures the indirect
productivity spillovers from new foreign machinery and equipment that accrue from the
transfer of new technologies, new intermediate products and the expansion of the variety of
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inputs. Although cross-country foreign R&D spillovers are examined in the literature (e.g.,
Lichtenberg and de la Potterie 1998; Xu and Wang 1999; Cecchini and Lai-Tong 2008), the
productivity effects of Foreign R&D are examined here at the industry level. In order to do
this, the unbiased weighting scheme suggested by Lichtenberg and de la Potterie (1998) is
employed which provides a correction to the empirical framework, as proposed by Coe and
Helpman (1995). Foreign R&D in industry i in year t is therefore calculated as

Foreign R&Dit ¼ CMit Sdit
Y it

ð3Þ
where CMit refers to total capital imports, Sdit is the total R&D stock in all OECD countries in
industry i in year t and Yit is the total output of that industry in all OECD countries.1 This
formula corrects for the bias in the weighting scheme by reflecting both the intensity and the
direction of industry flows of R&D, hence multiplying foreign technology by the OECD
R&D/output ratio in each industry.

Foreign R&D capital stock is computed from the annual R&D investment for each industry
using the permanent inventory method:

Sdit ¼
I it

1− 1−λð Þ= 1þ rtð Þ½ � ð4Þ

where Iit is the R&D investment in industry i in year t, rt is the annual growth rate of annual
R&D investment and λ is the depreciation rate, which is assumed to be 10% per year (Cecchini
and Lai-Tong 2008). Imports of capital machinery and equipment from OECD countries
constituted, on average, 76% of Egypt’s total capital imports from 2000 to 2010 (UNCTAD
2013). This suggests that foreign R&D stocks embodied in capital imports from the OECD
may be an important channel for technology spillovers.

The analysis uses individual 2-digit industrial R&D and output data for the 25 OECD
countries from the OECD’s ANBERD and STAN databases (OECD nd a; nd b). The
aggregate variable for Foreign R&D is constructed as outlined above. It would be desirable
to have the data for Egyptian capital imports disaggregated by industry and country of origin to
reflect the relative weight of foreign innovation by each country of origin but these are not
available. Instead, the abovementioned proxy measure is used to represent foreign technolog-
ical intensity and the scale of international innovation in each industry channelled through
capital imports.

The use of panel data enables a comparison of the results, both with and without controlling
for unobserved heterogeneity by industry, using industry fixed effects. The reporting of the
results proceeds sequentially. First, any fixed effects are excluded; second, they are included to
control for average heterogeneity per industry. These effects control for any industry-specific,
time-invariant, variation. In order to examine the validity of the fixed effects approach vis-à-vis
the random effects model, the Hausman test is employed which, in essence, tests for correla-
tion between the regressors and the fixed effects. Here, the null hypothesis of no correlation is
rejected, suggesting that the fixed effects model is the preferred specification. All of the
regressions reported below include standard errors clustered by industry; this controls for
heteroskedasticity and correlation of the error terms within each industry.

1 i.e., Australia, Austria, Belgium, Canada, Czech Republic, Estonia, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Japan, Korea, S., Mexico, Netherlands, Norway, Poland, Portugal, Slovenia,
Spain, UK and USA.
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There is a potential endogeneity problem in estimating Eqs. (1) and (2). The productivity of
labour may depend upon capital imports (Foreign Tech and Foreign R&D) which, in turn, may
also depend upon labour productivity. Likewise, it is often believed to be the case that
production inputs (KL and WL) can pose endogeneity problems in an augmented production
function, although these may be mitigated by the use of aggregate data. If such problems do
exist, then the resulting parameter estimates will be biased. Two-stage least squares (2SLS)
instrumental variables are therefore used to test for this simultaneity bias with the results
presented in Table 10. Following Wang (2010), a 1-year lag, the square of the 1-year lag and
the 2-year lag of the variables of interest are used as instruments. The table shows the F-
statistics of the excluded instruments in the first stage regressions. This test validates the
instruments and shows a high degree of correlation with the instrumented variables. The
Sargan test for over-identification does not reject the null hypotheses of no correlation between
the instruments and the error term, suggesting that the instruments are valid. A Durbin–Wu–
Hausman test is also performed to test for endogeneity. The results show that the null
hypotheses that there are no significant differences between the coefficient vectors of the
2SLS and FE procedures cannot be rejected. Therefore, there is no statistical evidence of
endogeneity. A generalized methods of moments (GMM) estimation is also conducted to deal
with any potential simultaneity between labour productivity and the covariates, as discussed in
Section 5.

4 Data

The analysis employs of a panel of 128 four-digit ISIC (International Standard Industrial
Classification) industries comprising the whole manufacturing sector in Egypt, 2006 to 2009.
The source for the data is Egypt’s Annual Census of Industrial Production in Private
Establishments issued by the Central Agency for Public Mobilization and Statistics (Govern-
ment of Egypt, various issues n.d). The census includes data on the number of firms,
classification of employment by job, total remuneration and wages, value added, costs of
factors of production, domestic and foreign capital formation and fixed assets. On average,
around 9500 establishments are covered in each year. As stated earlier, the foreign R&D
measure is obtained from the OECD’s ANBERD and STAN databases. The R&D measure is
available for 30 two-digit ISIC industries, and it is assumed that all four-digit industries within
each two-digit industry classification have the same level of R&D. The measure of R&D
intensity is the ratio of R&D expenditure to total value added per industry in current PPP
prices. All nominal values are converted into real terms using the wholesale price index from
the World Development Indicators (World Bank 2012) since producer price index data by
industry is not available.

In terms of industrial structure, Crude Petroleum and Natural Gas Extraction contributes
84% of total value added in the manufacturing sector. Pharmaceuticals is the second largest
industry in terms of value added, followed by Coke and Refined Petroleum Products, Basic
Metals and Non-Metallic Mineral Products. As noted by Page (2012), the absence of
manufacturing sector diversification and the lack of industrial sophistication are critical
impediments to sustained economic growth in developing countries.

Data for labour productivity (LP), capital intensity (KL), Foreign Tech and value-added
share (VA) for the two-digit industry classification based on ISIC Revision 4 are shown in
Table 1. It should be noted that the sample includes all industrial activities being undertaken by
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private entities in the Egyptian economy. The Egyptian annual census of manufacturing also
produces data for Mining and Quarrying and Agriculture (i.e., ISIC 06, 08 and 09), including
Crop and Animal Production (ISIC 01) and Remediation Activities (ISIC 39) that falls under
Water Supply. Crude Petroleum and Natural Gas extraction is the most productive industry,
followed by Printing and Media Products, Coke and Refined Petroleum Products and Non-
Metallic Mineral Products. The most productive industries are therefore extractive industries.
The table also shows a positive association between labour productivity and the capital-labour
ratio (the correlation is 0.82; see also Table 3). Those industries with relatively high shares of
capital imports however are not necessarily characterized by high capital-labour ratios or high
productivity. Remediation Activities, Paper, Computers, Electronic and Optical Products and
Basic Metals exhibit the highest Foreign Tech share. Nevertheless, the Crude Petroleum and
Natural Gas Extraction, Basic Metals, Chemicals and Paper industries together constitute 67%
of total foreign imported capital in the manufacturing sector. This indicates both the large
relative size of the crude petroleum industry and the high capital import shares of the other
industries.

Table 1 Sectoral productivity, capital intensity, foreign technology, value added, trade share, and technological
classification

ISIC Sector LP KL FT VA TS Tech

06 Petroleum/natural gas extraction 58.91 12.93 25.36 84.20 0.00 Med
18 Printing/media products 13.84 171.63 0.05 0.22 0.22 Low
19 Coke/refined petroleum products 10.34 25.81 5.72 2.74 2.32 Med
23 Other non-metallic mineral products 5.59 55.35 7.09 1.58 0.23 Med
11 Beverages 3.78 33.21 16.42 0.55 0.28 Low
13 Textiles 3.76 33.83 18.64 0.48 0.64 Low
28 Machinery and equipment nec. 3.71 33.13 16.52 0.10 0.29 High
20 Chemical Products 2.68 11.54 32.78 0.97 1.02 High
33 Machinery/equipment report 2.19 0.27 1.25 0.01 0.04 Med
09 Mining support services 1.68 0.22 0.00 0.01 0.00 Med
25 Fabricated metal products 1.58 18.08 8.73 0.27 0.52 Med
24 Basic metals 1.37 2.00 36.49 2.74 2.85 Med
21 Pharmaceuticals 1.31 1.41 16.23 2.76 0.56 High
16 Wood/cork products 1.10 14.74 9.35 0.03 0.46 Low
17 Paper products 1.05 6.17 40.31 0.60 1.12 Low
22 Rubber/plastic products 1.02 3.36 22.10 0.48 2.03 Med
10 Food products 1.01 4.72 8.37 0.67 0.84 Low
12 Tobacco products 0.83 0.09 18.55 0.35 2.90 Low
27 Electrical equipment 0.81 5.39 16.22 0.42 0.83 High
36 Water supply/treatment 0.75 0.05 0.00 0.00 0.01 Med
26 Computer/electronic products 0.70 0.64 36.54 0.11 1.30 High
29 Motor vehicles 0.60 0.68 16.38 0.52 1.08 High
32 Other manufacturing 0.53 1.80 12.71 0.06 0.63 Med
08 Other mining/quarrying 0.51 1.00 14.46 0.05 0.20 Med
30 Other transport equipment 0.48 1.24 29.87 0.27 0.96 High
15 Leather/related products 0.29 0.53 17.01 0.05 0.62 Low
31 Furniture 0.20 0.36 10.46 0.25 0.46 Low
14 Wearing apparel 0.16 0.21 20.83 0.99 1.02 Low
01 Crop/animal production 0.15 2.41 3.48 0.02 0.04 Low
39 Remediation activities 0.08 0.07 98.50 0.00 0.26 Low

The reported figures are the mean of the real values of the variables in the four-digit industry from 2006 to 2009.
LP is the real value added per unit of labour, and the reported figures are in 100,000LE. KL is the real fixed assets
per labour, and the reported values are in 100,000 LE
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The industries in Table 1 are classified into two categories based upon their trade share
relative to real value added and technological orientation. Industries are classified as interna-
tionally oriented if they have at least a 40% trade share of value added (the 50th percentile).
High-tech industries are those with a relatively high technological endowment, based upon the
OECD classification. Medium-tech and high-tech industries are grouped together in line with
Carroll et al. (2000), with low-tech industries defined as having a R&D intensity in production
lower than 0.34% (Hatzichronoglou 1997).

Table 2 presents the descriptive statistics for the variables used in the analysis. In most
cases, the mean is much larger than the median, suggesting that the variables are right-skewed;
hence estimating the model in natural logs gives better statistical properties. Mining Support
Services showed no spending on total materials and zero revenue, since this industry is
monopolized by one public firm, whereas the sample data is for private firms. In this industry
as well as Water Supply and Treatment, there is no investment in foreign machinery and
equipment.

Table 3 reports the correlation coefficients between the variables used in the analysis. The
dependent variable, labour productivity, is positively correlated with all of the explanatory
variables and is particularly highly correlated with the capital-labour ratio and Foreign Tech. In
the report of the regression analysis in the next section, these positive correlations are explored
to see whether they hold up in multivariate analysis. Most of the explanatory variables are only
weakly correlated with each other, which reduces the likelihood of multicollinearity being a
problem for the analysis.

Table 2 Descriptive statistics

Variables Mean Median St. dev Min. Max.

Labour productivity (LP) 4.03 1.03 10.80 0.08 58.91
Capital-labour ratio (KL) 14.76 2.20 32.67 0.05 171.6
Materials per labour (ML) 2.44 0.70 8.50 0.00 47.19
Wages per labour (WL) 0.16 0.11 0.16 0.03 0.72
White collar ratio (WCL) 0.29 0.26 0.12 0.12 0.65
Firm size (Firmsize) 1900.5 206.9 6597.5 0.00 34,587
Foreign technology (Foreign Tech) 0.07 0.01 0.29 0.00 1.58
Foreign R&D (Foreign R&D) 0.002 0.0004 0.003 0.00 0.018

The reported figures are the mean of the real values of the variables in the four-digit industry from 2006 to 2009.
White collar ratio is a percentage; firm size is measured in 100,000LE per firm; all other variables are measured
in 100,000LE per labour

Table 3 Correlation matrix

1- 2- 3- 4- 5- 6- 7- 8-

1-Ln LP 1.00
2-Ln KL 0.82 1.00
3-Ln ML 0.16 0.04 1.00
4.Ln WL 0.28 0.03 0.28 1.00
5-Ln WCL 0.28 0.16 0.14 0.33 1.00
6-Ln Firmsize 0.26 − 0.06 0.60 0.51 0.29 1.00
7-Ln Foreign Tech 0.63 0.69 0.07 0.03 0.21 0.00 1.00
8-Ln Foreign R&D 0.35 0.28 0.05 0.21 0.14 0.18 0.62 1.00
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5 Estimation Results

This section summarizes the estimation results and the principal findings of this study.

5.1 The Impact of Foreign Technology and R&D on Productivity

The estimation results for the various model specifications testing the first research question
regarding the impact of foreign technology and embodied R&D on productivity in Egypt
based upon Eqs. 1 and 2 are presented in Table 4. All standard errors reported are clustered by
industry. The ordinary least square (OLS) results are shown in Columns (1) and (2), while
those in Columns (3) and (4) include industry fixed effects (FE) from the panel analysis.

The results in Column (1) show that Foreign Tech has a positive and significant effect on
domestic industrial productivity in Egypt. This implies that foreign technology induces
significant indirect productivity gains and efficiency spillovers that exceed the effect on
physical capital accumulation. When controlling for industry fixed effects in Column (3)
however, Foreign Tech becomes statistically insignificant. This implies that a large part of
the positive effects obtained in Column (1) reflects unobserved industry-specific productivity
determinants (Lee 1995). The Foreign R&D stock embodied in foreign technology is statis-
tically insignificant in both OLS and FE estimations, shown in Columns (2) and (4) respec-
tively. This suggests that Egyptian industries generally lack the human capital and in-house
R&D capacity to capture the productivity effects embodied in foreign R&D, echoing the
findings of Hanafy (2015). The capital-labour ratio (KL) has a robust significant positive effect
on labour productivity across all specifications of the model and has the largest the coefficient
estimate. A 1 % increase in the KL ratio results in an average increase in labour productivity of

Table 4 Productivity effects of foreign technology and foreign R&D in Egypt; all manufacturing sectors, 2006–
2009

Dep. variable: (1) (2) (3) (4)
Ln LP OLS OLS FE FE

Ln KL 0.54*** 0.58*** 0.58*** 0.61***
(0.03) (0.02) (0.06) (0.06)

Ln ML −0.10* −0.09* −0.05 −0.05
(0.06) (0.06) (0.08) (0.08)

Ln WL 0.18*** 0.17*** 0.15** 0.15*
(0.06) (0.06) (0.08) (0.08)

Ln WCL 0.05 0.07 0.01 0.02
(0.10) (0.10) (0.12) (0.12)

Ln Firmsize 0.22*** 0.21*** 0.16* 0.15*
(0.04) (0.04) (0.09) (0.09)

Ln Foreign Tech 0.05** 0.03
(0.02) (0.02)

Ln Foreign R&D 0.01 0.01
(0.02) (0.02)

R2 0.80 0.79 0.55 0.54
Root mean sq. error 0.60 0.61 0.35 0.35
No. of obs. 363 363 363 363
No. of groups - - 119 119
F-statistic 147.90 140.59 19.80 18.30
p value 0.00 0.00 0.00 0.00

Standard errors clustered by industry in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01
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approximately 0.6%. Physical capital accumulation is therefore an important contributor to
industrial productivity in Egypt, and industries characterized by relatively high productivity are
those with the highest capital-labour ratios. This finding is similar to that of Karake (1988) for
the period 1952–1985.

The results for the materials-labour ratio ML show a consistently negative coefficient
although it is only significant in the specifications without industry fixed effects. In the data
employed, materials include energy which varies significantly in importance across industries.
For the largest industries in the Egyptian manufacturing sector— oil and gas, chemicals,
petroleum products etc.—energy represents a significant proportion of the value of material
inputs. The relationship between energy and labour productivity however is dependent upon a
wide spectrum of additional factors and treated somewhat ambiguously in the literature (e.g.,
Renshaw 1981; Boyd and Pang 2000). The results here provide some support for the view that
energy-saving techniques generate enhanced productivity although the disaggregated results
indicate that this effect is being driven primarily by the high technology industries.

The average wage bill WL has a positive and significant effect on labour productivity; a 1
% increase in the average wage bill increases labour productivity by an average of 0.15 to
0.17%. This suggests that more highly skilled labour, reflected in higher wages, is more
productive. The ratio of white collar to total employment WCL has a consistently positive but
insignificant effect on labour productivity. This finding refutes the general view in the
literature, focusing principally on industrialized economies, that higher concentrations of
white-collar workers enhance labour productivity. The correlation between WL and WCL
(Table 2) is 0.33 such that these two variables are not highly correlated. Significant labour

Table 5 Productivity effects of foreign technology and foreign R&D for internationally oriented (HI) and high
technology (HT) industries in Egypt

Dep. variable: (1) (2) (3) (4) (5) (6) (7) (8)
Ln LP OLS OLS OLS OLS FE FE FE FE

HI HI HT HT HI HI HT HT

Ln KL 0.35*** 0.36*** 0.56*** 0.59*** 0.26*** 0.27*** 0.60*** 0.63***
(0.02) (0.03) (0.04) (0.03) (0.08) (0.08) (0.08) (0.09)

Ln ML 0.15*** 0.17*** − 0.12** − 0.12** 0.07 0.07 − 0.03 − 0.02
(0.04) (0.04) (0.06) (0.06) (0.17) (0.17) (0.10) (0.10)

Ln WL 0.15** 0.14* 0.25*** 0.24*** 0.14* 0.15* 0.22*** 0.22***
(0.07) (0.07) (0.07) (0.07) (0.08) (0.09) (0.08) (0.08)

Ln WCL 0.14 0.14 0.05 0.07 0.05 0.06 0.03 0.05
(0.08) (0.08) (0.12) (0.12) (0.13) (0.14) (0.15) (0.15)

Ln Firmsize 0.22*** 0.19*** 0.24*** 0.24*** 0.12 0.10 0.15 0.13
(0.03) (0.03) (0.04) (0.05) (0.12) (0.12) (0.11) (0.11)

Ln Foreign Tech 0.04** 0.04 0.05** 0.05**
(0.02) (0.02) (0.02) (0.02)

Ln Foreign R&D 0.03** 0.01 0.04* 0.02
(0.01) (0.02) (0.02) (0.03)

R2 0.84 0.84 0.79 0.78 0.23 0.22 0.58 0.57
Root mean sq. err 0.39 0.39 0.63 0.63 0.28 0.28 0.37 0.37
No. of obs. 200 200 230 230 200 200 230 230
No. of groups - - - - 82 82 77 77
F-statistic 174.34 171.96 79.99 79.59 4.80 4.53 14.39 12.36
p value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Standard errors clustered by industry in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01
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productivity gains are also found for larger average firm size (Firmsize), indicating the positive
effect of scale economies on firm performance. Controlling for industry fixed effects however
reduces the significance of this variable; again suggesting that this result is partly driven by
industry-specific characteristics.

5.2 The Impact on the Productivity of Internationally Oriented
and Technology-Intensive Firms

The estimation results for the analysis of the second research question regarding the
impact of foreign technology and R&D on the productivity of Egyptian firms according
to their international and technological orientation are shown in Table 5. Industries are
classified as internationally oriented (HI) if their trade share of value added is at least
40% and as high technology (HT) if their technological intensity accords with the OECD
classification.

HI Egyptian industries are found to be more competitive (i.e., more productive) and have
a greater capacity to assimilate foreign technologies and the embodied R&D stock relative
to domestic-oriented ones. ML has a positive and significant impact on productivity for the
highly internationalized industries and a weaker significant negative impact for the
technology-intensive ones. The coefficients of WL generally increase in magnitude, sug-
gesting that higher wages have a greater impact on labour productivity in these industries.
The significances of these coefficients for the HT group are consistently very strong but
weaker for the HI group relative to those in Table 4. The firm size effects are strongly
significant in the OLS estimation but disappear in fixed effects, again suggesting that
substantial labour productivity gains for larger firms are driven by industry-specific
characteristics.

The results in Columns (1), (2), (5) (6) and (7) of the table reveal evidence of
significant productivity spillovers of foreign technology and foreign embodied R&D,
averaging 0.04 to 0.05%. The findings presented in Table 5 therefore provide further
support for the view that more internationalized and technology-intensive industries
exhibit significantly greater productivity gains and efficiency spillovers from imported
technology and foreign R&D.

5.3 Productivity Spillovers and TFP Effects on Technology-Intensive Firms

The results presented in Table 5 also provide support for the third research question
regarding whether technology-intensive firms in Egypt in particular possess the capacity
to benefit from productivity spillovers from foreign technology. This requires these indus-
tries to possess engineers and technologists with the requisite expertise and absorptive
capacity to understand, assimilate and utilize the knowledge embodied in imports from
industrialized economies (Hatzichronoglou 1997; Boothby et al. 2010). This question
highlights the issue of domestic absorptive capacity, which is likely to affect the magnitude
and significance of foreign technology spillovers (Liu and Buck 2007; Vogel and Wagner
2010). R&D embodied in foreign technology however appears not to drive significant
productivity gains in the technology-intensive industries, as revealed in Columns (4) and
(8) of the table.

The third question is also addressed by estimating the effects of foreign technology and
embodied R&D on total factor productivity (TFP) growth in Egypt to reveal changes in
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efficiency and technical progress (Nishimizu and Page 1982). The estimation assumes
perfect competition in factor markets along with a neo-classical production function
(Caselli and Coleman 2006). The production inputs are represented by labour, capital and
total materials, with TFP growth measured by the Solow residual (Wang 2010). In the
second-stage, the estimated TFP is regressed against the variables of interest; foreign
technology, embodied foreign R&D and the other control variables. The results in Table 6

Table 6 Effects of foreign technology and foreign R&D on TFP in Egypt, all manufacturing sectors, 2006–2009

Dep. variable: (1) (2) (3) (4)
Ln TFP OLS-All OLS-All FE-All FE-All

Ln WL 0.10*** 0.10*** 0.13** 0.13**
(0.04) (0.04) (0.05) (0.05)

Ln WCL − 0.07 − 0.05 − 0.04 − 0.03
(0.06) (0.06) (0.08) (0.08)

Ln Firmsize 0.01 0.01 0.24*** 0.23***
(0.01) (0.01) (0.03) (0.04)

Ln Foreign Tech 0.02* 0.04**
(0.01) (0.02)

Ln Foreign R&D 0.00 0.00
(0.01) (0.02)

R2 0.07 0.06 0.27 0.25
Root mean sq. error 0.34 0.34 0.27 0.27
No. of obs. 363 363 363 363
No. of groups - - 117 117
F-statistic 3.85 3.56 19.63 13.76
p value 0.00 0.01 0.00 0.00

Standard errors clustered by industry in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01

Table 7 Effects of foreign technology and foreign R&D for internationally oriented (HI) and high technology
(HT) industries on TFP in Egypt

Dep. variable: (1) (2) (3) (4) (5) (6) (7) (8)
Ln TFP OLS OLS OLS OLS FE FE FE FE

HI HI HT HT HI HI HT HT

Ln WL 0.08* 0.08* 0.13*** 0.13*** 0.11 0.11 0.17*** 0.17***
(0.04) (0.04) (0.04) (0.04) (0.07) (0.07) (0.06) (0.06)

Ln WCL 0.02 0.04 − 0.11 − 0.10 0.09 0.09 −0.07 −0.05
(0.07) (0.06) (0.07) (0.07) (0.10) (0.10) (0.10) (0.10)

Ln Firmsize 0.00 0.01 0.02 0.01 0.28*** 0.27*** 0.23*** 0.21***
(0.02) (0.02) (0.02) (0.02) (0.09) (0.09) (0.04) (0.05)

Ln Foreign Tech 0.01 0.03** 0.01 0.05**
(0.01) (0.01) (0.02) (0.03)

Ln Foreign R&D − 0.01 0.02 0.01 0.02
(0.01) (0.01) (0.02) (0.02)

R2 0.06 0.06 0.11 0.10 0.21 0.21 0.31 0.27
Root mean sq. err 0.30 0.30 0.37 0.37 0.22 0.22 0.29 0.30
No. of obs. 200 200 230 230 200 200 230 230
No. of groups - - - - 82 82 77 77
F-statistic 2.22 2.24 4.57 4.47 5.46 5.54 13.71 9.20
p value 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00

Standard errors clustered by industry in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01
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show that foreign technology has positive and significant growth effects on TFP for all
manufacturing sectors, in line withWang. This demonstrates the importance of the diffusion
of new technological products and services as a channel for technical progress, so creating a
new domestic production frontier driving long run economic growth (Andersson et al.
2016).

The results in Table 7 show that technology-intensive industries in Egypt have experienced
significant productivity gains from imports of foreign technology. No significant results
however are found for the effect of either foreign technology or embodied R&D for highly
internationalized industries. This implies that the technological change required to drive the
industrial frontier outwards may require a certain knowledge threshold that might only be
present in technology-intensive industries.

Generalized methods of moments (GMM) is then used to control for potential simulta-
neity between labour productivity and foreign technology and foreign R&D, following
Driffield and Love (2007), and as a robustness check for the results. These results are
reported in Table 8. Owing to the short nature of the panel, the depth of the lags is restricted
to two periods and a collapsed instrument set is used. The findings in Column (1) reveal
positive productivity effects arising from foreign technology of the order of 0.07 percentage
points. Those industries with greater relative technological potential however experience
larger productivity spillovers from foreign technology of the order of 0.10 percentage
points. Caution should be exercised here however owing to the relatively high value of
the Hansen statistic (0.681) when GMM estimation is used on the reduced sample

Table 8 GMM estimation of productivity effects of foreign technology & R&D on TFP in the Egyptian
manufacturing sector

Dep. variable: (1) (2) (3) (4) (5) (6)
Ln LP GMM GMM GMM GMM GMM GMM

All All HI HI HT HT

Ln KL 0.5414*** 0.5980*** 0.3432*** 0.3664*** 0.5267*** 0.5905***
(0.05) (0.03) (0.04) (0.03) (0.05) (0.04)

Ln ML − 0.1308* − 0.1390** 0.1335** 0.1568*** − 0.1293* − 0.1251*
(0.08) (0.07) (2.36) (0.06) (0.07) (0.07)

Ln WL 0.1388* 0.1509** 0.0501 0.0838 0.2376*** 0.2495***
(0.08) (0.07) (0.37) (0.11) (0.08) (0.06)

Ln WCL 0.0276 0.0660 0.1639 0.1736 −0.0148 0.0437
(0.22) (0.54) (1.10) (1.24) (0.14) (0.14)

Ln Firmsize 0.2447*** 0.2419*** 0.2210*** 0.1884** 0.2615*** 0.2380***
(0.06) (0.05) (0.06) (0.05) (0.06) (0.06)

Ln Foreign Tech 0.0746** 0.0718 0.1070***
(0.04) (0.05) (0.04)

Ln Foreign R&D 0.0152 0.0296 0.0416
(0.03) (0.73) (0.04)

Constant − 1.2344*** − 1.4403 − 1.1026 − 1.0649 − 0.9844** − 1.0972***
(0.40) (0.33) (0.47) (0.37) (2.17) (0.42)

No. of obs. 363 363 200 200 230 230
No. of groups 117 117 82 82 77 77
No. of instrum. 12 12 12 12 12 12
Arellano-Bond (1) 0.003 0.007 0.015 0.018 0.013 0.033
Arellano-Bond (2) 0.892 0.807 0.931 0.971 0.681 1.00
Hansen statistic 0.294 0.509 0.015 0.040 0.785 0.727

Standard errors clustered by industry in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01
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containing only the technology-intensive industries. The results for the highly
internationalized industries are not statistically significant, which implies that in this
context, trade openness at the industry level is not necessarily associated with a greater
capacity to adopt foreign technological progress. Finally, foreign embodied R&D does not
achieve statistical significance in any specification of the model.2

The estimation process is completed by the results from a dynamic GMM specification,
presented in Table 9. For four of the six models, the coefficient on the lagged dependent
variable (LDV) is insignificant. For the internationally oriented industries however, the
findings reported in Columns (3) and (4) show that the parameter estimate is significant at
the 1% level, implying a degree of persistence in the productivity series for these industries.
Furthermore, foreign technology in (3) is now also significant at the 1% level. In both
empirical specifications for the internationally oriented industries, firm size loses significance
when an LDV is included. These results might seem to point to the superiority of a dynamic
specification for certain industry types but the value of the Hansen statistic for (3) is almost

2 As the estimation period covers the global financial crisis, the FE models were also re-estimated to include time
effects and the GMM model was re-estimated augmented with time dummies. In all cases, these time effects
failed to achieve statistical significance and the other parameter estimates were invariant to their inclusion. These
results are available upon request in Supplemental Tables.

Table 9 GMM LDV estimation of productivity effects of foreign technology & R&D on TFP in the Egyptian
manufacturing sector

Dep. variable: (1) (2) (3) (4) (5) (6)
Ln LP GMM GMM GMM GMM GMM GMM

All All HI HI HT HT

Ln LP−1 0.1389 0.0899 0.4061*** 0.3116*** 0.3018 0.0517
(0.15) (0.16) (0.15) (0.12) (0.28) (0.23)

Ln KL 0.4712*** 0.5359*** 0.1537** 0.2288*** 0.3507** 0.5342***
(0.10) (0.08) (0.07) (0.06) (0.15) (0.13)

Ln ML − 0.0929* − 0.1133* 0.1549** 0.1883*** − 0.0464 − 0.1164
(0.07) (0.06) (0.07) (0.06) (0.10) (0.09)

Ln WL 0.1885** 0.1772** 0.1754 0.1949* 0.2765** 0.2382**
(0.10) (0.09) (0.15) (0.12) (0.18) (0.11)

Ln WCL 0.0846 0.1456 −0.0552 0.0166 −0.0720 0.1390
(0.56) (0.15) (0.19) (0.16) (0.20) (0.18)

Ln Firmsize 0.2162*** 0.2324*** 0.0972 0.0806 0.1912* 0.2708***
(0.07) (0.07) (0.07) (0.06) (0.11) (0.10)

Ln Foreign Tech 0.0391 0.0917*** 0.0975**
(0.04) (0.34) (0.05)

Ln Foreign R&D − 0.0034 0.0462 0.0343
(0.03) (1.12) (0.04)

Constant − 0.9630* − 1.2094 − 0.1956 − 0.2674 − 0.4870 − 1.1484*
(0.51) (0.44) (0.55) (0.43) (0.81) (0.70)

No. of obs. 262 262 153 153 166 166
No. of groups 110 110 73 73 70 70
No. of instrum. 12 12 12 12 12 12
Arellano-Bond (1) 0.042 0.075 0.053 0.066 0.109 0.154
Arellano-Bond (2) n/a n/a n/a n/a n/a n/a
Hansen statistic 0.361 0.549 0.695 0.376 0.500 0.479

Standard errors clustered by industry in parentheses. *p < 0.10; **p < 0.05; ***p < 0.01

n/a not available
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0.7, driven by a small number of observations that is exacerbated by the inclusion of the LDV.
A rigorous test of the robustness, or otherwise, of the dynamic model therefore requires a
larger sample.

6 Conclusions and Policy Implications

This paper investigates the domestic productivity and spillover effects of foreign technol-
ogy and its embodied R&D on Egyptian industries, 2006 to 2009. In so doing, it also
analyses the heterogeneous impacts of technology transfer across sectors, focusing specif-
ically on internationally oriented (HI) and technology-intensive (HT) industries. This
facilitates an exploration of differences in the importance and magnitude of productivity
spillovers in industries with greater exposure to foreign competition and a higher techno-
logical capacity. These industries are anticipated to possess greater absorptive capacity and
are therefore expected to generate greater learning and efficiency spillover effects, reflected
in higher productivity. As such, this study is the first to analyse the effect of international
R&D stocks at the industrial level by classifying industries according to their degree of both
internationalization and technological intensity using the unbiased weighting scheme sug-
gested by Lichtenberg and de la Potterie (1998). The principal findings of this study are as
follows.

Foreign technology and embodied R&D is found to have generally positive and signif-
icant effects on domestic productivity in Egyptian manufacturing, suggesting that there are
significant efficiency spillovers over and above physical capital accumulation. A large part
of these productivity effects however are revealed to be industry-specific when controlling
for fixed effects such that Egyptian manufacturing as a whole lacks sufficient absorptive
capacity to capture these productivity spillovers. HI and, in particular, HT industries in
Egypt are found to have a greater absorptive capacity for foreign technology, with signif-
icant productivity spillovers of between 0.4 and 0.5%. The aggregate growth effects of
foreign technology on total factor productivity (TFP) for all Egyptian manufacturing sectors
are found to be positive and significant, suggesting that the diffusion of foreign technology
is contributing to the country’s long-run economic growth. The specific TFP effects on HT
industries are found to be positive and significant but not for HI ones, suggesting that only
the former industries have attained a possible threshold level of knowledge. GMM estima-
tion confirms the OLS and panel data findings, with overall productivity effects of foreign
technology of around 0.07%, rising to 0.10% for HT industries. The insignificant results for
HI industries however suggest that openness to trade has not enhanced their capacity to
absorb foreign technological progress.

The findings of this study of Egypt generate several important general policy implications
for developing countries regarding the domestic growth effects of foreign technology. A key
benefit derived by developing countries from inflows of FDI is that they are able to enhance
their domestic technology stock without incurring the high cost of innovation, leading to
potential improvements in the productivity of domestic labour. The findings in this paper
however highlight the heterogeneous sectoral productivity effects of foreign technology
according to industry-specific factors, which include the absorptive capacity of their labour
forces and the possible existence of knowledge thresholds. For Egypt, these effects are found
here to be greatest for technology-intensive (HT) industries with less significant impacts on
highly internationalized (HI) industries.
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The general consensus among existing empirical studies is that the spillover effects of
foreign technology are important because they also enhance the domestic stocks of technology
and knowledge (e.g., Madsen 2007; Cassiman and Golovko 2011). The findings here for HI
industries in Egypt however suggest that the productivity effects of trade openness may be
limited if domestic absorptive capacity is insufficient. Policy-makers should therefore promote
the accumulation of local technological competences by prioritising technical assistance and
knowledge transfers from foreign firms (Bozeman 2000).
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