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This paper explores the linkage be-
tween R&D spillovers and produc-
tivity for a sample of Indian manu-
facturing firms for the period 2001-
2012. The R&D spillovers is defined
as the function of R&D (R&D, roy-
alty and technical know-how) and
information and communication
technology (ICT). We consider two
measures of productivity, namely
total factor productivity (TFP) and
labor productivity for analysis. Our
results show that ICT, R&D and
technical know-how impact TFP. For
labor productivity, our results dem-
onstrate that firms that are engaged
in ICT and invest in technical know-
how, are more productive than oth-
ers. Thus, Indian manufacturing
firms need to invest in information
and communication technology,
R&D and technical know-how to
enhance their productivity. There
are strong linkages among ICT,
R&D, technical know-how and pro-
ductivity

Introduction

That the growth of total factor
productivity (TFP) is energized by la-
bor, capital and technology is a well-
established fact in economics. Be-
sides, new studies suggest that inno-
vations, information & communication
technology (ICT), learning and knowl-
edge, trade and R&D spillovers also
enhance the productivity within and
across industries. Many studies indi-
cated that international trade, FDI,
ICT, R&D are the major channels of
R&D spillovers (Miller &Upadhyay,
2000; Blalock & Simon, 2009, Mitra
et al., 2016); however the findings
have been mixed and do not establish
a strong connection among these vari-
ables and productivity.

R&D Spillover & Productivity
Growth

The linkage between R&D and
productivity growth has been brought
into focus by Griliches (1984; 1995).
The empirical literature has analyzed

R&D and its spillovers across coun-
tries, regions and industries. Across
industries and firms level, the relation-
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ship between total factor productivity
growth and R&D expenditure in the pres-
ence of inter-industry and international
spillovers of technology was demon-
strated by Hanel (2000) who stated that
investing in R&D helps firms to innovate,
increase the engineering capabilities and
boost the absorption capacity to imbibe
the industry-wide technologies and ex-
pertise. Essentially, R&D knowledge is
typically set as an important driver of
productivity growth, though this assump-
tion has been challenged by Keller
(1998). At macro level, Grossman &
Helpman, (1990) showed that economic
growth and productivity across countries
can be enhanced through the adoption of
new technology and its spillovers. Inter-
estingly, these studies also revealed that
technology gap between two parties
drives the knowledge and R&D
spillovers. They further demonstrated
that absorptive capacity needs to exist in
the form of R&D to bridge this gap.
Clemes, Arifa and Gani (2003) stressed
and brought the focus on developing hu-
man capital that can act as a catalyst for
R&D spillovers.

The most interesting observation was
given by Jaffe (1986) who demonstrated
some empirical evidence on spillovers by
creating a series on patent applications.
This measure was used to evaluate ho-
mogeneity of research activities in the
group of firms. Jaffe stated that external
and in-house R&D efforts drive and im-
pact the quantity of patent applications
and the market value of the firm. Unfor-
tunately this kind of measure cannot be
constructed for the developing countries
like India due to lack of data of patent

and intellectual properties related infor-
mation.

Cohen and Levinthal (1989) among
others observed that to utilize the indus-
try-wide R&D spillovers, a firm must in-
vest in their own R&D center. They fur-
ther indicated, if a firm in a less devel-
oped country would like to tap the ben-
efit from the international R&D
spillovers, they must purchase sophisti-
cated technology from abroad, and
above all perform in-house R&D to un-
derstand and improve upon the foreign
technology. Park (2004) analyzed the
relationship among productivity growth,
trade and R&D spillovers and found that
foreign R&D capital impacts more than
the domestic R&D to promote total fac-
tor productivity. Besides, productivity is
reported to be higher in export and more
open industries, and the impact of for-
eign R&D capital is found to be stron-
ger in the industries that have larger
import stakes or large intra-industry
trade portions.

‘ R&D promotes innovation
whereas human capital catalyzes
output by private rates of returns. \

Miller and Upadhyay (2000) demon-
strated the roles played by R&D and
human capital in stimulating productivity
growth. It was found that R&D promotes
innovation whereas human capital cata-
lyzes output by private rates of returns.

Especially in the case of India, while
R&D investments had not been very sig-
nificant in local firms, the state is chang-
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ing rapidly following the market reforms
and trade liberalization in the last couple
of years. In the context of India, Raut
(1988) established the linkage among
various R&D inputs like R&D expendi-
ture, technical imports from developed
countries and buying technical know-how
from numerous sources. Further Raut
(1995) worked on a production function
by including R&D capital stock by term-
ing it as the proxy of spillovers. Goldar
(1986) worked out panel data of textile
industry to evaluate the impact of mar-
ket concentration and rate of protection
on total factor productivity.

On the contrary, many researchers
either do not find any concrete linkage
between R&D and productivity
(Basant& Fikkert, 1996; Sharma&
Mishra, 2011) or find a relatively small
influence of R&D spending on firms’
productivity. Therefore, it is intended here
to re-estimate the role of R&D intensity
(R&D), calculated as the ratio of in-
house R&D expenditure to total indus-
trial sales, as a proxy of research and
innovation in India. Besides, it is also in-
tended to take royalty and technical
know-how fees as the proxy of R&D.
The reason for this is that only those
firms, who invest more than 1% of their
sales into R&D, announce their expen-
diture. This will lead us to find the indi-
rect commitment of the firms in research
and development activities.

Information & Communication
Technology

Today firms face a complex and
highly dynamic environment. Information

and communication technology (ICT)
helps managers to gather market intelli-
gence about their competitors, consum-
ers, regulators and partners. ICT helps
disseminate information within and out-
side of the firms that lead to improve
quality and faster turnaround. While it
was Solow (1958) who observed that
sustained long run growth is obtained
through innovations, as per latest litera-
ture on growth (Grossman & Helpman,
1990; Frankel & Romer, 1999) latest
technological tools and processes
emerged as the most important drivers
that fuel innovation and productivity.
Jorgenson (2001) and Stiroh (2002)
termed ICT as the key component of
economic development through augment-
ing the contributions to enhance produc-
tivity. They cited neoclassical growth
theory and termed ICT as an important
input similar to capital and labor in the
production process which contribute to
the output at the organizational level
(Brynjolfsson & Hitt,1995) and also pro-
mote gross domestic product (GDP) at
the national level (Dewan & Kraemer,
2000). Apparently ICT is treated as a
commodity and not a niche technology,
given the evolution it has gone through in
recent years which made it more afford-
able (Lin & Shao, 2006). While the tech-
nology evolution in ICT has been fast
paced that impacted the TFP to a greater
degree, its adoption has been equally
quicker (Oliner & Sichel, 2000).
Demeter et al. (2011) observed that ICT
promotes efficient consumption of inputs
through various means such as leverag-
ing ERP or SCM software, leveraging
better communication within firms and
outside using phone, webcam, internet
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and external facing applications. This
promotes the economic output and thus
TFP.

Atrostic et al (2002) made several ob-
servations on ICT and its impact on pro-
ductivity. They demonstrated that mea-
surement of ICT is often done by ICT in-
vestments in firms. These investments
facilitate faster information dispensation,
new ways of communicating with vendors
and customers and streamline the inter-
nal and external distribution and supply
chain through sophisticated techniques.
This can further reduce the capital needs,
enhance the better utilization of produc-
tion equipment and processes, manage the
inventories in a better way and eventually
lead to higher total factor productivity.
Arvanitis and Loukis (2009) and Atrostic
et al (2002) made a similar observation
that ICT facilitates better communication,
well-timed and extensive transfer of in-
formation; requires lesser staff to carry
out the similar amount of work with much
better decision making. Brynjolfsson and
Saunders (2010) found that ICT helps to
catalyze the productivity as lesser com-
munication and IT costs promote firms to
innovate through new products and ser-
vices. Norton (1992) argued that not only
firms, also the individuals enjoy the ben-
efits of ICT by utilizing the price compari-
son techniques, acquiring the information
at a lower price and faster way and le-
veraging the better jobs for themselves by
employing new communication technol-
ogy. Apparently this improves the overall
economy.

On the contrary, many authors failed
to find a strong link between ICT and

productivity. An interesting observation
was made by Carr (2003) who argued
that due to its high availability, it became
a commodity and hence the investments
in ICT should be less and made with cau-
tion. He added that it is important not to
become a leader to invest in ICT but then
move as a follower to avoid surprises.
Gordon (2010) also raised a question on
the impact of ICT to promote productiv-
ity and stated that it is levied by dimin-
ishing returns. Melville et al. (2004) ar-
gued with a model of ICT business value
based on resource based view and stated
that while ICT investments provide value,
its impact depends on levels of comple-
mentary resources, competitive climate
and general macroeconomic environ-
ment. Baily (2002) demonstrated that
while ICT is an important factor it was
not the only lever to promote productiv-
ity; rather rivalry and globalization were
the growth drivers to promote TFP.
Dedrick et al. (2003) carried out a study
across 15 different countries from 1987
to 2002 and failed to validate the link
between ICT and productivity. More spe-
cifically, Holt and Jamison (2009) ana-
lyzed the impact of broadband (internet-
a key factor of ICT) into productivity.
They stated that broadband has a posi-
tive impact; however they failed to mea-
sure it with any precision.

‘ It is important not to become a
leader to invest in ICT but then

move as a follower to avoid sur-
prises. \

On R&D front, Indian government
has declared 2010-20 as the decade of
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innovation, however the R&D invest-
ment is still far lower in India than in
developed countries and is close to 1%
of its GDP as on 2010. Increasing gross
expenditure to 2% of the GDP has been
a national goal for some time. Achiev-
ing this in next few years is realizable
only if private sector raises its R&D
expense. The gross budgetary support
for science and technology sector that
promotes R&D has significantly in-
creased during the last decade. The im-
pact of such increase is becoming evi-
dent.

India’s ICT policy 2010-2015 has
been a key focus to facilitate computer
education and develop the ecosystem for
information and communication technol-
ogy. The policy has two government
funded schemes, namely, Educational
Technology (ET) and Computer Lit-
eracy. The key goals of ICT policy are
to create an environment to develop
community knowledge around ICT,
nourish an ICT literate community which
can deploy, utilize, benefits from ICT and
build an environment of collaboration, co-
operation and sharing, conducive to the
creation of a demand for optimal utili-
zation of and optimum returns on the
potentials of ICT in education. To
achieve these goals, ICT literacy needs
to be made mandatory in secondary
schools, model curriculum needs to be
created at the national level and states
need to replicate it, investments have to
be made to build appropriate infrastruc-
ture (network, connectivity, hardware,
software), skill development has to be
stressed upon across all levels, digital
contents need to be adopted and most

importantly implementation and monitor-
ing need to be put in place.

In this paper, the panel data for two
Indian manufacturing industries have
been taken for the period of 2001-2012
to estimate how productivity of the firm
influenced by its own R&D, royalty, tech-
nical know-how fee, and ICT expendi-
ture. We create the series for R&D in-
tensity, royalty intensity, ICT intensity,
capital series, labor days and gross value
added. To find the relationship among
these factors, we will first estimate the
TFP using Levinsohn and Petrin (2003)
methodology. Following that we will run
the fixed effects model, and random ef-
fects to test our empirical model. Finally,
we will conduct the Hausman test to fig-
ure out which model fits into our bill.

The Research Problem &
Contribution

This study defines the R&D spillovers
by R&D, royalty and technology know-
how and ICT and finds its linkages with
TFP and labor productivity. While re-
searchers tried to find the linkages be-
tween R&D spillovers and productivity
previously, however no one defined R&D
spillovers using R&D and ICT, the way
this paper does, though many research-
ers tried to find the relationship among
R&D and ICT and productivity separately.
The contributions of this study to the ex-
isting knowledge are many as outlined
below: Firstly, in order to validate the R&D
spillovers- productivity link, many previ-
ous studies have not taken ICT and R&D
together into account. We have taken
R&D expenses and ICT expenditure as
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the R&D spillovers and tried to find their
linkages with TFP and labor productivity.
Secondly, there is a huge issue related to
the R&D expenses in developing coun-
tries like India; if the firm’s R&D ex-
penses are less than 1% of the sales, it is
not declared. This creates an issue on de-
veloping any model that comprises R&D.
This issue was dealt by taking royalty and
technical know-how fee as the proxy of
R&D in our paper. Third, we used R&D
intensity rather than a binary variable be-
cause of the fact that it tells us how much
firms spent on R&D as a factor of its sales,
as the R&D intensity of firms varies from
less than 1% to 100%. Therefore placing
same weight or number, for example 1, to
those firms that are spending in R&D is
problematic. Additionally, the use of R&D
intensity is justified as it is an important
indicator of the firm’s participation in tech-
nological innovation. A similar approach
has been adopted for ICT intensity which
is termed as ICT expenditure as a pro-
portion to industrial sales. Fourth, most of
the previous studies considered only total
factor productivity and ignored labor pro-
ductivity which should have been a more
appropriate measurement of productivity
in the context of developing countries like
India where the firms are more labor in-
tensive. Therefore, in this paper, both, TFP
and labor productivity have been taken into
account. Fifth, the production function to
calculate the TFP to depict firm’s perfor-
mance is a debatable topic in this area of
research. To avoid the bias, many authors
used innovative method of econometrics
— fixed effect& random effect models
along with Hausman test (Raut, 1995). We
will also use the same. This provides the
most consistent and unbiased estimates

when compared to the previously used
methods. Finally, the available literature
on this issue did not cover Indian manu-
facturing firms especially with R&D and
ICT taken together to find out their link-
ages with TFP and labor productivity.
There are rarely any studies available in
the Indian context that shares the evidence
by using firm-level data with the most re-
cent period.

Data & TFP Estimation

Prowess database is used to col-
lect the information of Indian manufac-
turing firms from 2001 to 2012. Our
sample covers 2 industries: computers
(42 firms) and machine tools (56 firms).
We selected these industries for analy-
sis due to two reasons: first, the im-
portance of the industry in the domes-
tic economy in terms of employment
generation, technology adoption, R&D
& ICT expenditure and second, the
relative magnitude of the industry in
prowess database. Primarily we se-
lected the industries where we have
sufficient number of firms. Besides, the
industries were also chosen based on
the availability of the data. Firms where
the data were missing for more than
one year in the database have been
excluded in this analysis. The data se-
ries extracted for the analysis are in-
dustrial sales, employee compensation,
ICT expenses, expense incurred in raw
material, power, fuel and energy, R&D.
expenses, royalty and technical know-
how fees, fixed capital and number of
employees. As Prowess database does
not provide the information about the
number of workers employed by the
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firms, we obtained this information by
first calculating the average wage rate
for the industry (total employee compen-
sation/ number of workers) and then di-
vide each firm’s compensation by the
average wage rate of the industry to
derive the information about the num-
ber of workers. The data series used in
the analysis are deflated with appropri-

ate deflators keeping base year 2001
before any econometrics treatment.

Variables used in this paper, their
definitions, deflators if applicable and
sources are given in Table 1.

The descriptive statistics of the data
series are presented in Table 2.

Table 1 Variables used, definitions, deflators & the sources

Variable Definition Data Source
Output (Q) Gross value added to the firm Prowess

deflated by industry specific WPI obtained from Office of the

Wholesale Price indices (WPI) Economic Adviser (OEA), the

Ministry of Commerce &Industry
India (http://eaindustry.nic.in)

Labor (N) Number of workers Prowess
Capital (K) Fixed Capital Stock of the firm Prowess

deflated by Consumer price index CPI obtained from Reserve Bank of
. India (http://www.rbi.org.in)
Raw material, Deflated annual expenses on raw Prowess
power and fuel material, power and fuel
ICT intensity Annual information and Prowess

communication technology exp

enditure/ industrial sales
R&D Intensity Annual R&D expenditure of Prowess

the firms / industrial sales
Royalty Intensity ~ Annual royalty and technical Prowess

know-how fee expenditure/ earnings

of the firms / industrial sales
Table 2 Descriptive statistics of the data series
Variable Obs Mean Std. Dev. Min Max
ICT Intensity 400 0.4181568 2.203593 0.000374 27.1875
R&D Intensity 230 0.164065 0.6947405 0.0000594 5.998588
Royalty Intensity 108 0.0259929 0.0553159 0.0001142 0.489579
Log(Labor) 626 4.425037 1.913617 -1.304681 8.810268
Log(Capital) 633 4.13249600 2.0005860  -2.52616100 9.989167
Log(GVA) 585 4.369347 2.119729 -2.620464 9.41659
Sales 640 1025.819 2703.407 0.1 22045
Log(Raw Material, 612 4.250265 2.341221 -2.302585 9.267599
Fuel and Water)
Labor Productivity 626 1.229565 3.343501 0 80.46279
TFP 578 2.743067 2.486385 0.007622 29.39876
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Empirical Models

To compute the TFP of each indus-
try, we follow Cobb-Douglas production
function as described in equation (1)

InQ,=B,+B,In K, +,In N, +oit+uit
............................ (1)

Here Q, N and K are the firm’s out-
put (value added), workers and capital
respectively in of i firm in period t. The
error has two components: the transmit-
ted productivity component (@) and an
error term that is uncorrelated with input
choices (u). The important difference
between w and u is that the former is a
state variable therefore affects the firm’s
decision rules. It is not observed and it
can impact the choices of inputs, leading
to simultaneity problem in production
function estimation. To avoid this prob-
lem, the production function can be mod-
eled as:

B;InN +o(InK ,InM,,InF,)+u,
2

Where M is intermediate input ma-
terial and F is power and fuel. In the
model

e(InK,,InM_,InF, )= +B,InK +
oit(InK,InM, ,InF )................... (3)

To use the OLS estimator, we sub-
stitute a third-order polynomial approxi-
mation InK, InM and InF in the place of y
(In Kiijt, In M ijt, InF ijt)and we estimate
2 and intercept B1. This is the first stage
of the estimation routine from Levinsohn
and Petrin (2003).

The second stage of the routine iden-
tifies the coefficient B2. It begins by
computing the estimated value for ®t us-

ing

For any candidate value 2, we can
compute a prediction for wt for all peri-
ods tusing

@ =Q — By Koo (5)

Using these values, a consistent
(nonparametric) approximation to
E (w, | w,_,) isgiven by

2 3
WO =Y T VO TV 0, T Y30+ &

Residuals of production function are
computed as:

n+g =In ((27)_:@. In N, _:@ In Ks +E(@ | aLl)

We estimate the production function
by minimizing the following model

Y (INQ -4 InN,—4 InK, +E(@|e.,))’
I UTTRTRURTRT (8)

Finally, TFP is estimated as
o, =InQ, -4, NN, -4, InK, .....(9)

In this study, all estimation is con-
ducted using Stata-version 12 and
Eviews-version 8.

Descriptive Statistics

Table 3 shows the preliminary obser-
vation among various categories in terms
of R&D engagement and ICT expendi-
tures. It shows some basic descriptive sta-
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Table3 Primary observations among various categories pertain to R&D & ICT engagements

Average TFP Average Average Average Average

Sales Workers Capital Labor

Productivity

ICT spending 3.0271 1178.2665 570.3985 649.2298 1.1279

No ICT spending 1.97 446.8025 306.8992 369.8069 0.5885

Engaged in R&D 3.47 2085.8530 890.3786 1042.8625 1.3713

Not engaged in R&D 2.03 558.7286 398.4200 458.5994 1.2064

Not engaged in R&D and 1.0506 339.3287 307.5576 346.3398 1.0403
no ICT spending

Two Way engagement 3.6884 2458.4556 830.7416 1397.0946 1.4712

(ICT and R&D)

tistics of our sample firms engaged in R&D
and ICT spending. It is evident that firms
that are not engaged in ICT spending, are
not involved in R&D, or smaller in terms
of sales, capital and number of employees.

Interestingly, the highest average TFP
and labor productivity were recorded by
two way engagements (firms engaged in
R&D and ICT spending) followed by
those who are engaged in R&D and those
who are engaged in ICT spending. These
results are in line with the findings of
Andersson, Loof and Johansson (2008)
on Swedish, and Sharma and Mishra
(2015) on Indian firms.

R&D Spillovers: Linkages with
TFP & Labor Productivity

The basic premise of this paper is that
R&D spillovers are accelerated through:

e R&D, royalty and technical know-
how (Goldar, 1986;Raut,1995;
Sharma, 2014)

e ICT adoption-technology evolution
fuels R&D spillovers and learning
(Brynjolfsson & Hitt, 1995; Dewan
& Kraemer, 2000;Lin & Shao, 2006)

In short, we consider R&D spillovers
as a function of R&D and ICT adoption.

Our baseline model to examine the
effect of ICT & R&D on productivity
performance is given as:

InP, = 4, + B, R&DINT, + B,RtyINT,
+B, ICTINT, + @, + &, oo (10)

Here B0 is the intercept; R&DINT
indicates R&D intensity. RtyINT refers
to royalty intensity. ICTINT represents
ICT intensity. ¢, is the unobserved ran-
dom first specific affect. g, is the error
term that is also called disturbance term.i
is the firm and t is the time period.

As the first step of our study, we
carry out a pooled regression the outcome
of which is presented in Table 4. How-
ever this can be biased due to
endogeneity.

Econometrics Issues
While estimating equation 10,

endogeneity (correlation between unob-
servable productivity shocks and input
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Table 4 Outcome of pooled regression

Variable TFP Labor Productivity
Intercept 2.736149 *(6.38) .8474253 *(4.92)
ICT Intensity 2.065569 *(4.3535) 5.3184873 *(4.52)

R&D Intensity
Royalty Intensity

11.16094 *(5.63)
1.096227 **(1.43)

9.3729904(7.31)
-.9083647(-1.13)

R2 0.3323 0.5989
Adj. R2 0.2838 0.5697
No. of observation 2532 2532

Note: t-statistics in brackets
* Significant at 5% level
** Significant at 10% level

Table 5 Comparative Analysis among OLS, Fixed Effects, Random Effects and LP Estimators

Parameters OLS Fixed Effects Random Effects Levinsohn & Petrin
Labor .8589(21.05) .3316(5.42) .5603(8.03) .5108(4.04)
Capital .4132(8.90) .3705(4.67) .3527(6.42) .2645(2.89)
Sum 1.2721 0.7021 0.913 0.7753

Note: figures in brackets depict t-statistics for the first three columns and z-statistics for the last

column

levels) looks to be a big issue and this
can lead to biased estimation and incor-
rect results. Let us see how the outcome
of pooled regression can be biased with
respect to fixed effects, random effects
and Levinsohn and Petrin (2003) meth-
ods for our sample firms. As it is evident
from table 5, only OLS implies increas-
ing returns for the equation. Whether the
OLS coefficient on capital will be biased
upward or downward depends on the
degree of correlation among the inputs
and the productivity shocks. In this par-
ticular application, the OLS estimate is
more than the LP (Levinsohn and Petrin)
estimate that validates the basic premise
of Levinsohn and Petrin (2003) that due
to productivity shocks, the endogeneity
problems occurs. The fixed effects and
random effects estimate differs from both
the OLS and LP estimates. One expla-
nation is that the magnitude of each firm’s

productivity shock varies over time and
is not a constant fixed effect.

To resolve the econometrics issues
associated with equation 10, fixed effects
model or GMM(generalized method of
moments)estimation (instrumental vari-
ables) can be used. Fixed effects model
(FEM) primarily takes care of heteroge-
neity that may exist among the firms from
our two industries. GMM estimator was
developed by Arellano and Bover (1995)
and Blundell and Bond (1998). The
Blundell and Bond estimator (also termed
as the system GMM estimator) combines
the regression expressed in first differ-
ences (lagged values of the variables in
levels are used as instruments) with the
original equation expressed in levels (this
equation is instrumented with lagged dif-
ferences of the variables) and allows us
to include some additional instrument
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variables. For our purposes, we will solve
the endogeneity issue using fixed effects
model. To select whether fixed effects
model is better or the pooled regression,
we will conduct a restricted F test.

Treatment of Econometrics Issues

To deal with the issue of heteroge-
neity, fixed effects model creates the
dummy variables (firm specific dummies
and time period dummies) using the fol-
lowing equation:

InP, = 8, + 8, R&DINT, + B,RtyINT,

+ 3, ICTINT, + B,FDUMMY,, +...

Table 6 Outcome of Fixed- Effects

oot B, FDUMMY, . + ¢, + &,

Equation (11) shows the firms dummy
denoted by FDUMMY

Similarly time dummies are denoted by
YDUMMY in the equation 12 as below:

InP, = B, + B, R&DINT, + §,RtyINT,
+ B, ICTINT, + BLYDUMMYj, +...
oot B YDUMMY ¢, + @, + &,

We carry out fixed effects analysis the
results of which are shown in Table 6

Variable TFP Labor Productivity
Intercept 2.091667 *(5.23) 1.03990 *(2.36)
ICT Intensity 1.34562 *(4.38) 1.0908 **(1.43)

R&D Intensity

Royalty Intensity (technical know-how)
Prob. > F

R2

Adj. R2

No. of observation

4.855704*(5.46)

4.060016(0.83)

12.2240 *(4.39) 8.6609 *(6.98)
0.0029 0.0000

0.7109 0.7922

0.6233 0.6809

2532 2532

Note: t-statistics in brackets
* Significant at 5% level
** Significant at 10% level

It is evident that ICT intensity,
R&D intensity and royalty intensityare
significant when regressed with TFP.
The same when regressed with labor
productivity, we get only ICT intensity
and royalty intensity to be significant.
The reason for the discrepancy in R&D
with respect to labor productivity could
be due to non-reporting of R&D ex-
penses data. In India R&D expenses
are usually reported only if they are

more than 1% of total sales hence some
of the firms may not have reported
their R & D expenditures in their an-
nual reports and were thus not in-
cluded.

Apparently our results indicate that
ICT, R&D and technical know-how
(through royalty intensity) impact the
TFP. For labor productivity, ICT and tech-
nical know-how (at 10% level) play an
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important part whereas R&D doesn’t
look to play any role.

In the random effects model, our
equation will be modified as:

INP, = B, + B, R&DINT, + B,RtyINT,

Table 7 Outcome of Random- Effects

+ 5, ICTINT, + @,

We estimate equation (13) the out-
come of which is shown in Table 7

Variable TFP Labor Productivity
Intercept 3.1992 *(2.98) .7298 *(5.12)
ICT Intensity 2.3350 **(1.61) 1.1990(0.18)

R&D Intensity

Royalty Intensity (technical know-how)
R2

Adj. R2

No. of observation

1.2997 *(4.62)
12.0233 *(4.21)

:3601936(0.12)
8.1299 *(4.82)

0.4267 0.4903
0.3902 0.4562
2532 2532

Note: t-statistics in brackets
* Significant at 5% level
** Significant at 10% level

On regressing the factors with TFP,
ICT intensity (10%), R&D intensity and
royalty intensity are significant. This in-
dicates that R&D and its proxy, techni-
cal know-how and ICT, play an impor-
tant role to influence TFP.

‘R&D and its proxy, technical
know-how and ICT, play an impor-
tant role to influence TFP. \

Further, we observed that, for labor
productivity, only royalty intensity is sig-
nificant.

Having estimated fixed effects and
random effects models, we see a slight
difference between the two. To evalu-
ate which model is better in the present
example depends on the assumption
made on the likely correlation between

the cross-section specific error compo-
nents (g,) and the regressors. On assum-
ing that ,and regressors are uncorrelated,
random-effects model may be appropri-
ate, however if they are correlated, fixed
effects model would be appropriate. This
can be evaluated by Hausman test.

Our null hypothesis for Hausman test
states that random effects model is ap-
propriate whereas alternate hypothesis
states that fixed effects model is appro-
priate.

Itis evident from TFP and Labor Pro-
ductivity in table 8 that probability
(prob>chi2) is more than 0.0500 which
means that we need to reject the null hy-
pothesis and accept the alternate hypoth-
esis. This proves that our fixed effects
model is appropriate for TFP as well la-
bor productivity. From the random effects
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Table 8 Outcome of Hausman test

Test Summary

Fixed Effects

Random Effects

Chi-sq. d. f. 5.33 9.02
Prob>chi2 0.03789 0.5903
Test Summary for TFP Fixed Random Var(Diff.) Sqrt(diag(V_b-V_B)) S.E.
ICT Intensity 1.34562 1.0908 0.25482 1.470109
R&D Intensity 4.855704 4.060016 0.795688 13.172
Royalty Intensity 12.2240 8.6609 3.5631 5.7844
Test Summary for Labor Fixed Random Var (Diff.) Sqrt (diag (V_b-V_B)) S.E.
Productivity

ICT Intensity 2.335 1.199 1.136 0.57212
R&D Intensity 1.2997 0.360193 0.939507 5.7889
Royalty Intensity 12.0233 8.1299 3.8934 2.3345

model, it is evident that linkages among
ICT intensity,royalty intensity, R&D in-
tensity and TFP exist. For labor produc-
tivity, the results show that ICT intensity
and royalty intensity are the key factors
that influence it.

‘ From the random effects model, it
is evident that linkages among

ICT intensity,royalty intensity,
R&D intensity and TFP exist. \
Conclusion & Policy Suggestions

Our preliminary analysis results in-
dicate that, in general, firms that are en-
gaged in ICT (188%), R&D (230%) and
both ways (251%) are more productive
than those that are not engaged in ICT
and R&D for TFP. The same population
shows, firms that are engaged in ICT
(8%), R&D (31%) and both ways (42%)
are more productive than others in terms
of labor productivity.

To find out the impact of R&D
spillovers on TFP and labor productiv-

ity and to avoid the issues of serial cor-
relation, we adopted a two pronged ap-
proach. Firstly we chose correct pa-
rameter estimates and then conducted
fixed effects and random effects analy-
sis, secondly we performed Hausman
test to draw conclusion on choosing the
right model for our analysis. As a final
outcome, we observed that random ef-
fects model was the best fit for our
analysis.

Our sample shows that linkages ex-
ist among ICT, R&D and technical
know-how (royalty) and TFP. It is simi-
lar to the work done by Griliches et al.
(1995) on R&D and productivity and
Arvanitis and Loukis (2009) and Atrostic
et al.(2002) on ICT and productivity,
however all these researches are car-
ried out individually. Further, we ob-
served that, ICT and technical know-
how (royalty) impact labor productivity.
Here, R&D does not appear to play any
role and this could be due to the fact
that Indian firms do not disclose their
R&D expenses if the expenditure is less
than 1% of the total sales.

The Indian Journal of Industrial Relations, Vol. 51, No. 4, April 2016

575



Awadhesh Pratap Singh

Therefore, based on these findings,
it could be argued that R&D and ICT
led growth policies appear to be favor-
able in India. Considering India’s posi-
tion in terms of growing engineering, sci-
entific and IT-skilled community, a large
pool of highly-skilled labor force and
strong private sector, the country can
push its stagnant manufacturing industry
to invest more on the R&D. At the same
time, the country needs to invest in ICT
to fuel productivity.ICT can be promoted
by facilitating computer education, skill
development and developing an ecosys-
tem for information and communication
technology. Most importantly, govern-
ment should build appropriate infrastruc-
ture (network, connectivity, hardware,
software) and endorse digitalization (de-
veloping digital contents across) that aug-
ment ICT.

From our research it is also convinc-
ing that government policies should fo-
cus on research & development and ICT
reforms to fuel the productivity growth.
Furthermore, the significant impact of
ICT on labor productivity is crucial for
India because R&D spillovers through
ICT could compensate the well-known
poor R&D efforts of manufacturing
firms in India. Overall it appears that
R&D spillovers, productivity gain and
modernization of firms through R&D
and ICTare closely linked in the Indian
machine tools and computer manufac-

R&D spillovers through ICT could
compensate the well-known poor

R&D efforts of manufacturing firms
in India.

turing, which is an encouraging sign for
the future. Finally, the findings of present
study provide scope for future studies
taking up the large sets of data for het-
erogeneous businesses and re-validate
whether R&D and ICT led productivity
is a myth. Further research can be car-
ried out to the specific nature of the
R&D policies as to how they are influ-
enced by factors like weaker intellec-
tual protection, ways to dissipate public
domain knowledge and industry learn-
ing. Likewise further research on ICT
policies can be carried out such as on
the impacts by the firm’s policies on con-
nectivity, hardware, software and net-
work.
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