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This article estimates the contribution of 
digitalisation to productivity growth and examines 
the Solow Productivity paradox for India. The analysis 
indicates that the contribution of Information and 
Communication Technology (ICT) to output growth 
increased from 5.0 per cent in 1981-1990 to 13.2 per 
cent during 1992-2023. On average, the ICT sector’s 
productivity fared better than the non-ICT sector for the 
whole sample period.

Introduction

Digitalisation, a form of innovation, is expected 

to improve productivity in the long run (Solow, 1987). 

First, digital technologies let businesses innovate 

by streamlining operations and lowering expenses 

associated with communications with clients and 

suppliers (Akerman et al., 2013). Second, information 

and communication technology (ICT), when used as 

an input in the production process, also improves 

productivity via deepening. Third, companies can 

reduce their ICT expenditures and associated costs 

like energy, labour and maintenance by switching 

from owning ICT assets to acquiring ICT services. 

The economy’s overall productivity performance may 

eventually benefit from these savings as they improve 

resource allocation and increase efficiency (van Ark, 

2020).

Some studies have contended that the rise of 

the new digital economy has not been accompanied 

by a subsequent rise in productivity (van Ark, 2016). 

Moreover, the recent work of Acemoglu et al. (2014), 

Brynjolfsson and McAfee (2014) and Bartelsman 

et al. (2017) do not find any significant impact of 

digitalisation on productivity. These studies have 

reignited discussions over Robert Solow’s 1987 

“productivity paradox” resurgence in the light of 

sluggish global productivity growth.

Following the global trend, India is also 

experiencing rapid digitalisation, and the impact of 

digital goods and services on India’s economic growth 

has become more pronounced, especially after the 

COVID-19 pandemic (Gajbhiye et al., 2022). While a 

host of studies examine the existence of a productivity 

paradox in advanced economies, especially OECD 

countries, there are limited studies that enrich 

understanding of the existence of a productivity 

paradox in emerging market economies like India. 

In this light, this article examines the existence of a 

productivity paradox in India.

Following Das and Erumban (2016), the effect 

of digitalisation1 on productivity is assessed through 

two separate channels - (i) the contribution of ICT as 

an input in driving output and labour productivity 

growth and (ii) estimating the productivity potentials 

by examining the differential between ICT sector 

and non-ICT sector. The remaining sections of 

the article are arranged as follows. Section II deals 

with the literature survey on digitalisation and the 

productivity paradox. Section III describes the data and 

methodology used in this paper. Section IV presents 

the results of the empirical analysis for digitalisation 

and the productivity paradox for India. Finally, the 

last section concludes the study.

II. Literature Review

The weak association between ICT and 

productivity was described as “computer is everywhere 

except in productivity statistics” –known as the 

“Solow Paradox” in literature. Early studies on ICT and 
^ The authors are from the Department of Economic and Policy Research, 
Reserve Bank of India, Mumbai. The views expressed in this article are 
those of the authors and do not represent the views of the Reserve Bank 
of India.

1 As per OECD (2020) the extent of digitalisation can be measured by 
estimating the contribution of the ICT sector to economic growth.
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productivity found evidence of the Solow paradox and 

found an insignificant relationship exists between 

ICT and productivity (Berndt and Morrison, 1995; 

Brynjolfsson and Yang, 1996; Franke, 1987). Schreyer 

(2001) argued that when ICT was at its infant stage, its 

share in the total economy was too low, and hence, it 

was not reflected in productivity. Further, using ICT 

in a wide range of activities and internalising its full 

benefits take a long time (Basu and Fernald, 2007).

Brynjolfsson (1996) found that labour and capital 

in the Information Technology (IT) industry have 

a substantial relationship with output and that the 

marginal products of IT industries are larger than 

those of non-IT industries. According to Brynjolfsson 

and Hitt (2000), IT capital increased output growth and 

productivity in the short term (with a one-year lag), but 

the impact was five times larger in the long term (with 

a five to seven-year lag). Siegel and Griliches (1992) 

found a significant positive relationship between 

computer investment and productivity growth in 

developed economies.

van Ark and Inklaar (2006) found that the 

association between the use of ICT and productivity 

was U-shaped, which suggests that returns of ICT 

investment are initially followed by a period of 

experimentation, during which it shows a negative 

relation with TFP growth. In the later phase, 

productivity gains are realised in line with the 

marginal cost of ICT. In a related study, van Ark (2008) 

found that the slower development of the knowledge 

economy in Europe relative to the US was the cause 

of the decline in productivity in that continent. 

According to these findings, higher IT investment is 

linked to higher productivity growth rates.

The productivity paradox seems to have surfaced 

again. The recent trends in global productivity 

indicate that despite the increasing adoption of 

digital technology, particularly in the form of cloud 

computing, i-cloud, big data, and robotics across the 

globe, there has been a fall in productivity growth 

in both advanced economies as well as emerging 

economies (Conference Board total economy database). 

Gopane (2020) confirmed the emergence of a new 

productivity paradox with accelerated digitalisation 

in the production process that is not manifested 

in productivity growth statistics. All these studies 

have reinvigorated discussions on Solow’s 1987 

productivity paradox. Some authors point out that 

digital technologies have had only a transitory impact 

on productivity and will not fundamentally alter long-

term living standards (Gordon, 2012). Others argue 

that firms are in the learning phase, and there is a 

time lag between digital technology adoption and the 

effect to be reflected in TFP numbers (van Ark, 2016). 

Moreover, even with new empirical research, there are 

limited studies that deepen the understanding of the 

productivity paradox in emerging market economies.

For India, Jorgenson and Vu (2005), using 
ICT spending data from the World Information 
Technology and Services Alliance (WITSA), 
estimate the total investment in ICT in the 
economy.  Erumban and Das (2016) found an 
increased contribution from ICT investment 
to India’s overall economic growth, mostly 
focused on the service sector. This article builds 
on Erumban and Das (2016) in two ways - first, 
it directly examines the productivity paradox 
for India using regression techniques and 
analyses the productivity difference between the 
ICT and non-ICT sectors. Erumban and Das (2016) 
have used shift share and Domar aggregation2 
analysis to identify the contribution of ICT and 
non-ICT sectors to aggregate TFP growth in India. 
Secondly, the present study covers a larger period 
from 1980 to 2019 and uses Conference Board 
and India KLEMS datasets.

The literature has segmented the digital 

2 Domar aggregation is a weighted sum of industrial productivity growth, 
with the sum of its weights higher than unity in input-output economies 
(Santini and Araujo, 2021).
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economy into ICT-producing and ICT-using sectors 

(Mesenbourg, 2011) - the former produces ICT 

infrastructure while the latter uses ICT for another 

economic process. van Ark (2003) has also provided a 

classification of industries based on ICT usage. Based 

on van Ark (2003), 27 KLEMS industries are classified 

into ICT-using, ICT-producing and non-ICT industries. 

In addition to van Ark, Erumban and Das (2016) have 

also classified KLEMS industries in a similar way. 

Based on van Ark (2003), the contribution of ICT 

and non-ICT to labour productivity and TFP growth 

is examined. Lastly, it also tests whether there is any 

significant difference in the productivity of ICT and 

non-ICT industries.

III. Data and Method

The study uses the growth accounting approach 

suggested by Jorgenson et al. (2007), which is as 

follows:

 (1)

In the above equation, the total economy value 

added (Y) is obtained by summing up industry value-

added growths. K and L denote the growth of 

factor inputs - capital and labour. The capital input 

is segregated into ICT capital and is denoted as ICTK 

,and non-ICT capital is denoted as ICTnonK.  is the 

average share of two consecutive years of ICT capital 

in aggregate value-added,  is the average share 

of two consecutive years of non-ICT capital in value-

added growth.  is the two consecutive years average 

share of labour in aggregate value-added. ΔTFP is 

growth in aggregate TFP growth.

By subtracting employment growth rates from 

both sides of equation (1), the following equation is 

obtained:

 (2)

In equation 2,  represents labour productivity 

growth,  and  represents growth in 

capital deepening,  represents growth in labour 

quality3. Equation 2 shows the ICT capital investment’s 

contribution to labour productivity growth.

To estimate the above equation, the study utilises 

the KLEMS-India dataset published by the RBI. The 

KLEMS framework measures factor inputs within the 

production function approach, while incorporating 

a quality index in input measurement. For instance, 

labour input categorises educational attainment to 

address productivity variations between low and high-

skilled labour services. Similarly, the measurement of 

capital stock accounts for asset heterogeneity. The 

gross value added (GVA) data in KLEMS are derived 

from India’s National Accounts Statistics (NAS).

Labour data are based on quinquennial 
Employment Unemployment Survey (EUS) rounds 
for 1991-2016 and Periodic Labor Force Survey 
(PLFS) data for 2017 onwards. Employment and 
wage data are categorised based on the skill level 
of workers defined by education categories. Wage 
rates for self-employed workers are estimated 
using the Mincer equation (KLEMS Manual, 2023). 
Capital input data in the KLEMS framework is 
estimated from NAS data by obtaining investment 
data categorised by asset type. The capital stock is 
estimated using the perpetual inventory method, 
assuming an 8.0 per cent depreciation rate for 
machinery, 2.5 per cent for construction, and 10.0 
per cent for transport equipment, respectively 
(KLEMS Manual, 2023). The rental price of capital 
represents the external rate of return. Capital 
input at the total economy level is segregated into 
ICT and non-ICT capital using data from the Total 
Economy database (2023), Conference Board, 
published by Groningen University, Netherlands.

IV. Effect of ICT on GVA and Productivity Growth

3 The contribution of labour is split into the contribution of pure 
employment quantity and labour quality.
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As seen from Chart 1a, the share of the ICT sector 

in the total economy GVA increased over time. In 

particular, this is true for ICT-using services, whereas 

the share of non-ICT service sectors and non-ICT 

other sectors (agriculture, mining, construction, 

electricity) has declined. The share of ICT-producing/

using manufacturing sectors, on the other hand, has 

remained constant over time (Chart 1a and 1b).

The contribution of ICT capital as an input 
to GVA and labour productivity growth is further 
analysed by estimating Equations 1 and 2 
described above. The decomposition results show 
that ICT capital services, on average, contributed 
5.0 per cent to output growth during 1981-91 and 
this contribution increased to about 16.0 per cent 
during 1992-2000 and 14.3 per cent during 2001-
2010. Subsequently, it moderated to 10.3 per cent 
during 2011-2023 (Chart 2a). The share of ICT 
capital deepening to labour productivity growth 
rose from 8.4 per cent in 1981-90 to 20.8 per cent 
during 1992-2000 and 17.4 per cent during 2001-
2010, suggesting an improvement in the role of 
ICT capital investment in catalysing output and 
productivity growth during the 1990s and 2000s. 

The share of ICT capital deepening to labour 
productivity growth fell to 11.3 per cent during 
2011-23 (Chart 2b). These results indicate that 
during 1980s to 2000s, the contribution of ICT to 
productivity was high, refuting the productivity 
paradox but the paradox appears to have emerged 
in the; post-2010s period consistent with the 
global trends (Sayeh, Dabla-Norris and Kinda, 
2023).

Is the Difference in Productivity Statistically 
Significant?

It is observed that, on average, the performance of 

the ICT sector is better than that of non-ICT in terms 

of partial and aggregate productivity. Next, in order 

to examine if the productivity difference between 

ICT and non-ICT sectors is statistically significant, the 

following regression equations are estimated.

 (3)

 (4)

In Equation (3),   is the total factor productivity 

growth rate, i is the industry, and t is the year (1980-

2020). ICT is the industry dummy and takes the value 
of 1 if the industry is ICT and 0 otherwise.  is a vector 

Chart 1: Sectoral Share in GVA

Note: Classification adopted from Erumban and Das (2016). Non-market services include health, social work, education, public administration and defence.
Source: Authors’ calculations.
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of control variables, including labour quality, capital 
quality and total capital stock. Additionally, industry 
and time-fixed effects have been controlled.  is the 
estimated average productivity growth rate for the 
non-ICT industry and  is the estimated average 
productivity growth rate for ICT industry. Therefore, 
 shows the difference in the productivity growth rate 

of the ICT and non-ICT industries. In Equation (4),  
is the annual labour productivity growth rate, and all 
other variables are the same as in Equation 3.

The results from Table 1 show that, on average, 
the ICT sector’s productivity performance, which 
includes both ICT-producing and ICT-using sectors, 
is higher than the non-ICT for the entire period 

1980-2020. Next, the model was run for different 
sub-periods. It is found that the productivity impact 
of ICT was the highest from 1980 to 2010. However, 
during the period from 2010 to 2020, the productivity 
differential between the ICT sector and the non-ICT 
sector was insignificant, consistent with the post-GFC 
productivity slowdown observed in many parts of the 
world.

These results are corroborated in Table 2. In 
terms of labour productivity growth, the ICT sector 
performs better than the non-ICT sector for the full 
period and subsequent sub-periods. Although a 

slight moderation in labour productivity growth is 

observed in the last decade, overall, the ICT sector’s 

Table 1: Regression Results for Total Factor Productivity Growth
∆P ∆P ∆P ∆P ∆P

1980-2020 1980-1990 1990-2000 2000-2010 2010-2020

ICT Sector Dummy 0.16***

(3.46)
0.31*
(1.83)

0.52
(1.39)

0.68*
(1.99)

-0.31
(-0.91)

Non-ICT Sector Dummy 0.12*

(2.69)
0.27

(1.56)
0.45

(1.24)
0.60*
(1.82)

-0.33
(-0.99)

Difference of ICT over non-ICT 0.04***

(5.46)
0.04***

(9.15)
0.07*

(2.69)
0.07**

(3.24)
0.01

(1.33)

N 1053 243 243 243 243

Note: No cross- sectional dependence in the data was found and all the variables were panel stationary.
* p < 0.05, ** p < 0.01, *** p < 0.001
Source: Authors’ calculations.

Chart 2: Contribution of ICT Capital to GVA and Productivity Growth

Note: *1991 and 2020, the post-economic crisis and COVID years, respectively, are removed from the analysis due to negative labour productivity growth. 
Source: Conference Board; and Total Economy Database, 2023.
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productivity performance was better than that of the 

non-ICT sectors.

ICT-using vs ICT-producing industries

To identify the productivity differences between 

ICT producing and ICT using sectors, the following 

regressions are run for the disaggregated ICT sectors:

 (5)  

 (6)

A dummy for ICT-using and producing industries 
is introduced in equations (5) and (6). The dummy 

takes a value of 1 if the industry is ICT-using and 0 if 

it is ICT-producing.

From Table 3, it is found that, on average, the 

productivity performance of ICT-producing industries 

was better than that of ICT-using industries. Further, 

from Table 4, in terms of labour productivity, the 

ICT-producing sector also outperforms the ICT–using 

sector. The moderation in the labour productivity 

growth of the ICT sector in 2000-2020 is attributable 

to the moderation in the labour productivity growth 

rate of ICT–using industries. Hence, industries 

Table 2: Regression Results for Labour Productivity Growth
∆LPG ∆LPG ∆LPG ∆LPG ∆LPG

1980-2020 1980-1990 1990-2000 2000-2010 2010-2020

ICT 0.074
(1.06)

0.451*

(2.26)
0.334
(1.03)

0.740*
(2.11)

-0.64
(-1.53)

Non-ICT 0.070 0.42* 0.27 0.71* -0.523

(1.06) (2.18) (0.91) (2.12) (-1.43)

Difference over non-ICT 0.0036
(0.72)

0.031**

(3.83)
0.0586**

(2.52)
0.027*
(1.82)

-0.046*

(-2.75)

N 1014 234 234 234 234

Note: No cross-sectional dependence in the data was found; all the variables were panel-stationary.
 *, **and *** indicate statistically significant at 5 per cent, 10 per cent and 1per cent level.
Source: Authors’ calculations.

Table 3: Regression Results for Total Factor Productivity Growth
∆P ∆P ∆P

1980-2020 1980-2000 2000-2020

ICT -using 0.15***

(3.16)
0.34***

(3.30)
0.041
(0.39)

ICT-producing 0.18***

(3.48)
0.33***

(3.36)
0.079
(0.70)

Non-ICT 0.12*

(2.69)
0.29**

(2.87)
0.031
(0.32)

Difference over non-ICT 

ICT-using 0.030***

(5.46)
0.06***

(4.57)
0.009*

(2.03)

ICT-producing 0.055***

(6.53)
0.05***

(4.61)
0.04**

(3.31)

N 1014 494 494

Note: No cross- sectional dependence in the data was found and all the variables were panel stationary.
*, **and *** indicate statistically significant at 5 per cent, 10 per cent and 1 per cent level.
Source: Authors’ calculations.
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Table 4: Regression Results for Labour Productivity Growth
∆LPG ∆LPG ∆LPG

1980-2020 1980-2000 2000-2020

ICT -using 0.08
(1.25)

0.314*
(2.71)

-0.050
(-0.37)

ICT-producing 0.110
(1.61)

0.328**

 
 (2.75)

-0.002
(-0.01)

Non-ICT 0.0776
(1.23)

0.308*

(2.68)
-0.0363
(-0.28)

Difference over non-ICT 

ICT-using 0.00258*

(2.47)
0.00632***

(5.52)
-0.0138*

(-2.53)

ICT-producing 0.0330***

(5.23)
0.0197***

(3.96)
0.0341
(1.77)

N 1053 513 513

Note: No cross- sectional dependence in the data was found, and all the variables were panel-stationary.
*, **and *** indicate statistically significant at 5%, 10% and 1% level.
Source: Authors’ calculations.

that produce ICT goods and services or use ICT in 

the provision of goods and services have higher 

productivity than those that are less intensive users 

of ICT, with the gap between the productivity of ICT 

and non-ICT increasing over time.

VI. Conclusion

This article aims to analyse the role of ICT 

in driving productivity growth in India using two 

approaches. In the first approach, the role of ICT 

capital as an input in driving output growth and 

productivity is examined. The second approach 

studies the productivity differentials between ICT and 

non-ICT sectors using regression models. The stylised 

facts indicate that the contribution of ICT capital to 

output and labour productivity growth increased in 

the post-liberalisation period, during 1980s-2000s, 

with some moderation subsequently. These inferences 

are supported by regression results. Hence, ICT 

contributed to productivity growth during this period, 

thereby refuting Solow’s productivity paradox for 

India. However, in the latter half of the 2010s, marked 

by the beginning of new digital technologies, the 

productivity differential between the ICT sector and 

the non-ICT sector has been insignificant, consistent 

with the post-GFC productivity slowdown observed in 

many parts of the world.
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Appendix Table 1: Classification of ICT and Non-ICT Industries

KLEMS industry Industry group

Agriculture, Hunting, Forestry and Fishing Non-ICT others

Mining and Quarrying Non-ICT others

Food Products, Beverages and Tobacco Non-ICT manufacturing

Textiles, Textile Products, Leather and Footwear Non-ICT manufacturing

Wood and Products of Wood Non-ICT manufacturing

Pulp, Paper, Paper Products, Printing and Publishing ICT-using manufacturing

Coke, Refined Petroleum Products and Nuclear Fuel Non-ICT manufacturing

Chemicals and Chemical Products Non-ICT manufacturing

Rubber and Plastic Products Non-ICT manufacturing

Other Non-Metallic Mineral Products Non-ICT manufacturing

Basic Metals and Fabricated Metal Products Non-ICT manufacturing

Machinery, nec ICT-using manufacturing

Electrical and Optical Equipment ICT-producing manufacturing

Transport Equipment ICT-using manufacturing

Manufacturing, nec; recycling ICT-using manufacturing

Electricity, Gas and Water Supply Non-ICT others

Construction Non-ICT others

Trade ICT-using service

Hotels and Restaurants Non-ICT service

Transport and Storage Non-ICT service

Post and Telecommunication ICT-producing service

Financial Intermediation ICT-using service

Business Services ICT-using service

Public Administration and Defense; Compulsory Social Security Non-ICT service

Education Non-ICT service

Health and Social Work Non-ICT service

Other Services Non-ICT service
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