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Introduction

Mr. Modi, the Prime Minister of India

quoted jokingly describing the power of

Information Technology, “status is now not

whether you are awake or asleep, it is

whether you are online or offline”. Tak-

ing the analogy from Mr. Modi, Informa-

tion Technology in the context of India has

truly evolved. It is an important pillar that

established India on global map. Over the

years, India has made its own unique

place in the global arena of IT and ITeS

sectors due to its large pool of skilled re-

sources and state of the art IT infrastruc-

ture. It is needless to say that IT has tre-

mendous potential to transform organiza-

tions, economies and regions. This is why

by acknowledging this fact and the way

India transformed itself with the help of

IT service sector, several developing

countries have started investing into IT

infrastructure, skill building, IT adoption

and framing IT friendly policies to foster

their own turf positively.  Indian IT sec-

tor played an unusual role to shape the

country’s economy. According

to NASSCOM, the sector aggregated rev-

enues of US$160 billion in the year of

2017. The export revenue share stands at

65% and domestic revenue is at 30%. The

The contribution of the informa-

tion and technology (IT) to In-

dian economy is well acknowl-

edged. In this context, this study

carries out a comprehensive lit-

erature review to find the link-

ages among IT, skills and pro-

ductivity. Results indicate that

majority of the studies support

the hypothesis that IT promotes

productivity and skills play the

role of an enabler. The study also

reveals three preconditions to

accept the nexus. First, it takes

time to establish the IT infra-

structure and skill building and

therefore time lag plays an im-

portant part. Second, it is impor-

tant to have skilled workforce

and people practices to reap the

benefit of IT and turn them into

higher productivity. Third and

finally, the maturity of IT adop-

tion is precursor for IT imple-

mentation and skill building.
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advent of startups culture in India is a

major driving force in IT expenditure

which is expected to boost the domestic

revenue of IT services to 13% year on

year. While the expenditure of IT has

been growing steadfast, it is important to

examine the role of IT in the domestic

industrial productivity.

In 2012, Government of India un-

veiled a new IT policy to focus on appli-

cation of technology-enabled approaches

to promote growth in education, health,

skill development, financial inclusion, em-

ployment generation and governance. The

policy outlined two key goals: first-ma-

terialize the full potential of ICT by mak-

ing it accessible within the reach of whole

country and second, leveraging the ca-

pability and human capital to make India

as the global hub for IT and ITES Ser-

vices by 2020. Therefore, the goal of the

IT policy is to deploy ICT in all segments

of economy and provide IT solutions to

the world. The policy targets to achieve

these objectives by enabling the collabo-

ration between central and state admin-

istrations and adopting several key pro-

grams like Make in India, Startup India,

Standup India and Ease of doing business

(National Information Technology Policy,

2012).

Given that India has already estab-

lished itself as a leading global player in

IT exports and in the light of new IT

policy, it is important to carefully exam-

ine the role of IT and skills to promote

productivity. To achieve this objective, we

undertake a literature review due to two

reasons: first, literature review is rela-

tively easier to undertake, and second,

findings are relatively simple to interpret.

Although, there is a major drawback that

it may not yield the right outcome if

sample (number of papers) is not large

enough. To overcome this shortcoming,

this paper considered two approaches.

First, key papers are taken into consid-

eration. Second, it took a large enough

sample (35 papers) to avoid selection bi-

ases. The study is divided into four sec-

tions. First section classifies the litera-

ture into various categories such as types

of productivity estimation technique em-

ployed, types of data used and based on

the major findings observed. Second sec-

tion carries out a deep dive of the papers

chosen and draw findings. Third section

brings in Indian context and fourth sec-

tion concludes the review.

Classifying the Studies

Table 1 exhibits some of the impor-

tant productivity studies in the context of

linkages among IT expenditure, total pro-

ductivity and skills after 2000. The table

summarizes the studies using 8 key fac-

tors, namely, research with year of pub-

lication, period of data considered, coun-

tries considered, scope in terms of data

i.e. industry, country or plant, sector if

applicable, econometric techniques em-

ployed, variables and their relationship

explained, results in terms of relationship

among IT, productivity and skills that

exists  and major findings.

In terms productivity estimation tech-

niques that are employed to estimate

TFP, the studies can be grouped into 3

major categories. First, quantitative stud-
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ies that employ the traditional estimation

techniques such as Growth Accounting

Model (GAM), Coubb-Douglas Produc-

tion Model (CDPM), Dynamic General

Equilibrium Model (DGEM) or Stochas-

tic Frontier (SF). Second, quantitative

studies that employ the advanced produc-

tivity estimation techniques such as

Levinsohn and Petrin (LP in short). Third,

qualitative researches that employed sur-

veys or literature reviews.

Fair amount of research has been

carried out under the first category that

takes traditional productivity estimation

techniques into account. Authors such as

Schreyer (2000), Gordon (2000), Pohjola

(2001), Kraemer et al. (2001), Lee et al.

(2003), Qiang (2004), Gretton et al.

(2004), Maliranta et al.(2004), Hempell,

et al. (2004), Doms et al. (2004), Spyros

(2004), Black et al. (2004), Jorgenson

(2005), Indjikianet et al. (2005), Hempell

(2005), Brynjolfsson et al. (2006), Joseph

et al. (2007), Han et al. (2011), Chang et

al. (2012), Bloom et al. (2012), Dedrick

et al. (2013),  Shahiduzzaman et al.

(2015), Wamboye et al. (2016), Liao et

al. (2016), Chung (2018) and Edquist et

al. (2017) supported this. Handful of stud-

ies employed the advanced estimation

techniques to unveil the linkages of IT,

skills and productivity. A few key ones

are: Liu at el. (2011) and Sharma et al.

(2013) wherein both the authors em-

ployed LP technique. A few studies em-

ployed qualitative techniques such as sur-

vey and literature reviews and are cat-

egorized under third group. The key ones

include: Kenny (2002), Baldwin et al.

(2002), Holt et al. (2009), Chandra

(2009) and Tisdell (2017).

In terms of data employed, the stud-

ies can be classified into three broad cat-

egories. First, those with focus on plant

level or unit level data. Second, studies

which employed industry level data.

Third, those which were carried out with

country level or regional level data.

Many studies were carried out with

plant level data. A few key ones are in-

cluded in  Table 1, e.g. Baldwin et al.

(2002), Chandra et al. (2002), Gretton et

al. (2004), Maliranta et al. (2004),

Hempell et al. (2004), Doms et al.

(2004), Spyros (2004), Black et al.

(2004), Hempell (2005), Brynjolfsson et

al. (2006), Chandra (2009), Chang et al.

(2012), Bloom et al. (2012) and Sharma

et al. (2013).

Similar to plant level data, good

amount of research was done by taking

industry level data to unveil the linkages

among IT, skills and productivity. Key

ones that are included in this literature

review are: Schreyer (2000), Gordon

(2000), Lee et al. (2003), Jorgenson

(2005), Joseph et al. (2007), Han et al.

(2011), Dedrick et al.  (2013),

Shahiduzzaman et al. (2015), Wamboye

et al. (2016), Liao et al. (2016), Tisdell

(2017), Chung (2018) and Edquist et al.

(2017). A handful of studies that were

focused on country or regional level data

are also included; Pohjola (2001),

Kraemer et al. (2001) and Qiang et al.

(2004).

By looking at the outcome, the stud-

ies can be broadly divided into 3 catego-

ries: first, those who accepted the rela-

tionship among skills, IT and productiv-
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ity. Second, those who either rejected this

relationship or were inconclusive. Third,

those who accepted the relationship with

conditions. The first category is repre-

sented by a large number of authors:

Schreyer (2000), Gordon (2000), Kenny

(2002), Baldwin et al. (2002), Chandra et

al. (2002), Qiang et al. (2004), Gretton et

al. (2004), Maliranta et al. (2004), Hempell

et al. (2004), Doms et al. (2004), Arvanitis

(2003), Black et al. (2004), Jorgenson

(2005), Hempell (2005), Brynjolfsson et

al. (2006), Joseph et al. (2007), Hold et

al. (2011), Chang et al. (2012), Sharma et

al. (2013), Shahiduzzaman et al. (2015),

Wamboye et al. (2016), Chung (2018),

Edquist et al. (2017).

There are a handful of studies that

fall into second category with either in-

conclusive evidences or refute the claim

that IT and skills promote productivity.

Kraemer et al. (2001), Lee et al. (2003),

Holt et al. (2009), Chandra (2009) and

Dedrick et al. (2013) are a few of those

that come in the second category. There

are a handful studies that accepted the

nexus of IT, skills and productivity with a

condition such as: Pohjola (2001), Indjikian

et al. (2005), Bloom et al. (2012), Liao et

al. (2016) and Tisdell (2017).

IT, Productivity & Skills: A Deep

Dive

Based on the widely used estimation

technique of productivity literature-

growth accounting (GA) model, Schreyer

(2000) acknowledged the importance of

IT capital goods on economic growth for

G7 countries. He analyzed that there is

little evidence that they are inherently dif-

ferent from other capital goods. Using

GA framework, Black et al. (2004) found

a positive and significant relationship

between the proportion of non-manag-

ers using computers and productivity of

establishments. Using the same tech-

nique, while Jorgenson (2005) acknowl-

edged previous findings of Schreyer

(2000) and questioned the special treat-

ment of IT capital goods over the other

capital goods, he also demonstrated that

ICTs generate spillovers and “free” ben-

efits that exceed the direct returns to

ICT capital. They concluded that if such

effects are large, they should translate

into an acceleration of multi-factor pro-

ductivity (MFP) growth. Brynjolfsson et

al. (2006), Bloom et al. (2012) and

Wamboye et al. (2016) also employed

GA model and acknowledged IT invest-

ments promotes the productivity growth.

Brynjolfsson et al. (2006) concluded that

over the short-term, the long-term (five

to seven years) impact of IT into pro-

ductivity growth is five times greater.

Bloom et al. (2012) found that the US

IT-related productivity advantage is pri-

marily due to its tougher “people man-

agement” practices. Wamboye et al.

(2016) showed significant increasing

returns for labor productivity growth

from fixed-telephone and mobile-cellu-

lar penetration by approximately 0.12-

0.15 per cent, and 0.05 per cent, respec-

tively, confirming the presence of net-

work effects.

Over the short-term, the long-

term (five to seven years) impact

of IT into productivity growth is

five times greater.
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By employing Cobb-Douglas produc-

tion function and by decomposing TFP

into the contributions of non-ICT capital

stock, ICT capital stock, and labor, Lee

et al. (2003) argued that the contribution

of ICT to growth in Asia during the 1990s

is found to be mainly from capital deep-

ening. Using firm level data, Gretton

(2004) observed that significant interac-

tions were found between firm charac-

teristics (skill, improved business prac-

tices and business restructuring) and ICT

use in raising productivity. Using unit level

data employing for Finland, Maliranta

(2004) observed the excess productivity

of ICT-equipped labor ranges from 8%

to 18%. The effect is often much higher

in younger firms and in ICT-providing

branches and – at least the immediate

effect – can even be negative in older

firms. Overall, the ICT-induced excess

productivity seems to be somewhat

higher in services than in manufacturing.

Manufacturing firms benefit from ICT-

induced efficiency in internal communi-

cation whereas service firms benefit

form efficiency in external communica-

tion. He further noted that ICT and hu-

man capital are certainly correlated and

quite likely also complementary. For Ger-

many and Netherlands, Hempell et al

(2004) in their study concluded that the

contribution of ICT capital deepening is

raised when firms associate ICT use and

technological innovations on a more per-

manent basis. Spyros (2004) considered

ICT specific variables such as intensity

of use of internet and intranet as mea-

sured by the share of employees using

these technologies in daily work along

with variables to portray human capital

(such as employee education, job asso-

ciated trainings, computer focused

trainings) and evaluated their interactions

with productivity. They concluded their

findings with mixed results. Positive out-

comes were recorded for team-task, del-

egating production issues to specialized

staff and contacting customers to resolve

their issues. Negative results were ob-

served for job rotation and overall del-

egation of skills from managerial staff to

employees. Evidences for strong positive

complementarity between ICT and hu-

man capital were also observed.

For United States and by using unit

level data, Doms et al. (2004) found the

evidence of a significant relationship be-

tween IT investment intensity and pro-

ductivity growth. Han et al. (2011) in-

vestigated the IT spillover effects on

their respective supplier industries us-

ing industry panel data for United States.

They found two characteristics of down-

stream industries, namely, IT intensity

and competitiveness, which have been

observed to moderate the effect of in-

ternal IT investments and play an im-

portant role in IT spillovers. They ar-

gued that these two characteristics mod-

erate the effect of IT spillovers-indus-

tries that are more IT intensive and

more competit ive benefit  from IT

spillovers. Finally, they concluded that

long-term effects of spillovers are

greater than short-term effects, sug-

gesting that learning periods are required

ICT and human capital are cer-

tainly correlated and quite likely

also complementary.
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to reap the benefi ts  from the IT

spillovers. Using the data of 1000 for-

tune firms and employing Cobb-Douglas

function with Probit model, Young et al.

(2012) argued that IT outsourcing does

lead to productivity gains for firms that

select this mode of service delivery.

Their results suggested that IT-related

knowledge held by IT services vendors

enabled these productivity gains. More-

over, the value of outsourcing to a cli-

ent firm increases with its propensity for

outsourcing, which in turn depends on

firm-specific characteristics such as ef-

ficiency level, financial leverage, and

variability in business conditions.

Dedrick et al. (2013) took the sample

of developed and developing countries

and argued that the productivity effects

of IT are moderated by country factors,

including human resources, openness to

foreign investment, and the quality and

cost of the telecommunications infra-

structure. The policy implication is that

lower-tier developing countries can also

expect productivity gains from IT invest-

ments like the developed nations, par-

ticularly through policies that support IT

use, such as greater openness to for-

eign investment, increased investment in

education, and reduced telecommunica-

tions costs. More recently Herald et al.

(2017) compared ICT induced produc-

tivity with the one that is promoted by

R&D for Sweden by taking industry

panel data. They concluded that R&D

induced productivity is higher than the

ICT induced one. They further debated

that while computerization helps to au-

tomate the manual work to some extent,

it is R&D that promotes the sustainable

innovation and drives strategic growth.

With respect to new quantitative

techniques, Thomas (2004) used System

GMM for German service sector firms

and revealed significant productivity ef-

fects of ICT. Interestingly, ICT capital

was found to be more productive when

it is combined with the experience gained

from past process innovations. Using In-

dustry level panel data and applying

ARDL approach, Shahiduzzaman et al.

(2015) provided strong empirical results

confirming the long-run impact of ICT

capital deepening on labor productivity in

Australia. Lio et al. (2006) used Stochas-

tic frontier approach for industry level

data and argued that ICT investment does

contribute to productivity but not in the

usual manner – they found a positive (but

lagged) ICT effect on technological

progress. They acknowledged that a

learning period with complementary co-

inventions needs to take place for ICT -

capital to become effective and its gains

to be realized. Chung (2018) used dy-

namic general equilibrium (DGE) model

for Korean industry panel data and dem-

onstrated that increased (decreased) ICT

investment intensity with faster (slower)

ICT investment-specific technological

change leads to higher (lower) produc-

tivity growth.

Productivity effects of IT are mod-

erated by country factors, includ-

ing human resources, openness to

foreign investment, and the qual-

ity and cost of the telecommunica-

tions infrastructure.
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A few interesting qualitative studies

have been carried out to unveil the rela-

tionship of productivity, IT capital and

skills. Charles (2002) acknowledged the

importance of a skilled workforce in in-

creasing the returns to investment in IT.

Baldwin et al. (2002) carried out a quali-

tative survey by employing Canadian

manufacturing firms and debated that

firms that used either one or more ICT

technologies had a higher level of labor

productivity than the firms that did not.

Holt et al. (2009) literature survey found

a positive economic impact from ex-

panded broadband deployment and adop-

tion. However, various research chal-

lenges including methodological problems

and access to sufficiently granular data

have prevented the author from drawing

more definitive conclusions from the US

broadband experience. Most recently,

Clem’s (2017) literature survey found

that as per most studies, ICT has signifi-

cantly added to GDP and has been

growth enhancing, however these effects

differ considerably among economies.

The elasticity of aggregate production in

relation to investment in ICT has in-

creased with the time. On the micro-eco-

nomic level, it is evident that ICT can

promote efficiency, increase consumers’

surplus and producers’ surplus by lower-

ing market transaction costs.

The elasticity of aggregate produc-

tion in relation to investment in

ICT has increased with the time.

Combining quantitative and qualita-

tive techniques, Zhen-Wei et. al (2004)

took the sample of 12 developed and de-

veloping countries and argued that to

strengthen IT investments and promote

its usages, an institutional network needs

to be created to encourage spillover ef-

fects and induce domestic demand. They

stressed that local capacity and local

needs have to be identified to promote

IT uses.

Context in India

With respect to India, Joseph et al.

(2007) used the data of 52 NIC 3-digit

industries and found some evidence that

plants with higher IT capital stock found

to have higher gross value added. They

argued that unobserved managerial qual-

ity played an important role to enhance

the IT capital and that in turn promote

productivity. They explored the impacts

of skill composition, the use of imported

intermediate inputs, ownership and orga-

nizational form on the productivity of IT

capital and found some evidence that

access to financial capital, electric power

from the grid, and skilled workers all

matter for the decision to invest in IT

capital, but these variables are less im-

portant for the level of investment in IT,

conditional on it being positive. Sharma

et al. (2013) found some evidence that

plants with higher levels of IT capital

stock have higher gross value added,

controlling for other inputs. However, this

effect is weakened when plant-level fixed

effects are included. One explanation of

this result is that unobserved managerial

quality plays an important role in the im-

pact of IT capital on productivity. They

also analyzed the impacts of skill com-

position, imported intermediate inputs,

ownership and organizational form.
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They found some evidence that access

to financial capital, electric power from

the grid, and skilled workers all matter

for the decision to invest in IT capital.

Indian manufacturing is also found

to have supply chain weaknesses,

closely related to the inability to

share information throughout the

supply chain.

Chandra et al. (2002) carried out a

nationwide survey on 1000 manufactur-

ing firms to investigate three distinct as-

pects of manufacturing management that

define the capabilities of the firm: strat-

egies related to dynamic control of shop

floors, network linkages and innovation.

The study noted the lack of spending on

R&D and small proportion of employees

with advanced degrees. They also de-

bated that Indian manufacturing firms

give low priority to investments in IT,

such as computer-aided manufacturing

(CAM), computer-aided design (CAD),

computer integrated manufacturing

(CIM), and computer-aided engineering

(CAE). It is also suggested that domes-

tic IT firms do not have the right prod-

ucts for Indian manufacturing firms. In-

dian manufacturing is also found to have

supply chain weaknesses, closely related

to the inability to share information

throughout the supply chain. The survey

noted that only 13% of firms use a com-

puter-based decision system for supply

chain management, though the percent-

ages are higher for enterprise resource

planning (43%) and shop floor schedul-

ing (37%). Only 23 percent of firms in

this sample use the web for placing or-

ders with suppliers, and 11% sell online

to customers. The overall picture is grim

for the IT usage in Indian manufacturing

firms. Chandra (2009) carried out another

nationwide survey by taking 10000 In-

dian manufacturing firms. He found some

significant increases in IT use in particu-

lar areas of manufacturing, but overall IT

adoption remains limited among the sample

firms. The report also argues that man-

agement weaknesses contribute to lack of

innovation, as well as inefficiencies in

plant location and supply chains. He also

summarized regional differences in IT

adoption and noted: IT use is highest in

the South, and lowest in the East, but also

in Uttar Pradesh (in the North). Interest-

ingly, IT use tends to be concentrated

among managers, and to some extent su-

pervisors, with less IT use by operators

on the shop floor. To some extent, the

pattern of IT use (or non-use) is symp-

tomatic of under-investment in both physi-

cal and human capital, reflecting high fi-

nancial costs as well as an unfriendly

policy environment. What was most im-

portant to note is, Indian manufacturing

firms were able to make strong profits in

this period, despite their inefficiencies.

A Synthesis of Results

Majority of the studies written in the

topic of IT, skills and productivity indi-

cate that IT promotes productivity and

skills plays a role of enabler. In other

words, skilled IT workers help promote

productivity. The findings are quite simi-

IT promotes productivity and

skills plays a role of enabler.
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lar in the context of India as well. While

there are overwhelming number of stud-

ies that accept the nexus, there are a

handful that take different positions in

terms of either accepting the nexus with

conditions or rejecting the hypothesis.

Our sample literature presents three

conditions to accept the nexus. First, the

time lag in establishing the IT infrastruc-

ture and skill building and then realizing

their benefits in productivity. To elaborate

further, IT needs skilled workers and so-

phisticated infrastructure and at the same

time, it takes time to implement IT solu-

tions to replace the manual processes. This

is why it takes time to reap the benefits of

IT and skills in terms of productivity.

Second, skilled workforce and people

practices are major enablers to reap the

benefit of IT. People practices play an

important part in realizing the benefit of

IT. The organizations or countries where

skilled workers, management and rel-

evant IT skills exist, they help to enable

the benefits of IT and that in turn pro-

mote productivity.

Third, IT adoption maturity for an

organization or a state plays an impor-

tant role to boost productivity. Large or-

ganization or developed economies who

yield evidence of a strong positive cor-

relation among IT, economic performance

and highly skilled or educated workers

get an advantage here. To overcome this

limitation and reap the similar benefits,

smaller organization or developing coun-

tries must address: lack of knowledge of

‘‘best practices’’ in IT usage and IT-re-

lated skill deficiencies in the workforce.

There are handful studies which re-

jected the nexus. One key study

(Kraemer et al., 2001) used relatively old

data from 1985-95. While the study re-

jected the nexus, there are many authors

who used similar data supported the

nexus. Other studies that rejected the

claim found the impact of IT and skills

on productivity to be relatively small

rather than showing no impact.

 To conclude, by carrying out system-

atic literature review, it was found that

in majority of cases, IT promotes pro-

ductivity. Skills play a role of enabler in

this nexus.
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