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Foreward

Technology disrupts. It’s important to understand the nature of
disruption and its nuances across geographies, industry sectors,
social systems, organisations and on people. This is key to efficient
adoption and to realise the best out of investments made.
Amongst the waves of technology revolutions that the world
has experienced, few have had such a profound impact as AI.
The advances and interplay of nano technology, brain research
and computing, has blurred the lines between the real and
virtual worlds, bringing sensory capability and intelligence into
everything in a pervasive way.
There has been much debate and research on impact of AI on
work, ranging from nature of jobs, to workplace configurations to
issues around bias, privacy, ethics and more, challenging many
assumptions that we have lived with in the past and creating new
possibilities. The more we understand the nature of unique data
sets, the better placed we will be to make best use of the benefits
and mitigate the risks that these technologies bring to us.
We are glad to support this important study by ISB to understand
the impact of AI, especially in the Indian Context. This report is very
timely as it researches interesting aspects in an Indian context,
particularly in light of the disruptions to work caused by COVID.
The research team from ISB, specifically the Srini Raju Centre
for IT and the Networked Economy (SRITNE) led by Deepa Mani,
has done a commendable job in setting direction and building a
basis for driving future research. This can serve to enrich a global
body of knowledge that would sharpen our collective insight and
preparedness for AI adoption and use.
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It would be important to network across countries to share ideas
and insights with policy makers, industry, educators, and social
designers as we gear to address problems of multiple dimensions
across sectors, with AI. While companies will continue to innovate
and bring technological advances to transform the way we live,
work and play, research must transcend borders to complement
this effort.
Congratulations to the ISB research team for producing this
significant piece of work. I hope that this report will be useful to
policy makers and researchers in understanding market changes
to formulate appropriate interventions.

Anjan Ghosh
Executive Director
Government Affairs - APJ & Latin
Amercia regions, Intel Corporation
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Executive Summary

Artificial intelligence (AI), especially machine learning (ML), has
been regarded as the most important general-purpose technology
(GPT) of our era. Recent innovations in ML are engendering
economically significant applications across diverse sectors and
occupations. ML technologies such as deep learning, image &
speech recognition, natural language processing, and predictive
analytics have empowered machines to match, or even surpass,
human capabilities of performing certain types of tasks.
Emergent research (Brynjolfsson and Mitchell, 2017)1 suggests
that the impact of AI / ML on labour markets could be very
different. However, the interactions between machines and
humans and the nature of the impact of AI on labour markets
remains under-investigated, especially in the context of emerging
economies such as India. While machine intelligence may directly
substitute human intelligence in certain occupations, they may
well complement or augment human intelligence in certain other
occupations, especially those that require human cognition or
judgment. It is also important to understand the firm-level impacts
of the imminent wave of AI. Such an understanding informs us of

1.
Brynjolfsson, E. and Mitchell, T., 2017.
What can machine learning do? Workforce implications. Science, 358(6370),
pp.1530-1534

the mechanisms underlying the observed labour market effects.
They also provide insights on firm readiness and new capital that
needs to be deployed.
While there is some anecdotal evidence on how firms are making
increased AI-focused investments, there is limited understanding
and sparse data, particularly in the Indian context, on the size and
scope of impact of AI on firms, including shifts in the quantum and
nature of employment and human capital development.

2.
Revenues from the AI software market
worldwide

These applications, in turn, are giving rise to new tasks and
occupations, new processes, and new business models, whose
contribution is expected to increase from $9.5 billion in 2018 to
$118.6 billion in 2025.2 However, the evidence of such an impact
is largely centred around developed countries with little evidence
from India.
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The grant from Intel was used to fund the two surveys that form the core of our analysis.
Two additional research studies were also made from the results obtained through the
survey.

S.No
1

Data

Source

Suitability of Machine Learning (SML)
Survey

Primary

Timeline
Jun - Dec, 2019

Survey of 3,099 employees spread across 106 Indian occupations. The survey
instrument comprises a rubric of 23 questions designed to measure the suitability for
machine learning for each occupation.

2

AI & Future of Work Survey

Primary

Sep - Dec, 2019

Survey of 301 firms across Indian sectors that have adapted AI / ML in their workflows.

3

Work from Home Survey

Primary

Mar - Apr, 2020

Online survey with 400+ participants sought to understand the impact of the imposed lockdown
on remote work outcomes and practices across diverse sectors

4

Online Economic Activity

Twitter

Jan - Apr, 2020

Firm-level tweets of NIFTY500 firms

5

Occupational Employment

Periodic Labour
Force Survey (2017)

2017

Occupation-wise 2017 employment for all sectors

Table 1: Summary of all the data sets used in the studies

In the rest of this report, we provide details about each of these four studies and report
key findings. We describe our data, key measures, articulate the methodology used to
analyse the data, and the key results from our analyses.

Study 1
Occupational &
Sectoral Indices
— Suitability of Machine Learning (SML) Index
— Remote Work (RWI)
— Need for Human Proximity (NHP)
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Introduction

Machine Learning (ML) technologies such as deep learning,
image & speech recognition, natural language processing,
and predictive analytics have empowered machines to
match, or even surpass, human capabilities of performing
certain types of tasks, thereby, engendering economically
significant

application

across

diverse

sectors

and

occupations.
There is growing concern about this wave of automation’s
impact on employment. While advances in ML are tremendous,
and automation is already having significant effects on many
parts of the workforce, experts suggest that we are far from
artificial general intelligence (AGI) which would match humans
in all cognitive areas. This raises the question of which tasks
will be most affected by ML and which will be relatively
unaffected. The impacts of prior computer-led technological
changes, including the advent of the Internet, enterprise
systems, etc., on labour markets, have been well documented.
3.
Autor, David H., David Dorn, & Gordon
H. Hanson (2015) Untangling Trade and
Technology: Evidence from Local Labor
Markets. Economic Journal, 125(584):
621-646

For instance, Autor, Dorn, and Hanson (2015)3 find that such
technological changes have led to a major restructuring of the
labour market, characterized by a decline in routine cognitive
jobs that can be easily computerized because they follow
precise procedures;
Restrepo (2015)4 posits that this decline in routine-cognitive
jobs coincided with the expansion of a wide range of
professional jobs (Figure 1) and that the decline in routinecognitive jobs created a skill mismatch in the U.S. labour

4.
Restrepo, Pascual. 2015. “Skill Mismatch
and Structural Unemployment.” Working
paper

market by removing employment opportunities for middleskill workers who specialize in routine tasks. Nevertheless,
the substitution of capital by labour could be an attractive
trade-off, given the associated productivity gains.
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Figure 1: Employment rates by occupational category in the U.S. (Restrepo 2015)

26

22

25
20
24
18

23

22

16

21
14
1985m1

1990m1

1995m1

2000m1

2005m1

2010m1

2015m1

Employment rate in clerical and sales jobs (left axis)
Employment rate in professional jobs (right axis)
Employment rate in service jobs (right axis)
Technological innovations including internet and enterprise systems

It is unclear whether the impacts of previous technological changes documented and
demonstrated in prior research will hold for AI / ML. An understanding of such impacts is
especially salient to countries such as India where the services sector contributes maximally
to the GDP.
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Suitability for Machine
Learning (SML) Index

This survey was conducted to assess the suitability of
machine learning and, in turn, the resultant susceptibility of
Indian occupations, as defined by the National Classification
of Occupations (NCO 2004). The survey instrument, which
was based on Brynjolfsson & Mitchell (2017)5, had a task
evaluation rubric that enables us to assess occupations from
the perspective of amenability to remote work and need for
human proximity while task execution.
Overall, the analysis of this survey enables us to create
occupational indices for SML, Need for Human Proximity (NHP)6,
and Remote Work Index (RWI)7.

5.
Brynjolfsson, E. and Mitchell, T., 2017.
What can machine learning do? Workforce implications. Science, 358(6370),
pp.1530-1534

3,100

6 Months

106

23

Employed individuals

Occupations

6.
Turn to Page 29 for more
details on NHP

Period (Jun-Dec, 2019)

Questions

Figure 2 illustrates the SML scores for Indian occupations.
Occupations such as painters, legal professionals, personal care,
precision workers have high SML scores whereas occupations

7.
Turn to Page 30 for more
details on RWI.

involving mining, construction, printing, metal moulding, wood
processing and others score low on the SML Index.

OCCUPATIONAL & SECTORAL INDICES

Figure 2: SML Index by Occupation (NCO 3 digits)
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SML Index

The following lists the Occupational SML index for 106 NCO 3-digit occupations in
India as defined by the National Classification of Occupations (NCO 2004).

931

Mining and Construction
Labourers

0.0000

812

Metal Processing Plant
Operators

0.2472

732

Potters, Glass Makers
and Related Trades
Workers

0.0467

932

Manufacturing Labourers

0.2538

246

Religious Professionals

0.2635

913

Domestic and Related
Helpers, Cleaners and
Launderers

0.0937

916

Garbage Collectors and
Related Labourers

0.2751

734

Printing and Related
Trades Workers

0.1021

822

Chemical Products
Machine Operators

0.2923

721

Metal Moulders,
Welders, Sheet Metal
Workers Structural Metal
Prepares and Related
Trades Workers

0.1302

813

Glass, Ceramics and
Related Plant Operators

0.3058

611

Market Gardners & Crop
Growers

0.3076

711

Miners, Shotfirers, Stone
Cutters and Carvers

0.1380

821

Metal and Mineral
Products Machine
Operators

0.3207

721

Metal Moulders,
Welders, Sheet Metal
Workers Structural Metal
Prepares and Related
Trades Workers

0.1302

743

Textile, Garment and
Related Trades Workers

0.3225

113

Traditional Chiefs and
Heads of Villages

0.3298

Miners, Shotfirers, Stone
Cutters and Carvers

0.1380

412

Numerical Clerks

0.3344

814

Wood Processing and
Paper Making Plant
Operators

0.1614

114

Senior Officials of
Special- Interest
Organisations

0.3479

130

General Managers

0.1637

722

0.3598

744

Pelt, Leather and Shoe
Making Trades Workers

0.1913

Blacksmiths, Tool Makers
and Related Trades
Workers

315

Safety and Quality
Inspectors

0.3636

512

House Keeping and
Restaurant Services
Workers

0.3725

712

Building Frame and
Related Trades Workers

0.3761

711

522

Shop Salespersons and
Demonstrators

0.2006

223

Nursing Professionals

0.2260

741

Food Processing and
Related Trades Workers

0.2360
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SML Index

The following lists the Occupational SML index for 106 NCO 3-digit occupations
in India as defined by the National Classification of Occupations (NCO 2004).

829

Other Machine
Operators and
Assemblers

0.3779

324

Traditional Medicine
Practitioners and Faith
Healers

0.4322

211

Physicists, Chemists and
Related Professionals

0.3808

912

0.4326

832

Motor Vehicle Drivers

0.3846

Shoe Cleaning and
Other Street Services
Elementary Occupations

811

Mining and Mineral
Processing Plant
Operators

0.3861

411

Secretaries and Key
Board- Operating Clerks

0.4451

831

Locomotive Engine
Drivers and Related
Workers

0.3869

245

Writers and Creative or
Performing Artists.

0.4491

824

Wood Product Machine
Operators

0.3922

346

Social Work Associate
Professionals

0.4715

723

Machinery Mechanics
and Fitters

0.3934

920

Agricultural, Fishery and
Related Labourers

0.4718

834

Ship's Deck Crews and
Related Workers

0.3935

614

Forestry and Related
Workers

0.4731

833

Agricultural and Other
Mobile Plant Operators

0.3999

112

0.4746

222

Health Professionals
(except nursing)

0.4005

Administrative and
Executive Officials

333

933

Transport Labourers and
Freight Handlers

0.4058

Special Education
Teaching Associate
Professionals

0.4834

514

Other Personal Services
Workers

0.4119

515

Astrologers, FortuneTellers and Related
Workers

0.4834

914

Building Caretakers,
Window and Related
Cleaners

0.4140

322

Modern Health Associate
Professionals (Except
Nursing)

0.4848

516

Protective Services
Workers

0.4168

241

Business Professionals

0.4241
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SML Index

The following lists the Occupational SML index for 106 NCO 3-digit occupations
in India as defined by the National Classification of Occupations (NCO 2004).

331

Middle& Primary
Education Teaching
Associate Professionals

0.4869

733

Handicraft Workers in
Wood, Textile, Leather
and Related Materials

0.5482

233

Other Teaching
Professionals

0.4887

341

Finance and Sales
Associate Professionals

0.5537

823

Rubber and Plastic
Products Machine
Operators

0.4894

816

Power Production and
Related Plant Operators

0.5555

419

Other Office Clerks

0.4946

612

Market Oriented Animal
Producers and Related
Workers

0.5605

313

Optical and Electronic
Equipment Operators

0.4964

713

Building Finishers and
Related Trades Workers

0.5649

332

Pre-Primary Education
Teaching Associate
Professionals

0.4992

613

Market- Oriented Crop
and Animal Producers

0.5943

826

Textiles, Fur and Leather
Products Machine
Operators

0.5070

347

Artistic, Entertainment
and Sports Associate
Professionals

0.5971

413

Material Recording and
Transport Clerks

0.5071

511

Travel Attendants,
Guides and Related
Workers

0.6075

232

Secondary Education
Teaching Professionals

0.5109

620

Subsistence Agricultural
and Fishery Workers

0.6089

523

Stall and Market
Salespersons

0.5210

421

Cashiers, Tellers and
Related Clerks

0.6111

915

Messengers Porters,
Door Keepers and
Related Workers

0.5256

214

0.6123

College, University
and Higher Education
Teaching Professionals

0.5378

Architects, Engineers
and Related
Professionals

827

0.6231

Client Information
Clerks

0.5441

Food and Related
Products Machine
Operators

817

0.6274

Street Vendors and
Related Workers

0.5477

Automated Assembly
Line and Industrial
Robot Operators

231

422

911
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SML Index

The following lists the Occupational SML index for 106 NCO 3-digit occupations
in India as defined by the National Classification of Occupations (NCO 2004).

244

Social Science and
Related Professionals

0.6444

345

Police Inspectors and
Detectives

0.8288

342

Business Services
Agents and Trade
Brokers

0.6455

323

Nursing and Midwifery
Associate Professionals

0.8465

122

243

Archivists, Librarians
and Related Information
Professionals

0.6468

Production and
Operations Department
Managers

0.8583

825

111

Legislators

0.6534

Printing, Binding and
Paper Products Machine
Operators

0.8632

314

Ship and Aircraft
Controllers and
Technicians

0.6583

121

Directors and Chief
Executives

0.8911

513
221

Life Science
Professionals

0.6597

Personal Care and
Related Workers

0.9010

724
312

Computer Associate
Professionals

0.6743

Electrical and Electronic
Equipment Mechanics
and Fitters

0.9371

414

Library, Mail and Related
Clerks

0.6789

123

Other Department
Managers

0.9455

615

Fishery Workers,
Hunters and Trappers

0.6809

311

Physical and
Engineering Science
Technicians

0.9653

321

Life Science Technicians
and Related Health
Associate Professionals

0.7378

343

Administrative Associate
Professionals

0.9696

213

Computing
Professionals

0.7480

714

Painters, Building
Structure Cleaners and
Related Trades Workers

1.0000

242

Legal Professionals

0.7558

742

Wood Treaters, Cabinet
Makers and Related
Trades Workers

0.7620

731

Precision Workers in
Metal and Related
Materials

0.8078
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Sector Level Index

To develop sector-level scores, we refer to the National
Industrial

(Activity)

Classification,

namely

NIC.8

This

classification plays a very vital role in maintaining standards of
data collection, processing, and presentation besides its wide
range of applications in policy formulation and policy analysis.
This classification is used in all types of censuses and sample
surveys conducted in India.
Using the occupation-level indices, we construct sector-level
indices by averaging occupational indices across the distribution
of occupations in each sector. To map occupations to sectors, we
use the Periodic Labour Force Survey (PLFS), conducted by MOSPIgoverned National Sample Survey Office (NSSO). Using the NSSO
multipliers for sampling weights, we generate estimates of the
workforce at the level of the 3-digit occupation and 2- digit sector.
Finally, we generate sectoral indices for 87 sectors at the 2-digit
NIC level constructed over a distribution of 106 occupations.

8.
The National Statistical Office (NSO) in the
Ministry of Statistics and Programme
Implementation (MOSPI) is the nodal
authority for bringing out the National
Industrial Classification in India. The first
classification was NIC-62* followed by
NIC-70, NIC- 87, and NIC-98, NIC-2004.
The latest and sixth Industrial
Classification namely NIC-2008 has been
developed and released by NSO

The index for sector j is given by the weighted average:
106

Sector Indexj =

Σw
o=1

oj

x Indexo

where the term is the weight of occupation o in sector j,

such that ∑ o=1 = 1 for all sectors j ∈ {1,...,87}
106

Consequently, Figure 3 plots the sectoral SML index for 87 NIC
2-digit sectors in India. The index shows high scores for sectors
such as creative, arts, entertainment, computer programming, and
telecommunications. As with occupations, sectors such as mining,
construction, civil engineering, sewerage, tobacco manufacturing
score low on the SML sectoral Index scale. We use the sector-level
SML scores created in Study 1 to understand the implication of
SML on economic activity in India as described in Application 1.

OCCUPATIONAL & SECTORAL INDICES

Figure 3: SML Index by Sectors (NIC 2 digits)
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SML Index

The following lists the sectoral SML index for 87 NIC 2-digit sectors in India.

07

Mining of metal ores

0

01

Crop and animal
production, hunting and
related service activities

0.4062

08

Other mining and
quarrying

0.0295
96

Other personal service
activities

41

Construction of buildings

0.4287

0.1196

97

Activities of households
as employers of
domestic personnel

0.2058

14

Manufacture of wearing
apparel

0.4365

09

Mining support service
activities

30

Manufacture of other
transport equipment

0.4367

0.2199

42

Civil engineering

99

Activities of
extraterritorial
organizations and bodies

0.4599

0.2538

39

Remediation activities
and other waste
management services

0.2635

28

Manufacture of
machinery and
equipment n.e.c.

0.4665

37

Sewerage

0.2695

38

0.4848

12

Manufacture of tobacco
products

0.2759

Waste collection,
treatment and disposal
activities; materials
recovery

05

Mining of coal and lignite

0.2809

55

Accommodation

0.4852

23

Manufacture of other
non-metallic mineral
products

0.3011

10

Manufacture of food
products

0.4896

94

Activities of membership
organizations

0.3401

13

Manufacture of textiles

0.4900

29

0.4920

24

Manufacture of basic
metals

0.3500

Manufacture of motor
vehicles, trailers and
semi-trailers

25

Manufacture of
fabricated metal
products, except
machinery and
equipment

0.3660

47

Retail trade, except of
motor vehicles and
motorcycles

0.4929

20

0.5062

Services to buildings and
landscape activities

0.3706

Manufacture of
chemicals and chemical
products

49

0.5066

Manufacture of leather
and related products

0.4025

Land transport and
transport via pipelines

92

Gambling and betting
activities

0.5127

81

15
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SML Index

The following lists the sectoral SML index for 87 NIC 2-digit sectors in India.

45

Wholesale and retail
trade and repair of
motor vehicles and
motorcycles

0.5244

84

Public administration
and defence;
compulsory social
security

0.6693

22

Manufacture of rubber
and plastics products

0.5261

36

Water collection,
treatment and supply

0.6748

75

Veterinary activities

0.5337

17

Manufacture of paper
and paper products

0.6807

02

Forestry and logging

0.5554

77

19

Manufacture of coke
and refined petroleum
products

0.5607

Rental and leasing
activities

0.6833

50

Water transport

0.6849

56

Food and beverage
service activities

0.5733

72

Scientific research and
development

0.6864

80

Security and
investigation activities

0.5772

70

Activities of head
offices; management
consultancy activities

0.6889

46

Wholesale trade, except
of motor vehicles and
motorcycles

0.5802

51

Air transport

0.6889

52

Warehousing and
support activities for
transportation

0.5906

33

Repair and installation
of machinery and
equipment

0.6893

86

Human health activities

0.5929

11

Manufacture of
beverages

0.6936

06

Extraction of crude
petroleum and natural
gas

0.6051

16

Manufacture of wood
and of products of
wood and cork, except
furniture

0.6962

85

Education

0.6232

26

18

Printing and
reproduction of recorded
media

0.6397

Manufacture of
computer, electronic and
optical products

0.6982

74

21

Manufacture of
pharmaceuticals,
medicinal chemical and
botanical products

0.6490

Other professional,
scientific and technical
activities

0.7067

27

Manufacture of electrical
equipment

0.7089

Manufacture of furniture

0.6579

31
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SML Index

The following lists the sectoral SML index for 87 NIC 2-digit sectors in India.

69

Legal and accounting
activities

0.8124

78

Employment activities

0.8212

0.7238

63

Information service
activities

0.8554

Motion picture and
video production; music
publishing

0.7251

93

Sports activities and
amusement and
recreation activities

0.8577

Financial service
activities, except
insurance and pension
funding

0.7404

03

Fishing and aquaculture

0.8588

58

Publishing activities

0.8617

43

Specialized construction
activities

0.7566

68

Real estate activities

0.8646

95
87

Residential care activities

0.7599

Repair of computers and
personal and household
goods

0.8669

32

Other manufacturing

0.7611

61

Telecommunications

0.8998

73

Advertising and market
research

0.7655

91

0.9140

79

Travel agency, tour
operator and other
reservation service
activities

0.7749

Libraries, archives,
museums and other
cultural activities

62

Computer programming,
consultancy and related
activities

0.9196

35

Electricity, gas, steam
and air conditioning
supply

0.7872

71

0.9780

53

Postal and courier
activities

0.7930

Architecture and
engineering activities;
technical testing and
analysis

90

1

66

Other financial activities

0.7979

Creative, arts and
entertainment activities

60

Broadcasting and
programming activities

0.7999

65

Insurance, reinsurance
and pension funding,
except compulsory
social security

0.8023

Office administrative,
office support and
other business support
activities

0.7204

88

Social work activities
without accommodation

59

64

82
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Indices for
Remote Work

For the purposes of Study 4,9 the SML Survey also allows us
to score the Indian occupations and sectors based on their
amenability for remote work and the need for human proximity
while task execution. We estimate the occupational index for
the feasibility of remote work (RWI) using seven questions that
capture the occupational need for a physical presence on the
job, the data-intensive nature of the job, and the need to explain
decisions during job execution. Responses are recorded on a
five-point scale that reflects the increasing feasibility of remote
work.

9.
Turn to Page 64 for more details on
the application.

The RWIo for occupation o is estimated as follows:

RWIo =

1
7

7

Σ Score
q=1

q,o

where Scoreq,o is the score on evaluative question q for
occupation o.
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Indices for
Human Proximity

We next estimate the index for the need for human proximity
using two survey questions that assess whether it is important
that the underlying task outputs are perceived to come
from a human and whether task execution requires detailed,
wide-ranging, or conversational interactions with a human.
Responses are again recorded on a five-point scale that reflects
the increasing need for human proximity in task execution.

The HPIo for occupation o is estimated as follows:

HPIo =

1
2

9

Σ Score
q=8

q,o

where Scoreq,o is the score on evaluative question q for
occupation o.

We use the sectoral RWI and NHP scores
along with the Online Work from Home
Survey to understand the implications
of the occupational need for human
proximity on the productivity and isolation
during remote work.

OCCUPATIONAL & SECTORAL INDICES

Conclusion

With growing advancements in machine learning (ML) and
artificial intelligence, various sectors have adopted these
technologies to derive wide-ranging benefits. In this study,
we studied the impact of these emerging technologies in
various occupations and sectors of India using three indices –
suitability of machine learning (SML) index, remote work index
(RWI) and need for human proximity index (NHP) – all novel in
the Indian context. These indices capture the nature of tasks,
specifically, their suitability to ML, amenability to remote work,
and need for human interaction in task execution. Overall, we
described the creation of these indices and scores associated
for occupation and sector of India.
Using these indices, we expect to drive future research that will
help inform policymakers, researchers, and industry executives
about the implications of artificial intelligence and machine
learning.
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Study 2
The State of
AI in Indian Firms
— Nature of AI Adoption in Firms
— Nature of AI Investments in Firms
— Impact of AI and its Benefits
— Firm-Level changes to realize Benefits of AI
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Introduction

The next study is in line with our objective to extend the
discussion of AI beyond automation of jobs and impacts on
labour markets to include a more nuanced commentary on
the interaction between machine and humans, scope and
growth of investments, job redesign for the future, and reengineering of businesses and business processes.
Implementation of AI and machine learning have a major
impact on a firm’s efficiency. The growing popularity of AI
has led firms to effect investments in technology to increase

10.
Brynjolfsson, E. and McAfee, A. (2017).
The Business of Artificial Intelligence, The
Harvard Business Review

sales, detect frauds, automate work processes, and improve
customer experience and operational efficiency. Brynjolfsson
and McAfee10 have stated that the effects of AI will be magnified
in the coming decade as firms from various industries will
transform their core business model and processes.
To understand the shifts brought about by AI at a firm-level, we
commissioned a survey of over firms that have employed Artificial
Intelligence and/or Machine Learning in their organization. The
respondent firms were distributed across the varying size of
business operations as per the table below:

3 Months

Period (Sep-Dec, 2019)

301
Firms

SEGMENT

RESPONSES

Micro Firm (1-10 Employees)

11

Small Firm (11-100 Employees)

49

Medium Firm (101-500 Employees)

70

Large Firm (500+ Employees)

171

Total

301

Table 2: Respondents for AI & Future of Work Survey

THE STATE OF AI IN INDIAN FIRMS

About the survey
The survey questions cover information related to the AI / ML initiative as well its broad impacts on
innovation, productivity, and worker behaviour, including the organizational mechanisms underlying
such impacts. The survey instrument captures the impacts of these shifts on innovation, productivity,
and worker behaviour in organizations. Specifically, the survey comprised the following sections:

Respondent

Company

General Information including gender, age, designation, and work experience.

General information including number of employees, fundamentals such as turnover
and annual expenditure on R&D, Marketing and IT, ownership type (foreign versus
domestic), sector of operations, and age since establishment.

AI Initiative

AI initiative-related information, where respondents provide details about the scope,
quantum, and nature of AI investments.

Perceived
Impact

Perceived impacts of AI / ML, where respondents articulate their perceptions of
impacts of AI / ML on work and human capital development in their firms and their
responses in terms of shifts in resource allocation and retraining/ re-skilling efforts.

SML

Suitability for Machine Learning, where respondents rate the key task of the automated
project on 23 different aspects related to the suitability for machine learning (SML).
Answers to these questions help us calculate SML scores for each of the projects in
which AI/ML was implemented.

Organisational
Identification

Respondents answer statements in reference to how they associate themselves with
their organization. in terms of shifts in resource allocation and retraining/ re-skilling
efforts.

Our analyses of the above data will help assess the readiness and willingness of Indian firms to adopt
AI, the impact of AI on various types of beneficiaries, and the nature of investments including the
complementary investments in human intelligence that are required to deliver impact by task type.
Such analysis will have key implications for managers in making informed decisions about adoption
and exploitation of AI/ ML technologies.
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Nature of AI
Adoption in Firms

Adoption of AI enables firms to derive significant business
value, thereby allowing for transformation of business model
and processes.

49.2%
Figures 4 & 5 presents the
Distribution of responses from the
survey that capture the importance
of AI for competitiveness of firms

Essential

41.9%

High Relevance
Medium Relevance

7.64%

Low Relevance

1.33%
Figure 4: Importance of AI / ML

Over 90 percent of respondents consider AI to either be
essential or highly relevant to their business. This resonates well
with extant research that AI / ML can reinforce the competitive
advantage of incumbent firms.
11.
Cockburn, M. I., Henderson, R and Stern,
S (2018). The Impact of Artificial Intelligence on Innovation. NBER Working
Paper No. 24449

However it is important to note that the source of competitive
advantage with the application of AI may not come from the
component algorithms or machine-learning technologies, but
rather from access to complementary data that is either privatelyheld or proprietary in nature. This view is emphasised in Cockburn,
et al (2018)11 who note that “Early or aggressive entrants into a
particular application area may be able to create a substantial and

12.
AI: Built to Scale, Accenture Strategy &
Accenture Applied Intelligence (202)

long-lasting competitive advantage over potential rivals merely
through the control over privately-held, proprietary data rather
than through formal intellectual property or demand side network
effects”.
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“80 percent of the executives opined in the survey that AI is essential to stay
in business by 2025.12 ”
Across all revenue groups in Figure 5, we observe that firms consider AI to be either highly relevant or essential.
These findings are consistent with a recent survey of 126 C-suite executives of large Indian firms with more than
US$1 billion revenue.

High Revenue Firm

Medium Revenue Firm

Micro Revenue Firm

Small Revenue Firm

Figure 5: Firm revenue-wise importance of AI / ML
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AI can help achieve the
following attributes

We aimed to identify the extent of importance respondents placed on
AI towards the following activities:

Figure 6 presents the
distribution of responses
from the survey according
to the color code

1

A distinctive
brand proposition

2

Linking the organization with
its customers and suppliers

3

Integrating internal
business processes

4

Enabling development of
new products & services

5

Facilitating information to the
executive management to
develop business strategies

Plays a very
important role

Plays an
important role

Plays a
moderate role

Plays a
little role

Doesn’t
play a role

Figure 6: Importance of AI for firms

From Figure 6, we observe that over 75 percent of the survey respondents have indicated that AI plays an
important to a very important role in achieving all the above-mentioned attributes.
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Now, within
projects, AI can
play a multitude
of roles such as:

Figure 7 presents
the distribution of
responses from
the survey

1. Reduce costs and
process execution

2. Reduce process
error or failure

3. Improve process
utilization or productivity

4. Increase Worker
Productivity

5. Drive Process
Innovation

6. Allow workers to work
on core competence

7. Increase value to
process customers

8. Increase scale of
operations

9. Increase competitive
advantage

Strongly Agree

Agree
Neither Agree
Nor Disagree
Disagree

Strongly Disagree

Not Sure

Figure 7: Reasons to adopt Artificial Intelligence

Among the firms surveyed, we observe that each of the above listed roles found concurrence with over 75
percent of the respondents. This informs us that AI investments are being effected to achieve diverse business
objectives in firms as reflected in Figure 7.
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Nature of AI
Investments in Firms

13.
Sawers, P. (2019). How the ‘big 5’
bolstered their AI through acquisitions in 2019. VentureBeat

Today’s firms are creating a collaborative, intelligent
workforce comprising man and machines. As seen
in the preceding sub-section, we have understood
the motives for firms to adopt AI, their beliefs on the
competitive advantage the technology brings and the
extent of importance they place on AI to deliver business
benefits. In this sub-section, we aim to understand the
nature of AI investments across firms.
The observation obtained is quite consistent with the rapid
response from technology leaders in the market over the past
few years. Google’s “AI First” approach, Microsoft’s CEO Nadella
referring to AI as “breakthrough technology” and the nuanced
deployment of AI in Facebook, Amazon and Netflix clearly
demonstrate the manner in which large businesses are aligning
business models to reap benefits that the technology offers.

14.
How Facebook, Apple, Microsoft,
Google, and Amazon are investing in
AI. Hackernoon (2019)

These “Big 5” firms have also extensively invested in top talent
and startup acquisitions. 13,14 The NASDAQ composite index, which
is technology-heavy, more than doubled from 2012 to 2017.

THE STATE OF AI IN INDIAN FIRMS

“Over 50 percent of the medium and high revenue firms have made large-scale
firm-wide investments and they expect a significant increase in AI investments
across the next five years.”
Scope of AI Investment

Experiment or pilot
projects
Focused investments in
specific product markets
Large-scale firm
wide investments
No current investments but
planned in the near future
No investments planned or
scheduled in the near future

Significantly Increase

Increase

No Change

Decrease

Significantly Decrease

Growth of AI Investment
Figure 8: Scope (above) & Growth (below) of AI Investments
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AI Investments correlated
with Project-Level SML

15.
Turn to Page 16 for
more details on Study 1

The observations from previous figure indicate that over 50
percent of the medium and high revenue firms have made largescale firm-wide investments and they expect a significant increase
in AI investments across the next five years. In contrast, more than
45 percent of the small and micro revenue firms have deployed
their AI investments in specific product markets or business
units; nearly 40 percent of these firms expect an increase in AI
investments in the next years.
The contrasting nature of the growth of AI investments in high and
medium revenue firms can be explained due to the significantly
higher proportion of foreign ownership when compared to small
and micro revenue firms.
To understand the projects that are most amenable for machine
learning, we developed a project-level Suitability of Machine
Learning (SML) index that draws on the occupational SML index
presented in Study 1.15

We hypothesize that project-level SML will be predictive of firmlevel AI investments in terms of scope, quantum, and investment
growth rate.

In each regression specification, we include firm-specific
controls (F), including turnover category, firm age, ownership,
employees and annual levels of IT, Marketing & R&D budgets.
The specifications include sector fixed effects at two-digit level of
National Industrial Classification (NIC-2008) corresponding to the
sector in which the firm operates. We also control for respondentspecific characteristics (R), including age, gender, designation, and
work experience.
The results highlight the heterogeneity in AI investments across
firms based on the underlying project SML. Projects with tasks
that are more suitable to machine learning are an indicator of
firm-level investments in scope, quantum, and a high growth of AI
investments over the next five years.
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Table 4 presents the results for an on ordinary least squares estimation for the above equation
(projects) for each of the three investment-related variables:

< InvScope >

This variable signifies the scope of investment in AI technologies. It ranges from
1= no investments planned to 5= large-scale firm-wide investments.

< InvQuantum >

This variable signifies the extent of investment in AI/ ML technologies relative to the
key competitors. The variable ranges from 1= significantly under par to
5= significantly above par.

< InvGrowth>

This variable signifies the expected growth in investments in AI technologies
over the next 5 years. The scale for the variable varies from 1= significant decrease
to 5= significant increase.

< projectSML >

This variable represents projects whose tasks are amenable to machine learning
applications.

InvScope

InvQuantum

InvGrowth

0.215*
(0.115)

0.683***
(0.185)

0.367**
(0.146)

Company Controls

YES

YES

YES

Firm Controls

YES

YES

YES

Sector Fixed Effects

YES

YES

YES

Observations

301

301

301

0.554

0.509

0.595

Project SML

R-Squared

Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.10

Table 3: AI Investments correlated with Project-Level SML
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The Impact of AI
& its Benefits

It is important to understand the arrangement between
humans and machines in the conduct of AI projects.
Specifically, it is useful to understand decision-making
in organizations that deploy AI, the associated growth in
headcount and retraining efforts, and the way competence
is acquired due to introduction of AI into projects.

Big Data
Machines

AI

In the Harvard Business Review, Colson (2019)16 presented a
decision-making model that combines the power of AI and human
judgment. Usage of AI in processing of data allows for a stepchange improvement in efficiency and enables firms with newer

Possible
Actions

Human
Judgement

capabilities.

Other Info.
Non-digital

For instance, General Electric has been able to use AI technologies
to generate insights by making sense of the massive amounts of
data produced or captured by an enormous quantity of industrial
devices (as legacy systems). One of the clear outcomes is the

Business
Decisions

optimization of decisions relative to operations and supply chains
by more effectively understanding how the equipment is run (CIO
Network, 2017).

Figure 9:
AI-Powered Decision-Making Model

16.
What AI-Driven Decision Making Looks
Like, Eric Coloson, HBR, 2019.

To evaluate the nature of the humanmachine interaction for decisionmaking, the survey considered
the following scenarios: lack of
automation, decision support (system
suggests; human decides and acts),
consensual AI (human concurs with
systems), monitored AI (human has
veto) and full automation (no role of
human).
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In Figure 10, we observe that nearly 70 percent of high-revenue firms rely on consensual AI, monitored AI and
decision-support mechanisms for decision-making. In medium sized firms, we observe that nearly 50 percent
of the firms rely entirely on human decision-making as they do not use AI. We also find that more than 40
percent of small and micro revenue firms use AI for decision support.

Figure 10 presents the

High Revenue Firm

Medium Revenue Firm

Micro Revenue Firm

Small Revenue Firm

distribution of responses
from the survey. To evaluate the
nature of the human-machine
interaction for decisionmaking, the survey considered
the following scenarios:

Human decides and acts; system
suggests (decision support)
Human decides and acts; no role
of system (no automation)
Human concurs with systems; systems
decide and act (consensual AI)
Human has veto; systems decide
and act (monitored AI)
No role of human; systems decide
and act (full automation)

Figure 10: Role of Humans & AI in projects
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AI’s impact on the
competence acquisition

The advent of AI into commercial applications has brought about a
shift in the competence acquisition for projects in firms. Such shifts
could require incorporation of various initiatives as detailed below.

Figure 11 presents the distribution
of responses from the survey for AI’s
impact on competance acquisition.

1

The initiative required incorporation
of fundamentally new concepts or
principles in task execution

2

The initiative required new skills
which the firm did not possess

3

The initiative required the firm to
develop many new skills

4

The initiative required the firm
to learn from completely new or
different knowledge bases

5

The initiative required the firm
to adopt different methods and
procedures

6

The initiative required the firm to
carry out a great deal of re-training

Strongly
Agree

Agree

Neither agree Disagree
Nor disagree

Strongly
Disagree

Figure 11: Impact of AI on Competence Acquisition

Not Sure
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“Over 70 percent of the respondents agree with each of these shifts in
competence acquisition due to AI. ”
AI deployments in firms may lead to accrual of benefits within a specific business function or department, more
than one department in the organization, the entire organization or more than one organization. More than 80
percent of respondents from the survey have indicated that either the organization or more than one department
in the organization stood to benefit with AI deployment. Clearly, these findings are consistent with those wherein
more than 75 percent of respondents have concurred with nine organization-wide reasons for adopting AI
(Figure 4).
Such shifts could either require incorporation of fundamentally new concepts or principles in task execution, new
skills which the firm did not possess, develop many new skills, learn from completely new or different knowledge
bases, adopt different methods and procedures or carry out a high degree of re-training.
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Firm-Level changes to
realize benefits of AI

Firms adopting AI must devise appropriate measures to
ensure firm’s readiness to realize its benefits. These could
include increased efforts towards each of the following:

Figure 4 presents the distribution
of responses from the survey that
capture the importance of AI for
competitiveness of firms

hiring spend to attract advanced skilled workers, budget
allocation for training existing workers on new skills, worker
cross-training, redesign of existing business processes, team
restructuring, partnerships with start-ups or other external
entities, hiring of advisory experts and/or implementation
consultants, purchase and acquisition of new data sets and/
or technologies, and the proportion of gig workers with
flexible work arrangements.
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“At least 70 percent of the respondents have indicated the growth of all
firm-level initiatives to support AI adoption.”

Figure 12 presents the
distribution of responses

Hiring spend to attract
advanced skilled individuals

Budget allocation % for training
employees on new skills

Extent to which employees
are cross trained

Redesign of existing
business processes

Restructuring of the team

Partnerships with start-ups
or other external entities

Hiring of advisory experts
and/or implementation
consultants

Purchase and acquisition of
new data sets and/ or
technologies

Proportion of gig workforce
with flexible work
assignments (Temp/ Contractual

from the survey for firm level
measures post AI adoption.

Strongly Agree

Agree

Neither Agree Nor Disagree

Disagree

Strongly Disagree

Not sure

/ Contingent/ Freelancers)

Figure 12: Increase of Firm-Level Measures due to AI adoption
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AI Management
practices in firms

17.
India doubles its AI workforce in 2019 but
faces talent shortage. Economic Times.
Dec, 2019.

Across small, micro, medium and high-revenue firms, AI
adoption has led firms to build designated in-house AI teams
to manage the initiative. Across the board, an overwhelming
80 percent of the surveyed firms have specific AI teams
(Figure 13-a). AIl initiatives are either led by the C-level
leadership, program manager or head of a business unit /
internal function in the firm. The study reveals that firms
within the same revenue segment demonstrate a diversity
in overseeing authority – an indication of different models of
ownership and control being employed across firms. Nearly
40 percent of all firms indicate that a designated program
manager is responsible to provide oversight to AI initiatives
(Figure 13-b).

18.
85% Indian workers in enterprise firms
keen on AI skilling. The Hindu
BusinessLine Sheth, H (Aug 11, 2020).

Figure 13-a presents the distribution
of responses from the survey that
capture the presence of specific inhouse AI teams.

High Revenue Firms

Medium Revenue Firms

Micro Revenue Firms

Small Revenue Firms

Yes
No

Figure 13-b presents the distribution
of responses from the survey that
capture the diversity of authority.
Program manager leading a
cluster of AI projects
C-level leadership
Business unit or internal
function head
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The results of our study indicate that over 70 percent of respondents across various firm categories
expect their organizational headcount to increase in response to AI over the next two years (Figure 14a). Respondents have also indicated that an overwhelming 80 percent of their workforce will undergo
significant re-training due to AI implementation over the next two years (Figure 14-b).
In India, this is consistent with the doubling of AI work force from 40,000 in 2018 to 72,000 in 2019.17
We also notice our results concurrent with a recent Microsoft study that indicated 98% of firms were
increasing investments in skilling, whereas over 93% of employees in these firms had already been part
of re-skilling programs.18 A World Bank study also indicates a 65% increase in total employment as a
result of AI/ML adoption. 19

19.
Mani, D. et al (2019). Competitiveness
of Indian IT Sector : Analysis & Results.
World Bank.

Figure 14-a presents the distribution
of responses from the survey that
capture the retraining process post
AI implementation.
Yes
No

Figure 14-b presents the distribution
of responses from the survey that
capture the change in headcount.
Increase in Workforce
Decrease in Workforce
No Change

High Revenue Firms

Medium Revenue Firms

Micro Revenue Firms

Small Revenue Firms
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Conclusion

The advent of AI into business has not only improved
efficiency of firms, but also carries the potential to transform
the core business model and processes. In this study, we
analyzed the results of a firm-level survey that captured the
interaction between machines and humans, scope and growth
of investments, redesigning of job, processes and businesses.
In our study, we found several valuable findings on the nature
of AI adoption, related investments, the firm-level impact and
benefits of AI, and the changes firms are effecting to realize the
benefits of AI implementation.
The study underlines the growing importance ascribed to AI by
Indian firms. From this study, we believe that the readers will
obtain a sound understanding of the nature and scope of AI
implementation in Indian firms along with the corresponding
employment shifts.
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Application A

Implications of SML
on economic activity
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Tweet Frequency
Analysis

We use the Suitability of Machine Learning (SML) index created in
Study 120 to understand the implications of Artificial Intelligence
(AI) and Machine Learning (ML) for (Online) economic activity.
Prior to the analysis, we postulated that sectors with higher
SML scores will show higher levels of economic activity.
Extending the argument by Eyre et al. (2020),21 we use publicly
available Twitter posts of NIFTY 500 firms as a proxy for economic
activity. We aim to combine the sectoral scores of the SML index
with firm-level tweets and analyse the differential impact of the

20.
Turn to Page 16 for more
details on Study 1

nationwide lockdown imposed by the Government of India on
March 25, 2020 to tackle the COVID-19 situation.
For the analysis, we compared the time series of volume and
sentiment of Twitter posts of the NIFTY-500 firms after the
lockdown with their average posting activity before the lockdown.
For both panels, the dependent variable in columns (1)-(3) is the
log (count of tweets) and in columns (4)-(6) is a dummy variable

21.
Eyre, R., De Luca, F. and Simini, F., 2020.
Social media usage reveals recovery of
small businesses after natural hazard
events. Nature communications, 11(1),
pp.1-10

equal to one if a firm tweeted on a day and zero otherwise.

The results are based on estimating the following equation:

yif,t = α + β1 * Lockdownt + β2 * SMLif x Lockdownt + δf + εf,t
where,
yif,t is one of the dependent variables.
The lockdown dummy, Lockdownt equals one for the postlockdown period (March 25, 2020 - April 14, 2020) and zero for
the pre-lockdown period (Mar 4, 2020 – March 24, 2020).
The results in Panel A are based on all tweets while in Panel B they
are based on non-COVID tweets. The observations for regressions
are at Firm x Date level. Clustered standard errors are reported at
Firm x lockdown level.
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Log (# of Tweets)
(1)

(2)

Tweeted (Yes/No)
(3)

(4)

(5)

-0.027***
(0.008)

-0.373***
(0.193)

(6)

PANEL A: All Tweets
Lockdown

0.258***
(0.052)

SML x Lockdown
Mean DV

-1.387

-3.990***
(1.220)
1.202***
(0.348)

1.202***
(0.349)

-1.387

-1.387

0.113**
(0.055)

0.113**
(0.055)

0.56

0.56

0.56

-0.049***
(0.008)

-0.441**
(0.0193)

PANEL B: Non-Covid Tweets
Lockdown

-0.213***
(0.051)

SML x Lockdown

-3.803***
(1.155)
1.015***
(0.331)

1.015***
(0.331)

0.111**
(0.055)

0.111**
(0.055)

Mean DV

-1.794

-1.794

-1.794

0.492

0.492

0.492

Observations

13,146

12,894

12,894

13,146

12,994

12,994

Firm FE

Yes

Yes

Yes

Yes

Yes

Yes

Date FE

No

No

Yes

No

No

Yes

Table 4: Tweet Frequency Analysis

Using the sample of non-COVID related tweets, we find that firms on average decrease their tweeting activity
during the lockdown. However, those in high SML sectors see an increase in overall posting frequency (Table 4).
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Tweet Sentiment
Analysis

We also carried out a sentiment analysis of the text in the tweets
posted by the firms. The sentiment of tweets of firms in the high
SML sectors are demonstrably more positive during the lockdown
(Table 5).
For both panels, the dependent variable in columns (1)-(3) is a
continuous variable which ranges from -1 to 1. The measure
represents overall sentiment score as calculated using the
algorithm as documented in Hutto & Gilbert (2014).22 The
dependent variable in columns (4)-(6) is a dummy variable equal

22.
Hutto, C.J. and Gilbert, E., 2014, May. Vader: A parsimonious rule-based model for
sentiment analysis of social media text. In
Eighth international AAAI conference on
weblogs and social media.

to one if the average sentiment of combined tweets is positive in
week w and zero otherwise.
The results are based on estimating the following equation:

(Tweet Sentiment)f, w
= α + β1 * Lockdownw + β2 * SMLif x Lockdownw + δf + εf,w
where,
(Tweet Sentiment)f,w is one of the above described dependent
variables.
Lockdownw is a dummy equal to one if the week was under
lockdown, otherwise zero. The lockdown dummy equals one
for each of the three-week periods in the post-lockdown period
(March 25, 2020 - April 14, 2020) and zero for the weeks in the
pre-lockdown period (Mar 4, 2020 - March 24, 2020).
SMLif is the sectoral SML index for firm f in sector j.
The results in Panel A are based on all tweets while in Panel B
they are based on non-COVID tweets. The Sector FE is at 2-digit
NIC level. The observations for regressions are at Firm × Week
level. Clustered standard errors are reported at Firm × lockdown
level
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Overall Twitter Sentiment
(1)

(2)

Twitter Sentiment (Positive)
(3)

(4)

(5)

-0.033***
(0.008)

-0.496*
(0.279)

(6)

PANEL A: All Tweets
Lockdown

0.024*
(0.014)

SML x Lockdown
Mean DV

0.727

-0.717**
(0.301)
0.209**
(0.086)

0.209**
(0.086)

0.727

0.727

0.149*
(0.079)

0.149*
(0.079)

0.809

0.809

0.809

-0.002
(0.013)

-0.686**
(0.297)

PANEL B: Non-Covid Tweets
Lockdown

-0.009
(0.014)

SML x Lockdown

-0.713***
(0.304)
0.199**
(0.087)

0.199**
(0.087)

0.193**
(0.084)

0.193**
(0.084)

Mean DV

0.684

0.684

0.684

0.764

0.764

0.764

Observations

1,842

1,842

1,842

1,842

1,842

1,842

Firm FE

Yes

Yes

Yes

Yes

Yes

Yes

Date FE

No

No

Yes

No

No

Yes

Table 5: Tweet Sentiment Analysis
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Conclusion

By applying the Suitability of Machine Learning (SML) index
from the first study, we described the implications of AI
and ML for economic activity in India using Twitter data.
After the pandemic-led lockdown, we observed that firms
from sectors with lower SML scores tweeted less, and the
sentiment associated with their tweets were less positive
when compared with those of firms in sectors with higher
SML scores.
The study corroborates with extant research on digital
resilience (Raj, Sundararajan, You 2020) which states digital
platforms can increase the survival rate of firms during a crisis
by providing continuity in access to customers. Sectors and
occupations with digitized operations will be able to counter
the impact of COVID-19 pandemic, thereby demonstrating
a high degree of digital resilience when compared to their
peers with lesser or no digitization of operations.
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Application B

Efficacy of
Remote Work

Employee Productivity & Feelings of Isolation
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Introduction

The COVID-19 pandemic has brought about sweeping
changes to the nature of work across the world. Social
distancing, the key public policy imperative underlying
governmental

and

organizational

responses

to

the

pandemic, has resulted in a dramatic increase in the number
of organizations that have mandated their employees to
telecommute or “work from home” (Baruch, 2001; Belanger
& Collins, 1998; Gajendran & Harrison, 2007. 23,24
In this study, we combine multiple data sources to address the
above gaps in prior work and advance our understanding of
remote work arrangements during the COVID crisis. Specifically,
we study how two important indicators of remote work efficacy employee productivity and isolation - vary across jobs that differ
in NHP and, therefore, exposure to social distancing policies.
In our study, we estimate the effect of job NHP on the two
23.
Belanger, F., Collins, R.W. “Distributed
Work Arrangements: A Research Framework,” The Information Society (14), 1998,
pp.137-152.

indicators using the following specifications:

Productivityi,o= α + β NHPji + δ Xi + γ Xo + εi,o
Perceived_Isolationi,o= α + β NHPji + δ Xi + γ Xo + εi,o
where ,
Productivityi,o represents relative productivity of employee i
in organization o when working remotely compared to when
working from a central location,
Perceived_Isolationi,o represents feelings of isolation perceived
by worker i in organization o when working remotely compared

24.
Gajendran, R. S., & Harrison, D. A. (2007).
The good, the bad, and the unknown
about telecommuting: Meta-analysis of
psychological mediators and individual
consequences. Journal of applied psychology, 92(6), 1524.

to when working from a central location,
NHPji is the mean NHP for sector j in which worker i is employed,
Xi is a vector of employee characteristics (intensity of use of
videoconferencing tools, gender, age, hierarchical level in the
firm, prior frequency of remote work), and
Xo is a vector of firm characteristics (size, ownership type, and
clarity in remote work procedures) that correlate with work
outcomes of the employee.
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Conclusion

In this study, we described the impact of social distancing
measures, adopted to curb the spread of COVID-19, on employee
productivity and isolation. By applying the Need for Human
Proximity (NHP) index from the first study, our findings report that
jobs with high NHP resulted in employees being less productive
and highly isolated when compared to jobs with lower NHP.
Our findings supported the prediction that higher job NHP would
result in lower productivity and higher isolation while working
remotely: job NHP had a negative effect on productivity (β = -1.84,
p < .01) and a positive effect on isolation (β = 1.35, p < .05).
Overall, these findings inform our understanding of the effects
that remote work in general and, in particular, necessitated by
COVID-19 has had on employees and why these effects seem
to have differed significantly across employees. Our research
highlights the need for organizations to optimally design
workplace processes and structures to minimize communication
and coordination challenges resulting from remote work that
likely account for more adverse work outcomes for employees in
high NHP jobs.
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Conclusion
In this report, we presented to you two studies conducted
with the help of the grant. In the first study, we described
the Occupational and Sectoral Indices for SML, Need for
Human Proximity and Remote Work where we introduced
the Suitability for Machine Learning Index and Indices for
Remote Work and Human Proximity. In the second study,
we presented results of Artificial Intelligence and Future of
Work survey.
By using grant-supported datasets, we could perform two
additional research studies: Economic Implications of SML
(based on Sector-level Evidence) and Human Proximity and
Productivity & Isolation in Remote Work.
The indices described in this report are not, by any means,
comprehensive in nature. Instead we expect this work to
drive future research that will help inform policymakers and
industry about the implications of artificial intelligence and
machine learning.
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