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Abstract

This study examines the impact of internet adoption on labour productivity in the unorganised
sector in India, focusing on gender-based productivity gaps. Prior research highlights the
persistent productivity differences across male and female-led enterprises, but there is limited
evidence on how ICT tools can influence these gaps. Using two rounds of the National Sample
Survey Office (NSSO) data (2010-11 and 2015-16) and three rounds of the Annual Survey of
Unincorporated Sector Enterprises (ASUSE) (2021-22, 2022-23, and 2023-24), we analyse
patterns of internet adoption and its relationship with productivity. We observe a notable
increase in internet adoption among small firms, which was previously concentrated among
larger enterprises. Our findings confirm the persistence of gender-based productivity gaps;
however, they also show that female-headed enterprises benefit significantly from internet
use, with improved productivity outcomes. In addition to gender, other significant
determinants of productivity include caste, age, location, enterprise size, and the nature of
the business. The results highlight the potential of digital tools to reduce existing productivity
inequalities among small firms and enhance productivity within India’s unorganised sector,

offering valuable insights for policies aimed at promoting inclusive digital growth.
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1. Introduction

A substantial body of literature establishes a strong link between ICT adoption and
productivity growth across countries, for instance, productivity gains from ICT-related
industries in the US (Jorgenson & Stiroh, 2002; Oliner & Sichel, 2000; Timmer & van Ark, 2005),
the Netherlands (Borowiecki et al., 2021), Italian firms (Hall et al., 2013; Nucci et al., 2023),
and European economies (Gal et al., 2019; OECD, 2020; OECD, 2021; Gette et al., 2022). While
evidence has been dominated by developed-country contexts, benefits also extend to
developing economies (Fagerberg, 1994; Steinmueller, 2001), though returns may differ
(Dedrick et al., 2013). Research on specific ICT tools: broadband (Grimes et al., 2012), mobile
technology (Bertschek & Nibel, 2016), and internet usage (Clarke et al., 2015; Kretschmer,
2013), suggests improvements in customer service and transactional efficiency (Stansfield &
Grant, 2003; Vickery et al., 2004). Yet, evidence remains concentrated on the formal sector,

with limited understanding of ICT adoption among informal enterprises.

Informal firms constitute a major share of economic activity in developing countries, but often
operate with low technology penetration. Female-owned enterprises are particularly
disadvantaged, performing worse than male-owned firms (Gang et al., 2022; Islam & Amin,
2023) due to smaller scale, sectoral concentration, and household-based operations (Klapper
& Parker, 2011; World Bank, 2009; Sabarwal & Terrell, 2008; Bardasi et al., 2011; Chaudhuri
et al., 2020). Emerging work highlights gender productivity gaps within the informal sector
(Gang et al., 2022; Islam & Amin, 2023). A parallel strand documents gender differences in
technology adoption, driven by social norms and limited digital skills (Ahuja & Thatcher, 2005;
Venkatesh & Morris, 2000; Maruping & Magni, 2012; Venkatesh et al., 2000; Dong & Zhang,
2011). However, COVID-19 accelerated digital uptake among women entrepreneurs (Torres et

al., 2021), underscoring the potential of ICT in reducing gender-based productivity disparities.

Against this backdrop, we address three questions: (i) Does ICT adoption improve productivity
in small informal firms in India? (ii) Which firm- and owner-level characteristics drive adoption
and outcomes? (iii) Can ICT narrow gender productivity gaps? Using nationally representative
informal sector data (2010-2023), we contribute to the ICT-productivity discourse by focusing
on India's unorganised sector, where digital adoption remains limited but rapidly evolving.
Informal activity accounts for 45% of GDP and employs around 85-90% of workers (Murthy,

2019), yet firms in this sector remain technologically underdeveloped (Mukherjee, 2018).



Recent growth in enterprises (ASUSE 2023-24), rising female participation, digital expansion,
and policy initiatives, such as Digital India, CGTMSE, CLCSS, and Start-up India, make India an

ideal case for examining ICT-driven productivity change.

Our findings indicate a substantial productivity premium for ICT adopters: labour productivity
is higher for internet-using firms, controlling for firm characteristics. Female-owned firms
exhibit lower productivity than male-owned firms; however, ICT adoption significantly reduces
this gap. Female-owned firms that utilise the internet exhibit higher productivity than those
that do not. Thus, ICT adoption not only enhances performance but also mitigates gender
disparities in informal entrepreneurship. We propose policy measures, including targeted ICT
training and digital support for women-led enterprises, to strengthen inclusive productivity

growth.

The rest of the paper is organised as follows: Section 2 outlines a brief literature review.
Section 3 discusses the data and provides descriptive evidence of the unorganised enterprises
in the Indian economy. Section 4 presents the methodology used to understand the impact of
ICT adoption on labour productivity, and it addresses the productivity differentials across

gender and how ICT adoption could reduce them. Section 5 concludes the paper.
2. Literature review
2.1 ICT Adoption and Productivity

Information and communication technologies (ICT) have been central to modern economic
transformation (Hall et al., 2013; Choi & Hoon Yi, 2009). Extensive macro-level evidence shows
that ICT, particularly the internet, has driven economic growth in both developed and
developing economies (Yousefi, 2011; Hitt & Brynjolfsson, 1996; Dedrick et al., 2013), with
firms and households increasingly relying on digital tools for communication and information
exchange (Vergara & Malasquez, 2023). ICT diffusion has generated spillovers across sectors,
including small enterprises (Cardona et al., 2013), healthcare (Shao et al., 2022), and
education (Fernandez-Gutiérrez et al., 2020), and has been linked to improved output growth

and productivity (Niebel, 2018; Stiroh, 2002).

Empirical work shows that ICT-intensive industries experience higher labour productivity

(Stiroh, 2002), with digital adoption contributing significantly to output growth in the U.S.



(Brynjolfsson & Hitt, 2003) and improved performance across the UK and Europe (Bloom et
al., 2010). Firm-level studies further document ICT-induced productivity gains across contexts.
Bertschek & Niebel (2016), Borowiecki et al. (2021), and Gal et al. (2019) highlight specific
technological channels, whereas Cette et al. (2022) demonstrate that ICT investment and
specialist employment increase labour and total factor productivity in French firms. Evidence
from Italy (Nucci et al., 2023) and Russia (Abramova & Grishchenko, 2020) supports similar
links, and OECD (2021) finds particularly large gains among low-productivity firms.

Although evidence remains relatively rich for developed economies, research in developing
regions is more limited due to data constraints. Nevertheless, studies such as Aboal et al.
(2017) for Uruguay show that ICT investments boost productivity, while SME-focused
literature similarly finds positive ICT effects on financial performance and efficiency (Mushtaq
et al., 2022; Afolayan, 2016; Dutta et al., 2023; Mishrif & Khan, 2023; OECD, 2024). In the
Indian context, ICT has made significant contributions to economic growth, particularly
through services (Erumban & Das, 2016). However, the benefits of adoption remain primarily
captured by larger firms (Gupta & Kumar, 2018), indicating a significant scope for small and

informal enterprises to gain from digital integration.
2.2 Gender Gaps in Firm Performance

Gender disparities in firm performance are widely documented (Delecourt & Ng, 2021;
Sabarwal & Terrell, 2008; Chaudhuri et al., 2020; Gang et al., 2022; Islam & Amin, 2023). These
differences arise from observable characteristics such as access to resources, capital and
market networks, as well as unobservable factors related to norms and preferences. Several
studies attribute lower earnings among female-owned businesses to observable constraints
(Khalife & Chalouh, 2013), inventory limitations (Delecourt & Ng, 2021), or credit
misallocation (Mel et al., 2008). While some evidence shows no gender-based differences in
business outcomes (Robb & Watson, 2004) or even higher female performance (Watson &
Robinson, 2003; Sabarwal & Terrell, 2008), the dominant trend points to women-led firms
being smaller, concentrated in low-capital and less profitable sectors (Bardasi et al., 2011;

Klapper & Parker, 2011; World Bank, 2009).

Gender gaps are further shaped by lower working hours among women due to domestic

responsibilities (Nix et al., 2015; Robb, 2008; Hundley, 2001; Bruhn et al., 2009; Fafchamps et



al., 2014; Delecourt & Fitzpatrick, 2019). Motivation and growth aspirations also differ,
influencing profitability and expansion decisions (Coohoon et al., 2010; Klapper & Parker,
2011; Rosa et al., 1996). Recent work suggests that technology adoption and innovation may
lag among women entrepreneurs (Expdsito et al., 2023; Na & Shin, 2019). Although some
studies find that gaps remain unexplained even after accounting for firm- and owner-level

characteristics, this signals deeper systemic barriers (Hardy & Kagy, 2018).
3. Data

This study draws on five rounds of surveys from the unorganised sector conducted by the
National Sample Survey Office (NSSO), specifically, two rounds from the NSS non-agricultural
Enterprise Survey Rounds the 67t" round and the 73™ round,(NSSO, 2010-11 and 2015-16) and
three rounds from the Annual Survey of Unincorporated Sector Enterprises (ASUSE 2021-22,
2022-23, and 2023-24).! The survey was initially conducted by NSS, which included several
rounds of enterprise surveys and other rounds of household and community surveys. In 2021,
due to the demand for annual survey data, the ASUSE survey was started to provide annual
data of enterprises. Both surveys had a focus only on non-agricultural enterprises®. These
surveys are designed to systematically gather operational, financial, and structural
information at the establishment level for non-agricultural manufacturing and service entities.
The number of firms surveyed varied across years:334,474in 2010, 290,114 in
2015, 416,269 in 2021, 458,938 in 2022, and 498,024 in 2023 (the latest round). Our overall
sample consisted of around 2 million firm data points, which were reduced to 1.6 million after
data cleaning. In the case of the sample firms in our study, we excluded non-profit enterprises
and considered only firms belonging to the major Indian states. The analysis is restricted to
firms located in the 17 major states, which account for the largest share of enterprises, with

Union Territories and smaller states excluded.3

! For the sake of simplicity, we refer the survey conducted during 2010 - 2011 as 2010, 2015 -16 as 2015 and so
on.

2 The non-agricultural enterprises engaged in the activities of manufacturing, construction, trading and repair
services, hotels and restaurants, transport storage and communications, financial intermediation, real estate,
renting and business activities, education, health and social work, other community, social and personal service
activities (excluding domestic services) were covered in this survey.

3 The states include Punjab, Haryana, Rajasthan, Uttar Pradesh, Bihar, Assam, West Bengal, Jharkhand, Odisha,
Chhattisgarh, Madhya Pradesh, Gujarat, Maharashtra, Andhra Pradesh, Telangana, Karnataka, Kerala, Tamil
Nadu. The states of Andhra Pradesh and Telangana have been considered as one. These states are selected out of
the major states reported in the ASUSE Report 2023-24, whose percentage in the total share of enterprises in the
country was more than 1.6 %.



The firms that are non-partnership or non-SHG firms are only considered in our final sample,
i.e the owner is a single person. Female-owned enterprises account for 19 per cent of the full
sample. We consider firms less than 100 years old and have fewer than 20 workers in our final
sample. The gross value added is inflation-adjusted and winsorised at the 1st and 99th

percentiles. We explain below how variable used in this study is constructed.

Labour productivity is computed as the logarithmic value of the ratio of gross value added to
the total number of workers. This total includes firm owners and is limited to firms with fewer
than 20 workers. Regarding ownership information, the survey gathers information on the
attributes. The owner characteristics include the gender of the owner and social group
affiliation. The gender of the owner is a binary variable that takes the value one if the firm has
a female owner, zero otherwise. The social group is defined by the social category affiliation
that the owner has according to the caste definition in the society. The variable has three
categories; it takes the value one if the firm owner belongs to the OBC (other backwards caste)
group and the value two if the firm owner belongs to the scheduled caste (SC) or scheduled
tribe (ST) category. The scheduled castes and scheduled tribes have been merged as a singular
category due to the lack of enough samples in the two groups. The social group of the firm
owner takes the value zero for others. The firm characteristics include the location of the firm,
whether it is located within the household or outside the household, the sector (urban or
rural), whether the firm is in manufacturing, and the size of the enterprise. For size, we use a
dummy variable to indicate whether the firm is an own-account enterprise or a hired worker
establishment. One of the other firm attributes we include is financial obstacles, which
indicates if the firm has faced any financial obstacles, taking the value 1 for yes or zero

otherwise. We also include state, NIC 2-digit industry and year fixed effects.



Table 1: Descriptive Statistics

Variable Observati Mean Std. Dev. Min Max
ons

Log of Productivity 1606000 11.088 0.974 4.168 14.514
Proportion of Internet adopters 1606000 0.179 0.383 0 1
Proportion of Female-owned 1606000 0.19 0.392 0 1
enterprises

Proportion of Own-account 1606000 0.741 0.438 0 1
enterprises

Premise: Proportion of outside 1606000 0.651 0.476 0 1
household

Social group

GENERAL/OTHERS 496253 0.309 0.462 0

OBC 868847 0.541 0.498

SC/ST 240900 0.15 .357 2
Sector

Urban 1606000 0.467 0.499 0 1
Age 1606000 11.327 8.634 1 100

Financial obstacle 1606000 0.107 0.309 0 1

Figure 1: Share of enterprises by the gender of the owner
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From Figure 1%, we observe a consistent increase in the share of female-owned enterprises,
increasing from 19% in 2010 to 28% in 2023 (Figure 1). In the case of internet adopters, we
observe a consistent increase among both male- and female-owned enterprises over the
study period (Figure 2). The total sample includes about 17.9 per cent of internet adopters.

The proportion of internet adopters is lower in the first two surveys and increases after 2021

(Figure 2).
Figure 2: Internet adoption by Ownership
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While the number of women entrepreneurs has grown, it is important to examine business
ownership among marginalised groups. Among these groups, Other Backward Classes (OBC)
account for the largest share in per cent. Figures 3 and 4 report changes in ownership and
internet adoption among OBC, Scheduled Castes and Tribes (SC/ST), and others, separately

for male- and female-owned firms.

4 All graphs are weighted measures and may nit match the descriptive statistics.
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Figure 3: Share of male-owned enterprises across social groups
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For non-internet users, the share of male-owned firms in the 'Others' category has declined.
This decline has led to an adjustment in the OBC male owners; the percentage of OBC male
owners with no internet has increased from 47 to 55. SC/ST representation has remained
relatively stable at around 17-18 per cent among non-adopters. Among internet users, SC/ST
enterprises increased significantly from around 5 per cent to approximately 12 per cent and

OBCs from 30 per cent to around 51 per cent.

Focusing on female-owned firms (Figure 4), the female shares among SC/ST non-internet
users recorded an increase from 18 per cent to 24 per cent, while the rise among OBC-owned
enterprises was more modest. Internet adoption was initially concentrated among 'Others'
among female-owned firms. However, over the past 15 years, the internet use of OBC-owned
enterprises has increased by approximately 21 percentage points. This indicates that internet
usage is no longer confined to a specific social group. Similarly, internet use among SC and ST
female-owned enterprises increased by nearly 12 percentage points, suggesting a reduction

in disparities in digital adoption.
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Figure 4: Internet Adoption by Female-Owned Enterprises, by Social Group Affiliation
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We categorise internet connections into three groups: (i) non-mobile types, which consist of
narrowband, broadband, Local Area Network (LAN), and Extranet connections (ii) mobile
internet, and (iii) multiple connections. The trends demonstrate a dramatic transition: non-
mobile connections have sharply declined, which now constitute only around 2—4 per cent of
total internet-using enterprises in recent years, across both male- and female-owned firms.
This marks a clear departure from earlier years when broadband and LAN connections were

more common(figure 5).
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Figure 5: Type of internet connection by ownership
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Mobile internet has emerged as the dominant form of internet connectivity, particularly in the
past two years (Sahoo et al., 2021; Zhang &Hu, 2024). Several factors may help explain this
shift. First, mobile internet is relatively affordable, making it accessible even to small and
resource-constrained enterprises. Second, it requires minimal infrastructure, unlike
broadband or LAN setups that often involve installation charges, hardware requirements, and
technical support. In contrast, mobile data can be accessed with basic smartphones, which

are now widely available>.

Moreover, mobile internet is less susceptible to disruptions caused by external factors such as
power outages or adverse weather conditions, both of which can affect fixed-line internet
more severely. In many parts of the country where the electricity supply remains inconsistent,
the resilience of mobile internet becomes particularly valuable for maintaining business

continuity.

This pattern of transition is significant not just from a technological perspective but also from

a gendered lens. Since female-owned enterprises tend to operate on a smaller scale and with

3 According to Waghmare (2024), in 2023, 85 % of Indians reported having a smartphone, and only in 2023, eight
out of ten homes were connected to the internet.
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limited resources, the availability of affordable mobile internet is likely to have played a crucial

role in enabling their participation in the digital economy.
4. Methodology

Before proceeding to the empirical estimation, to understand the relationship between
digitalisation and labour productivity, we begin by conducting an exploratory analysis of our
data using a Kernel density plot. Subsequently, we employ the OLS estimation method,
followed by instrumental variable (1V) analysis, to investigate the determinants of productivity.

For this purpose, we utilise five rounds of data.
We estimate the following OLS model:

InLP;js; = a; + a; X Genderjse + az X ICTjjs + ay X Genderyjse X ICTjjse + a5 X Xjjs +
e X Zije + Wije

The dependent variable is the log of labour productivity (GVA divided by hired labour, including
the owner) belonging to the i-th firm with two-digit NIC code j, in a particular state at time t.
The gender of the owner is a dummy variable, which takes the value 1 for female-owned firms
and zero otherwise. The variable ICT proxies for internet adoption and takes the value 1 for
adopters and zero for non-adopters. The interaction term between gender and ICT captures
whether the effect of internet adoption in female-owned firms has a positive or a negative
impact on productivity compared to female-owned firms without internet. The vector X
includes host of other firm controls including age of the firm, social group of the owner,
premises of the enterprise (within household or outside), type of enterprises (hired worker
establishment or own account enterprise) and location (rural or urban), type of industry
(manufacturing or non-manufacturing) while vector Z captures the state, year and two-digit
industry fixed effects. The differences in the industry, state and year would be captured by the

vector Z.
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5. Results
5.1 Kernel density distribution

To explore gender disparities in productivity, we present the kernel density plot (Figure 7). This
figure illustrates the difference in productivity distribution between male- and female-owned
firms, which prompts us to proceed with estimating our baseline model. We observe that at
lower productivity levels, the distribution of male-owned and female-owned firms is similar.
A wider gap is observed in the lower tail, extending toward the middle of the distribution.
However, in the upper tail, the productivity gap between male- and female-owned firms
becomes nearly identical. These findings suggest that gender differences in productivity are
more pronounced among firms in the lower and middle segments of the productivity
distribution. The kernel density plots reveal that women-led enterprises tend to have lower
maximum productivity levels, with their productivity distribution peaking at relatively low
values. In contrast, male-led enterprises exhibit higher peaks at greater productivity levels,

indicating a higher concentration of male-led firms achieving better productivity outcomes.

Figure 7: Kernel densities of productivity distribution

Kernel Density by Gender
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Note: Kernel densities are computed for equispaced points using an Epanenchnikov kernel
The X-axis measures the InLP or the log of labour productivity, which is indicated as a variable

in the figure.
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5.2 Results

This section presents our results, including those from OLS and IV estimation. Table 2 (Col 1)
presents the OLS estimation results with the independent variable internet, which is
statistically significant at the one per cent level. Excluding the controls, the labour productivity
gap among internet adopter and non-adopter firms is 0.736. The estimated coefficient value
implies that the labour productivity of firms with internet adopters is about 73.6 per cent
higher compared to a non-adopter. In column 2, upon introducing the ownership variable, the
gap between internet adopters and non-adopters is observed as 0.624. The productivity of
female owners is 0.993, which is less than that of male owners when we introduce the
ownership dummy (gender of the owner). After exponentiating the coefficient®, the results
suggest that female-owned enterprises have, on average, 63% lower labour productivity than
male-owned enterprises. This finding points to a significant gender disparity in firm

productivity.

6 The exponential is calculated using percentage change = (eﬁ - 1) * 100, where 8 is the coefficient.
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Table 2: Regression results

(1)

(2)

(3)

(4)

Labour Labour productivity Labour productivity Labour productivity
productivity
Internet 0.736*** 0.624*** 0.3*** 0.281***
(0.024) (0.021) (0.013) (0.013)
Female owner -0.993*** -0.692*** -0.684***
(0.021) (0.02) (0.019)
Internet x Gender 0.191%** 0.198%***
(0.025) (0.025)
OBC -0.088*** -0.082***
(0.009) (0.009)
SC/ST -0.261%** -0.253***
(0.017) (0.017)
Premise: Outside the household 0.248%*** 0.236%**
(0.011) (0.011)
Sector: Urban 0.305%** 0.298%***
(0.012) (0.012)
Hired worker establishment -1.166*** -1.173***
(0.403) (0.402)
Manufacturing 0.077*** 0.077***
(0.006) (0.006)
Log age 0.103***
(0.01)
Financial obstacle 0.029**
(0.013)
State fixed effects Yes Yes Yes
Year fixed effects Yes Yes Yes
Industry fixed effects Yes Yes Yes
Constant 10.845*** 11.092%** 10.509%*** 10.499%**
(.021) (.016) (.044) (.044)
Observations 1606000 1606000 1606000 1606000
R-squared 0.059 0.221 0.359 0.361

Clustered standard errors are in parentheses.
*** p<.01, ** p<.05, * p<.1

In column 3 and 4, we introduce the interaction term between gender and the internet. The

coefficient on the interaction term, 0.198 (column 4), implies that female-owned firms with

internet adoption have a positive effect on productivity. After transforming the exponent

term’, this translates to an estimated 21.9% increase in labour productivity relative to the

baseline, beyond the individual effects of each variable. Thus, with the adoption of the

7 The exponential is calculated using percentage change = (eﬁ - 1) * 100, where 8 is the coefficient.
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internet, the labour productivity gap reduces in the case of female-owned firms. Regarding
our other controls, we observe that older firms are more productive than younger firms. Firms
in urban areas, as well as hired worker establishments and those outside household premises,
exhibit higher productivity. The social group affiliation also impacts labour productivity, and
labour productivity varies across the groups. The base group refers to the general population,
which is seen to be more productive than both the OBC owners and the SC/ST owners. The
owners belonging to the OBC category are seen to be 8 per cent less productive than the base
group, while the owners of the SC/ST community are almost 25 per cent less productive than
the base group. These reasons for their low productivity may be due to their size and type of
industry (Chaudhuri et al, 2020). After controlling for this set of firm characteristics, the gap
in labour productivity between male and female-owned firms is almost 50 per cent. However,
the interaction term indicates that the adoption of the internet in a female-owned firm results

in a 12 per cent higher productivity, after controlling for other firm-specific characteristics.
6. Conclusion

This paper attempts to examine the association between internet adoption, the gender of the
owner and productivity differentials. This paper examines the impact of internet use on
productivity in micro, small, and medium enterprises (MSMEs), with a particular focus on the

gender of the firm owner.

Using a rich, 5-year pooled dataset spanning a 14-year period, we present three key findings.
First, we observe that internet adopters have higher productivity across all models, indicating
that firms that use the internet are more productive. Secondly, female-owned firms exhibit
45-50 per cent lower productivity than male-owned firms on average; this gap narrows
substantially, though it does not fully disappear, when women-led firms adopt digital
technologies. The effects are economically meaningful: internet-using female-owned firms
achieve productivity levels comparable to the median male-owned firm in our sample. The
results hold when controlling for firm age, sector, urban location, and size. Third, higher

productivity exhibits striking heterogeneity across social groups.

Contrary to concerns that digitalisation might exacerbate disparities, we demonstrate that
basic digital adoption can help mitigate gender gaps in small and medium-sized enterprises in

the unorganised sector. We find that female-owned firms that adopt the internet show

18



marked improvements, indicating that technology can help offset structural disadvantages.
Further, productivity varies across social groups, with older, urban, and externally managed
firms demonstrating higher efficiency. Our study suffers from some limitations and leaves
scope for further research in the future. First, our data cannot distinguish between types of
internet usage (e.g., e-commerce versus information search), leaving the "how" of
productivity gains as unknown. Second, the post-2016 period, marked by the internet
revolution coupled with demonetization, may represent a structural break that we cannot

fully explore due to the unavailability of panel data.
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