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Abstract- The COVID-19 pandemic has significantly impacted library services worldwide, compelling
institutions to adapt to digital transformation at an accelerated pace. This study examines the adaptation
strategies of libraries in India, analyzing key factors influencing digital service adoption, including digital
infrastructure, perceived usefulness, digital literacy, funding constraints, and the digital divide. Using
Structural Equation Modeling (SEM) on data collected from 120 libraries, the study validates the
hypothesized relationships between these factors and their impact on service adaptation. The results
indicate that libraries with pre-existing digital infrastructure and higher digital literacy levels adapted more
efficiently, whereas funding constraints and the digital divide negatively influenced adaptation. The study
highlights the necessity of targeted funding mechanisms, infrastructure development, and digital literacy
initiatives to ensure equitable access to knowledge resources. The findings offer critical insights for
policymakers, library administrators, and stakeholders in shaping resilient and inclusive digital library

services in the post-pandemic era.

Keywords- Digital Transformation, Library Services, Structural Equation Modeling (SEM), Digital Literacy,
COVID-19, Digital Divide, Funding Constraints, Library Adaptation, Knowledge Accessibility.

I. INTRODUCTION critical need for libraries to not only maintain access
to information but also innovate to meet the

The  COVID-19 pandemic has brought changing demands of users in a rapidly evolving

unprecedented disruptions to nearly all sectors, digital landscape (Singh, 2020).

including education and public access to
knowledge resources. Libraries, as vital institutions
in information dissemination and community
engagement, faced considerable challenges due to
prolonged lockdowns, social distancing norms, and
restrictions on public gatherings (IFLA, 2020;
UNESCO, 2020). Across India, libraries were
compelled to re-evaluate their operational models
and adopt digital transformations to ensure
continued service delivery while adhering to health
and safety protocols (Jain & Gokhale, 2020;
Bhattacharya, 2020). The pandemic underscored the

Prior to the pandemic, libraries in India largely
operated through physical lending, on-site reading
rooms, and reference services (Chakraborty & Das,
2019). While some institutions had begun to
integrate digital technologies, the overall shift
towards digitalization remained gradual and often
limited by budgetary constraints and infrastructural
challenges (Mukherjee & Roy, 2020; Sharma, 2018).
However, with the imposition of movement
restrictions, a shift towards digital and remote
access solutions became imperative. Many libraries
expanded their e-book collections, introduced
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virtual  consultations, and leveraged online
platforms to conduct research assistance and
knowledge-sharing activities (IFLA, 2020; Kumar &
Devi, 2020). Additionally, institutions started
offering curbside pickup services and enhancing
their digital literacy programs to support a diverse
user base (Reddy et al., 2020).

Despite the necessity of these adaptations, several
challenges emerged. Many libraries, particularly
those in rural and semi-urban regions, struggled
with inadequate digital infrastructure, limited
funding, and disparities in technological literacy
among both staff and patrons (Ghosh, 2020; Patel
& Mishra, 2020). The transition to digital services
highlighted the digital divide in India, where access
to high-speed internet and affordable digital
devices remained a significant barrier (Rana et al.,
2020; Sinha & Agarwal, 2020). Budget constraints
further complicated matters, with many libraries
experiencing funding cuts that hindered their ability

to invest in robust digital platforms and
subscriptions to e-resources (Tripathi, 2020).
Nevertheless, libraries demonstrated remarkable

resilience and innovation in response to these
challenges. Several institutions introduced Al-driven
chatbots for user assistance, mobile applications for
digital lending, and virtual engagement programs
such as online reading clubs, digital archives, and
academic webinars (Sharma & Verma, 2020). Some
libraries formed partnerships with educational
institutions and technology providers to enhance
their digital offerings and improve accessibility
(Kapoor, 2020). The pandemic also accelerated the
adoption of institutional repositories and open-
access databases, particularly in academic libraries,
to facilitate remote learning and research
collaboration (Ghosh, 2020; Rao, 2020). These
initiatives not only helped libraries maintain their
relevance but also paved the way for long-term
digital transformation strategies (Prakash et al,
2020).

This study aims to examine the impact of COVID-19
on library services in India, focusing on the
adaptation strategies and innovative responses
implemented across different types of libraries.

120 libraries, this
institutions navigated

Using empirical data from
research explores how
operational challenges, leveraged technological
advancements, and addressed shifts in user
engagement patterns. The study will also assess the
effectiveness of these adaptations in sustaining
library services and the potential long-term
implications for library management. By analyzing
these transformations, the research seeks to
provide valuable insights into the evolving role of
libraries in a post-pandemic world and inform
future  policy decisions regarding digital
infrastructure and knowledge dissemination (Singh,
2020; IFLA, 2020).

Il. LITERATURE REVIEW

The COVID-19 pandemic significantly disrupted
traditional library services worldwide. Libraries,
particularly in developing countries like India, faced
operational challenges due to lockdown measures,
social distancing requirements, and reduced
staffing capacity (IFLA, 2020; UNESCO, 2020).
Several studies highlight that libraries had to
suspend physical access to resources, compelling
institutions to reconfigure their service models to
ensure continuity in information dissemination (Jain
& Gokhale, 2020; Bhattacharya, 2020). A study by
Singh (2020) found that library closures affected
academic institutions the most, with students and
researchers struggling to access reference materials.
Furthermore,  Mukherjee and Roy (2020)
emphasized that while digital services were
expanding, many libraries lacked the necessary
digital infrastructure to transition effectively.
According to Sharma (2018), the reliance on digital
databases and e-books increased exponentially, but
the digital divide posed significant barriers to
accessibility for users in rural and underprivileged
areas.

With  physical operations halted, libraries
accelerated their adoption of digital tools and
technologies. Many institutions expanded their e-
book collections, introduced virtual reference
services, and leveraged online platforms for
knowledge-sharing (Chakraborty & Das, 2019;
Kumar & Devi, 2020). A survey conducted by Reddy
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et al. (2020) found that 78% of Indian libraries
reported an increase in digital resource usage
during the pandemic. Libraries also experimented
with Al-driven chatbots, mobile applications for
digital lending, and automated cataloging systems
to enhance user experience (Sharma & Verma,
2020). Kapoor (2020) noted that academic libraries,
in particular, prioritized the development of
institutional repositories and open-access resources
to facilitate remote learning. Furthermore, Rao
(2020) observed that public libraries played a crucial
role in bridging the information gap by offering
online reading programs, virtual book clubs, and
community engagement initiatives.

Despite these advancements, several challenges
persisted. One of the most critical issues was the
digital divide, where disparities in internet access
and digital literacy hindered equitable access to
library resources (Ghosh, 2020; Patel & Mishra,
2020). Rana et al. (2020) highlighted that libraries in
semi-urban and rural areas struggled to implement
digital solutions due to limited funding and
infrastructural gaps. Additionally, budget
constraints were a significant barrier. Tripathi (2020)
reported that many libraries experienced funding
cuts during the pandemic, making it difficult to
acquire new digital licenses, upgrade software, and
train staff in emerging technologies. Sinha and
Agarwal (2020) stressed that the rapid shift to
digital services required significant investment in
cybersecurity and data protection to ensure the
integrity of user information.

The pandemic accelerated
institutional

the adoption of
repositories  and open-access
databases, particularly in academic libraries
(Prakash et al, 2020; Ghosh, 2020). These
repositories facilitated knowledge dissemination by
offering free and unrestricted access to research
materials, theses, and scholarly articles. Singh
(2020) noted that institutions collaborating with
global open-access initiatives witnessed increased
visibility and citation impact of their research
outputs. However, Rao (2020) cautioned that
sustainability remained a challenge, as many
libraries struggled with the long-term maintenance
of these digital repositories. Kapoor (2020)

emphasized that stronger policy frameworks and
funding mechanisms are essential for ensuring the
continued growth of open-access initiatives in India.
As libraries continue to navigate post-pandemic
recovery, several scholars emphasize the need for
hybrid service models that integrate both physical
and digital resources (Sharma & Verma, 2020; IFLA,
2020). Bhattacharya  (2020) suggests that
government policies should prioritize funding for
digital library initiatives, particularly in underserved
regions. Additionally, Patel & Mishra (2020)
advocate for national-level collaborations between
libraries, educational institutions, and technology
providers to enhance accessibility and inclusivity.
Furthermore, Singh  (2020) highlights  the
importance of training and capacity-building
programs for library staff to ensure effective
management of digital resources. The development
of standardized digital library policies and data-
sharing frameworks can significantly enhance the
resilience and sustainability of library services in the
post-pandemic era (Rana et al.,, 2020).

The COVID-19 pandemic has reshaped the
landscape of library services in India, accelerating
digital transformation while also exposing existing
gaps in infrastructure and accessibility. While
libraries have demonstrated remarkable
adaptability through digital innovations, challenges
such as the digital divide, budget constraints, and
cybersecurity concerns remain pressing issues. This
literature review underscores the need for
sustainable digital strategies, policy support, and
collaborative efforts to ensure equitable access to
library resources in a rapidly evolving digital
ecosystem.

I1l. THEORY AND HYPOTHESIS
DEVELOPMENT

The theoretical foundation of this study is
grounded in the Technology Acceptance Model
(TAM) and the Diffusion of Innovations (DOI)
theory. TAM suggests that perceived usefulness
and perceived ease of use influence an individual's
acceptance and adoption of technology (Davis,
1989). In the context of library services, the
pandemic accelerated the necessity for digital
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transformation, making it imperative to understand
how librarians and users perceive and adapt to new
technological tools (Venkatesh & Bala, 2008). DOI
theory, proposed by Rogers (2003), provides further
insights into how innovations, such as digital
libraries and virtual services, are adopted over time
and the role of social systems in influencing their
acceptance. The empirical data collected from 120
libraries in India supports an investigation into the
adoption patterns and challenges of digital library
services. Prior literature indicates that infrastructural
limitations, digital literacy, and funding constraints
significantly impact the transition to online services
(Ghosh, 2020; Rana et al, 2020). Therefore, this
study hypothesizes that key factors such as
institutional readiness, perceived ease of use, and
access to digital resources influence the
effectiveness of adaptation strategies implemented
during the pandemic.

H1: Libraries with pre-existing digital infrastructures
adapted more efficiently to the pandemic than
those without.

H2: The perceived usefulness of digital services
positively influences the adoption of digital library
resources.

H3: A higher degree of digital literacy among
library staff correlates with a smoother transition to
virtual services.

H4: Funding constraints negatively impact the
ability of libraries to innovate and expand digital
services.

H5: The digital divide significantly affects
accessibility and user engagement with library
services in rural versus urban areas.

This study will employ statistical analysis to test
these hypotheses based on the data collected from
the 120 sampled libraries, aiming to provide
empirical evidence on the impact of COVID-19 on
library service adaptation and innovation in India.

IV. METHODS

Sample and Procedure

The study utilizes a stratified random sampling
technique to ensure representation from academic,
public, and special libraries across different regions

in India. Data were collected from 120 libraries
through structured online surveys and semi-
structured interviews with library administrators and
staff. The survey covered key areas such as digital
resource adoption, technological infrastructure,
funding constraints, and user engagement.
Interviews provided qualitative insights into the
challenges and strategies implemented by libraries
during the pandemic. Ethical considerations,
including informed consent and data
confidentiality, were strictly followed.

Measures

The study employs validated measures adapted
from prior research on technology adoption and
library management. The constructs include
perceived usefulness (Davis, 1989), digital literacy
(Venkatesh & Bala, 2008), funding constraints (Rana
et al, 2020), and institutional readiness (Ghosh,
2020). Each construct was measured using a 5-point
Likert scale (1 = strongly disagree, 5 = strongly
agree). Reliability and validity tests were conducted
to ensure the robustness of the survey instrument.

Hypothesis Testing and Model Estimation

To examine the impact of COVID-19 on library
adaptation and innovation in India, this study
employs Structural Equation Modeling (SEM) using
AMOS software. SEM was chosen over multiple
regression due to its ability to model complex
relationships between multiple dependent and
independent variables while accounting for
measurement errors. Given that our study explores
both direct and indirect influences on digital
adaptation, SEM provides a more robust framework
compared to traditional regression techniques.

Assumptions of SEM

Before conducting hypothesis testing, key
assumptions were checked:
e Multicollinearity Check: Variance Inflation

Factor (VIF) values were calculated for all
predictor variables, ensuring they remained
below the threshold of 5, confirming no severe
multicollinearity issues.

e Normality & Linearity: The Shapiro-Wilk test
was conducted, confirming an approximately
normal distribution of residuals. Scatter plots
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also confirmed linear relationships between Hvoothesi B p- R? s tod?
predictors and outcomes. YPOINESIS | coefficient|| Value || Contribution]|>"PP"e%"
e Model Identification: The model satisfied the || H1: Libraries
minimum requirement of df > 0, ensuring it was ||With pre-existing
over-identified and estimable. _ digital 0.68 <0.01 46.2% Yes
infrastructures
adapted more
V. MEASUREMENT MODEL VALIDATION efficiently.
H2: Perceived
. . sefulness of
Confirmatory Factor Analysis (CFA) was conducted dL: chness
. e gital services || o7 |l c0.001  44.9% %
to test the validity and reliability of constructs. The positively : : 77 es
model fit was assessed using multiple goodness-of- influences
fit indis: adoption.
H3: A higher
degree of digital
. Acceptable || Obtained literacy among o
Fit Index Threshold Value staff correlates 0.54 <0.01 29.2% Yes
with a smoother
| Chi-square/df || <30 || 2.74 | transition.
| Comparative Fit Index (CF) ||  >090 || 0921 | H4: Funding
- constraints
| Tucker-Lewis Index (TLI) || >090 | 0905 | negatively
impact the -0.42 <0.05 17.6% Yes
Root Meén Sguare Error of <008 0.063 P of
Approximation (RMSEA) aoiity
libraries to
Standardized Root Mean <008 0.045 innovate.
Square Residual (SRMR) H5: The digital
Goodness of Fit Index (GF)||  >090 || 0918 divide
significantly
affects -0.58 <0.001 33.8% Yes
Validity & Reliability Tests: accessibility and
e Convergent Validity: Factor loadings exceeded user
0.60, and Average Variance Extracted (AVE) > [L_&ngagement

0.50 for all constructs.

o Discriminant Validity: The square root of AVE
for each construct was greater than its
correlations with other constructs.

¢ Internal Consistency: Composite Reliability
(CR) scores were above 0.70 for all constructs.

Structural Model and Hypothesis Testing
Path analysis was conducted to test the hypotheses,

using standardized regression coefficients (),
significance levels (p-values), and variance
explained (R%:

Hypothesis B Coefficient  p-ValueR?

Robustness Checks
To confirm the stability of findings, additional tests
were conducted:

Mediation Analysis: Examined  whether
funding constraints mediate the effect of digital
literacy on adaptation. Results indicate partial
mediation (B = -0.18, p < 0.05).

Moderation Analysis: Tested whether library
location (urban vs. rural) moderates the
relationship between perceived usefulness and
adoption.  Findings show a significant
moderating effect (B = 021, p < 0.05),
indicating urban libraries benefit more from
digital services.

Alternative Model Comparison: We tested an
alternative model using hierarchical regression,
which produced weaker fit indices, reinforcing
SEM’s suitability.
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VI. RESULTS

The analysis of the collected data revealed
significant trends in library adaptation and
innovation during the pandemic. Descriptive

statistics indicate that 85% of libraries reported an
increase in digital resource usage, with academic
libraries showing the highest adoption rates. The
results of the Structural Equation Modeling (SEM)
analysis supported most of the proposed
hypotheses:

e Libraries with existing digital infrastructures
(H1) showed a significantly higher adaptation
rate (p < 0.01).

e Perceived usefulness (H2) was positively
correlated with digital adoption (B = 0.67, p <
0.001).

e Digital literacy among library staff (H3) was a
strong predictor of successful virtual transitions
(B =0.54,p <0.01).

e Funding constraints (H4) were found to be a
major barrier, negatively impacting digital
service expansion (B = -0.42, p < 0.05).

e Rural libraries experienced significantly lower
accessibility to digital services compared to
urban counterparts (H5, B = -0.58, p < 0.001),
confirming the digital divide's impact.

VII. CONCLUSION

The results of this study underscore the
transformative role of digital infrastructure,
perceived usefulness, and digital literacy in library
adaptation during the COVID-19 pandemic.
Libraries with pre-existing digital infrastructure
exhibited a significantly smoother transition to
remote services, validating the importance of
proactive technological investments. Furthermore,
the study highlights the persistent digital divide,
with rural libraries facing substantial barriers in
terms of accessibility and resource availability. The
findings reinforce previous research emphasizing
the need for sustained policy interventions to
bridge these gaps (Patel & Mishra, 2020; Rana et al.,
2021).

Funding constraints emerged as a critical
impediment to digital innovation, echoing global
trends in library resource management (IFLA, 2022).
Without adequate financial backing, libraries
struggle to expand digital collections, train staff,
and maintain digital services. Future strategies must
focus on government and institutional funding
programs tailored to support libraries in
economically disadvantaged regions. Initiatives
such as public-private partnerships, grant funding,
and subsidized digital infrastructure programs
could play a pivotal role in fostering sustainable
digital transformation.

Additionally, digital literacy among library staff was
identified as a key determinant of successful
adaptation. Training programs aimed at enhancing
technical competencies must be prioritized to
ensure that library personnel are equipped to
handle evolving digital demands (Bhattacharya &
Ghosh, 2019). Implementing structured professional
development courses, certification programs, and
hands-on workshops would significantly improve
digital adoption rates.

Future research should explore longitudinal trends
in digital library adoption post-pandemic to assess
the sustained impact of digitalization efforts.
Investigating the role of Al and machine learning in
enhancing library services could provide insights
into how emerging technologies can further
optimize knowledge dissemination (Sharma &
Verma, 2022). Moreover, comparative studies
between developed and developing nations could
yield valuable perspectives on best practices for
digital transformation in libraries worldwide.

In conclusion, while significant progress has been
made in digital adaptation, there remains a pressing
need for continued investment in infrastructure,
funding, and digital literacy programs. Addressing
these challenges will be crucial in ensuring
equitable access to knowledge and fostering a
more resilient library system in the post-pandemic
era.  Stakeholders, including  policymakers,
educational institutions, and technology providers,
must collaborate to develop innovative solutions
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that promote inclusivity, sustainability, and long-
term digital readiness in library services.
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