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bstract: This study examines the potential of quantum computing to transform information 
retrieval, metadata management and data security in academic libraries within the context 
of the Fifth Industrial Revolution (5IR). Guided by the Technology-Organisation-Environment 
(TOE) framework, the study explores the technological opportunities and the organisational and 
environmental conditions influencing the future adoption of quantum computing in academic 
libraries. Using the University of Abuja Library as the study site, a qualitative interpretive 
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observational design was employed, combining systematic institutional observations with 
a structured review of contemporary literature. The observational evidence was integrated with 
scholarly insights to examine the opportunities and challenges associated with the prospective 
adoption of quantum computing in academic library environments. The findings indicate that 
quantum technologies, including quantum search algorithms, quantum-enhanced machine 
learning, and Quantum Key Distribution (QKD), have the potential to improve information 
retrieval, metadata optimisation, and information security. However, the study also identifies 
inadequate technological infrastructure, limited institutional capacity and technical expertise, 
financial constraints and insufficient policy support as significant barriers to adoption. 
Interpreted through the technological, organisational and environmental dimensions of the 
TOE framework, the findings indicate that the successful adoption of quantum computing 
depends not only on its technological capabilities but also on institutional readiness and 
an enabling policy environment. The study provides a contextually grounded perspective 
on quantum readiness in Nigerian academic libraries and offers theoretical and practical 
insights to inform future research, policy development and strategic planning for emerging 
technologies in higher education.

Introduction

The rapid expansion of digital information has fundamentally transformed the 
landscape of information access and retrieval, reshaping the role of academic 
libraries within contemporary knowledge systems. In the era of the Fifth Industrial 
Revolution (5IR), characterised by the convergence of quantum computing, artificial 
intelligence and large-scale data ecosystems, libraries face mounting pressure 
to provide faster, more precise and more secure access to increasingly complex 
information environments (Adigun et al., 2024; Ziatdinov et al., 2024). While the 
digitisation of collections and the proliferation of online databases have significantly 
expanded access to knowledge, they have also intensified challenges related to 
search precision, data management and information overload. Contemporary 
academic libraries now manage vast multimedia collections and support sophisticated, 
interdisciplinary research queries that frequently exceed the optimisation limits of 
traditional keyword-based retrieval systems (Fernandez, 2024). 

AI and machine learning have improved search relevance through behavioural 
pattern recognition and contextual query processing (Tella et al., 2025; Ather, 2024). 
However, as data volumes grow exponentially, classical computational architectures, 
even when augmented by AI encounter scalability and efficiency constraints. 
These limitations are particularly evident in large academic repositories where 
retrieval speed, metadata consistency and security resilience are critical. Quantum 
computing introduces a fundamentally different computational paradigm capable 
of addressing these structural constraints. Unlike classical systems that process 
information sequentially, quantum systems utilise qubits, enabling simultaneous 
multi-state computation and substantial improvements in complex data processing 
(Caleffi et al., 2024; Ajani et al., 2026). Such capability has direct implications for 
accelerating search operations, enhancing metadata automation and optimising 
large-scale database management. 
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In parallel, quantum encryption technologies, including Quantum Key 
Distribution (QKD), offer unprecedented advances in data security by leveraging 
the physical properties of quantum mechanics to prevent undetected interception 
(Sonko et al., 2024; Oladokun et al., 2026). This study examines these possibilities 
within the specific institutional context of the University of Abuja Library, a major 
Nigerian federal university library navigating the dual realities of digital expansion 
and infrastructural constraint. Adopting a practitioner-research perspective, the study 
investigates how quantum computing could address observable inefficiencies in 
information retrieval, cataloguing processes and system security. By situating the 
analysis within a Sub-Saharan African academic environment, the paper contributes 
context-sensitive insights to the emerging global discourse on quantum computing 
in library and information science.

Objectives of the Study

The main objectives of this study is to examine the potential of quantum computing 
in transforming information access, retrieval and security systems within academic 
libraries, with specific reference to the institutional context of the University of Abuja 
Library in the era of the 5IR. Specifically, these study seeks to: 
1.	 evaluate the evolution of information access and retrieval at the University of 

Abuja Library;
2.	 assess the impact of quantum computing on library systems at the University 

of Abuja Library;
3.	 investigate the challenges confronting the adoption of quantum computing at 

the University of Abuja Library and
4.	 analyse global case studies of quantum computing initiatives in academic libraries.

Methodology

This study adopted a qualitative interpretive observational design, integrating 
systematic institutional observation with a structured review of relevant literature 
to examine the potential implications of quantum computing for academic library 
services. The interpretive paradigm was considered appropriate because it fa-
cilitates an in-depth understanding of organisational practices and technological 
contexts through the researchers’ engagement with the study environment. Such 
an approach is particularly suitable for investigating emerging technologies whose 
practical implementation remains limited, enabling present institutional realities to 
be interpreted alongside evolving scholarly knowledge. The study was undertaken 
within the University of Abuja Library, where the authors conducted systematic 
observations of routine library operations and digital information management 
practices. The observations focused on key operational areas, including digital 
infrastructure, information retrieval systems, metadata management, digital resource 
administration, cybersecurity practices and the technological environment supporting 
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service delivery. Field notes were maintained throughout the observation process to 
document operational patterns, technological capabilities and institutional practices 
relevant to the study objectives. 

To complement the observational data, a structured review of contemporary 
literature on quantum computing and its prospective applications in library and 
information science was undertaken. The literature review served as a process of 
critical synthesis, providing theoretical and empirical evidence against which the 
institutional observations were interpreted. This integration enabled the study to relate 
observed organisational realities to broader developments in quantum computing 
and digital transformation within academic libraries. Data analysis was conducted 
using interpretive thematic analysis. Observation notes and evidence derived from 
the reviewed literature were examined iteratively through a systematic process, 
during which recurring concepts were identified, categorised and synthesised 
into overarching themes related to each objectives. Observational evidence and 
literature-based insights were analysed as distinct sources before being integrated 
during interpretation to identify areas of convergence, divergence and practical 
significance. This analytical approach enhanced the credibility of the findings by 
grounding institutional observations within the wider body of scholarly evidence 
while preserving the contextual richness of the case setting. 

Study Site: University of Abuja Library 

The study was conducted at the University of Abuja Library, the principal academic 
library of the University of Abuja, a federal university established in 1988 in Nigeria’s 
Federal Capital Territory. The library serves a diverse academic community that 
includes academic staff and undergraduate and postgraduate students and provides 
access to extensive print and electronic information resources, including subscription 
databases such as JSTOR and EBSCOhost through the Nigerian Research and 
Education Network (NgREN), alongside an Online Public Access Catalogue 
(OPAC) that supports information discovery and retrieval. The University of Abuja 
Library was purposively selected as the study site because it typifies a digitally 
evolving federal academic library operating within the infrastructural and resource 
constraints characteristic of many higher education institutions in Sub-Saharan 
Africa. This context provides an appropriate setting for examining the prospective 
implications of quantum computing for academic library services and digital 
information management. The authors’ familiarity with the institutional environment 
facilitated systematic observation of library operations, digital information systems 
and technology-enabled service delivery. To minimise potential researcher bias, 
observational evidence was interpreted alongside contemporary scholarly literature, 
while methodological decisions and analytical procedures were documented 
throughout the study to enhance transparency, credibility and the trustworthiness 
of the findings.
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Data Collection and Analysis Procedure 

Data collection comprised two complementary phases: systematic institutional 
observation and a structured review of relevant scholarly literature. Institutional 
observations were undertaken within the University of Abuja Library to examine 
digital information management practices, information retrieval systems, metadata 
organisation, digital resource administration, cybersecurity measures and the 
technological infrastructure supporting library service delivery. Observations were 
documented through detailed field notes, enabling the systematic capture of 
operational processes and contextual factors relevant to the study. The observa-
tional component was complemented by a structured search of major academic 
databases, including Web of Science, Scopus, Google Scholar and ResearchGate. 
These sources were selected for their broad coverage of peer-reviewed literature, 
conference proceedings and scholarly reports relating to quantum computing and 
digital transformation. Search terms included quantum computing in libraries, 
information retrieval and the 5IR, academic libraries in Nigeria and quantum 
encryption in information systems. Emphasis was placed on recent publications 
that examined the application of quantum computing within information systems, 
digital libraries and related technological domains.

Data analysis was conducted using interpretive thematic analysis. Observation 
notes and literature-derived evidence were independently subjected to iterative 
reading and open coding to identify recurring concepts and patterns. Related codes 
were subsequently grouped into broader analytical categories and synthesised 
into themes reflecting the study objectives. The interpretation integrated insights 
from both data sources while maintaining a clear distinction between institutional 
observations and evidence drawn from the literature. This approach facilitated 
comparison between existing organisational practices and emerging developments 
reported in contemporary scholarship. The credibility of the findings was enhanced 
through methodological triangulation, whereby observational evidence was inter-
preted alongside multiple scholarly sources to strengthen analytical consistency 
and contextual understanding. An audit trail documenting the analytical process 
was maintained throughout the study to promote transparency and dependability. 
Ethical standards were upheld through accurate representation of observational 
evidence, transparent reporting of methodological decisions, and appropriate 
acknowledgement of all sources consulted.

Theoretical Framework

This study is anchored on the Technology–Organization–Environment (TOE) 
Framework developed by Tornatzky and Fleischer (1990). The framework explains the 
factors that influence an organisation’s decision to adopt and implement technological 
innovations by considering three interrelated dimensions: the technological context, 
the organisational context and the environmental context. Unlike innovation adoption 
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theories that focus primarily on individual behaviour, the TOE framework adopts 
an organisational perspective by recognising that technology adoption is shaped 
by both internal institutional characteristics and external environmental conditions. 
Owing to its comprehensive nature, the TOE framework has been widely applied 
in studies investigating the adoption of emerging technologies across various 
sectors, including higher education, healthcare, manufacturing, finance, public 
administration and library and information science (Awa et al., 2017; Baker, 2012). 
The technological context refers to the characteristics of technologies available 
to an organisation and the extent to which they are perceived as beneficial and 
feasible for implementation. It encompasses factors such as relative advantage, 
compatibility with existing systems, complexity, trialability and technological readiness 
(Tornatzky & Fleischer, 1990). Organisations are generally more inclined to adopt 
technologies that demonstrate clear operational advantages, integrate effectively with 
existing infrastructure and offer sustainable solutions to organisational challenges. 
Consequently, the technological context enables organisations to evaluate whether 
a new technology possesses sufficient capabilities to improve efficiency, productivity, 
innovation and service delivery.

The organisational context comprises the internal attributes and resources 
that influence an organisation’s readiness to adopt technological innovations. 
These include organisational size, financial resources, managerial commitment, 
institutional culture, human capital, technological expertise, communication structures 
and strategic vision (Baker, 2012). Organisations with adequate financial capacity, 
skilled personnel, supportive leadership and clearly defined strategic objectives 
are generally better positioned to adopt and sustain technological innovations. 
However, inadequate resources, insufficient technical competence and organisational 
resistance to change often impede successful technology implementation. The 
environmental context represents the external conditions that influence organisational 
technology adoption. These conditions include government policies and regulations, 
competitive pressures, technological infrastructure, industry standards, research 
collaborations, funding opportunities and relationships with technology providers and 
professional bodies (Tornatzky & Fleischer, 1990). The external environment may 
either facilitate or constrain innovation depending on the availability of supportive 
policies, investment opportunities, collaborative networks and enabling infrastructure. 
Accordingly, organisations rarely adopt advanced technologies in isolation, as 
external institutional and policy environments significantly shape both adoption 
decisions and implementation outcomes. The TOE framework has been recognised 
as one of the most comprehensive theoretical models for examining organisational 
technology adoption because it acknowledges that technological innovation is 
influenced by the interaction of technological capabilities, organisational readiness 
and environmental support rather than by technological characteristics alone. The 
framework therefore provides a holistic explanation of why organisations differ in 
their adoption of emerging technologies despite having access to similar innovations.
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In the context of this study, the TOE framework provides an appropriate 
theoretical lens for examining the potential adoption of quantum computing in 
academic libraries during the 5IR. The technological dimension explains how the 
characteristics of quantum computing, including its potential to improve information 
retrieval, metadata management, cybersecurity and data analytics, may influence 
its adoption within academic libraries. The organisational dimension provides 
a basis for understanding how institutional factors such as financial capacity, staff 
expertise, leadership support, digital readiness and organisational preparedness 
may facilitate or hinder the implementation of quantum computing at the University of 
Abuja Library. Similarly, the environmental dimension explains how external factors, 
including national digital policies, research funding, technological infrastructure, 
electricity supply, regulatory frameworks and strategic collaborations, shape 
institutional readiness for quantum computing adoption. Collectively, these three 
dimensions provide a coherent theoretical explanation for the opportunities and 
challenges identified in this study and support the interpretation of the findings 
beyond a purely descriptive analysis by demonstrating that the successful integration 
of quantum computing in Nigerian academic libraries depends on the interaction 
between technological capability, organisational preparedness and an enabling 
external environment.

Conceptual Framework

Figure 1 presents the conceptual framework underpinning this study, illustrating the 
application of the TOE framework (Tornatzky & Fleischer, 1990) in examining the 
factors influencing the adoption of quantum computing and its potential to transform 
information access, retrieval and security systems in Nigerian academic libraries, 
with the University of Abuja Library serving as the case study. The framework 
is situated within the broader context of the 5IR, which is characterised by the 
convergence of advanced digital technologies, including artificial intelligence, 
quantum computing, big data analytics and intelligent automation, to enhance 
organisational performance and innovation. The framework demonstrates that 
the adoption of quantum computing in academic libraries is influenced by three 
interrelated dimensions: the technological context, the organisational context and 
the environmental context. These dimensions collectively determine the extent to 
which an institution is prepared to embrace emerging technologies and realise their 
potential benefits. The technological context represents the characteristics of quantum 
computing that may influence its adoption within academic libraries. It includes the 
perceived relative advantage of quantum computing over conventional computational 
systems, its compatibility with existing digital infrastructure, its complexity and its 
potential to improve library operations.

Within the context of this study, quantum computing is viewed as a transforma-
tive technology capable of enhancing information retrieval, metadata management, 
cybersecurity through QKD, digital preservation and advanced data analytics. These 
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technological attributes provide the foundation for evaluating whether quantum 
computing offers sufficient benefits to justify future adoption within academic library 
environments. The organisational context encompasses the internal characteristics 
of the institution that influence its readiness to adopt quantum computing. These 
include organisational size, financial capacity, availability of skilled personnel, 
leadership commitment, institutional culture and technological preparedness. The 
framework recognises that successful implementation of advanced technologies 
depends not only on technological capability but also on the institution’s capacity to 
mobilise financial resources, develop technical expertise and establish supportive 
organisational structures. In this study, the University of Abuja Library provides the 
institutional context through which organisational readiness is examined, particularly 
regarding its existing digital infrastructure, workforce capabilities and preparedness 
for future technological transformation. The environmental context comprises external 
factors that shape organisational decisions relating to technological innovation. These 
include government policies, regulatory frameworks, national digital infrastructure, 
research funding, collaboration networks and broader technological ecosystems. 

The framework acknowledges that the adoption of quantum computing is 
influenced by conditions beyond the control of individual libraries. Factors such as 
stable electricity supply, investment in advanced computing infrastructure, national 
information technology policies and collaborative partnerships among universities, 
government agencies and technology organisations are critical in facilitating or 
constraining institutional readiness for quantum computing adoption. These three 
contextual dimensions converge to influence the adoption of quantum computing 
within academic libraries, represented in the centre of the conceptual framework. The 
adoption process reflects the strategic decision by an academic library to integrate 
quantum computing technologies into its information systems and service delivery. 
Within this study, the University of Abuja Library serves as the focal institution for 
examining how technological opportunities interact with organisational capabilities 
and environmental conditions to shape future adoption prospects. The framework 
further posits that the successful adoption of quantum computing is expected to 
result in the transformation of information access, retrieval and security systems 
within academic libraries. This transformation is manifested through improvements 
in the speed and accuracy of information retrieval, more intelligent metadata 
management and resource discovery, enhanced storage and processing of large 
and complex datasets and strengthened information security through quantum 
cryptographic technologies such as Quantum Key Distribution. As a result, these 
advancements have the potential to improve service delivery, support research 
productivity, enhance user experience and strengthen the overall effectiveness of 
academic libraries within the digital knowledge ecosystem.
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Figure 1: Conceptual Framework for Application of Quantum Computing in 
Nigeria Academic Libraries
Source:  Adapted from the Technology, Organization, and Environment (TOE) framework by Tornatzky 
and Fleischer (1990).

Evolution of Information Access and Retrieval in Libraries 

The management and retrieval of information in academic libraries have undergone 
significant transformation over several decades, evolving from manual card catalogues 
and physical indexing systems to computerised databases and, more recently, to 
web-based digital repositories. In the pre-digital era, library users relied on physical 
card catalogues, printed indexes and reference librarians to locate resources, 
a process that was labour-intensive, time-consuming and geographically constrained 
(Borgman, 2015). The introduction of computerised cataloguing systems in the 
1960s and 1970s, followed by the development of Online Public Access Catalogues 
(OPACs) in the 1980s, marked the first major technological shift, enabling remote 
searching and improving the speed of resource discovery (Chowdhury, 2012). The 
subsequent proliferation of the internet and digital publishing in the 1990s and 
2000s expanded library collections beyond physical holdings to include electronic 
journals, e-books, multimedia resources and institutional repositories, fundamentally 
altering both the scale and nature of information access (Lewis, 2016). Despite these 
advances, contemporary digital library systems continue to rely predominantly on 
classical computing architectures that process information sequentially using binary 
bits. As digital collections have expanded exponentially, conventional Integrated 
Library Systems (ILS) and keyword-based retrieval techniques have increasingly 
struggled to accommodate interdisciplinary information needs, large heterogeneous 
datasets and complex user queries, resulting in reduced search efficiency and 
retrieval precision (Navaneetha Krishnan et al., 2023).
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Users in research-intensive academic environments frequently encounter 
information overload, irrelevant search results, and limited capacity to discover 
latent connections among dispersed knowledge resources (Fernandez, 2024). 
Quantum computing represents a transformative advancement in computational 
science that may address these persistent limitations. By exploiting the principles 
of superposition and entanglement to process information using quantum bits 
(qubits) rather than classical binary bits, quantum computers can evaluate multiple 
computational states simultaneously, substantially increasing processing efficiency 
for complex, data-intensive tasks (Balamurugan et al., 2024; Caleffi et al., 2024). 
This capability has attracted growing interest in library and information science, 
particularly in relation to the management of expanding digital collections, advanced 
information retrieval, metadata optimisation and cybersecurity. Quantum computing 
has been proposed as a potential solution to the challenges facing conventional 
systems through the application of quantum search algorithms, including Grover’s 
algorithm, which offers a quadratic speed advantage over classical search methods 
when processing unsorted datasets (Babajani, 2024). Beyond computational 
speed, quantum systems possess the capacity to identify complex relationships 
among data elements, thereby improving the contextual relevance and precision 
of retrieved information (Uprety et al., 2020).

The authors’ observations of the University of Abuja Library indicate that 
existing information access and retrieval processes continue to rely on conventional 
computing architectures and traditional indexing techniques. Although these systems 
adequately support routine library operations, their ability to process increasingly 
complex search queries and manage rapidly expanding digital collections may 
become constrained as information resources and user demands continue to grow. 
This finding aligns with previous studies suggesting that emerging computational 
technologies have the potential to enhance information retrieval efficiency, search 
optimisation and knowledge discovery within academic libraries (Ajani et al., 2026; 
Oladokun et al., 2026). From the perspective of the Technological Context of the 
TOE framework, this evolution reflects how the perceived relative advantage of an 
emerging technology influences its adoption. Quantum computing offers significant 
computational capabilities through quantum parallelism and optimisation algorithms, 
enabling the simultaneous processing of vast search spaces that are beyond the 
capacity of classical computing systems. Consequently, its perceived technological 
superiority positions it as a promising innovation for improving search speed, 
metadata processing, semantic retrieval, and resource discovery in future library 
environments. However, the continued reliance on conventional retrieval systems 
at the University of Abuja Library also reflects the Organisational Context of the 
TOE framework, where institutional readiness, technological infrastructure, financial 
capacity and the availability of specialised expertise remain critical determinants 
of technology adoption. Until these organisational capabilities are sufficiently 
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developed, the practical integration of quantum computing into library information 
retrieval systems is likely to remain aspirational rather than operational.

Beyond information retrieval, quantum computing presents important opportu-
nities for strengthening information security within digital library systems. Quantum 
cryptographic techniques, particularly QKD, provide theoretically secure communi-
cation by enabling the immediate detection of unauthorised interception during data 
transmission (Njorbuenwu et al., 2019). Within the TOE framework, this represents 
another technological advantage capable of influencing future adoption decisions 
because enhanced security is a critical requirement for safeguarding institutional 
repositories, research datasets and users’ confidential information. Although these 
technologies remain largely experimental and have not yet been integrated into 
routine academic library operations, their potential to provide unprecedented levels 
of cybersecurity may become increasingly valuable as libraries expand their digital 
services. Furthermore, recent advances in quantum-enhanced machine learning 
demonstrate considerable potential for accelerating model training, improving 
predictive performance and optimising intelligent information systems (Chen et al., 
2024; Panda & Kaur, 2023). These capabilities could facilitate the development of 
adaptive recommendation systems, personalised information retrieval, automated 
resource discovery and more intelligent user support services within academic 
libraries. From the Technological Context of the TOE framework, these emerging 
capabilities reinforce the perceived usefulness and relative advantage of quantum 
computing over conventional computing approaches. As quantum technologies 
continue to mature and become more accessible, they may fundamentally transform 
the way academic libraries organise, retrieve, secure and deliver information 
services in the 5IR.

Impact of Quantum Computing on Library Systems 

The integration of new technologies into library systems has historically been 
driven by the need to improve operational efficiency, enhance user experience and 
manage expanding information resources. From the adoption of integrated library 
management systems in the 1990s to the implementation of discovery layers and 
federated search platforms in the 2000s, academic libraries have consistently sought 
technological solutions to bridge the gap between growing digital collections and 
user expectations for seamless, precise access (Breeding, 2015). The emergence 
of artificial intelligence and machine learning in the 2010s further transformed 
library services through automated cataloguing, chatbot reference assistance 
and algorithm-driven recommendation engines (Tella et al., 2025; Cox, 2021). 
However, as data volumes continue to grow exponentially and user queries become 
increasingly complex and interdisciplinary, classical computational architectures 
have approached fundamental limits in processing speed, pattern recognition and 
scalability (Fernandez, 2024). These limitations are particularly evident in large 
academic repositories where retrieval speed, metadata consistency and the ability 
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to uncover latent connections across disparate knowledge domains remain critical 
operational priorities. Against this backdrop, the literature consistently suggests that 
quantum computing could substantially influence the design and operation of future 
academic library systems, particularly in the areas of information retrieval, metadata 
management and digital service delivery. Although practical implementation remains 
limited, the technology offers a conceptual framework for addressing computational 
challenges associated with increasingly complex digital information environments.

Enhancing Search Algorithms and Retrieval Precision

Quantum search algorithms have the potential to improve both the speed and 
quality of information retrieval by reducing computational complexity relative to 
conventional search techniques (Giri & Korepin, 2017). Rather than relying solely 
on exact keyword matching, quantum-enabled retrieval systems may identify latent 
relationships among diverse information resources, thereby improving the relevance 
of search results for multidisciplinary and ambiguous research queries (Möller 
& Vuik, 2017). Such capabilities are particularly relevant to research-intensive 
academic environments where users frequently require access to interconnected 
knowledge across multiple disciplines. The authors’ observations indicate that 
information retrieval services at the University of Abuja Library continue to rely on 
conventional indexing techniques and classical database technologies to facilitate 
access to scholarly resources. Although these systems adequately support routine 
information retrieval, their computational capabilities may become increasingly 
constrained as digital collections expand and users demand more sophisticated, 
interdisciplinary search outcomes. From the technological context of the TOE 
framework, this finding reflects the role of perceived technological advantage in 
influencing the adoption of emerging innovations. Quantum search algorithms offer 
capabilities that extend beyond conventional keyword-based retrieval by reducing 
computational complexity and enabling the identification of latent relationships 
among diverse information resources (Giri & Korepin, 2017; Möller & Vuik, 2017). 
These technological attributes enhance retrieval precision, search efficiency and 
knowledge discovery, particularly for complex and multidisciplinary research queries.

Optimising Cataloguing, Indexing, and Metadata Systems

Quantum computing may also enhance cataloguing and metadata management by 
enabling more sophisticated identification of semantic and relational connections 
across information resources. Quantum algorithms have the potential to support 
dynamic classification, improve metadata generation and strengthen interoperability 
among digital repositories, thereby extending beyond the capabilities of conventional 
indexing approaches (Lombardi & Marinai, 2020; Pfaendler et al., 2024). These 
developments could improve resource discoverability while reducing the manual 
effort associated with metadata creation and maintenance. Consistent with these 
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perspectives, the authors observed that metadata management at the University 
of Abuja Library continues to depend largely on established cataloguing standards 
and manual quality-control procedures. Although these practices remain effective for 
supporting current library operations, the continued expansion of digital collections and 
the growing complexity of scholarly information resources suggest that conventional 
metadata management approaches may become increasingly inadequate. From 
the technological context of the TOE framework, this finding illustrates how the 
perceived relative advantage of an emerging technology influences its adoption. 
Quantum computing possesses the computational capability to process large and 
complex datasets more efficiently than conventional computing systems, creating 
opportunities for intelligent metadata generation, automated classification and 
improved resource organisation. Furthermore, quantum-enhanced recommendation 
systems have the potential to analyse user behaviour more efficiently and deliver 
personalised resource recommendations, thereby improving resource discovery 
and user engagement (Wu et al., 2021; Ajani & Oladokun, 2024).

Challenges in Adopting Quantum Computing in Libraries

The adoption of new technologies in academic libraries has historically been 
accompanied by a predictable set of challenges that institutions must navigate to 
achieve successful implementation. From the transition to computerised catalogu-
ing systems in the 1970s and 1980s, which required substantial staff retraining 
and workflow restructuring, to the integration of electronic resources and digital 
repositories in the 1990s and 2000s, which demanded new licensing expertise, 
metadata standards and user education programmes, libraries have consistently 
confronted barriers related to cost, technical expertise, organisational change 
and infrastructure adequacy (Lynch & Garcia-Molina, 2008). More recently, the 
adoption of artificial intelligence, machine learning and cloud-based services has 
introduced additional complexities, including data privacy concerns, algorithmic 
bias and the need for continuous technological upgrading (Cox, 2021). These 
historical patterns demonstrate that technological innovation in libraries rarely 
proceeds without institutional resistance, resource constraints and the need for 
phased implementation strategies. The transition to quantum computing is likely 
to present even greater complexities because it requires a fundamental shift from 
classical computational models to entirely new computing paradigms. This finding 
reinforces the proposition of the Technology–Organisation–Environment (TOE) 
framework that the successful adoption of technological innovations depends on 
the interaction between technological attributes, organisational capabilities and 
external environmental conditions (Tornatzky & Fleischer, 1990).

From the technological dimension of the TOE framework, the sophisticated 
nature of quantum computing represents a major obstacle to its implementation within 
academic libraries. Quantum computing differs fundamentally from conventional 
computing because it relies on quantum mechanics, specialised algorithms and 
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dedicated hardware architectures that are incompatible with existing digital systems 
(Babajani, 2024). The authors observed that the University of Abuja Library currently 
operates with conventional information management systems that adequately support 
routine library operations but are not designed to accommodate quantum-based 
computational processes. However, adopting quantum computing would require 
substantial modifications to existing technological infrastructures as well as the 
acquisition of new technical competencies. The TOE framework suggests that 
technologies characterised by high complexity and limited compatibility are often 
adopted gradually because organisations require sufficient technological prepared-
ness before implementation becomes feasible. Therefore, the current reliance on 
conventional computing systems reflects the developmental stage of quantum 
computing within the library sector rather than an absence of its perceived value.

The study further revealed that limited financial capacity constitutes a significant 
impediment to the adoption of quantum computing. This finding is consistent with 
the organisational dimension of the TOE framework, which identifies organisational 
resources and institutional readiness as critical determinants of technology adoption. 
Beyond the considerable costs associated with acquiring quantum computing 
infrastructure, institutions must also invest in workforce development, software 
integration, technical maintenance and continuous system upgrades (Singh et 
al., 2024). The authors observed that although the University of Abuja Library has 
progressively expanded its digital services, financial limitations and competing 
institutional priorities continue to influence decisions regarding investments in 
emerging technologies. This finding suggests that the adoption of quantum computing 
is contingent upon an institution’s capacity to mobilise adequate financial and 
human resources. The TOE framework explains that organisations with constrained 
institutional capacity are less likely to adopt technologically advanced innovations 
despite recognising their strategic importance.

The findings also highlight ethical and governance concerns as important 
considerations for the future implementation of quantum computing in academic 
libraries. Previous studies have identified issues relating to data privacy, cybersecurity, 
equitable access, transparency and responsible technological governance as 
critical challenges associated with quantum technologies (How & Cheah, 2020; 
Imran, 2023). These concerns can be interpreted through both the organisational 
and environmental dimensions of the TOE framework. At the organisational level, 
libraries require robust governance structures, institutional policies and ethical 
guidelines to ensure that quantum technologies are implemented responsibly and 
in accordance with professional standards. At the environmental level, effective 
regulation, national digital policies and collaborative governance frameworks are 
essential for promoting equitable access and safeguarding sensitive information. 
In the absence of these institutional and regulatory mechanisms, the benefits of 
quantum computing may be concentrated within well-resourced institutions, thereby 
widening existing disparities in technological capacity across academic libraries.
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Infrastructural readiness also emerged as a critical determinant of quantum 
computing adoption. This finding is best explained through the environmental 
dimension of the TOE framework, which emphasises that organisational decisions 
regarding technological innovation are influenced by conditions external to the 
institution. Quantum computing systems require stable electricity, advanced 
cooling technologies, reliable high-performance computing facilities and robust 
digital infrastructure to operate effectively (Cranganore et al., 2024). The authors 
observed that although the University of Abuja Library has made notable progress 
in strengthening its digital infrastructure, persistent challenges associated with 
electricity supply, computing capacity and technological support services remain 
significant constraints. These findings suggest that organisational willingness alone 
cannot facilitate the successful implementation of quantum computing where the 
broader technological ecosystem remains underdeveloped. Consistent with the 
TOE framework, the evolution of quantum computing within academic libraries 
will therefore depend on sustained government investment in digital infrastructure, 
supportive policy initiatives, strategic funding programmes and collaborative 
partnerships among universities, technology developers and research institutions. 
Such environmental conditions are essential for creating an ecosystem capable 
of supporting the long-term adoption and sustainability of quantum computing in 
academic libraries.

Global Case Studies of Quantum Computing in Libraries 

Although the practical application of quantum computing in academic libraries 
remains at an early stage, several international initiatives demonstrate growing 
institutional interest in its potential to transform information management and digital 
library services. These initiatives are largely exploratory and are characterised by 
collaborative research involving universities, libraries, government agencies and 
technology organisations. In Europe, the European Union’s Quantum Flagship 
Initiative has accelerated research into quantum algorithms with potential ap-
plications in information retrieval, optimisation and large-scale data processing. 
Complementary projects involving research institutions and university libraries in 
Germany and Switzerland have explored the application of quantum technologies 
to improve database searching and information retrieval efficiency (Burke, 2020; 
Swissnex, 2023). Similarly, in the United States, exploratory work at the University of 
Southern California has examined the use of quantum-enhanced search techniques 
for managing archival collections and improving access to digital information 
resources (Gruet, 2022). Comparable initiatives have also emerged in Asia. The 
National Library of China has investigated the potential application of quantum 
technologies to large-scale cataloguing and archival management, while Singapore’s 
National Library Board has incorporated quantum computing research within the 
broader objectives of the nation’s Smart Nation initiative (Smart Nation and Digital 
Government Office, 2018). 
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In the United Kingdom, collaborative research involving the British Library 
and University College London has explored the implications of quantum computing 
for processing and analysing complex digital collections (UCL Quantum Science 
and Technology Institute, 2024). Across these initiatives, a consistent pattern is the 
reliance on strategic partnerships that combine the expertise of academic libraries, 
higher education institutions, government agencies and technology developers. 
Such collaborative approaches enable the sharing of technical expertise, research 
infrastructure and financial resources required to investigate emerging quantum 
technologies. The authors’ observations indicate that comparable collaborative 
structures are not yet well established within the University of Abuja Library or 
many Nigerian academic libraries. Current digital transformation efforts continue 
to focus primarily on strengthening conventional information technologies and 
expanding access to electronic resources. Nevertheless, the international experiences 
demonstrate that meaningful progress in quantum computing is likely to depend on 
sustained institutional collaboration, strategic investment and research partnerships. 
These lessons provide a useful foundation for developing long-term preparedness 
strategies within Nigerian academic libraries as quantum technologies continue 
to mature.

Future Prospects for Libraries in the 5IR

The 5IR presents Nigerian academic libraries with both a challenge and an opportunity. 
Rather than sequentially upgrading through incremental technological stages, 
strategic engagement with emerging technologies could enable institutions to leapfrog 
legacy limitations. Within the 5IR landscape, the roles of librarians are expected to 
expand beyond traditional information management towards digital mediation, data 
governance, artificial intelligence literacy and technology stewardship. As a result, 
academic libraries are likely to evolve into innovation hubs that facilitate access to 
advanced computational technologies, interdisciplinary research and collaborative 
knowledge creation. Strategic partnerships will be central to this transformation. 
Cloud-based quantum platforms, such as IBM Quantum Network and Google 
Quantum AI, provide opportunities for institutions to experiment with quantum 
computing without the substantial financial commitment required for on-premises 
quantum infrastructure. Likewise, collaborative networks involving academic, public 
and specialised libraries can facilitate knowledge exchange, optimise resource 
utilisation and strengthen institutional capacity for emerging technologies.

From the perspective of the TOE framework, the successful realisation of 
these future prospects extends beyond the technological capabilities of quantum 
computing. While the technological context highlights the relative advantage and 
transformative potential of quantum computing for enhancing information access, 
retrieval and digital service delivery, the organisational and environmental contexts 
explain the conditions necessary for its successful adoption. Organisational readiness, 
demonstrated through strategic leadership, investment in workforce development, 



79

digital competencies and institutional commitment, will determine libraries’ capacity 
to integrate quantum technologies into routine operations. Equally important are 
environmental factors, including supportive national digital policies, sustainable 
funding mechanisms, reliable technological infrastructure and strategic collaborations 
with technology providers and research institutions. Therefore, these organisational 
and environmental conditions provide the enabling ecosystem required for academic 
libraries to harness quantum computing as a catalyst for innovation in the 5IR.

Ensuring equitable access remains fundamental throughout this transformation. 
If implemented within an enabling organisational and policy environment, quantum 
technologies have the potential to enhance inclusive information access rather 
than reinforce existing technological disparities. This commitment to equitable 
digital transformation is particularly important within the Nigerian higher education 
context, where sustained institutional investment, collaborative partnerships and 
supportive public policies will determine whether the benefits of quantum computing 
are broadly shared across academic libraries.

Conclusion 

This study examined the potential implications of quantum computing for academic 
libraries through a qualitative interpretive observational approach complemented by 
a structured review of contemporary literature. The findings indicate that quantum 
computing holds considerable promise for enhancing information retrieval, metadata 
management, data analytics and information security. However, its application 
within academic libraries remains largely prospective, with practical implementation 
constrained by technological, financial, infrastructural and human capacity challenges. 
The observations at the University of Abuja Library suggest that, while the library 
has embraced conventional digital information systems, significant improvements 
in infrastructure, technical expertise and institutional preparedness will be required 
before quantum technologies can be realistically adopted. Therefore, the study 
advocates strategic readiness rather than immediate implementation. By integrating 
institutional observations with evidence from the literature, this study provides 
a contextually grounded perspective on the opportunities and challenges associated 
with quantum computing in Nigerian academic libraries. It also offers a foundation 
for future empirical research and strategic planning aimed at preparing academic 
libraries for emerging computational technologies within the evolving landscape 
of the 5IR.

Recommendations

Based on the findings of this study and the broader scholarly evidence, the following 
strategic recommendations are proposed for Nigerian and Sub-Saharan African 
academic libraries:
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1.	 Libraries should prioritise building foundational quantum literacy among librarians 
and IT personnel. This can be achieved through structured collaborations 
with university departments of physics, computer science and engineering. 
Cross-disciplinary partnerships will enable knowledge exchange without requiring 
immediate large-scale infrastructure investment. Engagement with technology 
firms and research networks can further support pilot experimentation and 
skills development.

2.	 Academic libraries should proactively begin planning for quantum-resilient 
security frameworks. Early engagement with regulatory and policy bodies 
such as the Nigerian Communications Commission (NCC) and the National 
Information Technology Development Agency (NITDA) would facilitate the 
development of national guidelines for post-quantum data protection in higher 
education institutions. A phased security transition strategy is more feasible 
than abrupt system replacement.

3.	 Libraries should explore cloud-access quantum computing platforms such 
as IBM Quantum Network and Google Quantum AI. These environments 
provide experimental access to quantum algorithms for search optimisation, 
metadata analysis and recommendation systems at significantly lower entry 
costs. Pilot research initiatives can generate institutional learning while mitigating 
financial risk.

4.	 The Tertiary Education Trust Fund (TETFund) should be positioned as a potential 
funding vehicle for quantum-oriented research and infrastructure pilots within 
federal university libraries. Professional advocacy by the Nigerian Library 
Association (NLA) and the Council of University Librarians and Other Information 
Professionals (CULIP) will be essential in framing quantum readiness as 
a national knowledge economy priority aligned with Nigeria’s Digital Economy 
Policy and Strategy (NDEPS).
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