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Abstract

Quantum computing is moving from a largely theoretical field toward an experimental and strategic
research domain with potential relevance to cryptography, optimisation, materials discovery, climate
modelling, drug design, logistics, and secure communications. Although large technology companies
and well-funded laboratories have built visible quantum programmes, many emerging research
institutions remain at an early stage of preparedness. Their readiness depends not only on access to
guantum processors but also on institutional strategy, interdisciplinary expertise, curriculum
development, research governance, external collaboration, and a realistic understanding of near-term
limitations.

This review-based study examines the readiness of emerging research institutions to participate
meaningfully in quantum computing research and innovation. It analyses the infrastructure, human-
resource, curriculum, governance, partnership, and funding conditions that influence institutional
capability. The study distinguishes between basic awareness, exploratory readiness, applied research
readiness, and sustained research capability. It also considers barriers such as limited access to
specialised hardware, shortage of trained faculty, fragmented academic programmes, weak industry
linkages, restricted funding, and uncertainty regarding practical applications.

The analysis indicates that readiness should be treated as a staged institutional process rather than a
binary condition. Institutions can begin with quantum literacy, simulation tools, open-source
software, small interdisciplinary projects, and shared access to cloud-based quantum platforms
before investing in specialised laboratories. Long-term progress requires strategic leadership, faculty
development, student training, ethical and security awareness, reproducible research practices, and
partnerships with national laboratories, industry, and international research networks. Strengthening
these dimensions can help emerging institutions become credible contributors to the expanding
quantum research ecosystem.

Keywords: Quantum computing; Research readiness; Emerging research institutions; Quantum
workforce; Quantum education; Research infrastructure; Cloud quantum platforms; Interdisciplinary
collaboration; Quantum governance; Innovation ecosystems

1. INTRODUCTION

Quantum computing has become an important
area of scientific and technological interest
because it uses quantum-mechanical principles
such as superposition, entanglement, and
interference to process information in ways
that differ from classical computing. Rather
than replacing conventional computers in all
tasks, quantum systems are expected to
complement them in specialised problems
where the structure of the computation may
allow a quantum advantage. This possibility
has encouraged governments, universities,
research laboratories, and private organisations
to develop quantum strategies and research
programmes.

For emerging research institutions, quantum
computing presents both an opportunity and a
challenge. The opportunity lies in joining a
rapidly developing knowledge field that
connects physics, mathematics, computer
science, engineering, materials  science,
cybersecurity, and public policy. The
challenge is that quantum research requires
capabilities that are often unevenly distributed.
Some institutions have advanced laboratories,
specialised faculty, dedicated funding, and
industrial collaborators, while others have
limited exposure to quantum concepts and no
established pathway for building capability.

Readiness is therefore more than the
possession of a quantum device. A university
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may use cloud access to a small quantum
processor yet remain unprepared to design
meaningful research questions, train students,
interpret  noisy  experimental  outcomes,
maintain interdisciplinary teams, or protect
sensitive  information.  Conversely, an
institution without local hardware may still be
well prepared if it has strong theoretical
training, simulation capacity, collaborative
networks, transparent governance, and a clear
plan for research development.

The present paper examines quantum
computing readiness in emerging research
institutions. It focuses on the institutional
conditions that allow a research community to
move from introductory awareness to
sustained participation in quantum research.
Attention is given to human capacity,
curriculum design, computing and laboratory
resources, data and security governance,
institutional partnerships, funding models,
research ethics, and evaluation mechanisms.
The paper argues that a gradual and inclusive
readiness model is more realistic than
immediate hardware-centred investment. By
combining foundational education, small-scale
pilots, shared resources, research
collaborations, and strategic  planning,
emerging institutions can develop credible
guantum capability while managing financial
and technical uncertainty.

2. LITERATURE REVIEW

The literature on quantum computing
describes a field shaped by rapid scientific
progress as well as persistent engineering
limitations. Early theoretical work established
the principles of quantum information and
guantum algorithms, while recent research has
focused on noisy intermediate-scale quantum
devices, error  correction, algorithm
development, quantum networking, and
hardware platforms. The field is commonly
framed as multidisciplinary because useful
progress depends on interaction among
physicists, computer scientists,
mathematicians, electrical engineers, chemists,
and application-domain researchers.

Research on quantum technology adoption
suggests that institutions need to distinguish
long-term scientific potential from immediate
operational value. Current quantum devices
are limited by noise, qubit quality, control
complexity, and the absence of broadly

demonstrated fault-tolerant performance. As a
result, many applications remain exploratory.
This makes institutional judgment especially
important: universities  should build
capabilities that are useful now, such as
quantum literacy, simulation, algorithm study,
benchmarking, and collaborative projects,
while avoiding unrealistic claims about near-
term transformation.

Workforce studies emphasise that quantum
development requires more than doctoral-level
physicists. There is a growing need for
students and professionals who can understand
guantum principles, develop software, work
with hybrid classical-quantum workflows,
communicate across disciplines, and assess the
social and security implications of quantum
technologies.  Institutions  with  flexible
curricula and faculty-development
programmes are better placed to create this
broader talent base.

The literature also highlights the value of
research ecosystems. Quantum programmes
develop more effectively when universities
cooperate  with national laboratories,
technology  firms,  research  consortia,
government agencies, and peer institutions.
Such cooperation can provide access to
hardware, mentoring, training materials, open
datasets, shared testbeds, and multidisciplinary
research questions. For emerging institutions,
collaboration is often the most practical route
to participation before local infrastructure
becomes feasible.

21 MEANING AND SCOPE OF
QUANTUM COMPUTING READINESS
Quantum computing readiness refers to an
institution's ability to understand, plan for,
adopt, study, and responsibly use quantum
technologies in accordance with its academic
mission and available resources. It includes the
capacity to educate students, support faculty
research, conduct simulations or experiments,
manage partnerships, evaluate claims, and
address potential risks. Readiness is therefore
an organisational capability rather than a
single technical asset.

The scope of readiness extends from basic
awareness to advanced research operations. At
the introductory level, institutions may offer
seminars, short courses, faculty workshops,
and student clubs. At an exploratory level,
they may use quantum simulators, cloud-based
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tools, coding environments, and small
interdisciplinary projects. At a more advanced
level, they may establish research groups,
shared laboratories, graduate programmes, and
formal collaborations with external guantum
centres.

A readiness framework must also include
application judgment. Quantum computing is
relevant to some research problems more than
others, and institutions need the ability to
identify where quantum methods may be
scientifically meaningful. This involves
comparing quantum and classical approaches,
understanding  computational ~ complexity,
testing algorithms carefully, and avoiding the
assumption that every optimisation or data
problem requires a quantum solution.

Finally, readiness has a governance dimension.
Quantum research can raise questions about
cybersecurity, responsible communication of
results, intellectual property, export controls,
dual-use implications, access equity, and
public expectations. Institutions that develop a
guantum programme without appropriate
oversight may face reputational, legal, or
ethical difficulties even when their technical
work is promising.

2.2 KEY DIMENSIONS OF
INSTITUTIONAL READINESS
Institutional readiness may be grouped into
strategic, educational, technical, research, and
governance dimensions. Strategic readiness
concerns  leadership  commitment, clear
priorities, budget planning, and alignment with
the institution's research strengths. Educational
readiness concerns the ability to teach
foundational quantum concepts through
structured Courses, projects, and
interdisciplinary learning pathways.

Technical readiness includes access to
computing resources, simulation
environments, software development tools,
laboratory instrumentation where appropriate,
secure network connectivity, data-management
practices, and cloud-platform access. For
many emerging institutions, local quantum
hardware is not initially necessary; however,
staff and students must be able to use remote
platforms responsibly and understand the
limitations of available devices.

Research readiness includes faculty expertise,
student supervision capacity, research-question
design, publication standards, reproducibility

practices, and mechanisms for evaluating
whether a quantum experiment or algorithm
provides meaningful evidence. It also includes
the ability to collaborate with external
specialists when a project requires knowledge
beyond the institution's existing strengths.
Governance readiness covers institutional
policies for research ethics, cybersecurity,
intellectual property, procurement, external
partnerships, disclosure of funding, and
communication of results. A responsible
programme should not overstate outcomes or
imply operational quantum advantage where
results are only educational, simulated, or
preliminary.

3. OBJECT OF STUDY

The primary object of this study is to examine
the factors that determine quantum computing
readiness in emerging research institutions.
The study focuses on the relationship between
institutional capacity, research participation,
and the ability to create sustainable quantum
programmes.

The analysis considers the readiness elements
required for quantum education and research,
including faculty knowledge, curriculum
pathways, student engagement, software and
simulation  access, cloud-platform  use,
laboratory planning, external collaboration,
funding support, and governance procedures.
A further objective is to identify how readiness
gaps can limit participation. These gaps may
include lack of foundational teaching,
insufficient  interdisciplinary  cooperation,
uneven access to hardware and cloud
platforms, weak research mentoring, absence
of institutional strategy, and lack of awareness
regarding cybersecurity  and ethical
responsibilities.

Finally, the study explores practical measures
for strengthening readiness without requiring
immediate  high-cost investment.  These
measures include staged planning, open
educational resources, shared infrastructure,
faculty training, research clusters, national and
international  partnerships, applied pilot
projects, and transparent evaluation.

3.1 INSTITUTIONAL
INFRASTRUCTURE AND
TECHNOLOGY ACCESS

This subsection examines the technology and
resource conditions that support quantum
research participation.
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» Access to reliable high-performance
classical computing and  quantum
simulation tools for teaching, modelling,
and algorithm testing.

 Use of secure cloud-based quantum
platforms, open-source software
development  kits, and documented
workflows for remote experimentation.

« Availability of basic laboratory and
networking infrastructure for research
groups working on quantum hardware,
sensing, communication, or control
systems.

» Institutional processes for selecting,
procuring, and maintaining specialised
software, cloud subscriptions, and data-
storage services.

» Technical support for version control,
reproducible  experiments, benchmark
reporting, and hybrid classical-quantum
computing workflows.

3.2 HUMAN CAPACITY AND

RESEARCH CULTURE

This subsection considers the people and

academic practices needed to build a

sustainable quantum programme.

* Faculty development in  quantum
information, quantum algorithms, quantum
hardware principles, and domain-specific
applications.

» Interdisciplinary teaching and research
arrangements linking physics, computer
science, mathematics, engineering, and
application disciplines.

e Structured student pathways through
foundation courses, coding laboratories,
summer schools, research internships, and
capstone projects.

» Mentoring systems that help early-career
researchers design feasible projects and
interpret experimental uncertainty
responsibly.

« A research culture that values
reproducibility, open scientific discussion,
realistic claims, peer review, and
collaborative learning.

4.1 RESEARCH DESIGN

3.3 GOVERNANCE, ETHICS, AND

PARTNERSHIP READINESS

This subsection focuses on the institutional

arrangements required to guide quantum work

responsibly.

» Written research priorities and a staged
qguantum strategy that links institutional
goals with available capability and
funding.

» Policies for cybersecurity, intellectual
property, data  handling, external
collaborations, research integrity, and
conflict-of-interest disclosure.

» Partnerships with national laboratories,
industry, research networks, and other
universities for shared access to expertise
and testbeds.

« Ethical review of dual-use research,
cryptographic transition issues, public
communication, and equitable access to
training opportunities.

* Regular monitoring of  programme
outcomes through faculty participation,
student learning, publications, prototypes,
partnerships, and impact indicators.

4. RESEARCH METHODOLOGY

The present study adopts a review-based,

descriptive, analytical, and comparative

methodology to examine quantum computing
readiness in emerging research institutions.

The methodology integrates literature on

guantum  information  science,  higher

education, research management, technology
adoption, scientific infrastructure,
cybersecurity, and innovation policy.

The study is based on secondary evidence

from academic  publications, quantum

technology reports, policy documents,
institutional programme descriptions,
workforce discussions, and technical guidance.

The material is interpreted through a thematic

framework that considers educational capacity,

technical ~ resources, research  culture,
collaboration, governance, and institutional
sustainability.

Component Description
Research Type Review-based, descriptive, analytical, comparative
Institutional readiness and quantum research
Approach X
ecosystem analysis
Data Source Research literature, technology reports, policy
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documents, programme descriptions, technical

guidance

Analysis Method

Thematic synthesis and comparative readiness

assessment

Focus Area

Emerging research institutions, quantum education,
research capacity, collaboration, and governance

42 SOURCES AND ANALYTICAL

CATEGORIES

The study considers the following evidence

categories for evaluation:

* Quantum computing and quantum
information science literature.

» Higher education research on curriculum,
workforce development, and
interdisciplinary learning.

» Government and institutional policy
documents related to quantum missions,
research infrastructure, and innovation
programmes.

» Technical materials on quantum software,
simulators, cloud experimentation,
hardware constraints, and cybersecurity
implications.

Each evidence source is analysed based on:

» Institutional readiness dimension and
capability requirement.

* Relevant academic group, research
function, or technology resource.

» Barrier created by insufficient readiness or
fragmented planning.

» Organisational responsibility for capacity
building and oversight.

» Practical measures for progressive and
sustainable capability development.

5. DATA ANALYSIS
The data analysis synthesises evidence on how
institutional readiness influences participation
in quantum computing research. The
relationship can be understood as a sequence
of linked conditions: leadership and strategy
shape investment choices; investment choices
influence curriculum, staff capacity, and
access to tools; these capacities enable
students and faculty to undertake credible
research; and credible research strengthens
collaboration, funding opportunities, and
institutional reputation.

Foundational ~ knowledge is the  first

requirement. Institutions that introduce

guantum ideas only through occasional
seminars may generate interest but often fail to
create durable capability. Structured teaching

iS necessary because students require
preparation in linear algebra, probability,
algorithms, programming, and quantum
mechanics before they can evaluate quantum
circuits or develop meaningful applications.
Faculty also need opportunities to update their
knowledge, particularly where they were
trained before quantum software and cloud
platforms became widely available.
Technology access is important but should be
interpreted carefully. Cloud-based quantum
processors and simulators can lower entry
barriers by allowing remote experimentation
without the cost of local hardware. Yet access
alone does not guarantee research quality.
Users need training in circuit design, noise
awareness, calibration constraints, error
mitigation, benchmarking, and the difference
between simulated results and hardware
results.  Without  such understanding,
institutions may produce demonstrations that
look impressive but do not provide reliable
evidence.

Interdisciplinary organisation is another key
factor. Quantum computing questions rarely fit
fully within one department. A quantum
algorithms project may require mathematical
modelling, computer science implementation,
physics interpretation, and input from an
application domain. Emerging institutions that
create cross-departmental research clusters are
more likely to pool limited expertise and avoid
duplication. Such clusters can also help
students see how foundational learning
connects to real research problems.
Collaboration expands readiness by providing
access to people and resources that an
individual institution cannot immediately
develop. Partnerships with  laboratories,
industry programmes, consortia, and peer
universities can offer mentoring, shared
courses, internships, joint proposals, guest
lectures, software access, and experimental
opportunities. However, partnerships should
be governed carefully through clear roles,
authorship expectations, data and intellectual-
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property arrangements, and transparent
reporting of contributions.

Governance influences whether quantum
capacity becomes sustainable. Since quantum
technologies may have long-term implications
for encryption, security, national capability,
and scientific competition, institutions should
establish responsible procedures from the
beginning.  This includes cybersecurity
awareness, accurate public communication,
research-integrity norms, funding disclosure,
and ethical review of projects with possible
dual-use relevance. Governance does not slow
innovation; it provides a framework for
responsible and credible innovation.

6. DISCUSSION

The findings indicate that quantum computing
readiness is best understood as an institutional
development pathway. Emerging research
institutions do not need to begin with
expensive hardware laboratories. In many
cases, the most effective starting point is a
combination of faculty orientation, student
learning opportunities, simulation access,
cloud experimentation, and small research
projects that align with existing strengths. This
approach makes capability building more
inclusive and reduces the risk of investing in
technology before a suitable research
community exists.

One important observation is that quantum
readiness should be linked with disciplinary
priorities. A university with strengths in
mathematics and computer science may begin
with quantum algorithms and software. An
institution with physics and electronics
expertise may explore hardware, control
systems, sensing, or communication. A centre
with chemistry, biology, or materials research
may focus on problem formulation and
simulation. Alignment helps institutions make
purposeful choices rather than building
programmes  solely  because  quantum
computing is highly visible.

A second issue concerns the distinction
between exposure and expertise. Short
workshops and popular talks can create
awareness, but they cannot substitute for
sustained teaching, supervised projects, and
research  mentorship. Institutions should
therefore create layered pathways:
introductory literacy for broad student groups,
advanced modules for interested learners,

project-based  opportunities for  capable
students, and research support for faculty and
doctoral candidates.

The analysis also shows that claims must
remain proportionate to evidence. Quantum
computing is a field with genuine promise, but
many current devices remain noisy and
experimental. Research institutions should
avoid describing routine demonstrations as
proof of practical quantum advantage.
Credible programmes report limitations,
compare results with classical baselines,
document software and hardware settings, and
use peer review to test conclusions.

Finally, readiness has an equity dimension. If
guantum education and research remain
restricted to a small number of well-resourced
centres, participation in a strategically
important field may become concentrated.
Shared cloud tools, open learning materials,
regional collaborations, faculty networks, and
joint  programmes can help distribute
opportunities  more  fairly.  Emerging
institutions  can  contribute  distinctive
perspectives, local applications, and diverse
talent when access pathways are intentionally
designed.

7. CONCLUSION

This study concludes that quantum computing
readiness in emerging research institutions
depends on a combination of strategic
planning, human capability, curriculum
design, technology access, collaborative
networks, and responsible  governance.
Hardware access is useful but is not the sole or
immediate  condition  for  meaningful
participation. Institutions can build credible
capability through staged investment and
carefully selected research activities.

The analysis shows that readiness gaps often
arise through limited faculty expertise,
fragmented  teaching, unclear research
priorities, lack of technical support, weak
partnerships, and absence of governance
procedures. These gaps can prevent
institutions from moving beyond introductory
interest or may lead to exaggerated claims that
damage research credibility.

A sustainable response requires a long-term
ecosystem approach. Institutions should build
guantum literacy, support interdisciplinary
research, use open and cloud-based resources,
establish  external collaborations, create
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transparent policies, and measure progress
against realistic milestones. With such
preparation, emerging research institutions can .
participate actively and responsibly in the

future of quantum science and technology.

coordinate projects, equipment,
partnerships, and student opportunities.

Establish  partnerships  with  national
laboratories, industry programmes,
universities, and regional networks for

8.

RECOMMENDATIONS

Develop a staged institutional quantum
strategy that begins with education,
simulation, and collaborative research
before major hardware investment.
Introduce  interdisciplinary  quantum
computing  courses  that  combine
mathematics, physics, computer science,
engineering, and  application-domain
learning.

Provide faculty-development programmes,
workshops, visiting-expert sessions, and
supported time for curriculum and
research preparation.

Use cloud-based quantum platforms and
open-source software to support practical
learning, experimentation, and
reproducible research.

mentoring and shared access.

Adopt research-integrity, cybersecurity,
intellectual-property,  data-management,
and dual-use review procedures relevant to
guantum projects.

Evaluate  quantum  research  using
transparent methods, including classical
comparison baselines, documented
limitations, and peer-reviewed reporting.
Support inclusive participation through
scholarships,  student  clubs, open
educational  resources, and regional
training initiatives.

Monitor progress through indicators such
as trained faculty, course enrolment,
student projects, publications,
collaborations, grant proposals, and
reproducibility outcomes.

» Create quantum research clusters or
centres that connect departments and
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