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Administrative setups in developing countries face hurdles due o
fraditional manual processing of daily government affairs. Further,
lack of ftransparency, delayed service and iregularities
aggravate these challenges despite partial computerization.
Conventional, data storages are subject to unauthorized
modification, inefficient data registers and lack of coordination
among administrative agencies. Establishment of decentralized,
fransparent, fraud-resiient and digitized e- governance
infrastructure becomes inevitable to address these challenges. In
this study, we outline e-governance model that particularly allows
workflow automation of administrative affairs leveraging
blockchain-based immutability, Al powered data analytics and
cloud-computing services. The proposed architecture is further
expanded to determine its efficacy in healthcare, electoral
process and supply chain management. We conducted an
analytical study to formulate modular architecture of these
critical e-governance service. We also carried out experimental
evaluation using blockchain based implementation for tamper-
resistant, secure and anonymized public record registration.
Results of this study shall help towards development scalable,
interoperable and digitized e-governance model.
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© 2026 The Asian Academy of Business and social science research Ltd Pakistan.

INTRODUCTION

In today's technologically advanced and digitized world, information and
communication occupy a significant aspect of governance. There has been a
paradigm shift in administrative functionalities and structures of government with
integration of information digitized information [1]. Evidently, digital infrastructures in
governance have automated administrative tasks, improved the ability to make
appropriate decision and improved service delivery to public [2]. Moreover, the pro-
cess of computerization, digitization and automation is driven by growing need for
appropriate response to citizen-centric facilitations. The concept of digital
transformation is aimed at reforming government institutions to provide effective
service, facilitate interactions and ensure fransparency in the management of public
affairs [3]. E-governance has emerged as vital com- ponent of the technological
paradigm shift that objectively computerize the bureaucratic tasks, automate the
workflows and enhances the administrative structural mechanism [4]. Recently, there
has been emphasis of integrating data analytics, cloud-based data management
and transparency of data through rigorous technologies [5], [6]. Thus, Al-powered,
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blockchain-based, and cloud computing services have become essential for e-
governance for minimizing human error and cost-effectiveness in all operations. E-
governance is now to be powered with modern Al analytics to detect the fraudulent
practices in public records, integrated with blockchain services for decentralized,
tfransparent, and duplication-free data management, and aided with the
computational capacity of big data using cloud technologies [7]. The economic
growth, national productivity and development index are significantly linked with
various dimension of e-governance.

The evolution of e-governance strategies has been taking place since two decades
mainly focusing on the transition from a manual tradition system to digitized,
computerized and data-driven information center. Countries around the world are
increasingly adopting this novel concept to enhance public sector development and
facilitated by United Nation Organization [8]. However, this process of e-governance
has been gradual for developing countries and quite rapid for developed economies
like South Korea and Estonia. In order to formalize the e-governance, UN has devised
four stages of its maturity model described below:

1. Emerging stage—Basic delivery of public services through digital tools

2. Enhanced stage- Computer based interactive services through different
digital platforms

3. Transactional stage—Automation of advanced financial services through
online payments and secure transactions

4, Connected stage—Integration of all the administrative affairs utilizing Al,
Blockchain and Big-data analytics

Although the development of e-governance infrastructure is challenging due to
socio-politico-economic aspects in any country, the significance of digital technology
in public administration is inevitable to achieve following essential objectives.

- Developing online portals and mobile applications to improve service
delivery

- Incorporate blockchain services with public data for transparency, fraud
resilience, and persistence

- Automation of routine tasks to minimizing the human errors and adhere to
administrative efficiency

Having acknowledged the potential of e-governance’s potential to uphold the socio-
economic stability, developing countries often face disparity in implementation and
maintenance of digitized infrastructure. Developing countries can achieve
development goals with effective utilization of information and communication
technologies in their administrative workflows. Pakistan has been strengthening
measures to invest in e- governance infrastructure and implementation to provide
effective services and facilities to public. It was COVID-19 pan- demic duration,
government officials insisted on the adoption of digital platforms to accomplish day-
to-day workings [?]. Government of Pakistan later on enforced the promulgation of
policies for the digitization of state affairs, realizing as e- governance as the sole
solution to coup with the challenges of misgovernance, mismanagement and
adverse functioning. Despite all these conducive efforts, Pakistan has not fully
integrated information management using digitized platforms. E-governance is
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recognized as key to the human development index; it incurs challenges if not
implemented with suitable technical compliance. There has been often delayed,
expensive, paper-based and manual operations in government management
leading to Inefficient and unreliable service delivery. In addition, traditional system of
governance restrict citizen participation due to bureaucratic hassle and
cenfralization in decision-making. Moreover, this conventional mismanagement does
not allow to real-fime determination of policies and processes. This is further worsened
weak and corrupt institutional frameworks in developing countries. Therefore, an
immediate transformation of such systems with transparent, temper-proof and
proficient management of public records is required.

This is possible through technological solutions presented by the e-governance model
that enables improved regulations of administrative functions through digital
platforms, data-driven services, and big-data analytics. In order to eradicate
inappropriate paper- based systems through secure transactions, enable decision-
making in real fime and allow data-driven operations, there comes in effect, concepts
of blockchain, artificial intelligence, and Cloud Computing [10]-[12]. However, this
infrastructure entails certain challenges of cyber security, lack of digital literacy and
lack of awareness for technological adoption.

This study undertakes review of key challenges of e- governance implementation
process. We also present are- formed framework of e-governance that embeds state-
of-the- art technologies like blockchain services, Al-powered data analytics, and
cloud-computing-based data modeling. Further sections are devised resolve in the
context of e-governance implementation. Section 2 explains the problem statement
we aim to resolve, and Section 3 illustrates the overall proposed framework of e-
governance. Section 5 provides an analytical implementation model of e-
governance in 3 key areq, ie. Land Record Management Patient Record
Management and Elec- toral System Management. Section 5 elaborates limitations
of this study followed by conclusion in Section 6.

LITERATURE REVIEW

Although process of digitization has existed for a long time, their mode has been
relative to requirement of digitization, prevalent technology and infrastructural
availability. Notably, societal, political and economic domains have often realized
unique trends and practices in varying generations. E-governance concept stems
from the incorporation of in- formation and communication technologies for effective
operations [13] . E-governance implementation requires range of tools, devices,
methods, and infrastructural resources in terms of hardware and software [14].
Administrative fields of government operating on information and communication
technologies can reduce corruption and fraudulent practices in developing
countries like Pakistan. However, it is eminent to investigate the factors and
requirement that can pave the digitization process in countries like Pakistan. Ahmed
et al explained how government initiatives in Pakistan, like Citizen Portal and e-
Procurement have been productive [15]. This study provided comprehensive
assessment of impact of e- governance to be significant utility towards public service.
On the other hand, several other investigations were made to study challenges of
digitization process in Pakistan. Nishat explored that inter-departmental and inter-
provincial coordination can be established through digitization process, thereby
making entire system cenftralized and accessible [16]. Atig et al studied comparative
analysis of e-governance implementation in Pakistan and China [17]. Atig suggested
the Chinese model can be a benchmark in coping with challenges in devising policy
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level framework for e-governance.

E-GOVERNANCE IN PAKISTAN

The e-governance framework in Pakistan requires architectural integration of various
digitized segments, notably, public administration, registration of citizens into the
natfional database, health, education, and justice. We have presented a Visual
sketch of e-governance model for Pakistan, as show in figure 1

Digital identification through NADRA devices provides core authentication with the
proposed e-governance system and composite interface for utilizing services[18][19].
After the successful authentication process, the user can subscribe to shared
technology services. The provincial and federal administrating centers facilitate the
data sharing through the integration layer. Further, the data of all subscribers requires
scalability, inter- operability, and cost-effective storage through infrastructure
founded by cloud computing services. This unified approach enhances the
operational capacity of the government’s administrative structure.

Model incorporates blockchain-based decentralization to ensure transparent
verification and auditable records in various domains of administration, i.e, land
ownership, civil registration, health records, and financial transactions[20][21].
Blockchain basically deploys smart contracts for automation of records with
persistence, minimum human intervention, and encrypted storage. Blockchain has
emerged as vital component of e- governance infrastructure, bearing a range of
applications from supply chain and welfare disbursement to employment verification
and law enforcement. The artificial intelligence layer compliments this integrated
structure of the e-governance model with real-time data mining, predictive analytics,
and automated decision support. This can benefit inteligent diagnostic and e-
tfreatment methodologies in healthcare, enabling education through adaptive
learning and early forecast for human resources management trends[22][23].

In general, cloud computing, blockchain and artificial inteligence guarantee
efficiency and rapid response across the ad- ministrative sectors for proficient public
service. This transformation of traditional governance into a secure, transparent and
digitized interconnected sphere promotes accountability and accessibility of records
and information. However, these technological shifts always entail adverse effects
caused by lacking digital literacy, prevalent legacy systems and insecurities of data
breach within public and administrative units of any government. This comprehensive
approach of e-governance promises institutional strength, infrastructure development
and social-economic progress in Pakistan[24][25].

BLOCKCHAIN AND Al ENABLED MANAGEMENT

In this section, we present technological architecture of healthcare, e-voting and
supply-chain - management  systems. These models specifically provide
implementation framework utilizing services of Al, blockchain, and cloud-enabled e-
governance in critical domains pertaining to public service. We aim to evaluate and
illustrate adherence of operational flow within these domains to transparency, frust
and efficiency.

E-HEALTHCARE SYSTEM

In digitized national database and technological infrastructure, interoperability and
data-centered connectivity is established among public hospitals, laboratories,
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clinics, and pharmaceutical units. This develops e-health information ecosystems for
effective health record management for national database, insightful health
diagnostics and public health policies. In the context of Pakistan, we propose
following visual representation of model as shown in Figure 2. This visual architecture
compirises of five components. The first phase provides an interface to citizens to utilize
e-health services. The authentication process is the second phase of this model that
verifies identity of the patient, and records are stored in database. Further cloud-
based health platforms presents required services to patients. In the service layer, Al
models analyze electronic health records to ensure predictive information related to
disease outbreaks, risks alerts for pa- tients, and efficient freatment recommendations.
Blockchain cryptographic storage system is another component of ser- vice layer that
encrypts records to ensure authorized data, persistence of records and modification-
free records. In the last phase, health diagnostics and reports are further processed in
evaluation chain of administrative spheres of e-governance. This model is designed to
avoid record tampering, help making clinical decisions timely, and secure the datain
e-health database.

E-Voting System

Biometric verification, blockchain-based vote registration and Al-assisted fraud
detection devise corner stone of tech- enabled electoral processes. We have devised
the e-voting model that is aimed at preserving voter privacy, election integrity and
transparency. Figure 3 depicts sketch of its major components The proposed e-voting
model shown in Figure 3 outlines workflow of casting the vote several components.
The citizen interface and biometric verification components allow initial registration of
voter into the system through secure authentication and biometric verification. The e-
voting system allows a voter to cast his/her vote using appropriate UI/UX facilitation.
Recorded and registered votes acquire tamper-proof, immutable and auditable
states using blockchain service. Al services implemented in service layer applies
algorithmic and predictive methodology for monitoring patterns in votes casted. Al
layer should be capable of detecting anomalies and fraudulent practices, like,
duplicate voting, illegal attempts of voting and unprecedented voter turnout.
Furthermore, system can maintain verifiability of voter with zero-knowledge proof
techniques, thereby preserving anonymity. Implementation of e-voting system s
expected to increase public frust in smooth electoral process.

E-Supply Chain Management System

Supply chain management of essential goods such as pharmaceuticals, agricultural
ingredients, IT equipment, heavy machinery parts and food commodities bears
immense regulatory significance for governmental offices.
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Proposed e-Governance Model.
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Proposed e-Supply Chain Management Model .

In the context of e- governance, supply chain management system with reliance and
effective tracking throughout its process can be developed using blockchain and Al-
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based services, as shown in Figure4. This process of supply chain requires initial data
capturing and processing it in related data centers and storage. Further, the
blockchain framework manages tracking, monitoring, and regulation of all the
commodities along with shipment records, certificates of quality assurances, and
logistics details. Al predictors implemented in the model should be capable of
evaluating demand and supply requirements, detecting goods with defects and
anomalies, and keep logs of possible disruptions in supply processes. The supply model
in the context of e- governance is expected to strengthen the logistic efficiency and
enhance regulatory oversight. These models of e-governance pave the architectural
path for blockchain-oriented trust and immutability services, Al-enabled automation
and intelligence, and scalable and interoperable computing through cloud-based
services. E-governance is capable of building a digitized ecosystem to tackle the
challenges of mismanagement and inefficient service delivery in Pakistan.

IMPLEMENTATION

This section illustrates blockchain implementation of de- vised e-governance models,
i.e,, e-Health, e-Voting and e- Supply Chain Management. We have presented a
smart contract approach to imitate e-governance operations. This blockchain
implementation can be easily deployed over a local blockchain for testing using
Remix IDE as proof-of-concept suited in academic research. We aim to develop a
prototype that shows a single, generalized blockchain-based model for transparent,
immutable and tamper-proof storage. Algorithm 1 demonstrates the rationale of the
e-governance design module using unified government registry contract. It consists of
three main events: EHealth, Evoting and ESupplyChain. All these events are
representations of services of specific module. Each service accepts cryptographic
hash to e registered over smart contract. After successful event logs, immutability,
fraceability, and auditability in each of module is verified. It inifializes transaction
holder with global record counter in the code recordCounter and defines the record
structure with service, issues datahash and timestamp variables.

Algorithm 1 shows interoperable blockchain logging of various services. Once the
confract is deployed, global record counter is initialized. This record counter is
incremented for each service request and logging event separately, i.e., health, vote
and supply chain. Each event registers record counter, service type, issuer address an
data hash in particular timestamp, allowing auditable and verifiable records.

The execution logs shown in Listing 1 represent the complete lifecycle of the proposed
e-governance smart contract, from deployment to service-specific fransaction
execution. The first log entry corresponds to the deployment of the
GovEgovernanceRegistry contract, where the constructor is executed on the
Ethereum Virtual Machine (EVM). The absence of emitted logs during deployment
indicates that no service records are created at this stage, which is expected
behavior. The presence of a unique transaction hash confirms that the contract has
been successfully deployed on the blockchain. Subsequent log entries demonstrate
the invocation of the e-Voting service through the castEVote function. Each
transaction shows the caller’'s address, the target function signature, and the emission
of exactly one event log, confirming that a vote hash has been immutably recorded.
The repeated invocation of the voting function, followed by a read-only call to
recordCounter, validates that the global counter is incremented correctly and that
stored records persist.

73



Application of Blockchain, Artificial Intelligence Shaikh M et al., (2026)

Algorithm 1: Unified Blockchain-Based e-Governance
Registry

Input: Service regquest
S e {EFHealth, EVoting, ESupplyChain}.
Data hash H . Issuer address .4
Output: Immutable blockchain record and audit log
Define service types
{EHealth, EVoting, ESupplyChain}:
Define record structure
(service, issuer, dataH ash, titnestarmp):
Initialize global record counter recordC ounter «— 0
Initialize mapping records|[recordld] — Record:
if service reguesr received then
recordC ounter +— recordC ounter + 1:
records[recordC ounter] <—
(S, A H, currentlimestarmp):
if § = EFHealth then
| Emit EHesalthRecordLoggsed event:
else
if S5 = EVoting then
| Emit EVoteCast event;

else
Emit SupplyvChainEvent Logged

ewvent:

return record ounter:

Listing 1.
Test Algorithm for Blockchain Validation

Transaction Logs}, label={lst:remix_logs}]

[vm] from: 0x5B3...=eddC4d

to: GovEgovernanceRegistrwv. (constructor)
value: 0 wei

data: O0xe0E8...e0033

logs: O

hash: 0x12Z7...152Zeb

transact to GovEgovernanceRegistry.castEVote pending .. .

[vm] from: 0x5B3...=eddC4d

to: GovEgovernanceRegistry.castEVote (string)
value: 0 wei

data: O0xdbZ...00000

logs: 1

hash: O0xe26...3b970

call to GovEgovernanceRegistryv.recordCounter
[call] from: 0x5R38. .. eddcCcd

to: GovEgowvernanceRegistry.recordCounter ()

transact to GovEgovernanceRegistry.castEVote pending .. .

[wmm] from: 0x5B3...eddC4a

to: GovEgovernanceRegistry.castEVote(string)
value : 0 wei

data: O0xdb2...00000

logs: 1

hash: 0O0xdbSe...eeelc

transact to GovEgovernanceRegistry.logEHealthRecord pending ...

[wmm] from: 0x5B3...eddcC4a

to: GovEgovernanceRegistrv.logEHealthRecord (string)
value : O wei

data: O0x042...00000

logs: 1

hash: O0xbb5...26fdb

transact to GovEgovernanceRegistry. logSupplyChainEvent pending ..

[wmm] from: 0x5B3...eddcC4a

to: GovEgovernanceRegistry.logSupplyChainEvent (string)
value : 0 wei

data: 0x941...00000

logs: 1

hash: O0xe63...531Ff
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across transactions. These logs collectively confirm the correct execution flow and
state update of the voting component. The final set of logs corresponds to the e-
Health and e- Supply Chain services, executed via logEHealthRecord and
logSupplyChainEvent, respectively. Each fransaction produces a single event,
indicating successful registration of hashed medical records and shipment
information. The uniform structure of the logs across all services demonstrates the
effectiveness of the unified registry design, where multiple governance services share
a common blockchain infrastructure while maintaining service-specific audit trails.
Overall, these logs provide verifiable evidence of transparency, immutability, and
correct functional behavior of the proposed blockchain- enabled e-governance
system.

CONCLUSION

This study presented a conceptual, analytical, and simulation-based e-governance
model for Pakistan that integrates technical architecture of cloud computing, artificial
inteligence and blockchain technologies. We emphasized e- governance as
comprehensive solution to alleviate the challenges such as data fragmentation,
manual process and institutional opacity. We also devised architectural design of
selected domains based on operational requirements and functional constraints. Our
focus of implementation details imitates interoperability among various services,
privacy preservation of identities, immutability of records, and the federated structure
of administrative units within Pakistan. In order to determine the practical feasibility
of the proposed approach, detailed case studies were conducted using blockchain-
based solidity prototypes for e-health, e-voting, and e-supply chain management.
This pilot-level deployment provides verifiable audit trails for crucial e-governance
components. We also presented lightweight experimental logs, which reveal
successful execution and tfransparent record generation across e-health, e-voting
and e-supply chain management. Consequently, experimental work validates the
effectiveness and reliable data storage mechanism of blockchain.

In summary, digital transformation of manual and conventional governmental
operations requires an incremental, scalable and interoperable path. As a part of
future work, we intend to incorporate more authentfication and verifiable access
confrol and voting mechanisms utilizing cryptographic techniques and determine the
feasibility of real-world data centers of Pakistan, like NADRA and the Election
Commission of Pakistan.
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