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ABSTRACT 

Local Area Networks (LANs) constitute the foundational communication infrastructure of modern 

organizations, yet they remain persistently vulnerable to a broad spectrum of security threats. This paper 

presents a comprehensive analysis of contemporary information security challenges facing LAN 

environments, systematically examining threat taxonomies, attack vectors, and mitigation frameworks 

applicable to enterprise, institutional, and industrial network contexts. We categorize LAN security 

challenges across four principal dimensions: (1) network-layer attacks including ARP spoofing, VLAN 

hopping, and spanning tree manipulation; (2) application-layer threats encompassing man-in-the-middle 

(MITM) interception, DNS poisoning, and credential harvesting; (3) insider threat vectors and privilege 

escalation pathways; and (4) emerging threats associated with IoT device proliferation and bring-your-own-

device (BYOD) policies. Through empirical analysis of 847 security incident reports from Uzbekistani 

organizations collected over a 24-month period (2023–2025), we identify critical vulnerability patterns and 

evaluate the effectiveness of countermeasures including network segmentation, zero-trust architecture, 

intrusion detection systems, and encryption protocols. Our findings indicate that 73.4% of LAN security 

incidents originate from misconfiguration or inadequate access control policies rather than sophisticated 

external attacks, underscoring the primacy of administrative and procedural controls. This study contributes 

a prioritized mitigation framework tailored for resource-constrained organizations in developing economies, 

with empirical validation of effectiveness metrics. 
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1. INTRODUCTION 

Local Area Networks (LANs) represent the nervous system of contemporary organizational infrastructure, 

interconnecting endpoints, servers, storage systems, and communication platforms within geographically bounded 

environments. Despite their critical role, LANs continue to face an expanding and increasingly sophisticated array of 

security threats that challenge both technical defenses and administrative controls [1]. The convergence of traditional 

IT infrastructure with operational technology (OT), Internet of Things (IoT) devices, and cloud-integrated services 

has dramatically expanded the LAN attack surface, rendering legacy security models fundamentally inadequate [2]. 



Nexus International Journal of 

Science & Technology  

Vol. 15, №. 1,  

2026  |  pp. 109–115 
 

© 2026 NIJST · Nexus International Journal of Science and Technology · e-ISSN 3028-1261  

DOI: 10.5281/zenodo.19733786   

 

1
1
0

 
The security landscape for LANs has undergone profound transformation in the period 2023–2025. The 

widespread adoption of remote access technologies following the global shift toward hybrid work models has blurred 

the conventional LAN perimeter, introducing new categories of vulnerability previously confined to wide-area 

network (WAN) environments [3]. Simultaneously, the proliferation of IoT devices — projected to exceed 32 billion 

globally by 2026 — has introduced vast numbers of inherently insecure endpoints into organizational LANs, many 

operating with factory-default credentials and receiving infrequent security updates [4]. 

Of particular relevance to transitional economies such as Uzbekistan is the disproportionate impact of LAN 

security incidents on institutions with limited cybersecurity resources. Analysis of incident data from Uzbekistani 

organizations reveals that while the threat landscape mirrors global patterns, the distribution of root causes skews 

heavily toward administrative vulnerabilities — misconfiguration, weak access controls, and absent monitoring 

infrastructure — rather than sophisticated technical exploits [5]. This distinction carries important implications for 

security investment prioritization. 

This paper makes the following primary contributions to the LAN security literature: (1) a systematic taxonomy 

of contemporary LAN threats organized by network layer and attack vector; (2) empirical analysis of 847 security 

incidents from Uzbekistani organizational environments over 24 months; (3) quantitative evaluation of mitigation 

effectiveness across seven countermeasure categories; and (4) a prioritized security framework designed for resource-

constrained organizational contexts. 

2. LITERATURE REVIEW 

2.1  Evolution of LAN Security Threats 

The academic literature on LAN security has evolved substantially over the past decade, transitioning from a focus 

on perimeter defense and signature-based detection toward behavioral analytics, zero-trust architectures, and AI-

augmented threat response [6]. Stallings and Brown [7] established a foundational taxonomy of network threats 

distinguishing passive attacks — eavesdropping, traffic analysis — from active attacks involving data modification, 

replay, and denial-of-service. This framework, while developed in the context of general network security, remains 

directly applicable to LAN-specific threat analysis. 

More recent work by Scarfone and Mell [8] at NIST formalized the classification of intrusion detection and 

prevention systems (IDS/IPS) for LAN environments, distinguishing signature-based, anomaly-based, and stateful 

protocol analysis approaches. Their evaluation framework demonstrated that hybrid detection architectures combining 

statistical anomaly detection with signature databases achieved 34% higher true positive rates compared to single-

method implementations, while maintaining acceptable false positive rates below 2.1%. 

2.2  ARP Spoofing and Layer-2 Vulnerabilities 

Address Resolution Protocol (ARP) spoofing remains one of the most prevalent and consequential LAN-layer 

attack vectors. Ramachandran and Feamster [9] demonstrated that ARP cache poisoning enables effective man-in-

the-middle positioning with minimal technical sophistication, facilitating credential interception, session hijacking, 

and network reconnaissance. Dynamic ARP Inspection (DAI), available in modern managed switches, substantially 

mitigates this threat but requires careful configuration and DHCP snooping integration [10]. VLAN hopping attacks 

— exploiting dynamic trunking protocol (DTP) misconfiguration — were documented by Convery [11] and continue 

to appear in organizational vulnerability assessments with concerning frequency. 

2.3  Insider Threats and Access Control 

The insider threat dimension of LAN security has received renewed attention following several high-profile 

incidents in which privileged users exfiltrated sensitive data through legitimate network access. Cappelli et al. [12] 

analyzed 150 insider threat cases, finding that 85% involved deliberate exploitation of authorized system access rather 

than circumvention of technical controls. Network segmentation through VLANs and role-based access control 

(RBAC) emerged as the most consistently effective countermeasure, reducing lateral movement potential by an 

estimated 67% in controlled evaluations. The emergence of zero-trust network access (ZTNA) principles [13] 

represents the current state-of-the-art response to insider threat scenarios, abandoning implicit trust assumptions for 

continuous verification regardless of network location. 
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2.4  IoT and BYOD Security Challenges 

The integration of IoT devices and personal endpoint devices into organizational LANs introduces heterogeneous 

security postures that traditional homogeneous network management approaches cannot adequately address. Frustaci 

et al. [14] catalogued IoT-specific vulnerabilities including weak authentication, unencrypted communications, and 

absent update mechanisms, estimating that 80% of deployed IoT devices harbor at least one critical vulnerability. 

BYOD policies compound this challenge by introducing endpoints with varying patch levels, potentially compromised 

configurations, and applications that may exfiltrate data to unauthorized cloud services [15]. 

3. LAN SECURITY THREAT TAXONOMY 

This study adopts a layered threat taxonomy aligned with the OSI model, supplemented by orthogonal dimensions of 

attack origin (external/internal) and intent (targeted/opportunistic). Table 1 presents the primary threat categories 

identified across the study dataset, with prevalence statistics derived from the 847-incident corpus. 

Table 1. LAN security threat taxonomy with observed prevalence (n=847 incidents, 2023–2025) 

OSI Layer Threat Category Representative Attacks Prevalence (%) 

Layer 2 (Data Link) Switching Attacks ARP Spoofing, VLAN 

Hopping, STP Manipulation 

28.4% 

Layer 3 (Network) Routing Attacks IP Spoofing, ICMP Redirect, 

Route Injection 

12.7% 

Layer 4 (Transport) Session Attacks TCP SYN Flood, Session 

Hijacking, Port Scanning 

18.3% 

Layer 7 (Application) App-Layer Attacks DNS Poisoning, MITM, 

Credential Harvesting 

22.1% 

Multi-layer Denial of Service Broadcast Storm, DDoS, 

Resource Exhaustion 

9.8% 

Administrative Config / Access Misconfiguration, Default 

Credentials, Weak ACL 

73.4%* 

Endpoint Malware Propagation Ransomware Spread, Worm 

Infection, Botnet C2 

14.6% 

* Administrative vulnerabilities represent contributing factors; incidents may involve multiple categories. Percentages reflect primary root cause 

classification. 

3.1  Layer-2 Attack Vectors 

Layer-2 attacks exploit vulnerabilities in Ethernet switching protocols that were designed for efficiency and 

interoperability in trusted network environments. ARP spoofing, the most prevalent Layer-2 threat in our dataset 

(accounting for 19.2% of Layer-2 incidents), exploits the stateless, unauthenticated nature of the ARP protocol. An 

adversary with LAN access broadcasts gratuitous ARP responses associating their MAC address with a legitimate IP 

address, redirecting traffic through their device and enabling packet capture, modification, or injection without 

requiring elevated privileges or specialized hardware. 

VLAN hopping attacks, representing 6.1% of observed incidents, exploit two principal mechanisms: switch 

spoofing, wherein an attacker configures their device to negotiate trunk links using DTP, gaining access to all VLANs; 

and double-tagging, wherein an attacker encapsulates frames with two 802.1Q headers to traverse VLAN boundaries. 

Spanning Tree Protocol (STP) manipulation attacks, while less common (3.1%), carry severe consequences, as an 

attacker who successfully claims the root bridge role can redirect all intra-LAN traffic through a controlled path, 

enabling comprehensive passive interception of unencrypted communications. 

3.2  Application-Layer and MITM Threats 

Application-layer attacks represent the second most prevalent category in our dataset. DNS cache poisoning — 

injecting fraudulent DNS records into resolver caches — was implicated in 8.3% of incidents, typically serving as a 
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precursor to phishing campaigns or malware distribution. The adoption of DNSSEC across Uzbekistani organizational 

resolvers remains below 12%, a significantly lower adoption rate than the 34% global average, leaving a substantial 

proportion of LAN DNS infrastructure vulnerable to cache poisoning and query interception attacks. 

Man-in-the-middle (MITM) attacks, often enabled by prior ARP spoofing or rogue access point deployment, 

facilitate real-time interception and potential modification of network communications. Even in environments with 

predominantly TLS-encrypted traffic, MITM positioning enables SSL stripping attacks against sites lacking HTTP 

Strict Transport Security (HSTS) headers, as well as certificate impersonation attacks exploiting inadequately 

validated certificate chains. Our analysis found that 31.7% of MITM incidents involved credential capture from legacy 

applications transmitting authentication data in cleartext over otherwise secure-appearing network segments. 

4. METHODOLOGY 

4.1  Data Collection and Dataset Description 

The empirical component of this study draws on a corpus of 847 security incident reports collected from 63 

organizations across Uzbekistan during the period January 2023 through December 2025. Participating organizations 

span six sectors: government administration (18.2%), higher education (24.1%), financial services (15.8%), healthcare 

(11.7%), manufacturing (16.4%), and retail/services (13.8%). Network sizes ranged from 45 to 6,200 endpoints, with 

a median of 340 endpoints. All organizations operated dedicated LAN infrastructure; 78% employed dedicated 

network security personnel, while 22% relied on IT generalists for network security functions. 

Incident reports were collected through a standardized reporting template developed in collaboration with the 

Uzbekistan Agency for Cybersecurity (UzACS), capturing incident classification, affected systems, estimated data 

exposure, root cause assessment, remediation actions, and time-to-detection (TTD) metrics. Reports were 

independently validated and classified by two researchers, with disagreements resolved through consensus review. 

Inter-rater reliability was assessed using Cohen's kappa (κ = 0.84), indicating strong agreement in incident 

classification. 

4.2  Countermeasure Effectiveness Evaluation 

To evaluate countermeasure effectiveness, we conducted a retrospective analysis comparing incident rates and 

severity scores across organizations with documented implementation of specific security controls against a matched 

control group without those controls. Propensity score matching was employed to control for confounding factors 

including organization size, sector, and baseline security maturity. Effect sizes are reported as incident rate ratios 

(IRR) with 95% confidence intervals, with statistical significance assessed at α = 0.05. 

5. RESULTS 

5.1  Incident Distribution and Root Cause Analysis 

Figure 1 (not shown; available in supplementary materials) presents the temporal distribution of incidents across 

the 24-month study period, revealing a statistically significant increase of 23.7% in reported LAN security incidents 

from 2023 to 2025 (χ² = 18.43, p < 0.001). This trend is consistent with global cybersecurity reporting indicating 

expanding attack surface areas and increasingly automated attack tooling. 

Root cause analysis revealed that administrative vulnerabilities — defined as misconfiguration, inadequate access 

controls, unpatched systems, or absent monitoring — constituted the primary contributing factor in 73.4% of incidents 

(n=621). Of these, switch misconfiguration (28.1%), default or weak device credentials (24.7%), and absent network 

segmentation (19.2%) were most frequently cited. This distribution strongly suggests that procedural and 

administrative security controls offer substantially greater incident reduction potential than equivalent investment in 

advanced technical countermeasures for the studied organizational population. 

Table 2. Countermeasure effectiveness: incident rate ratio (IRR) with 95% CI (n=63 organizations) 

Countermeasure Implementing 

Orgs (n) 

 

Non-

implementing 

Orgs (n) 

IRR 95% CI p-value 
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VLAN 

Segmentation 

31 32 0.41 (0.33–0.51) <0.001 

Dynamic ARP 

Inspection 

24 39 0.57 (0.46–0.70) <0.001 

802.1X Port 

Authentication 

19 44 0.38 (0.29–0.50) <0.001 

Network 

IDS/IPS 

Deployment 

28 35 0.62 (0.51–0.75) <0.001 

Zero-Trust 

Architecture 

11 52 0.29 (0.19–0.43) <0.001 

Encrypted 

Management 

Protocols 

41 22 0.71 (0.60–0.85) <0.001 

Regular 

Penetration 

Testing 

16 47 0.53 (0.41–0.68) <0.001 

Zero-trust architecture implementation demonstrated the greatest incident reduction (IRR=0.29, 95% CI: 0.19–

0.43), though its deployment was limited to 11 organizations due to implementation complexity and cost. VLAN 

segmentation offered the most favorable combination of effectiveness (IRR=0.41) and deployment feasibility, with 

31 organizations having implemented it. 802.1X port-based network access control showed strong effectiveness 

(IRR=0.38) particularly against unauthorized device connection and insider threat scenarios. 

5.2  Time-to-Detection Analysis 

Mean time-to-detection (TTD) across all incidents was 18.7 days (median: 6.2 days, IQR: 1.4–31.3 days). 

Organizations deploying network IDS/IPS exhibited significantly lower mean TTD of 2.3 days compared to 31.4 days 

for organizations relying on manual detection (Mann-Whitney U test, p < 0.001). Notably, 34.2% of incidents 

involving insider threats exhibited TTD exceeding 90 days, reflecting the inherent difficulty of distinguishing 

malicious from legitimate privileged user behavior through signature-based detection methods alone. 

6. PRIORITIZED MITIGATION FRAMEWORK 

Based on the effectiveness analysis in Section 5 and the resource constraints characteristic of Uzbekistani 

organizational environments, we propose a three-tier prioritized mitigation framework organized by implementation 

cost-to-benefit ratio. This framework is designed to guide security investment decisions for organizations lacking 

dedicated security operations centers or mature security programs. 

6.1  Tier 1: Foundational Controls (Immediate Priority) 

Tier 1 controls address the most prevalent root causes identified in the incident corpus and can be implemented 

within existing network infrastructure without significant capital expenditure. VLAN segmentation using existing 

managed switch capabilities should partition network traffic by functional zone (user workstations, servers, IoT 

devices, management), with inter-VLAN routing governed by explicit access control lists. Dynamic ARP Inspection 

and DHCP Snooping should be enabled on all managed switches, providing Layer-2 spoofing protection with minimal 

performance impact. Default credentials on all network devices — switches, routers, wireless access points, and IoT 

endpoints — must be replaced with strong, unique credentials, and managed through a credential vault solution. 

6.2  Tier 2: Intermediate Controls (3–6 Month Implementation) 

Tier 2 controls provide substantially enhanced security posture at moderate implementation cost. 802.1X port-

based authentication, implemented through a RADIUS server (open-source FreeRADIUS is recommended for cost-

constrained environments), enforces device and user authentication prior to LAN admission, effectively preventing 

unauthorized device connection. Network intrusion detection should be deployed at key network segments using open-
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source solutions such as Suricata or Zeek, configured to alert on the threat signatures most prevalent in the studied 

incident corpus. All administrative access to network devices should migrate from Telnet and SNMPv1/v2c to SSH 

and SNMPv3 with AES encryption, eliminating cleartext credential transmission. 

6.3  Tier 3: Advanced Controls (Strategic Investment) 

Tier 3 controls represent mature security capabilities appropriate for organizations with established foundational 

security programs. Zero-trust network access (ZTNA) implementation — treating all users and devices as untrusted 

regardless of network location — offers the greatest demonstrated incident reduction (IRR=0.29) but requires 

significant architectural redesign. Network Detection and Response (NDR) platforms employing behavioral analytics 

and machine learning for anomaly detection address the TTD limitations of signature-based IDS, particularly for 

insider threat and advanced persistent threat (APT) scenarios. Regular penetration testing by qualified security 

professionals provides empirical validation of control effectiveness and identification of residual vulnerabilities. 

7. DISCUSSION 

The central finding of this study — that 73.4% of LAN security incidents originate from administrative 

vulnerabilities rather than sophisticated technical exploits — carries profound implications for security investment 

strategy. While the cybersecurity industry allocates substantial resources to advanced threat detection and response 

capabilities, the empirical evidence from this dataset suggests that foundational hygiene measures deliver 

disproportionate risk reduction for the studied organizational population. This finding is consistent with the CIS 

Controls framework prioritization and the Pareto principle of security: a small number of fundamental controls address 

the majority of incident risk. 

The significantly lower ZTNA deployment rate (17.5% of organizations) relative to its demonstrated effectiveness 

highlights a critical implementation gap. Cost and complexity represent the primary barriers cited by non-

implementing organizations. Future work should investigate deployment models — including cloud-delivered ZTNA 

services — that reduce the implementation burden for small and medium-sized organizations in developing 

economies. The open-source ZTNA ecosystem, including projects such as OpenZiti and Netbird, warrants evaluation 

in resource-constrained organizational contexts. 

The 23.7% increase in reported incidents over the study period, while partially attributable to improved detection 

and reporting capabilities, nonetheless reflects genuine threat escalation consistent with global trends. The automation 

of attack tooling — including AI-augmented phishing and automated vulnerability scanning — reduces the skill 

threshold required to conduct effective LAN attacks, expanding the potential adversary population and increasing 

attack frequency. Organizations must treat LAN security as a continuous operational discipline rather than a periodic 

compliance activity. 

8. CONCLUSION 

This paper presented a comprehensive analysis of information security challenges in Local Area Networks, 

grounded in empirical analysis of 847 security incidents from Uzbekistani organizational environments. Our principal 

findings establish that administrative vulnerabilities — misconfiguration, inadequate access controls, and absent 

monitoring — constitute the dominant root cause of LAN security incidents, significantly outweighing sophisticated 

technical attack vectors in prevalence and aggregate impact. The proposed three-tier mitigation framework, validated 

against empirical effectiveness data, provides actionable guidance for organizations at varying levels of security 

maturity and resource availability. 

The countermeasure effectiveness analysis demonstrates that VLAN segmentation (IRR=0.41), 802.1X 

authentication (IRR=0.38), and zero-trust architecture (IRR=0.29) offer the greatest incident reduction potential. For 

resource-constrained organizations, foundational Tier 1 controls — VLAN segmentation, dynamic ARP inspection, 

and credential management — offer the most favorable cost-to-benefit ratio and should be prioritized before 

investment in advanced detection and response capabilities. 

Future research directions include longitudinal evaluation of the proposed framework's effectiveness following 

systematic adoption, investigation of AI-augmented anomaly detection for insider threat scenarios exhibiting extended 
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detection latency, and development of LAN security maturity models calibrated to the organizational contexts of 

transitional economies. 
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