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Abstract. Security Operations Centers (SOCs) play a vital role in defending organizations
against increasingly sophisticated cyber threats; however, they themselves remain vulnerable to
weaknesses that can undermine their overall effectiveness. This review paper provides a
comprehensive analysis of key vulnerabilities within SOC environments, evaluates their impact
on threat detection and incident response capabilities, and explores effective mitigation strategies
aimed at enhancing SOC resilience. By systematically examining existing academic literature,
industry reports, and real-world case studies, the paper investigates both technical and
organizational vulnerabilities that affect SOC performance. Common challenges identified include
under-resourced teams, tool misconfigurations, inefficient incident response workflows, staffing
shortages, and reliance on outdated technologies. The consequences of these vulnerabilities are
discussed in relation to delayed threat detection, heightened risk of security breaches, and an
overall decline in organizational cybersecurity posture. The review synthesizes best practices and
recommended mitigation strategies, such as improving SOC staffing levels, enhancing tool
interoperability, and implementing automation to streamline incident response. Furthermore, it
highlights the potential of emerging technologies—particularly artificial intelligence (AI) and
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machine learning (ML)—to strengthen SOC operations and improve adaptability to the evolving
cyber threat landscape. Emphasis is also placed on the importance of robust communication
protocols, continuous analyst training, and the integration of holistic security practices across all
organizational layers. In conclusion, understanding and addressing vulnerabilities within SOCs is
critical for sustaining effective cybersecurity defense. The study underscores the importance of
harmonizing human expertise with technological innovation, demonstrating that such synergy
significantly reinforces both preventive and responsive capabilities against emerging threats.
Future research should further explore the application of Al and ML in SOCs to enhance agility
and resilience in an ever-changing threat environment.

Keywords: soc, vulnerabilities, threat detection, automation, artificial intelligence (Al),
machine learning (ML), resilience
For citation: A. Altynbekov, G. Alin, S. Amanzholova, M. Saleh. Securing socs: understanding
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Annotamus. Kayincizgik onepanusmapbl opraneikrapsl (Security Operations Centers,
SOCs) yiibiMaapasl OapFaH cailblH KypAeli KubepKayinTepAeH Kopraya HIenrylii pesi aTKapaibl.
Amnaiina onapabIH ©3/1epi 1e THIMAUTITIHe HYKCaH KeNTIPeTiH OcalIbIKTapFa OeifiM 00Tyl MyMKiH.
byn mony makanaceiHaa SOC opTanapblHIaFbl HEri3rl OCANIBIKTAp >KaH-)KAaKThl TajJdaHaJbl,
OJIapJIbIH KayinTepi aHbIKTay MEH OJlapFa jkayan Oepy KaOurerine ocepi Oaranmanaabl xxone SOC
TYPaKTBUIBIFBIH apTThIpyFa OaFbITTAIFaH THIMJII CTpaTerusyiap KapacTelpeliaabl. KonnaneicTars
FBUIBIMH 9JICOMETTEp, CANlAIBIK €CeNTep JKOHE HAKTHI Karjaiyiap (Keilcrep) HETi3iHAe 3epTTey
SOC kpI3MeTIHE ocep €TETiH TeXHUKAJBIK KOHE YHBIMAACTHIPYIIBUIBIK OCAIBIKTapIbl JKYHe
TYpA€ Tannmaiiibl. AHBIKTaJFaH HETI3TI  Mocelelepre pecypcrapiblH — KETiCHEeYIIiIiri,
KypalgapJslH OypbIC KOH(UTypalusiaHOaybl, WHIMACHTTEpre j)ayam Oepy NpolecTepiHiH
TUIMCI3JIIT], KaJp TANIIBUIBIFBI JKOHE €CKIPreH TEeXHOJOTHsIApAsl KOJJaHy JKaTaibl. by
OCaNABIKTApAbIH calfapbl KayilTepHAli aHBIKTayIblH KEIIryi, Kayilci3ik OY3bUIbICTapbIHBIH
KayIiHiH apTybl OHE YHBIMHBIH JKaIIbl KHOEpPKAyiNCi3NiK ACHIeHiHIH TOMEHJEYi TYpiHJe
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kepineni. Makamana SOC kaapiblK oJ€yeTiH apTThIPy, KypaslJapAblH e3apa WHTETPalusIChiH
KYIICUTY JKOHE MHIUMACHTTEPre jkayamn Oepy yAepiCTepiH aBTOMATTAHIBIPY CHUSKTHI YCHIHBIIFAH
KyMcapTy crparerusuiapbl TamgaHanel. CoHbIMEH KaTtap, jkacaHabpl uHTeUeKT (Al) men
MamuHAIBIK OKBITY (ML) TexnomorusmapbiHblH SOC KYMBICHIH JKETUIAIPY XKOHE AaMbIT Kelie
KaTKaH KuOepkayinTep JanamadTbiHa OeHIMIeTy oJeyeTi KapacThIpbUIaibl. 3epTTey CEHIM/II
KOMMYHHKAIUS XaTTaMalapblH KYPYJAbIH, TalAaylIbUIapAbl Y3IiKCi3 OKBITYIBIH JKOHE YHBIM
JIEHTCHIIepIHIe KayilCI3MIKTIH TYTac TOCUINEPIH €HTi3yAiH MaHBI3IbUIBIFBIHA Oaca Hazap
aynapazasl. Kopeiteiaasiiaii kene, SOC xxyiienepineri ocanabIKTap/bl TYCIHY XKoHE 0Japabl KOO
YUBIMHBIH KHOEPKAYITCI3AIK KOPFAaHBICBIH THIMJI CaKTay YIIIH aca MaHbBI3Ibl. Makaiana ajgam
KamuTaiabl MEH TEXHOJOTHSUIBIK IISNIMIEPAiH e3apa YWleciMiH KaMTaMachl3 eTYIiH
MaHBI3/IBUTBIFBI aTamn oTineal. MyHIai CHHEpTHs KaHa KayinTep/liH aJlJIbIH ally MEH oJlapFa JKeael
xayan Oepy KaOuneriH enoyip kymedTteni. bonamak 3eprreynep SOC »xyiienepinae >kacaH/bl
WHTEJUIEKT TICH MAIIMHAIBIK OKBITY TEXHOJIOTHSJIAPBIH KOJJIaHy OarbITTaphlH TEpEeHIpEK
3epTTeyre OarbITTaIyhl THIC.
Tyiiin ce3aep: soc, ocanablKTap, KayinTepl aHbIKTAay, aBTOMATTaHABIPY, >KaCaHIbI

WHTEIJICKT, MAIIMHAIBIK OKBITY, TO3IMILIIIK
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AnHotamusi. OnepanuoHHBIE TEHTPHI obOecreueHus ycroiuuBoctu (SOCs) wuMerorT
pemraromiee 3HaYCHUE JUIS 3alUTHl OPraHU3aLHUil OT Bce 00Jiee N3OUIPEHHBIX KHOEPYTPO3; OTHAKO
OHH CaMU TIOJIBEPKEHBI YA3BUMOCTSIM, KOTOPBIE MOTYT ITOCTaBUTH O] YTPO3y UX d3PPEKTUBHOCTD.
B sTOM 0030pHOM JOKyMEHTE NpEJCTABIEH BCECTOPOHHHMN aHAIU3 KIIOUEBBIX YS3BHMOCTEH B
cpene SOC, onleHUBaeTCs UX BIUSHUE HA BO3SMOXXHOCTH OOHApY)KEHUS U pearupoBaHus, a TaKKe
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paccmarpuBaioTcs d()(EeKTHUBHBIE CTpaTeTMU CMSATYEHUS TOCIEICTBUN Ui TOBBIIICHUS
ycroiunBoctn SOC. Ha OCHOBE CHCTEMaTHYECKOIO aHalIM3a CYLIECTBYIOLIEH JUTEpaTyphl,
OTpacyIeBbIX OTUETOB U TEMAaTHMYECKUX HCCIEOBAaHUN B JOKYMEHTE pPacCMaTpHUBAIOTCS Kak
TEXHUYECKHE, TaK U OPTaHU3alUOHHBIC YSI3BUMOCTH, BIUSIONINE HA Tipon3BoauTenbHOCTE SOC.
BrisiBienHble 00mue mpoOiieMbl BKIIIOYAIOT HEXBAaTKYy PECYPCOB Y KOMAaHJ, HEMPAaBHIbHYIO
HACTPONKY MHCTPYMEHTOB, Hed()(DEeKTUBHBIE MPOLIECCHl pearupOBaHUS HA WHIIUACHTHI, HEXBATKY
MepcoHala U yCTapeBIIME TEXHOJOruH. BiusHue 3THX ysS3BUMOCTEH 00Cy»X)Aaercs ¢ TOYKU
3peHusl 3aJIeP)KKU OOHApY’>KEHHUs yrpo3, MOBBIIICHHOT'O PUCKA HApPYyIICHWH O€30MacHOCTH U
001Iero yxXyaIeHus: COCTOSTHUSL Kubepoe3onacHoCTH opranu3aiui. B 00630pe Takke 0000IIeHBI
PEKOMEHAyEeMbIE CTpPAaTeTUH CMSTYCHHUS TOCIEICTBUH, TaKWe KaK TIOBBIIICHHE YPOBHS
ykomiuiektoBaHHOCTH SOC mepcoHanoM, yCHJIEHHE MHTETPAllMd WHCTPYMEHTOB U BHEJpPEHUE
TEXHOJOTHI aBTOMATH3allMU JJIs pearupoBaHUs Ha WHIHIEHTHL. Kpome Toro, B o0030pe
paccmaTpuBaeTcsl MOTEHIMA TIePeOBbIX TEXHOIOTHM, TAKUX KaK UCKYCCTBEHHBIM MHTEIJIEKT U
MalImHHOE O0ydeHue, A yiydmeHus pyHkiuonupoanust SOC 1 agantanuu K MEHSIOMIEMYCs
nanmmadgty  kubepyrpo3.  Ocoboe  BHHUMaHUE  YACISETCS  CO3MaHMIO  HAJICKHBIX
KOMMYHHKAIIMOHHBIX TPOTOKOJIOB, HEMPEPHIBHOMY OOYUYEHHUIO aHAJIWTHKOB W HWHTETPALUU
LEJIOCTHBIX METOJIOB oOecredeHusi Oe30MacHOCTH Ha Pa3IMYHBIX YpPOBHSIX OpraHuszanuu. B
3aKJII04YEHNE, IOHUMaHUe U ycTpaHeHue ysa3Bumoctedl B SOCs UMeeT penlaroliee 3HaueHue A
nojepxkanust d3OPEKTUBHON 3aIUTHl OT KHOepOe30macHOCTH. B MOKyMeHTe MOAYepKUBACTCS
HEOOXOJMMOCTh CKOOPJAMHHPOBAHHBIX YCHUJIMI 10 WHTETPAIlMH YEJIOBEYECKOTO OMBITA C
TEXHOJOTMYECKHUMH  pEUIeHUsIMHM, T[OAYEpKUBas, KaK Takas CHHEpPrus CIOCOOCTBYET
NPEIOTBPALICHUI0 W PEarupoBaHUI0O Ha BO3HHUKAIONIME YIrpo3bl. bynymue HampaBlieHUs
UCCJIEIOBAaHUM BKJIIOYAIOT JajbHeilIee n3yueHue MpuiioKeHUH NCKYCCTBEHHOTO MHTEIIEKTa U
MAIIMHHOTO OOYY€HHUS B CONMANBHBIX CETAX, YTOOBI JIydYIlle pEarnpoBaTh Ha ITOCTOSTHHO
MEHSIOLIUICS TaHmadT yrpos.
KiaoueBble c¢JioBa: soc, YSI3BUMOCTH, OOHapy>XeHHE yrpo3, aBTOMAaTH3aIUsA,

HCKYCCTBEHHBIN MHTEIJIEKT, MAIIMHHOE 00y4YeHHE, YCTONUNBOCTh

Jast uutupoBanusi: A. AnteiaOekoB, I'. Anun, C. AmanxonoBa, M. Canex. 3amuTa socs:
MMOHUMAaHUE YSI3BUMOCTEH, WX BO3JCHCTBUS W CTpaTeruid cMmsrdeHus mnocienctsuii//Industrial
Transport of Kazakhstan. 2025. T. 22. No. 87. Ctp. 58-72. (Ha pycc.). https://doi.org/
10.58420.ptk.2025.87.03.005

KoHdaukT uHTEpecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUH KOH(DIUKTAa HHTEPECOB.

Introduction.

In the digital age, organizations face increasingly sophisticated cyber threats, ranging from
zero-day exploits and ransomware attacks to state-sponsored intrusions targeting IT infrastructures
(Riggs, 2023: 1-26; Aslan, 2017: 222-225: 222-225; Demertzis, 2018: 1-17). The rapid evolution
of these threats has highlighted the crucial role of Security Operations Centers (SOCs)—
centralized units responsible for continuous monitoring, threat detection, and incident response
(Agyepong, 2020: 88—105; Muniz, 2015). SOCs integrate skilled analysts, advanced tools, and
structured workflows to establish resilient cybersecurity defenses (Onwubiko, 2019b: 11-39;
Vielberth, 2020: 227756-227779).

Despite their strategic importance, SOCs face persistent technical and organizational
vulnerabilities that compromise their effectiveness. Technical issues, such as tool
misconfigurations, poor system interoperability, and outdated infrastructure, hinder timely threat
detection and response (Banati, 2022: 143-147; Kiselev, 2022: 39-51). Organizational factors—
including staff shortages, high turnover, skill gaps, and weak communication—further reduce SOC
performance (Reeves, 2023: 1-11; Kokulu, 2019: 1955 - 1970). These vulnerabilities create
exploitable gaps for attackers, potentially leading to financial losses, reputational damage, and
regulatory penalties (Anton, 2003: 50; Resilience, 2024:1-22). Although SOCs are critical to
cybersecurity, comprehensive research addressing internal vulnerabilities and mitigation strategies
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remains limited (Vielberth, 2020: 227756-227779; Taqafi, 2023: 21-38). This knowledge gap
justifies the focus of the present study.

The relevance of this research lies in its potential to enhance SOC design, strategic
management, and operational resilience. By systematically examining both technical and
organizational vulnerabilities, the study contributes to the development of evidence-based
strategies that integrate human expertise, advanced tools, and emerging technologies such as
artificial intelligence (AI) and machine learning (ML) (Aslan, 2017: 222-225; Demertzis, 2018:
1-17). The study’s findings are expected to provide practical guidance for organizations seeking
to strengthen cybersecurity infrastructure and improve incident response capabilities.

Object of study: Security Operations Centers (SOCs) and their role in organizational
cybersecurity.

Subject of study: Internal vulnerabilities affecting SOC effectiveness, including technical
and organizational aspects, and strategies for their mitigation.

Focus: How SOC vulnerabilities influence threat detection and response, and the potential
role of advanced technologies in mitigating these weaknesses.

Aim: To investigate the internal vulnerabilities of SOCs and propose strategies to enhance
their resilience and operational effectiveness.

Objectives:

- Identify and categorize technical and organizational vulnerabilities within SOCs.

- Analyze the impact of these vulnerabilities on threat detection and incident response.

- Examine mitigation strategies, including Al and ML applications, to enhance SOC
performance.

- Provide recommendations for improving SOC resilience through integrated technological
and human-centered approaches.

The study employs a systematic literature review of peer-reviewed publications, industry
reports, and case studies to gather comprehensive insights into SOC vulnerabilities. Databases
such as Google Scholar, IEEE Xplore, and Scopus were used to identify relevant sources. Inclusion
criteria focused on English-language publications addressing SOC vulnerabilities, mitigation
strategies, and the application of Al and ML. A two-stage screening process (titles/abstracts
followed by full-text review) ensured rigorous selection. Qualitative synthesis allowed
identification of recurring patterns, gaps, and best practices.

Effective mitigation of SOC vulnerabilities requires an integrated approach that combines
technological solutions (e.g., AI/ML, automation) with human-centered strategies (e.g.,
continuous training, optimized staffing, and structured communication) to enhance detection
capabilities and overall resilience.

This study provides a structured framework for understanding SOC vulnerabilities, their
operational impacts, and applicable mitigation strategies. By bridging the gap between technical
and organizational perspectives, it informs the development of adaptive, resilient, and future-ready
SOC architectures capable of countering evolving cyber threats.

Materials and methods.

This study adopted a structured approach to collect and analyze literature on vulnerabilities
within Security Operations Centers (SOCs) and their mitigation strategies. The review
encompassed scholarly research, industry reports, and case studies to ensure a comprehensive
perspective.

Sources were identified using platforms such as Google Scholar, IEEE Xplore, and Scopus,
which provided access to peer-reviewed publications and technical literature on SOCs. Al tools
were also employed to identify and summarize recent studies, ensuring coverage of the latest
cybersecurity developments.

Inclusion criteria targeted English-language publications, focusing on peer-reviewed
articles, industry reports, and studies involving SOC vulnerabilities and mitigation—particularly
those referencing artificial intelligence (Al) and machine learning (ML). Irrelevant or low-quality

62 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives @
4.0 International License @ s




Industrial Transport of Kazakhstan. Vol.22 (3). 2025

publications were excluded. Search terms included “SOC vulnerabilities,” “cybersecurity impact,”
and “mitigation strategies,” combined using Boolean operators.

After eliminating duplicates, a two-stage screening process was applied: first by titles and
abstracts, then through full-text review. Selected studies were categorized into themes such as
technical flaws (e.g., outdated tools), organizational challenges (e.g., staff shortages), performance
impacts, and mitigation methods like automation and Al. All steps are shown in Figure 1.

Selection of articles

Literature Title/abstract . . Thematic
ik ————> Full-text revieW ———3 Data extraction ——————> ..
Search screening categorization

Fig. 1. Selection of articles

Data extraction focused on identifying how vulnerabilities affect key SOC functions such
as threat detection and response. The review highlighted strategies—particularly AI/ML
applications—used to enhance SOC efficiency and adaptability. A qualitative synthesis identified
recurring patterns and knowledge gaps, offering deeper insight into how these vulnerabilities
collectively impact SOC effectiveness.

Acknowledged limitations include potential bias due to language restrictions and the
exclusion of unpublished organizational insights. Moreover, the rapid evolution of cybersecurity
may affect the timeliness of some findings.

Ethical research practices were maintained throughout the study, including proper citation
of all sources and adherence to academic integrity standards. This methodology ensures a rigorous
and transparent analysis of SOC vulnerabilities and corresponding mitigation approaches.

Results and Discussions.

Security Operations Centers (SOCs) are central to an organization’s cybersecurity
framework, providing real-time threat detection and response. Despite their critical importance,
SOCs face technological, procedural, and human-related challenges that can compromise their
performance. Addressing these issues requires a holistic approach that integrates process
optimization, technological advancement, and human expertise.

Numerous studies have explored SOC design and improvement strategies. Agyepong et al.
(2020) and Muniz et al. (2015) offer foundational insights into SOC implementation and operation,
emphasizing their essential role in safeguarding organizational assets. Anton et al. (2003) propose
a structured vulnerability assessment framework, while Aslan and Samet (2017) advocate for
proactive defense mechanisms through increased vulnerability awareness. Hore et al. (2023) stress
the importance of effective triage and prioritization of cyber threats, and Degrass (2022) introduces
innovative vulnerability remediation techniques.

To enhance SOC performance, Banati et al. (2022) explore the use of attack graphs as tools
to visualize threats and improve response efficiency. Demertzis et al. (2018) propose a cognitive
SOC model that leverages cybersecurity intelligence and forensic analysis to accelerate decision-
making. Practical implementation challenges are discussed by Kiselev et al. (2022), who share
real-world SOC deployment experiences, while Kokulu et al. (2019) analyze organizational
mismatches that reduce SOC efficiency. Janos and Dai (2018) identify common SOC security gaps
requiring strategic mitigation.

Human factors also play a crucial role. Reeves and Ashenden (2023) examine SOC
decision-making processes and recommend the use of cyber deception technologies to improve
detection capabilities. Taqafi et al. (2023) introduce a maturity capability model for systematic
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SOC evaluation. Vielberth et al. (2020) synthesize existing research and highlight ongoing
operational and academic challenges in the SOC field.

Furthermore, Riggs et al. (2023) analyze the role of SOCs in protecting critical
infrastructure, linking vulnerabilities to potential systemic disruptions. Resilience (2024)
discusses strategies for adapting SOCs to evolving cyber threats and ensuring robust resilience.
Onwubiko (2019b) emphasizes the need for strong situational awareness and continuous
monitoring, while Onwubiko and Ouazzane (2019) address structural and technological
integration challenges in SOC development.

Collectively, the reviewed studies reflect the dynamic evolution of SOCs and the
continuous efforts to counter emerging cybersecurity threats. They underscore the importance of
proactive vulnerability management, advanced detection techniques, and the integration of human
expertise to improve SOC effectiveness. As threats become increasingly complex, these insights

form a critical foundation for building resilient and adaptive security operations.

Table 1. Summary of Key Contributions and Relevance of Reviewed SOC Literature

Source/Author(s) Key Contribution Relevance to SOC Challenges
Overview of SOC concepts and | Critical role in organizational security
Agyepong et al. implementation strategies frameworks

Anton et al.

Vulnerability Assessment and
Mitigation Methodology

Systematic approach to identify and
mitigate risks

Aslan and Samet

Proactive defense mechanisms for
mitigating vulnerabilities

Strengthens cybersecurity postures

Banati et al.

Use of attack graphs to enhance SOC
operations

Improves threat detection and response
efficiency

Degrass

Innovative techniques for operational
vulnerability remediation

Contributes to proactive security
measures

Demertzis et al.

Next-generation cognitive SOC using
network flow forensics

Enhances decision-making and response
times

Hore et al.

Optimal triage and mitigation of
context-sensitive vulnerabilities

Efficient threat prioritization and
resource allocation

Janos and Dai

Insights into security concerns related to
SOCs

Highlights vulnerabilities and
improvement areas

Kiselev, Korotkikh, and Shott

Practical experiences in establishing
SOCs

Best practices and common pitfalls in
SOC implementation

Kokulu et al.

Qualitative study on SOC challenges
and solutions

Addresses mismatches and challenges in
SOC operations

Muniz, Mclntyre, and AlFardan

Practical aspects of building, operating,
and maintaining SOCs

Insights for robust
infrastructures

security

Onwubiko

Importance of situational awareness and
threat intelligence

Supports effective monitoring and cyber
defense

Ouazzane and Onwubiko

Challenges in building effective SOCs

Focus on structure, resources, and
advanced technologies

Reeves and Ashenden

Decision-making processes in SOCs
with cyber deception technology

Enhances threat detection and response
strategies

Adaptation strategies for evolving

Resilience Strategies for enhancing SOC resilience | threats
Mitigation strategies for vulnerabilities
Riggs et al. in critical infrastructure Focus on safeguarding critical services

Tagafi, Maleh, and Ouazzane

Maturity capability framework for
assessing SOC effectiveness

Systematically assesses and improves
SOC effectiveness

Vielberth et al.

Systematic study identifying open
challenges in SOCs

Emphasizes need for continuous SOC
development

The systematic review of the literature provided a comprehensive understanding of the

vulnerabilities affecting Security Operations Centers (SOCs), their overall impact on
organizational cybersecurity, and the strategies available for their mitigation. The findings are
categorized into three main groups, as illustrated in Figure 2:

- Technical vulnerabilities,
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- Organizational vulnerabilities, and

- Mitigation strategies, including the potential application of advanced technologies such
as artificial intelligence (Al) and machine learning (ML).

This classification framework facilitates a clearer analysis of how different types of
vulnerabilities interact and influence SOC performance, while also highlighting innovative
approaches that can enhance operational resilience and efficiency.

Categorization

.

Fig. 2. Categorization of revied papers

Technical Vulnerabilities in SOCs

One of the most prevalent technical vulnerabilities identified is the misconfiguration of
security tools within SOCs. Misconfigurations can create blind spots in security monitoring,
allowing threats to go undetected (Banati, 2022: 143-147; Kiselev, 2022: 39-51). Banati et al.
highlight that the improper setup of intrusion detection systems and firewalls can result in false
negatives, where malicious activities are not flagged, thereby compromising the organization’s
overall security posture (Banati, 2022: 143-147).

The integration of disparate security tools also presents a significant challenge. Many SOCs
rely on multiple security solutions that fail to communicate seamlessly with each other, resulting
in data silos and inefficient incident response processes (Demertzis, 2018: 1-17). Demertzis et al.
emphasize that this lack of interoperability limits the SOC’s ability to correlate events across
different platforms, reducing the overall effectiveness of threat detection and analysis (Demertzis,
2018: 1-17).

Dependence on outdated technologies and legacy systems represents another critical
vulnerability. Legacy infrastructure often lacks the features necessary to address modern cyber
threats and may not receive timely security updates, rendering it more susceptible to exploits
(Kiselev, 2022: 39-51). Kiselev et al. note that such outdated systems can hinder the adoption of
innovative security solutions, limiting the SOC’s capability to counter advanced persistent threats
(Kiselev, 2022: 39-51).

Organizational Vulnerabilities in SOCs

Under-resourced teams are among the most common organizational vulnerabilities within
SOC:s. Insufficient staffing leads to analyst fatigue, decreased morale, and an increased likelihood
of oversight in monitoring activities (Kokulu, 2019: 1955 - 1970; Onwubiko, 2019a: 1-10).
Kokulu et al. found that staffing shortages directly contribute to delayed incident responses and
reduced overall efficiency in security operations (Kokulu, 2019: 1955 - 1970).
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The cybersecurity industry also experiences high turnover rates due to factors such as
burnout, intense job market competition, and limited career development opportunities. High
turnover disrupts team cohesion and leads to the loss of institutional knowledge, thereby
weakening SOC effectiveness (Janos, 2018: 273-278; Reeves, 2023: 1-11). Reeves and Ashenden
emphasize that retaining skilled personnel is crucial for maintaining a resilient and high-
performing SOC (Reeves, 2023: 1-11).

A lack of continuous training and professional development leaves SOC analysts
unprepared to manage emerging threats. Without up-to-date knowledge of new attack vectors and
evolving security technologies, analysts may fail to detect or appropriately respond to incidents
(Agyepong et al., 2020).

Effective communication is also essential for coordinated incident response. The absence
of clear communication protocols within the SOC and between departments can lead to confusion
and delayed actions during critical incidents (Kokulu, 2019: 1955 - 1970; Onwubiko, 2019a: 1-
10). Kokulu et al. emphasize that organizational silos hinder information sharing, which is vital
for timely and effective response efforts (Kokulu, 2019: 1955 - 1970).

Impact of SOC Vulnerabilities on Detection and Response Capabilities

The identified vulnerabilities significantly affect SOCs’ ability to detect and respond to
cyber threats efficiently. Both technical and organizational weaknesses contribute to slower
identification and remediation of security incidents. Delayed threat detection provides attackers
with more time to infiltrate systems, exfiltrate data, and cause extensive damage (Anton et al.,
2003; Resilience, 2024:1-22).

Figure 3 illustrates the average detection times across industries based on findings by
Anton et al. and Resilience (Anton et al., 2003; Resilience, 2024:1-22). For instance, the
healthcare industry reports the longest average detection time—approximately 211 days. Such
prolonged delays highlight the critical need for enhanced SOC processes and technologies to
ensure timely identification of security breaches.
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Fig. 3. Average Detection Times Across Industries
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Anton et al. (2003) indicate that timely detection is critical for minimizing the overall
impact of security breaches. Vulnerabilities within SOCs heighten the likelihood of successful
cyberattacks, as inefficient processes and inadequate defenses create exploitable opportunities for
adversaries. Such weaknesses can result in severe financial losses, reputational harm, and erosion
of stakeholder trust (Riggs, 2023: 1-26). Riggs et al. further emphasize that compromised SOCs
can trigger cascading effects across critical infrastructure protection systems, amplifying the
broader consequences of cyber incidents (Riggs, 2023: 1-26).

The financial cost of delayed detection is substantial. Resilience (2024) reports that
organizations suffering major data breaches face average expenses of approximately $4.45 million
per incident. These costs encompass legal fees, regulatory fines, loss of revenue, and expenditures
on containment and remediation. The magnitude of these losses reinforces the urgent need for
investment in advanced detection technologies, improved automation, and continuous staff
training.

Figure 4 presents the cost breakdown of data breaches as reported by Resilience (2024).
Lost revenue constitutes the largest share (33.7%), followed by legal and regulatory expenses
(27.0%). These statistics underscore the financial and operational urgency of addressing SOC
vulnerabilities to prevent long-term economic and reputational damage.

Cost Breakdown of Breach-Related Expenses (in Millions)
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Fig. 4. Cost Breakdown of Breach-Related Expenses (in Millions)

PPersistent vulnerabilities erode the overall cybersecurity posture of an organization. A
weakened SOC is unable to adequately protect assets, ensure regulatory compliance, or maintain
stakeholder trust (Onwubiko, 2019b: 11-39; Vielberth, 2020: 227756-227779). Vielberth et al.
note that organizations with vulnerable SOCs exhibit lower resilience to cyber threats and face
greater challenges in recovering from security incidents (Vielberth, 2020: 227756-227779).
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Mitigation Strategies for Enhancing SOC Resilience

The literature identifies several strategies to address the aforementioned vulnerabilities and
improve SOC performance.

Addressing staffing shortages requires not only hiring additional personnel but also
optimizing workforce allocation. Implementing flexible staffing models and engaging remote
analysts can expand coverage and reduce employee burnout (Onwubiko, 2019a: 1-10; Taqafi,
2023: 21-38). Taqafi (2023) propose a maturity capability framework to systematically assess and
enhance staffing effectiveness within SOC environments.

Investing in security platforms that support interoperability and centralized management
can mitigate technical vulnerabilities related to tool misconfigurations and integration issues
(Demertzis, 2018: 1-17).

Automation plays a critical role in reducing the manual workload of analysts, allowing
them to focus on complex threat investigations. Implementing automated incident response
workflows and leveraging security orchestration tools can streamline operations, minimize
response times, and reduce the likelihood of human error (Banati, 2022: 143—147; Degrass, 2022:
1-14). Degrass highlights the effectiveness of automation in enabling proactive vulnerability
remediation (Degrass, 2022: 1-14).

The application of artificial intelligence (AI) and machine learning (ML) offers significant
potential for strengthening SOC capabilities. These technologies can analyze large volumes of data
to detect patterns indicative of cyber threats, predict potential vulnerabilities, and recommend
mitigation measures (Aslan, 2017: 222-225; Demertzis, 2018: 1-17). Aslan and Samet (2017)
emphasize that Al-driven solutions can augment human expertise by enhancing real-time threat
detection and incident response mechanisms.

Investing in continuous training programs ensures that SOC personnel remain up to date
with emerging threats and technologies. Certifications, workshops, and simulation exercises help
analysts strengthen their technical skills and confidence in incident management (Agyepong, 2020:
88—105). Onwubiko (2019b) underscores the importance of education in developing situational
awareness and effective monitoring capabilities.

Developing standardized communication procedures fosters better coordination within the
SOC and across organizational departments. Regular meetings, incident debriefings, and
collaborative communication platforms can enhance information sharing and improve response
efficiency (Kokul., 2019; Reeves, 2023: 1-11). Reeves and Ashenden (2023) advocate for
integrating communication frameworks directly into SOC workflows to strengthen decision-
making and operational consistency.

Potential of Advanced Technologies in SOC Operations

The integration of advanced technologies such as Al and ML is emerging as a cornerstone
strategy for enhancing SOC resilience and adaptability.

Figure 5 illustrates the adoption rates of Al and ML technologies as reported by Aslan and
Samet (2017), Demertzis et al. (2018), and Hore et al. (2023). The timeline demonstrates the
progression from basic vulnerability awareness in 2017 to the implementation of sophisticated
predictive analytics in 2023. This evolution highlights the growing reliance on intelligent
technologies to enhance SOC operations, automate analysis, and improve the speed and accuracy
of cyber defense mechanisms.
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Al and ML can process vast datasets to identify patterns and anomalies indicative of
potential security threats. Predictive analytics enable SOCs to anticipate attacks and proactively
reinforce their defenses (Demertzis, 2018: 1-17; Hore, 2023). Hore et al. demonstrate how ML
algorithms can optimize vulnerability triage and mitigation efforts, improving prioritization
accuracy and reducing remediation time (Hore, 2023).

Machine learning models can automate routine operational tasks such as alert prioritization
and initial incident response. This automation accelerates response times and enables human
analysts to focus on complex threat investigations (Degrass, 2022: 1-14; Vielberth, 2020: 227756—
227779). Vielberth et al. discuss the emergence of cognitive SOCs that leverage Al for intelligent
decision-making and adaptive security management (Vielberth, 2020: 227756-227779).

Al technologies augment human capabilities by providing actionable insights and
recommendations, effectively bridging gaps caused by staffing shortages or skill limitations
(Aslan, 2017: 222-225; Demertzis, 2018: 1-17). Aslan and Samet highlight that Al is not a
replacement for human analysts but a force multiplier that enhances their ability to manage threats
more effectively (Aslan, 2017: 222-225).

The results of this review underscore the multifaceted nature of SOC vulnerabilities—
spanning both technical and organizational dimensions. These weaknesses significantly impair
detection and response efficiency, underscoring the need for comprehensive mitigation strategies.
Integrating improvements in staffing, technology interoperability, automation, and analyst training
is essential for strengthening SOC resilience. The adoption of Al and ML represents a promising
avenue for advancing SOC capabilities, offering powerful tools to manage the growing scale and
complexity of cyber threats.

Technical and organizational vulnerabilities collectively hinder SOC effectiveness.
Misconfigured tools, fragmented systems, and limited automation reduce situational awareness
and extend incident response times. Without structured workflows and real-time threat intelligence
integration, SOC teams struggle to maintain operational efficiency and consistency.

The reviewed literature indicates that adopting cognitive SOC architectures and Al-based
triage systems can substantially improve detection speed and analytical accuracy. However,
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human-centric challenges—such as staff burnout, limited training opportunities, and weak
communication channels—must also be addressed to ensure effective and sustainable operations.

Organizational readiness and strategic alignment play a critical role in enhancing SOC
resilience. Implementing maturity =~ capability =~ models and continuous improvement
frameworks enables organizations to identify performance gaps and optimize resource allocation.

Cross-sector experiences from critical infrastructure, financial institutions, and large
enterprises emphasize the importance of building adaptable and scalable SOC architectures. Long-
term investment in both technical automation and human capacity developmentis key to
transforming SOCs from reactive monitoring hubs into proactive defense centers capable of
anticipating and neutralizing emerging threats.

Conclusion.

This study systematically examined the internal vulnerabilities of Security Operations
Centers (SOCs), their impact on organizational cybersecurity, and potential mitigation strategies.
The research aimed to identify both technical and organizational weaknesses within SOCs, assess
how these vulnerabilities affect threat detection and response, and explore advanced solutions,
including artificial intelligence (AI) and machine learning (ML), for enhancing SOC performance.

Implementation of Research Goals and Methods

The objectives of the study were successfully addressed through a structured literature
review methodology. Peer-reviewed publications, industry reports, and case studies were analyzed
to capture a comprehensive view of SOC vulnerabilities and mitigation approaches. Databases
such as Google Scholar, IEEE Xplore, and Scopus were used to collect relevant studies. Inclusion
and exclusion criteria ensured the quality and relevance of selected sources, while a two-stage
screening process—first by titles and abstracts, then through full-text review—allowed systematic
classification of information. Thematic categorization focused on technical vulnerabilities (e.g.,
tool misconfigurations, legacy systems), organizational vulnerabilities (e.g., staffing shortages,
skill gaps, weak communication), and mitigation strategies (e.g., automation, AI/ML integration,
training programs). Qualitative synthesis was employed to identify recurring patterns, knowledge
gaps, and emerging best practices.

The analysis revealed that technical vulnerabilities remain a significant challenge for
SOCs. Misconfigurations of security tools, lack of interoperability among platforms, and reliance
on outdated infrastructure directly impair threat detection and incident response. These technical
gaps create blind spots that adversaries can exploit, delaying incident identification and prolonging
exposure to cyberattacks.

Organizational vulnerabilities were found to be equally critical. Staffing shortages, high
personnel turnover, and insufficient professional training reduce operational efficiency and
threaten timely response to incidents. Ineffective communication within SOCs and across
organizational departments further exacerbates these challenges. Collectively, these vulnerabilities
compromise the SOC’s ability to maintain continuous situational awareness and respond
proactively to emerging threats.

The study also highlighted the importance of advanced technologies in mitigating SOC
vulnerabilities. Al and ML applications provide significant opportunities for improving detection
accuracy, prioritizing alerts, and automating repetitive tasks, thus allowing human analysts to
focus on complex threat investigations. Predictive analytics and cognitive SOC architectures
enhance the ability to anticipate attacks and optimize resource allocation. Additionally, automation
and orchestration tools reduce the likelihood of human error, improve response times, and
contribute to proactive vulnerability remediation.

Based on the findings, it can be concluded that SOC effectiveness depends on a balanced
integration of technological solutions and human expertise. Technical improvements alone are
insufficient if organizational factors—such as workforce management, training, and
communication protocols—are neglected. Likewise, even highly skilled personnel cannot
compensate for misconfigured tools or fragmented infrastructure. The research confirms the initial
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hypothesis: enhancing SOC resilience requires a holistic approach that combines automation,
AI/ML, structured workflows, and human capacity development.

Furthermore, the study demonstrates that SOC vulnerabilities have significant operational
and financial consequences. Delayed detection and ineffective response not only threaten the
security of critical information assets but can also result in substantial financial losses, reputational
damage, and compliance penalties. Addressing these vulnerabilities is therefore a strategic
necessity for organizations operating in the digital environment.

The findings offer several directions for future research and practical application.
Organizations can implement maturity models to assess SOC effectiveness, optimize staffing
models, and design continuous professional development programs. Al-driven tools and cognitive
SOC architectures provide a promising avenue for enhancing analytical capabilities and adaptive
decision-making. The study also suggests that cross-sector collaboration and knowledge sharing
could strengthen SOC practices and promote standardized operational procedures.

From a practical standpoint, these insights can guide the design and improvement of SOCs
across industries, particularly in sectors handling critical infrastructure, finance, healthcare, and
large-scale enterprises. By integrating technical advancements with human-centered management,
organizations can transition SOCs from reactive monitoring units into proactive defense centers
capable of anticipating and neutralizing emerging cyber threats.

In conclusion, this research contributes to the scientific understanding of SOC
vulnerabilities by providing a structured analysis of their causes, impacts, and mitigation
strategies. The study confirms that an integrated approach—combining technological,
organizational, and human factors—is essential for enhancing SOC performance. Future studies
should explore the practical integration of Al and ML in real-world SOC environments, focusing
on trust in automation, analyst adaptability, and organizational transformation. These
developments will ensure that SOCs remain resilient, efficient, and capable of safeguarding
organizational assets against evolving cyber threats.
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