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Abstract. Security Operations Centers (SOCs) are critical for defending
orga-nizations against increasingly sophisticated cyber threats; however, they
themselves are susceptible to vulnerabilities that can compromise their
effectiveness. This review paper provides a comprehensive analysis of key
vulnerabilities within SOC environ-ments, assesses their impact on detection and
response capabilities, and explores ef-fective mitigation strategies to enhance SOC
resilience. By systematically reviewing existing literature, industry reports, and
case studies, the paper examines both tech-nical and organizational vulnerabilities
affecting SOC performance. Common issues identified include under-resourced
teams, tool misconfigurations, inefficient incident response processes, staffing
shortages, and outdated technologies. The impact of these vulnerabilities is
discussed in terms of delayed threat detection, increased risk of security breaches,
and overall degradation of organizational cybersecurity posture. The review also

synthesizes recommended mitigation strategies such as improving SOC staffing
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levels, enhancing tool integration, and adopting automation technologies for
incident response. Additionally, it explores the potential of advanced
technologies like artificial intelligence and machine learning to enhance SOC
operations and adapt to the evolving cyber threat landscape. Emphasis is placed on
fostering robust com-munication protocols, promoting continuous analyst training,
and integrating holistic security practices across various organizational layers. In
conclusion, understanding and addressing vulnerabilities within SOCs is crucial
for maintaining effective cy-bersecurity defenses. The paper underscores the need
for coordinated efforts to inte-grate human expertise with technological solutions,
highlighting how such synergy fortifies both prevention and response to emerging
threats. Future research directions include further exploration of Al and machine
learning applications in SOCs to better respond to an ever-evolving threat landscape.

Keywords: soc, vulnerabilities, threat detection, automation, artificial
intelli-gence (AI), machine learning (ML), resilience
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Annoranusi.  Kayincizgik  Onepanusutapsl  Opransikrapsl — (SOCs)
yilbiMaap-ael  OapraH callblH KypAedl KuOepkayinTeplieH KOopray YIIIH eTe
MaHbI3/Ibl; JIETEHMEH, OJapJblH ©3/epl ONapAblH TUIMIUIINIHE HYKCAaH KenTipyil
MYMKIH ocajjibIKTapra Oeii-iM. by momy makanacel SOC opranapblHAarsl HETi3ri
OCAJJIBIKTAP/IbIH JKaH-)KAaKThl TaJ/IayblH KaMTamachl3 €Te/i, OJIapJblH aHbIKTay
XKOHE OpeKeT eTy MYMKIHIIKTepi-He ocepiH  Oaramaiasl  xoHe  SOC
TYPaKTBUIBIFBIH apTTBIPY VIIIH THIMJI KYMcCap-Ty CTpaTerusulapblH 3epTTeii.
Konnanbictarel ofgeOueTTep/i, caialblK €cenTep/l )KoHe KeHCTepi Kyihem Typae
KapacTelpa OThIphIN, Makaiaga SOC eHIMIUIrIHE ocep €TeTiH TeXHUKAJbIK JKOHE
YUBIMAACTBIPYIIBUIBIK ~ OCANJBIKTAD  KapacThIpbUIaAbl. AHBIKTAJIFAaH  KaJIbl
Moceenepre pecypcTapibiH KETICIeYLILIIr, KypaljgapIAplH  JIyphbIC
KOHpUrypanusinanOaybl, HHUIUICHTTEpre OpeKeT eTyAiH THIMCI3 mpouecTepi,
KbI3METKEpJIEP/IH KETICIEeYIIUIri jKoHE EeCKIpreH TEeXHOJIOTusIap ataabl. byn
ocal-JIbIKTapJIbIH 9cepl KayilnTep/i aHBIKTAyAbIH KelIiryi, Kayilnci3AiKTiH Oy3bLTy
KaymiHiH >KOFapblUIaybl >KOHE YHBIMHBIH KHOEPKAYINCI3AIK >KaFIalbIHBIH JKAJIbI
Hamapiayel TypreicbiHaH TankbuiaHanael. [llomy COHBIMEH karap SOC
KbI3METKEpJIEPIHIH Ca-HbIH JKaKCapTy, KypajJaplblH HHTETPALMSACHIH KaKCapTy
KOHE MHUUJACHTTEpre jkay-anm Oepy YIIIH aBTOMATTaHIBIPY TEXHOJIOTUSJIApbIH
€HIi3y CHUSKThl YCBIHBUIFAH JKYM-CapTy CTpaTerusuiapbiH cuHresneiini. CoHbIMeH
Katap, o1 SOC >XYMBICBIH KaKcapTy *oHE JaMblll Kejie >KaTKaH KuOepkayinTep
nanamagdTeiHa OedimMaeny YLIIH >KacaH-Abl MHTEIJIEKT JKOHE MAIIWHAIBIK OKBITY
CUAKTBI O3BIK TEXHOJOTHsIapAblH oneyeTiH 3eprreiai. CeHiMal OailnaHbic
XaTTamMallapblH d3ipieyre, TalAaylibUiapabl Y3A1KCi3 OKBITYFa )KIpAEMAECyTe KoHe
OpTYpJi YHBIMJIBIK JHreinepae Kayilci3mikTiH TyTac dicTepiH OipikTipyre Oaca
Hazap aynapbuiafbl. KophITBIHABUIANH Kejde, Soc JKYHeciH-Jeri ocajibIKTapabl
TYCIHY JXKOHE 0K KHOEepKayilCi3liKTI KOpFayJIblH THIMJI Kypal-AapblH cakTay
yuIiH ete MaHb3Abl. KyxkarTa amam ToXipHOECiH TEXHOJIOTHSIIBIK HISIIIMAEPMEH
OipikTipy OOMbIHIIA YHIECTIpIITeH KYLI-KITepAiH KaXKETTUIr aram  eTuIN,
MYHJail cMHeprus naija OojaThlH KAayilNTEpAiH ajibIH alydbl Ja, ojapFa jka-yam
Oepyni Ae Kanmail kymerteTiHi kepceTiireH. bonamak 3eprrey OarbITTapbl YHEMi
©3repil OTHIPAThIH Kayin-KaTep JaHamadThIHa )KaKChIpaK *kayan Oepy yuIiH Soc-1a
’KacaHbl MHTEJJIEKT MEeH MaIIMHAIBIK OKBITY KOJaHOalapblH OJIaH api 3epT-Teyi
KaMTH/IbI.

Tyiiin ce3mep: soc, ocanabIKTap, KayilTepil aHbBIKTay, aBTOMAaTTaHIbIPY,
KacaHbl HHTEJJICKT, MAllIMHAJIBIK OKBITY, TO3IMAUIIK
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CTpaTerusulapblH TYCiHY // XaJblKapalblK akKMapaTThIK >KOHE KOMMYHUKAIUSIIBIK
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AnHoTanusi. OrnepanvoHHBIE MEHTPHI  O0ECIeYeHUus YCTOWYUBOCTU
(SOCs) uMmeroT pemiaroniee 3HaAYCHUE YISl 3alIMTHI OpraHU3alMi OT Bce Oolee
M30LIPEHHBIX KHOEpyrpo3; OJJHAKO OHU CaMH IOJABEPKEHBI YSI3BUMOCTSIM, KOTOpbIE
MOTYT TIOCTa-BUTh MO yrpo3y uX 3P¢GeKTUBHOCTh. B 3TOM 0030pHOM JTOKYMEHTE
MPEJICTaBICH BCE-CTOPOHHUM aHAJIU3 KIKYEBBIX ys3BUMocTed B cpeae SOC,
OLICHMBAETCS UX BIIMSHKE HA BO3MOKHOCTH OOHAPYKEHUS U pearupoBaHus, a TAKKe
paccmarpuBaroTcs A(PQEeK-TUBHBIE CTPAaTerMd CMATYEHUS TOCIEICTBUN  JUIsS
noBbilieHust  ycronunBoct SOC. Ha oOCHOBE CHCTEMAaTHYECKOTO aHalin3a
CYLIECTBYIOIIEH  JIUTEpPaTypbl,  OTPACIEBbIX  OTYETOB U  TEMaTUYECKUX
UCCIIEIOBAaHUM B JOKYMEHTE pPAacCMaTpPUBAIOTCS KaK TEXHUYECKUEe, TaK U
OpraHW3allMOHHbIE YSI3BUMOCTH, BIUAIONIME Ha mpou3BoauTenbHOCTE SOC.
BrisiBnennbie oOuiue mpoOieMbl BKIIOYAIOT HEXBATKY PECYpPCOB y KOMaHJ, He-
MIPaBWJIbHYIO HACTPOUKY UHCTPYMEHTOB, HEA(P(PEKTUBHBIE POLECCHl pearupoOBaHMUS
Ha MHIMJIEHTHI, HEXBATKy IMEpPCOHAaja U yCTapeBLIME TEXHOJOruu. BiusHue 3THX
yS3BUMOCTEH 00CYXAaeTCs C TOUKU 3PEHUS 3aJIepP>KKH OOHAapY>KEHUs yrpo3, MOBbI-
LIEHHOT'O pHCKa HapylIeHUI 0e30MacHOCTH U OOIIET0 YXYAILIEHUS! COCTOSTHUS

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
Y International License

4



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Is. 4

knOepOe30macHOCTH opraHu3auu. B 0030ope Takxke 000OIIECHBI PEKOMEHIYEMbIS
CTpaTe-TMM  CMSTYCHHsI  TIOCJIEACTBHM, TaKWe KaK TOBBIIICHUE  YPOBHS
ykoMIiekToBaHHOCTH SOC mepcoHalioM, YCHJICHHUE MHTETPaIlid MHCTPYMEHTOB H
BHEJIpEHUE TEXHOJOTHUH aBTOMATH3AIlMU JUIsI pPEeardupoBaHUsS HAa HWHITUACHTHI.
Kpome Toro, B 0030pe paccMaTpuBaeTCsl MOTCHIMAJ TEPEIOBBIX TEXHOJIOTHM,
TaKMX KaK WCKYCCTBCHHBIM MHTEIIEKT W MAalIUHHOE OOydYeHHE, IS YIydIIeHUs
¢byuaknuonnpoBanus SOC u aganTaIuu K MEHSIOIMEMYycs JJaHamadTy Kuoepyrpos.
Ocoboe BHUMaHHE YICISICTCS CO3JAaHHUIO HAJASKHBIX KOMMYHHMKAITMOHHBIX
MIPOTOKOJIOB, HEMPEPHIBHOMY OOYUYEHHIO aHAIIMTUKOB W HMHTETPAIlMU IIETOCTHBIX
METO/I0B oOecrieueHrss 0€30MacHOCTH Ha Pa3IMUHbIX YpPOBHSAX OpraHu3anuud. B
3aKJII0YeHre, TIOHMMaHWe W ycTpaHeHwue ys3Bumoctei B SOCs nMeeT pemaroiiee
3HaYCHHE I Tojaepkanus (h(PeKTUBHON 3amMThl OT KuOepOe3omacHocTH. B
JIOKYMEHTE TTOAYEPKHBACTCS HEOOXOIUMOCTh CKOOPAMHUPOBAHHBIX YCHUJIUH TIO
WHTETPAllMK  YEJIOBEUECKOTO0  OMbITa C  TEXHOJIOTMYE-CKUMHU  PEIICHUSMH,
MOJUepKHUBasi, KakK Takas CHHEPrus CIOCOOCTBYeT TMpEeAOTBpalle-HUI0 |
pearupoBaHUI0 HAa BO3HHUKAIOUIWE Yrpo3bl. bymylue HampaBieHUs UCCieI0Ba-HUM
BKJIFOYAIOT JaJbHEHIIee W3yYeHUE MPHIOKEHUH HCKYCCTBEHHOTO HWHTEUICKTa W
MalTUHHOTO O0YYEHHUS B COIMAIIBHBIX CETAX, YTOOBI JIyUIlle pearupoBaTh Ha MOCTO-
STHHO MEHSFOIIMICS JTaHamadT yrpos.

KuroueBble cjioBa: soc, ysI3BUMOCTH, OOHApPYKEHHE yIrpo3, aBTOMaTH3aIus,
WCKYCCTBEHHBIM MHTEJUICKT, MAIlTMHHOE 00yYeHHE, YCTOMUYNBOCTD

Juast uutupoBanusi: A. AnteiHOekoB, I'. AnuH, C. AmanxoioBa, M. Canex.
3ammurta SOCS: noHUMaHue yA3BUMOCTEHN, UX BO3JECUCTBUSA M CTPATETUNA CMATYEHUS
TTOCJICACTBHI // MexyHapoJHBIH KypHaJ MH(pOPMaIMOHHBIX u
KOMMYHUKAIMOHHBIX TexHomorui. 2025. T. 6. No. 24. Ctp. 01-19. (Ha aHr).
https://doi.org/10.54309/1J1CT.2025.24.4.001

Introduction

In today’s digital landscape, where technological innovation is a key
driv-er of organizational success, the proliferation of cyber threats presents
significant challenges to maintaining secure information systems (Riggs et al.,
2023; Aslan & Samet, 2017). Cyber adversaries are increasingly sophisticated,
employing advanced techniques such as zero-day exploits, ransomware, and state-
sponsored attacks to ex-ploit vulnerabilities within organizational infrastructures
(Grobler et al., 2018; De-mertzis et al., 2018). To defend against these evolving
threats, organizations deploy Security Operations Centers (SOCs), which serve as
centralized units for continuous monitoring, detection, analysis, and response
to cybersecurity incidents (Agyepong et al., 2020; Muniz et al., 2015). SOCs
combine skilled personnel, cutting-edge technologies, and structured processes to
provide comprehensive cybersecurity defense mechanisms (Onwubiko, 2015;
Vielberth et al., 2020).

Despite their critical role, SOCs face inherent vulnerabilities that can
diminish their operational effectiveness (Kokulu et al., 2019; Janos & Dai, 2018).
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Technical challenges such as tool misconfigurations, lack of interoperability
between security solutions, and reliance on legacy systems can impede the SOC’s
ability to detect and respond to threats promptly (Banati et al., 2022; Kiselev et al.,
2022). For instance, Banati et al. discuss how the use of attack graphs can
optimize SOC operations by ad-dressing technical inefficiencies (Banati et
al., 2022). Organizational issues, including insufficient staffing levels, high
turnover rates, inadequate training, and lack of clear communication
channels, further exacerbate these technical shortcomings (Reeves & Ashenden,
2023; Onwubiko & Ouazzane, 2019). Kokulu et al. highlight that mis-
matched SOCs, where the organizational structure does not align with
operational needs, are particularly prone to such vulnerabilities (Kokulu et al.,
2019).

The consequences of these vulnerabilities are substantial. Delays in threat de-
tection and response due to internal SOC weaknesses can result in significant finan-
cial losses, operational disruptions, regulatory penalties, and erosion
of stakeholder trust (Anton et al.,, n.d.; Resilience, 2024). As cyber threats
become more advanced and persistent, the inability of SOCs to adapt and address
internal vulnerabilities pos-es a critical risk to organizational security (Vielberth et
al., 2020; Onwubiko, 2017). Despite the recognition of these challenges, there is a
scarcity of comprehensive stud-ies that systematically analyze SOC
vulnerabilities and their impact on cybersecurity operations (Vielberth et al.,
2020; Taqafi et al.,, 2023). Addressing this research gap is imperative for
developing effective strategies to enhance SOC resilience and efficacy
(Aslan & Samet, 2017; Hore et al., 2023).

This review paper, titled “Securing SOCs:
Understanding Vulnerabilities, Their Impact, and Mitigation Strategies,” aims to
bridge this gap by providing a thor-ough examination of the vulnerabilities
affecting SOCs and proposing actionable solutions. The primary objectives
are to identify and categorize the key technical and organizational
vulnerabilities ~ within ~ SOC environments, assess the impact of these
vulnerabilities on SOC performance, and explore effective mitigation strategies
that can enhance SOC capabilities and resilience (Vielberth et al., 2020;
Taqafi et al.,, 2023). By synthesizing current research and best practices, this
paper seeks to con-tribute to the advancement of SOC effectiveness in the face of
evolving cyber threats.

To achieve these objectives, the paper seeks to answer several research ques-
tions: What are the most prevalent technical and organizational
vulnerabilities affect-ing SOCs today? How do these wvulnerabilities impact
the operational effectiveness of SOCs in detecting and responding to cyber threats?
What strategies can be imple-mented to mitigate these vulnerabilities and
improve SOC performance? How can emerging technologies such as artificial
intelligence (AI) and machine learning (ML) be leveraged to address SOC
vulnerabilities?

To address the research objectives systematically, the paper is organized into
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three main sections. Section 2 will cover the methodology of literature collection of
papers, detailing the criteria for selecting relevant studies and the approaches used
to gather and analyze data. Section 3 should include the results of the paper’s anal-
ysis, presenting an in-depth discussion of the identified technical and organizational
vulnerabilities affecting SOCs, their impact on detection and response capabilities,
and the mitigation strategies proposed in the literature. The last section will be the
conclusion, summarizing the key findings of the study, discussing implications for
cybersecurity professionals, and suggesting future research directions, particularly in
exploring the role of Al and ML in enhancing SOC operations.

Methodology
This section outlines the systematic approach to collecting and analyzing lit-erature
on vulnerabilities within Security Operations Centers (SOCs) and their mit-igation
strategies. The methodology was designed to provide a comprehensive and
unbiased review of research, industry reports, and case studies.

The literature search strategy employed multiple reputable platforms. Goo-
gle Scholar served as a broad resource for scholarly works across disciplines. IEEE
Xplore provided access to technical literature in computer science and engineering,
critical for sourcing papers on SOCs. Scopus covered peer-reviewed journals, confer-
ence proceedings, and books, ensuring diverse and high-quality sources. Advanced
Al tools were also utilized to aggregate and summarize recent publications, capturing
the latest developments in cybersecurity.

To ensure the relevance and quality of selected literature, inclusion criteria
focused on publications from 2010 onward, emphasizing peer-reviewed articles,
industry reports, and case studies on SOC vulnerabilities and mitigation strategies,
including the use of Al and machine learning. Exclusion criteria eliminated non-En-
glish articles and publications lacking substantial contributions or relevance to SOCs.
Keywords and phrases were grouped into categories—SOC vulnerabilities, impact
analysis, and mitigation strategies—with Boolean operators enhancing search effi-
ciency.

The initial search yielded numerous publications, with duplicates removed us-
ing reference management tools. A two-stage screening process followed: first,
articles were assessed by titles and abstracts for relevance; then, selected articles
underwent fulltext review to confirm suitability. Extracted data were organized into
thematic categories such as technical vulnerabilities (e.g., outdated technologies, tool
misconfigurations), organizational challenges (e.g., staffing shortages), impacts on
SOC performance, and mitigation strategies like automation and Al applications. As
shown in figure 1.

Data extraction involved identifying critical information such as specific
tech-nical and organizational challenges and their direct effects on SOC
performance met-rics like threat detection and incident response times. This process
also highlighted the various technological and operational strategies employed by
organizations to mitigate these vulnerabilities. For example, advancements in
machine learning algo-rithms were often cited as a means of improving SOC
efficiency through realtime threat detection and proactive incident response

measures.
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Selection of articles

Literature Title/abstract . . Thematic
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Fig. 1. Selection of articles

These findings were com-pared across studies to evaluate their
effectiveness and applicability in different orga-nizational contexts.

A qualitative synthesis identified patterns, gaps, and insights across
studies, focusing on the interplay between vulnerabilities and their cumulative
effects on SOC effectiveness. This approach provided a holistic understanding of
challenges and pro-posed solutions to enhance resilience.

Certain limitations were acknowledged. The reliance on published
literature may exclude unpublished or organizational insights, introducing potential
publication bias. Restricting the search to English-language studies could omit
valuable interna-tional research. Additionally, the rapid evolution of cybersecurity
means findings may require ongoing updates.

Ethical considerations guided the research process. Proper citation ensured
acknowledgment of original authors, maintaining academic integrity. The study
ad-hered to ethical guidelines, emphasizing transparency and respect for
intellectual property.

This methodology offers a thorough analysis of SOC vulnerabilities and
miti-gation strategies, contributing valuable insights to help organizations strengthen
their defenses in an evolving cybersecurity landscape.

Results

Literature Review. Securing Security Operations Centers (SOCs) involves
understanding their vulnerabilities, the impact of these vulnerabilities, and
implementing effective mitigation strategies. SOCs are integral to an organization's
cybersecurity strategy, providing real-time threat detection and response
capabilities. However, they face challenges such as technological constraints,
procedural complexities, and human factors, which can hinder their effectiveness.
Addressing these challenges requires a comprehensive approach that includes
optimizing processes, leveraging technology, and enhancing human expertise.

Various studies have extensively explored the development, optimization,
and challenges associated with Security Operations Centers (SOCs) to enhance
cybersecurity resilience. Agyepong et al. provide a comprehensive overview of
SOC concepts and implementation strategies, emphasizing their critical role in
organizational security frameworks (Agyepong et al., 2020). Similarly, Muniz,
Mclintyre, and AlFardan delve into the practical aspects of building, operating, and
maintaining SOCs, offering valuable insights for practitioners aiming to establish
robust security infrastructures (Muniz et al., 2015).
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Addressing vulnerabilities is a focal point in cybersecurity research. Anton et
al. introduce the Vulnerability Assessment and Mitigation Methodology, highlighting
systematic approaches to identify and mitigate security risks effectively (Anton et
al., n.d.). Aslan and Samet focus on mitigating cyber attacks by raising awareness
of vulnerabilities and bugs, suggesting proactive defense mechanisms to strengthen
security postures (Aslan & Samet, 2017). Degrass presents innovative techniques
for identifying and remediating operational vulnerabilities, contributing to proactive
security measures within organizations (E Degrass - US Patent App. 17/430 & 2022,
2022). Hore et al. propose methods for optimal triage and mitigation of context-sensi-
tive cyber vulnerabilities, aiming to prioritize threats and allocate resources efficient-
ly (Hore et al., 2023).

For SOC optimization, Banati et al. examine the use of attack graphs to en-
hance SOC operations, demonstrating how visualization tools can aid in threat detec-
tion and response (Banati et al., 2022). Demertzis et al. discuss the next-generation
cognitive SOC, utilizing network flow forensics and cybersecurity intelligence to
improve response times and decision-making processes (Demertzis et al., 2018). Li
and Hsieh explore the implementation of distributed hierarchical SOCs using mobile
agent groups, offering solutions for scalable and flexible security management (Li &
Hsieh, 2010). Yuan and Zou highlight the role of correlation analysis in SOCs, show-
ing how data integration can improve security operations and incident detection rates
(Yuan & Zou, 2011).

Operational challenges within SOCs are further explored by Kiselev, Korotki-
kh, and Shott, who share practical experiences in establishing a SOC, discussing best
practices and common pitfalls (Kiselev et al., 2022). Kokulu et al. conduct a qual-
itative study on SOC issues, identifying mismatches and challenges that can hinder
security efforts and proposing solutions to address them (Kokulu et al., 2019). Janos
and Dai investigate security concerns related to SOCs, providing insights into poten-
tial vulnerabilities and areas needing improvement (Janos & Dai, 2018).

Understanding human factors in SOCs, Reeves and Ashenden investigate de-
cision-making processes within these centers, advocating for the use of cyber decep-
tion technology to enhance threat detection and response strategies (Reeves & Ashen-
den, 2023). Taqafi, Maleh, and Ouazzane propose a maturity capability framework
for SOCs, aiming to assess and improve their effectiveness systematically (Taqgafi
et al., 2023). Vielberth et al. conduct a systematic study on SOCs, identifying open
challenges and areas for future research, emphasizing the need for continuous devel-
opment in SOC practices (Vielberth et al., 2020).

In the context of critical infrastructure protection, Riggs et al. (Riggs et al.,
2023) discuss the impact of vulnerabilities and present mitigation strategies to ensure
cyber-secure environments, highlighting the importance of SOCs in safeguarding es-
sential services. Grobler, Jacobs, and van Niekerk emphasize the role of cybersecurity
centers in threat detection and mitigation, providing insights into their implementa-
tion and operational effectiveness (Grobler et al., 2018). Resilience focuses on opti-
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mizing SOCs for enhanced cyber resilience, discussing strategies for improvement
and adaptation in the face of evolving threats (Resilience, 2024).

Onwubiko underscores the importance of security monitoring, situational
awareness, and threat intelligence within SOCs to support cyber defense strategies
(Onwubiko, 2015; Onwubiko, 2017). Together with Ouazzane, Onwubiko identifies
challenges in building effective SOCs, highlighting organizational structure, resource
allocation, and the integration of advanced technologies as key factors (Onwubiko &
Ouazzane, 2019).

Schonfeld discusses the role of SOCs in the medical technology field, high-
lighting their importance in securing sensitive data and complying with regulatory
requirements (Schonfeld, 2023). This sector-specific insight demonstrates the broad
applicability of SOC principles across different industries.

Collectively, this body of work underscores the evolving nature of SOCs and
the continuous efforts by researchers and practitioners to address cybersecurity threats
effectively. The studies highlight the importance of proactive vulnerability manage-
ment, advanced threat detection techniques, and the integration of human factors in
enhancing the effectiveness of SOCs. As cybersecurity threats become more sophis-
ticated, the insights from these studies provide a foundation for developing resilient
and adaptive security operations capable of protecting critical assets and information.
All the articles studied above can be seen in a simplified form on table 1.

Table 1. Summary of Key Contributions and Relevance of Reviewed SOC
Literature
Source/ Key Contribution Relevance to SOC Challenges
Author(s)
Agyepong | Overview of SOC concepts and imple- | Critical role in organizational security
et al. mentation strategies frameworks
Muniz,
Mclntyre,
and Practical aspects of building, operating, | Insights for robust security infrastruc-
AlFardan and maintaining SOCs tures
Vulnerability Assessment and Mitigation | Systematic approach to identify and
Anton et al. | Methodology mitigate risks
Aslan and Proactive defense mechanisms for miti-
Samet gating vulnerabilities Strengthens cybersecurity postures
Innovative techniques for operational Contributes to proactive security mea-
Degrass vulnerability remediation sures
Optimal triage and mitigation of con- Efficient threat prioritization and re-
Hore et al. text-sensitive vulnerabilities source allocation
Use of attack graphs to enhance SOC Improves threat detection and response
Banati et al. | operations efficiency
Demertzis Next-generation cognitive SOC using Enhances decision-making and response
et al. network flow forensics times
Li and Distributed hierarchical SOCs using Solutions for scalable and flexible SOC
Hsieh mobile agent groups management
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Yuan and Role of correlation analysis in improv- Improves incident detection rates
Zou ing SOC performance through data integration
Kiselev,
Korotkikh, [ Practical experiences in establishing Best practices and common pitfalls in
and Shott SOCs SOC implementation
Kokulu et Qualitative study on SOC challenges Addresses mismatches and challenges in
al. and solutions SOC operations
Janos and Insights into security concerns related Highlights vulnerabilities and improve-
Dai to SOCs ment areas
Reeves and | Decision-making processes in SOCs Enhances threat detection and response
Ashenden with cyber deception technology strategies
Taqafi,
Maleh, and | Maturity capability framework for Systematically assesses and improves
Ouazzane assessing SOC effectiveness SOC effectiveness
Vielberth Systematic study identifying open chal- | Emphasizes need for continuous SOC
et al. lenges in SOCs development

Mitigation strategies for vulnerabilities
Riggs et al. [ in critical infrastructure Focus on safeguarding critical services
Grobler,
Jacobs, and | Role of cybersecurity centers in threat Insights into implementation and opera-
van Niekerk | detection and mitigation tional effectiveness

Adaptation strategies for evolving

Resilience Strategies for enhancing SOC resilience | threats
Onwubiko
(2015), Importance of situational awareness and | Supports effective monitoring and cyber
(2017) threat intelligence defense
Ouazzane
and Focus on structure, resources, and ad-
Onwubiko | Challenges in building effective SOCs vanced technologies

Role of SOCs in medical technology
Schonfeld security and compliance Broad applicability across industries

The systematic review of the literature revealed a comprehensive understand-
ing of the vulnerabilities affecting Security Operations Centers (SOCs), their impact
on organizational cybersecurity, and the strategies available for mitigation. The find-
ings are organized into three main categories as shown on Figure 2: technical vulner-
abilities, organizational vulnerabilities, and mitigation strategies, including the po-
tential role of advanced technologies such as artificial intelligence (Al) and machine
learning (ML).

Technical Vulnerabilities in SOCs

One of the most prevalent technical vulnerabilities identified is the miscon-
figuration of security tools within SOCs. Misconfigurations can lead to blind spots in
security monitoring, allowing threats to go undetected (Banati et al., 2022; Kiselev et
al., 2022). Banati et al. highlight that improper setup of intrusion detection systems
and firewalls can result in false negatives, where malicious activities are not flagged,
compromising the organization’s security posture (Banati et al., 2022).
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The integration of disparate security tools poses a significant challenge. Many
SOCs rely on multiple security solutions that do not seamlessly communicate with
each other, leading to information silos and inefficient incident response processes
(Demertzis et al., 2018; Yuan & Zou, 2011). Demertzis et al. emphasize that the
lack of interoperability hinders the SOC’s ability to correlate events across different
platforms, reducing the effectiveness of threat detection and analysis (Demertzis et
al., 2018).

Dependence on outdated technologies and legacy systems is another critical
vulnerability. Legacy systems often lack the necessary features to combat modern
cyber threats and may not receive regular security updates, making them susceptible
to exploits (Kiselev et al., 2022; Li & Hsieh, 2010). Kiselev et al. note that legacy
infrastructure can impede the adoption of new security solutions, limiting the SOC’s
capability to respond to advanced persistent threats (Kiselev et al., 2022).

Organizational Vulnerabilities in SOCs

Under-resourced teams are a common organizational vulnerability within
SOCs. Insufficient staffing leads to overworked analysts, increased fatigue, and a
higher likelihood of oversight in monitoring activities (Kokulu et al., 2019), (Onwu-
biko & Ouazzane, 2019). Kokulu et al. found that staffing shortages result in delayed
incident responses and reduced overall efficiency in security operations (Kokulu et
al., 2019).

The cybersecurity field faces high turnover rates due to factors such as burn-
out, competitive job markets, and inadequate career development opportunities. High
turnover disrupts team cohesion and results in the loss of institutional knowledge,
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weakening the SOC’s effectiveness (Janos & Dai, 2018; Reeves & Ashenden, 2023).
Reeves and Ashenden suggest that retaining skilled personnel is crucial for maintain-
ing robust security operations (Reeves & Ashenden, 2023).

A lack of continuous training and professional development leaves SOC per-
sonnel ill-equipped to handle emerging threats. Without up-to-date knowledge of the
latest attack vectors and security technologies, analysts may fail to identify or re-
spond appropriately to incidents (Agyepong et al., 2020; Onwubiko, 2017). Onwu-
biko stresses the importance of ongoing education to enhance situational awareness
and threat intelligence capabilities (Onwubiko, 2017).

Effective communication is 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 et al.,
2019; Onwubiko & Ouazzane, 2019). Kokulu et al. highlight that organizational silos
hinder information sharing, which is vital for a timely and effective security response
(Kokulu et al., 2019).

Impact of SOC Vulnerabilities on Detection and Response Capabilities

The identified vulnerabilities have a profound impact on the SOC’s ability to
detect and respond to cyber threats effectively.

Technical and organizational shortcomings contribute to slower identification
of security incidents. Delayed threat detection allows attackers more time to infiltrate
systems, exfiltrate data, and cause damage (Anton et al., n.d.; Resilience, 2024).

Figure 3 illustrates the average detection times across industries based on
findings by Anton et al. and Resilience (Anton et al., n.d.; Resilience, 2024). For
example, the healthcare industry reports the longest detection time, averaging 211
days. Such delays highlight critical vulnerabilities in identifying security breaches
promptly.

Anton et al. indicate that timely detection is critical in minimizing the impact
of security breaches (Anton et al., n.d.).

Vulnerabilities within SOCs heighten the risk of successful cyber attacks.
Inefficient processes and inadequate defenses provide opportunities for adversaries
to exploit weaknesses, leading to potential financial losses and reputational damage
(Grobler et al., 2018; Riggs et al., 2023). Riggs et al. emphasize that compromised
SOCs can have cascading effects on critical infrastructure protection (Riggs et al.,
2023).

The cost of delayed detection can be significant. For instance, E. Resilience
(Resilience, 2024) reports that organizations experiencing major data breaches incur
average costs of $4.45 million per incident. These expenses include legal fees, regula-
tory penalties, lost revenue, and the cost of remediation efforts. The financial toll rein-
forces the necessity of investing in advanced detection technologies and staff training.

Figure 4 presents the cost breakdown of data breaches as reported by Resil-
ience (Resilience, 2024).
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Fig. 3. Average Detection Times Across Industries

Lost revenue constitutes the largest portion (33.7 %), followed by legal fees
(27.0 %). These statistics underscore the financial urgency of addressing SOC vul-
nerabilities.

Persistent vulnerabilities erode the overall cybersecurity posture of an orga-
nization. A weakened SOC cannot adequately protect assets, comply with regulatory
requirements, or maintain stakeholder trust (Onwubiko, 2015; Vielberth et al., 2020).
Vielberth et al. note that organizations with vulnerable SOCs are less resilient to cy-
ber threats and may struggle to recover from incidents (Vielberth et al., 2020).

Mitigation Strategies for Enhancing SOC Resilience

The literature suggests several strategies to address the identified vulnerabili-
ties and improve SOC performance.

Addressing staffing shortages involves not only hiring additional personnel
but also optimizing workforce allocation. Implementing flexible staffing models and
utilizing remote analysts can expand coverage and reduce burnout (Onwubiko &
Ouazzane, 2019; Taqafi et al., 2023). Taqafi et al. propose a maturity capability frame-
work to assess and enhance staffing effectiveness within SOCs (Tagafi et al., 2023).

Investing in security platforms that offer interoperability and centralized man-
agement can mitigate technical vulnerabilities related to tool misconfigurations and
integration issues (Demertzis et al., 2018; Yuan & Zou, 2011). Yuan and Zou demon-
strate how correlation analysis and integrated systems improve incident detection
rates and response times (Yuan & Zou, 2011).
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Fig. 4. Cost Breakdown of Breach-Related Expenses (in Millions)

Automation reduces the manual workload on analysts, allowing them to focus
on complex threat analysis. Implementing automated incident response workflows
and utilizing security orchestration tools can streamline operations and reduce the
potential for human error (Banati et al., 2022; E Degrass - US Patent App. 17/430 &
2022, 2022). Degrass highlights the effectiveness of automation in proactive vulnera-
bility remediation (E Degrass - US Patent App. 17/430 & 2022, 2022).

The application of Al and ML offers significant potential in enhancing SOC
capabilities. These technologies can analyze vast amounts of data to identify patterns
indicative of cyber threats, predict potential vulnerabilities, and recommend mitiga-
tion actions (Aslan & Samet, 2017; Demertzis et al., 2018). Aslan and Samet discuss
how Al-driven solutions can augment human analysts, providing advanced threat de-
tection and response mechanisms (Aslan & Samet, 2017).

Investing in continuous training programs ensures that SOC personnel remain
knowledgeable about the latest threats and technologies. Certifications, workshops,
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and simulation exercises can improve analysts’ skills and confidence in handling in-
cidents (Agyepong et al., 2020; Onwubiko, 2017). Onwubiko emphasizes the role
of education in developing situational awareness and effective security monitoring
(Onwubiko, 2015).

Developing standardized communication procedures facilitates better coor-
dination within the SOC and across the organization. Regular meetings, incident de-
briefings, and collaborative platforms can enhance information sharing and response
efficiency (Kokulu et al., 2019; Reeves & Ashenden, 2023). Reeves and Ashenden
advocate for integrating communication strategies into SOC workflows to improve
decision-making processes (Reeves & Ashenden, 2023).

Potential of Advanced Technologies in SOC Operations

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

Figure 5 highlights the adoption rates of advanced technologies like Al and
ML, as reported by Aslan and Samet, Demertzis et al., and Hore et al. (Demertzis et
al., 2018; Aslan & Samet, 2017; Hore et al., 2023). The timeline demonstrates the
progression from basic vulnerability awareness in 2017 to sophisticated predictive
analytics in 2023, illustrating the growing reliance on these technologies to enhance
SOC operations.
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Fig. 5. Timeline of Emerging Technologies in SOC

Al and ML can process large datasets to identify trends and anomalies that
may signify security threats. Predictive analytics enable SOCs to anticipate attacks
and proactively strengthen defenses (Demertzis et al., 2018; Hore et al., 2023). Hore
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et al. demonstrate the use of ML algorithms in optimizing vulnerability triage and
mitigation efforts (Hore et al., 2023).

Machine learning models can automate routine tasks, such as alert prioritiza-
tion and initial incident response actions. This automation accelerates response times
and allows human analysts to concentrate on complex investigations (E Degrass - US
Patent App. 17/430 & 2022, 2022; Vielberth et al., 2020). Vielberth et al. discuss the
role of cognitive SOCs that leverage Al for intelligent decision-making (Vielberth et
al., 2020).

Al technologies can augment human capabilities by providing insights and
recommendations, effectively bridging gaps caused by staffing shortages or skill de-
ficiencies (Aslan & Samet, 2017; Demertzis et al., 2018). Aslan and Samet highlight
that Al does not replace human analysts but enhances their ability to manage threats
more effectively (Aslan & Samet, 2017).

The results of this review underscore the multifaceted nature of vulnerabili-
ties within SOCs, encompassing both technical and organizational dimensions. These
vulnerabilities significantly impair the SOC’s ability to detect and respond to cyber
threats, necessitating a comprehensive approach to mitigation. Strategies that com-
bine improvements in staffing, technology integration, automation, and training are
essential for enhancing SOC resilience. The incorporation of Al and ML technologies
presents a promising avenue for advancing SOC capabilities, offering tools to manage
the increasing volume and complexity of cyber threats.

Discussion

The findings highlight the multifaceted vulnerabilities Security Operations
Centers (SOCs) face, spanning both technical and organizational domains. Technical
issues like tool misconfigurations, fragmented security solutions, and legacy infra-
structures limit comprehensive threat detection and response capabilities, creating
detection blind spots and complicating incident correlation (Demertzis et al., 2018),
(Banati et al., 2022; Kiselev et al., 2022; Yuan & Zou, 2011). Meanwhile, organiza-
tional challenges—such as insufficient staffing, high turnover, inadequate training,
and poor communication—further reduce SOC effectiveness by straining human re-
sources, eroding institutional knowledge, and inhibiting timely information sharing
(Agyepong et al., 2020; Kokulu et al., 2019; Janos & Dai, 2018; Reeves & Ashenden,
2023; Onwubiko & Ouazzane, 2019; Onwubiko, 2017).

Addressing these vulnerabilities demands a holistic approach. Optimizing
staffing levels, enhancing continuous training, and establishing clear communication
protocols can strengthen SOC teams and restore operational continuity (Onwubiko,
2015), (Kokulu et al., 2019; Reeves & Ashenden, 2023; Onwubiko & Ouazzane,
2019). Technological improvements, such as integrating interoperable security plat-
forms and adopting automation, can streamline workflows, alleviate analyst work-
loads, and improve incident detection and response times (Demertzis et al., 2018;
Banati et al., 2022; E Degrass - US Patent App. 17/430 & 2022, 2022; Yuan & Zou,
2011). Moreover, advanced technologies like Al and ML can bolster human-machine
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collaboration by rapidly analyzing massive data streams, identifying subtle threat pat-
terns, and providing intelligent, data-driven insights without replacing the invaluable
judgment and expertise of human analysts (Aslan & Samet, 2017; Demertzis et al.,
2018).

While technical advancements are essential, they are not a substitute for a
skilled and adaptable workforce. Cultivating a culture of continuous learning, inno-
vation, and collaboration remains paramount. Although this review may not capture
every industry insight and is subject to the evolving threat landscape, it reinforces
that future research should focus on implementing AI and ML in real-world SOC
settings and examining the interplay between technological enhancements and hu-
man factors. Ultimately, improving SOC resilience hinges on integrating technical
refinements with strategic workforce development to safeguard organizations against
increasingly sophisticated cyber threats.

Conclusion

This review has highlighted the interconnected technical and organizational
vulnerabilities affecting SOCs and their substantial impact on cybersecurity. Issues
such as tool misconfigurations, outdated systems, staffing shortages, high turnover
rates, inadequate training, and poor communication channels collectively reduce the
SOC’s ability to detect and respond promptly to sophisticated threats. These findings
underscore the need for a comprehensive approach that integrates both technology
and human capital.

Strengthening SOC resilience involves investing in advanced technologies
like Al and ML, which can process large datasets, identify threat patterns, and auto-
mate routine tasks. Simultaneously, organizations must address staffing challenges
through better resource allocation, continuous training, and fostering collaborative
work environments. Ensuring that analysts remain informed, supported, and engaged
is vital for maintaining robust security operations.

As cyber threats evolve, future research should investigate how Al and ML
can be practically integrated into SOCs, considering factors such as trust in auto-
mation, analyst learning curves, and potential shifts in job roles. Striking a balance
between innovative technology, skilled personnel, and a supportive organizational
culture can ensure that SOCs remain adaptive, proactive, and effective in safeguard-
ing organizational assets and infrastructure.
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