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Abstract 
Article Info: 

This study examines border security operational effectiveness beyond 
technological determinism by emphasizing its social production through 
personnel capability and power system reliability. Challenging policy and 
technical discourses that privilege infrastructure as the primary driver of 
performance, the study conceptualizes effectiveness as a socio-technical 
outcome shaped by the interaction of technology, human skills, and 
organizational conditions in geographically isolated regions. Using a 
quantitative explanatory design, data were collected from 185 personnel of 
outer island security task forces under Kodam XV/Pattimura. Hybrid satellite 
communication utilization, personnel capability, power system reliability, 
and communication–electronic effectiveness were measured through 
structured questionnaires and analyzed using Partial Least Squares 
Structural Equation Modeling (PLS-SEM). The findings show that personnel 
capability exerts a strong and significant positive effect on operational 
effectiveness, whereas communication technology and power reliability 
display no significant direct effects when considered independently. 
However, their simultaneous interaction generates a substantial synergistic 
effect, explaining over 80% of the variance in effectiveness. These results 
indicate that infrastructure and energy systems function primarily as 
enabling conditions, while performance emerges from the capacity of 
personnel to translate technological potential into coordinated 
organizational action. The study contributes to socio-technical systems 
theory, extends organizational sociology to security institutions, and 
provides rare empirical evidence from peripheral state contexts in the Global 
South. 
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INTRODUCTION 
Border security operations in geographically peripheral regions increasingly rely on 

advanced communication infrastructures to overcome spatial isolation, limited accessibility, 

and logistical constraints. In many contemporary security doctrines, particularly within 

developing and archipelagic states, the deployment of hybrid satellite-based communication 

systems is framed as a strategic solution for enhancing coordination, surveillance, and rapid 

response capabilities (Fathoni et al., 2025; Lehmann & Wiertz, 2025). Indonesia, as a maritime 

nation with extensive outer islands bordering multiple countries, exemplifies this approach 

through substantial investments in satellite communication technologies to support military 

and security operations in remote border zones. However, despite the growing sophistication 

and availability of communication hardware, empirical realities in these regions reveal 
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persistent operational challenges (Komalasari & Mustafa, 2024). Communication disruptions, 

delayed command transmission, and fragmented coordination continue to occur, even in 

contexts where technological infrastructure is formally present and operational (Mayndarto, 

2025). 

These conditions point to a deeper problem that cannot be adequately explained by 

technological limitations alone. Field reports and institutional evaluations from remote 

border operations repeatedly indicate that operational failures often coincide with uneven 

personnel competence, limited technical training, high personnel turnover, and unstable 

power supply systems (Harianja, 2025; Risal et al., 2022). In many outer island security posts, 

electricity depends on diesel generators with inconsistent fuel availability, while personnel 

assigned to operate advanced communication equipment frequently lack sufficient training 

or experience to fully utilize these systems. As a result, technological capacity remains 

underused or misapplied, producing a gap between infrastructure potential and actual 

operational performance. This discrepancy raises an important sociological question 

regarding how operational effectiveness is produced, maintained, or undermined within 

organizational settings characterized by structural vulnerability and human resource 

constraints (Caruso et al., 2024; Polnaya et al., 2023). 

Existing policy narratives tend to interpret these challenges through a technocratic 

lens, emphasizing the need for additional hardware, expanded coverage, or more advanced 

communication platforms. Such perspectives implicitly assume that technology operates as 

an autonomous driver of effectiveness, largely independent of social conditions. Yet 

sociological and organizational research has long demonstrated that technology does not 

function in a vacuum; rather, it is embedded within social systems shaped by human agency, 

institutional norms, and material constraints (Hieng & Prabawati, 2024; Shao & Razzaq, 2022; 

Siregar et al., 2024). From this standpoint, operational effectiveness in border security should 

be understood not merely as a technical output, but as a socially mediated process in which 

human capability, organizational routines, and infrastructural reliability interact dynamically. 

A substantial body of literature in security studies and military research has focused 

on the technical dimensions of communication systems, emphasizing metrics such as 

bandwidth capacity, signal reliability, system interoperability, and hardware resilience 

(Bangun et al., 2024; Setyadi, Pawirosumarto, & Damaris, 2025). These studies provide 

valuable insights into the engineering performance of communication technologies, yet they 

often abstract these systems from the organizational environments in which they are 

deployed (Ravlinko et al., 2023; Septiari & Prabawati, 2025). As a consequence, the social 

conditions that enable or constrain technological use, such as personnel training, experiential 

knowledge, and institutional learning, remain underexplored. 

Parallel to this, research in border security and strategic studies has predominantly 

examined borders as geopolitical spaces shaped by sovereignty claims, transnational threats, 

and migration flows (Jahanger, 2022; Mustika & Indrady, 2024). While this literature has 

significantly advanced understanding of borders as political and symbolic constructs, it tends 

to operate at a macro level, paying limited attention to the micro-organizational foundations 
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of daily security operations. The routine practices of personnel stationed in remote border 

posts, their interaction with technology, and the infrastructural fragilities they navigate are 

often treated as peripheral details rather than central analytical concerns. 

Within organizational sociology and public administration, a growing body of work 

highlights the role of human capital, institutional capacity, and learning processes in shaping 

organizational performance, particularly in resource-constrained environments (Emmanuel 

et al., 2023; Rahim et al., 2024). Studies in this tradition emphasize that formal structures and 

material resources alone are insufficient to produce effective outcomes without 

corresponding investments in skills, norms, and coordination mechanisms. However, these 

insights have rarely been applied systematically to military or border security institutions, 

which are often assumed to function through hierarchical command and standardized 

procedures, minimizing the relevance of sociological variability. 

Socio-technical systems theory provides a conceptual bridge between these bodies of 

literature by arguing that technological systems are inseparable from the social arrangements 

within which they operate (Bharoto et al., 2025; Setyadi, Pawirosumarto, Damaris, et al., 

2025). From this perspective, communication infrastructures are not merely tools but 

components of broader systems that include human actors, organizational routines, and 

material supports such as energy supply. Recent studies applying socio-technical approaches 

to infrastructure governance and digital systems demonstrate that failures frequently emerge 

not from technological breakdowns per se, but from misalignments between technology, 

skills, and institutional contexts (Coupet, 2025; Latuheru et al., 2024). Yet empirical 

applications of this framework to border security operations, particularly in peripheral regions 

of the Global South, remain scarce. 

Energy reliability represents another critical yet underexamined dimension of 

operational effectiveness. Research on infrastructure and development consistently shows 

that unstable power supply undermines institutional performance, especially in remote and 

rural settings (Karakurt, 2021; Pradita, 2025; Salsinha & Lukman, 2024). In security operations, 

where communication systems are energy-intensive and time-sensitive, power disruptions 

can have cascading effects on coordination and situational awareness. Nonetheless, energy 

systems are often treated as background conditions rather than integral components of 

security performance, resulting in analytical blind spots regarding their interaction with 

human and technological factors. 

Against this backdrop, a pattern emerges in which technological infrastructure is 

frequently foregrounded, while human capability and infrastructural reliability are relegated 

to secondary status. This imbalance obscures the social processes through which operational 

effectiveness is actually produced on the ground. In peripheral border regions, where 

institutional support is limited and environmental challenges are pronounced, these social 

dimensions become even more consequential. Understanding why advanced communication 

systems fail to deliver consistent operational outcomes thus requires moving beyond 

deterministic assumptions and examining the organizational conditions under which 

technology is enacted. 
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This study is situated precisely within this analytical space. Rather than treating 

communication technology as an independent variable with automatic effects, it approaches 

border security operations as socio-technical arrangements shaped by the interaction of 

personnel capability, power system reliability, and technological utilization. By empirically 

examining these relationships within the context of Indonesia’s outer island security task 

forces, the study brings together insights from security studies, organizational sociology, and 

socio-technical systems theory in a unified analytical framework. The emphasis on personnel 

capability as an active mediating force reflects an implicit shift in perspective, one that re-

centers human agency and organizational capacity in discussions of operational effectiveness. 

The research is guided by the premise that operational performance is not simply 

installed through infrastructure, but cultivated through skills, experience, and the ability to 

adapt technology to challenging environments. In doing so, it seeks to demonstrate that 

communication systems derive their effectiveness from the social conditions that sustain 

their use. The quantitative explanatory design employed in this study allows for systematic 

assessment of these relationships, while the sociological interpretation of the findings 

foregrounds issues of capacity, inequality, and peripheral governance. 

Accordingly, the primary objective of this research is to analyze border security 

operational effectiveness as a socially mediated outcome, shaped by personnel capability and 

power reliability alongside communication technology. Specifically, the study aims to assess 

the relative influence of human capability compared to technological infrastructure, examine 

how energy systems condition technological use, and explore the synergistic interactions that 

produce effective or ineffective operational outcomes. By articulating these dynamics, the 

study aspires to contribute not only to empirical knowledge of border security operations, 

but also to broader debates in social and political science concerning state capacity, 

technological governance, and the social foundations of security in peripheral regions. 

RESEARCH METHOD  

This study adopts a quantitative approach with an explanatory research design to 

elucidate the causal relationships among variables influencing the effectiveness of 

communication and electronics in border security operations. The quantitative approach is 

employed because the primary objective of this research is not merely to describe 

phenomena, but to empirically test the strength of effects and interactions among 

communication technology, personnel capability, and power system reliability on operational 

effectiveness. Within the context of complex and multi-layered security organizations, this 

approach enables the systematic measurement of latent constructs, such as personnel 

capability and operational effectiveness, and allows for an objective assessment of the 

relative contribution of each factor (Freitas et al., 2025; García-Collado et al., 2023). 

The research site is focused on the operational area of Kodam XV/Pattimura, which 

encompasses Indonesia’s outermost islands in the Maluku region. The selection of this 

location is grounded in both empirical and sociological considerations. The region represents 
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a peripheral state space that is geographically isolated, characterized by limited basic 

infrastructure, and heavily dependent on satellite-based communication systems, particularly 

VSAT Manpack, to support security operations. These conditions position Kodam 

XV/Pattimura as a relevant social laboratory for examining how operational effectiveness is 

produced under conditions of structural constraints, as highlighted in studies on state 

capacity in peripheral regions (Chang et al., 2024; Pradnyani & Prabawati, 2025). 

The study population consists of 338 personnel from task forces assigned to secure 

outermost islands who have implemented the VSAT Manpack communication system, both 

within Kodam XV/Pattimura and in several other task forces utilizing similar systems. This 

population was selected because its members possess direct operational experience in using 

communication systems, managing energy limitations, and performing security functions in 

real field conditions. The number of respondents was determined using Slovin’s formula with 

a 95% confidence level and a 5% margin of error, resulting in a sample size of 183 

respondents. This approach was chosen to ensure data representativeness while maintaining 

a balance between statistical rigor and the practical constraints of field access in military 

operational areas (Majdi et al., 2025). 

Data were collected using a closed-ended questionnaire consisting of 39 statements 

measured on a five-point Likert scale, ranging from strongly disagree to strongly agree. The 

questionnaire method was selected because it allows for standardized measurement of 

personnel perceptions and operational experiences, while simultaneously facilitating the 

analysis of relationships among latent variables. The instrument was designed to capture four 

main variables: integrated VSAT Manpack hybrid communication, personnel capability, power 

system reliability, and the effectiveness of communication and electronics. The indicators 

were developed based on established literature on military communication systems, human 

capital, and the reliability of supporting infrastructure (Kurniawan et al., 2024; Sinaga et al., 

2024). 

Data validation was conducted through validity and reliability testing using the 

Structural Equation Modeling–Partial Least Squares (SEM-PLS) approach with SmartPLS 

software. This method was selected due to its suitability for analyzing complex models with 

latent constructs, moderate sample sizes, and data distributions that do not necessarily meet 

normality assumptions (Wibisono et al., 2024). Convergent and discriminant validity tests 

were employed to ensure that each indicator consistently represented the intended 

construct, while reliability was assessed using composite reliability and Cronbach’s alpha. 

Subsequently, structural analysis was performed to evaluate both direct and simultaneous 

relationships among variables, enabling a more comprehensive understanding of how 

operational effectiveness is shaped through the interaction of technology, human resources, 

and energy systems within security organizations operating in peripheral regions. 

RESULTS AND DISCUSSION  

Respondent Characteristics 

This study involved 185 respondents who constituted the research sample. The 
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number of respondents exceeded the minimum sample size calculated using Slovin’s formula, 

indicating a high level of participation. This strong participation reflects personnel enthusiasm 

and concern regarding the development of communication systems within their operational 

areas. The demographic characteristics of the respondents, based on military rank and unit 

of assignment, are presented in Table 1. 

As shown in Table 1, of the 185 respondents, the majority held the rank of Private First 

Class (Pratu), totaling 69 personnel (37.3%), followed by Corporal Second Class (Kopda) with 

25 personnel (13.5%) and Private Senior (Praka) with 22 personnel (11.9%). The dominance 

of enlisted personnel and non-commissioned officers is consistent with the organizational 

structure of communication and electronics units, where operational-level personnel are the 

primary users of the VSAT Manpack communication system. The smaller proportion of 

officers, 14 personnel in total, comprising one Lieutenant Colonel, one Major, four Captains, 

three First Lieutenants, and six Second Lieutenants, reflects their roles primarily as 

commanders and operational supervisors. 

 

Table 1 Distribution of Respondents by Military Rank 

Rank Frequency Percentage (%) 

Lieutenant Colonel 1 0.5 
Major 1 0.5 
Captain 4 2.2 
First Lieutenant 3 1.6 
Second Lieutenant 6 3.2 
Sergeant Major 6 3.2 
Sergeant 13 7.0 
Staff Sergeant 14 7.6 
Corporal Second Class 25 13.5 
Private Senior 22 11.9 
Private First Class 69 37.3 
Private 7 3.8 
Unidentified 13 7.0 
Total 185 100.0 

Source: Research data analysis, 2025 

Outer Model Evaluation 

The outer model evaluation was conducted to assess the validity and reliability of the 

research instrument. This evaluation included tests of convergent validity, composite 

reliability, and discriminant validity. The results of the outer model assessment are presented 

in Table 2. 

 

As shown in Table 2, all indicators exhibit strong outer loading values, ranging from 

0.819 to 0.929. The Average Variance Extracted (AVE) values for all constructs exceed the 

recommended threshold of 0.50 and, in most cases, are above 0.70, indicating excellent 

convergent validity. These high AVE values suggest that the indicators effectively explain the 

variance of their respective constructs. Furthermore, Cronbach’s alpha and composite 

reliability values (ρa and ρc) for all constructs exceed 0.90, demonstrating very high internal 
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consistency. This indicates that respondents provided consistent responses across indicators 

measuring the same construct and confirms that the questionnaire instrument is highly 

reliable for measuring the study variables. 

Table 2 Outer Model Evaluation Results 

Research 
Variable 

Item 
Outer 

Loadings 

Average 
Variance 
Extracted 

(AVE) 

Cronbach's 
Alpha 

Composite 
Reliability 

(rho_a) 

Composite 
Reliability 

(rho_c) 

Integrated VSAT 
Manpack Hybrid 
Communication 

KV 1 0.819 

0.782 0.975 0.975 0.977 

KV 2 0.900 
KV 3 0.827 
KV 4 0.915 
KV 5 0.906 
KV 6 0.893 
KV 7 0.905 
KV 8 0.888 
KV 9 0.873 
KV 10 0.899 
KV 11 0.874 
KV 12 0.908 

Personnel 
Capability 

KP 1 0.847 

0.777 0.964 0.965 0.969 

KP 2 0.857 
KP 3 0.919 
KP 4 0.908 
KP 5 0.877 
KP 6 0.894 
KP 7 0.903 
KP 8 0.870 
KP 9 0.854 

Power System 

PS 1 0.915 

0.801 0.969 0.970 0.973 

PS 2 0.900 
PS 3 0.877 
PS 4 0.918 
PS 5 0.925 
PS 6 0.890 
PS 7 0.891 
PS 8 0.837 
PS 9 0.901 

Communication 
and Electronics 
Effectiveness 

KE 1 0.928 

0.833 0.975 0.975 0.978 

KE 2 0.922 
KE 3 0.926 
KE 4 0.909 
KE 5 0.850 
KE 6 0.929 
KE 7 0.916 
KE 8 0.901 
KE 9 0.929 

Source: Research data analysis, 2025 
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Discriminant validity was assessed using the Fornell–Larcker criterion, which requires 

that the square root of the AVE of each construct be greater than its correlations with other 

constructs. The results of the discriminant validity test are presented in Table 3. 

As shown in Table 3, strong correlations are observed among all variables in the model. 

However, all correlation values are lower than the square root of the AVE for each respective 

construct (Integrated VSAT Manpack Hybrid Communication= √0.782 = 0.884; Personnel 

Capability= √0.777 = 0.881; Power System = √0.801 = 0.895; Communication and 

Electronics= √0.883 = 0.913). These results indicate that discriminant validity is satisfactorily 

established. 

 

Table 3 Discriminant Validity (Fornell–Larcker Criterion) 

Variable 
Integrated VSAT 
Manpack Hybrid 
Communication 

Personnel 
Capability 

Power 
System 

Communication 
and Electronics 

Integrated VSAT 
Manpack Hybrid 
Communication 

1.000 0.869 0.811 0.787 

Personnel Capability 0.869 1.000 0.872 0.891 
Power System 0.811 0.872 1.000 0.838 
Communication and 
Electronics 

0.787 0.891 0.838 1.000 

Source: Research data analysis, 2025 

The next evaluation involved the R-square (R²) test, which was conducted to 

determine the proportion of variance in the dependent variable explained by the 

independent variables in the model. The results of the R-square analysis are presented in 

Table 4. 

As shown in Table 4, the R-square value for the Communication and Electronics 

construct is 0.810, indicating that 81% of the variance in Communication and Electronics 

effectiveness is explained by the three independent variables: Integrated VSAT Manpack 

Hybrid Communication, Personnel Capability, and Power System. The remaining 19% is 

explained by factors outside the proposed model. The adjusted R-square value of 0.807 

suggests that, after adjusting for the number of predictors, the model retains strong 

explanatory power. The minimal difference between the R-square and adjusted R-square 

values (0.003) indicates that the model does not suffer from overfitting and demonstrates 

robust predictive capability. 

 

Table 4 R-square Values 

Variable R-square Adjusted R-square Category 

Communication and Electronics 0.810 0.807 Strong 

Source: Research data analysis, 2025 
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Hypothesis Testing Results 

Hypothesis testing in this study was conducted using the bootstrapping technique with 

5,000 subsamples. A hypothesis was accepted if the t-statistic exceeded 1.96 (at a 5% 

significance level) and the p-value was less than 0.05. The results of hypothesis testing for 

each relationship among variables in the research model are presented in Table 5. 

 

Table 5 Hypothesis Testing Results 

Hypothesis Structural Path 

Original 

Sample 

(O) 

Sample 

Mean 

(M) 

Std. 

Deviation 

(STDEV) 

t-

Statistic 

p-

Value 
Decision 

H1 Integrated VSAT 

Manpack Hybrid 

Communication → 

Communication and 

Electronics 

−0.005 0.009 0.112 0.047 0.963 Rejected 

H2 Personnel Capability 

→ Communication 

and Electronics 

0.673 0.652 0.180 3.736 < 

.001 

Accepted 

H3 Power System → 

Communication and 

Electronics 

0.256 0.263 0.182 1.404 0.160 Rejected 

H4 Integrated VSAT 

Manpack Hybrid 

Communication, 

Personnel Capability, 

and Power System 

→ Communication 

and Electronics 

0.881 0.883 0.036 24.181 < 

.001 

Accepted 

Source: Research data analysis, 2025 

Based on Table 5, two of the four proposed hypotheses are supported, while the 

remaining two are rejected. The interpretation of each hypothesis is provided below. 

H1 posited that Integrated VSAT Manpack Hybrid Communication has a negative and 

non-significant effect on Communication and Electronics. The estimated path coefficient is 

−0.005, indicating an extremely weak negative effect, effectively approaching zero. The t-

statistic (0.047) is far below the critical value of 1.96, and the p-value (0.963) exceeds 0.05, 

confirming the absence of statistical significance. Accordingly, H1 is rejected. This rejection 

does not imply that the VSAT Manpack system is unimportant or ineffective. The relatively 

high correlation between Integrated VSAT Manpack Hybrid Communication and 

Communication and Electronics (0.787) suggests a strong association. However, the non-

significant direct effect indicates that the effectiveness of VSAT Manpack utilization in 

enhancing communication and electronics outcomes is highly contingent on other factors, 

particularly personnel capability in operating the system and the availability of a reliable 
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power system. The sample mean (0.009) and standard deviation (0.112) further indicate 

substantial variability across subsamples, suggesting that the effect of VSAT Manpack is 

inconsistent and context-dependent. This finding is noteworthy, as it contrasts with several 

prior studies reporting significant effects of satellite communication technologies on 

operational effectiveness. 

H2 proposed that Personnel Capability has a positive and significant effect on 

Communication and Electronics. The results show a path coefficient of 0.673, indicating that 

a one-unit increase in personnel capability leads to a 0.673-unit increase in Communication 

and Electronics effectiveness, holding other variables constant. The t-statistic (3.736) exceeds 

the critical threshold of 1.96, and the p-value (0.000) is below 0.05, confirming statistical 

significance. Thus, H2 is accepted. This finding confirms that personnel capability exerts a 

strong and positive influence on the effectiveness of communication and electronics in 

supporting the operational functions of the Outer Island Security Task Force within Kodam 

XV/Pattimura. The sample mean (0.652) indicates stability across subsamples, while the 

relatively low standard deviation (0.180) suggests a precise and reliable parameter estimate. 

H3 posited that the Power System has a negative and non-significant effect on 

Communication and Electronics. Empirically, the path coefficient is positive (0.256), indicating 

that improvements in the power system are associated with increased effectiveness of 

communication and electronics. However, the t-statistic (1.404) does not reach the critical 

value of 1.96, and the p-value (0.160) exceeds 0.05, rendering the effect statistically non-

significant. Consequently, H3 is rejected. Despite the lack of statistical significance, the 

magnitude of the path coefficient suggests a practically meaningful positive effect. The t-

statistic approaching the critical threshold indicates borderline significance, implying that the 

effect may exist but is not sufficiently strong to meet the established statistical criteria. The 

sample mean (0.263) and standard deviation (0.182) indicate considerable variability, which 

can be attributed to heterogeneous field conditions in the Maluku region, particularly 

differences in the availability and quality of power supply systems across deployment 

locations. 

H4 hypothesized that Integrated VSAT Manpack Hybrid Communication, Personnel 

Capability, and the Power System jointly exert a significant effect on Communication and 

Electronics in supporting the operational tasks of outer island security units in Kodam 

XV/Pattimura. The simultaneous effects analysis reveals a path coefficient of 0.881, indicating 

a very strong positive combined influence when the three variables operate in an integrated 

manner. The sample mean (0.883) and very low standard deviation (0.036) demonstrate high 

stability and reliability of the parameter estimate across subsamples. The t-statistic (24.181) 

far exceeds the critical value of 1.96, and the p-value (0.000) confirms a highly significant 

effect at the 5% level. Therefore, H4 is accepted. 

Synergistic Effects: The Social Production of Operational Effectiveness 

This section highlights the most strategic finding of the study, namely the emergence 

of a very strong synergistic effect when communication technology, personnel capability, and 

power system reliability are analyzed simultaneously. The structural modeling results indicate 
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that, when treated as an integrated configuration, these three elements explain more than 

eighty percent of the variance in communication and electronics effectiveness. This finding 

marks an important shift in how operational effectiveness is conceptualized. Rather than 

being understood as a linear outcome of the mere presence or quality of technological 

infrastructure, effectiveness emerges as the product of dynamic interactions among human 

actors, technology, and the material conditions that sustain them (Verbong & Geels, 2007; 

Wibisono et al., 2024). In the context of border security operations in outermost regions, 

effectiveness therefore cannot be reduced to a technical issue; instead, it must be understood 

as a social process unfolding within complex organizational systems characterized by 

persistent constraints. 

When examined in isolation, VSAT Manpack–based communication technology and 

power system reliability do not exhibit significant direct effects on operational effectiveness. 

However, this pattern changes fundamentally when these variables are situated within an 

interactional framework that includes personnel capability. In this configuration, technology 

and energy function as enabling structures, they provide potential but do not automatically 

generate performance. Such potential can only be realized through competent human action 

that is capable of interpreting situational demands, managing constraints, and integrating 

multiple resources into everyday operational practice. In other words, technology does not 

operate by itself; it is made to work. Its effectiveness depends on the ability of personnel to 

deploy it in a reflective and adaptive manner (Izuogu et al., 2025; Sulaiman, Y. B., et al., 2023). 

Under conditions of geographical isolation and fragile infrastructure, such as those 

faced by outer island security task forces, personnel are often required to act as more than 

technical operators. They become critical intermediaries connecting communication systems, 

unstable energy supplies, and urgent operational demands. Field coordination, rapid 

decision-making, and the capacity for technical improvisation are essential to sustaining 

communication continuity. It is in this context that personnel capability functions as an 

integrative mechanism, binding technical and material elements into a coherent 

organizational practice. Operational effectiveness is thus produced through collective work 

involving situational learning, interpersonal trust, and practical knowledge accumulated 

through field experience. 

These findings are consistent with contemporary developments in Socio-Technical 

Systems Theory, which emphasize that the performance of complex systems is not 

determined by the isolated optimization of technical components, but by the alignment of 

technical, social, and institutional elements (Balanzó-Guzmán & Ramos-Mejía, 2023; 

Sulaiman, S., et al., 2024). Within this updated theoretical perspective, technology is 

understood as part of a broader assemblage in which effectiveness depends on relationships 

among elements rather than on the intrinsic capacity of any single component. Ropohl, as 

reinterpreted within this framework, emphasizes that technical systems always presuppose 

systems of human action that provide meaning, direction, and purpose to technological use. 

Without such integration, technology tends to produce what appears as illusory 

modernization, physically present but functionally weak. 
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The synergistic effect identified in this study also highlights the critical role of power 

systems as a material precondition for the functioning of technology, even though this role is 

not always immediately visible. A reliable energy supply does not automatically enhance 

effectiveness; however, its unreliability can rapidly incapacitate communication systems and 

increase the workload of personnel. In such contexts, the ability of personnel to manage 

energy constraints, through strategies such as prioritizing device usage or maintaining backup 

systems, becomes an integral component of effectiveness production. Energy, technology, 

and human actors thus form interdependent relationships that can only be fully understood 

through a socio-technical lens (Arifin et al., 2024). 

More broadly, these findings enrich the understanding of border security as a form of 

collective social practice. Security is not enacted solely through sophisticated equipment or 

formal procedures, but through coordinated work involving situational interpretation, 

interpersonal communication, and continuous adaptation to field conditions. Operational 

effectiveness emerges from an organization’s capacity to align technology with human 

capability and existing structural conditions. This perspective challenges policy assumptions 

that position infrastructure investment as the primary solution and instead redirects 

attention toward the development of human capacity and organizational learning as the 

foundations of sustainable security. 

CONCLUSION 

The conclusion of this study affirms that operational effectiveness in border security 

cannot be understood as a direct outcome of the presence or sophistication of 

communication infrastructure alone, but rather as the result of a socially mediated process 

shaped by personnel capability and supported by power system reliability. In line with the 

research objectives, the empirical findings demonstrate that personnel capability functions 

as the primary enabling force that activates and gives functional meaning to communication 

technology and energy infrastructure, while technology and power systems operate as 

enabling conditions whose effectiveness depends on their integration within competent and 

adaptive organizational practices. Accordingly, this study shows that operational 

effectiveness emerges from a synergistic socio-technical interaction rather than from linear, 

infrastructure-driven investment, particularly in geographically isolated and structurally 

vulnerable border regions. The novelty of this research lies in its shift away from 

technologically deterministic approaches toward a sociological perspective that centers 

human agency and organizational capacity in the production of security performance, thereby 

contributing empirical insight from peripheral state spaces in the Global South to broader 

debates in social and political science without overstating technology as a singular solution to 

border governance challenges. 
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