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Abstract 

Nigeria's domestic airline sector continues to 

grapple with systemic inefficiencies, fluctuating 

operational performance, and weak regulatory 

enforcement relative to global benchmarks. This 

paper examines how universal efficiency drivers, 

namely operational performance, technological 

adoption, and regulatory frameworks, behave in 

Nigeria's constrained environment and explores 

adaptive strategies to reconcile global standards 

with local realities. A mixed-methods design 

integrating Data Envelopment Analysis (DEA), 

Structural Equation Modeling (SEM), and the 

Decision-Making Trial and Evaluation 

Laboratory (DEMATEL) was employed to 

analyze data from five domestic airlines from 

2018 to 2023. Results show that operational and 

technological variables exert significant positive 

effects on productivity efficiency (β = 0.42 and β 

= 0.36, respectively), while regulation remains a 

weaker, reactive factor. DEA results reveal an 

average technical efficiency of 0.79, implying a 

potential 21% reduction in inputs without output 

loss. The proposed Enhanced Productivity 

 Resumo 

O setor de aviação comercial da Nigéria 

continua a enfrentar ineficiências sistêmicas, 

desempenho operacional instável e fraca 

aplicação das regulamentações em comparação 

com os padrões globais. Este artigo examina 

como os fatores universais de eficiência, 

nomeadamente o desempenho operacional, a 

adoção de tecnologia e os marcos regulatórios, 

se comportam no ambiente restrito da Nigéria e 

explora estratégias adaptativas para conciliar 

os padrões globais com as realidades locais. 

Uma metodologia mista, integrando Análise 

Envoltória de Dados (DEA), Modelagem de 

Equações Estruturais (SEM) e o Laboratório de 

Avaliação e Teste de Tomada de Decisão 

(DEMATEL), foi empregada para analisar 

dados de cinco companhias aéreas nacionais de 

2018 a 2023. Os resultados mostram que as 

variáveis operacionais e tecnológicas exercem 

efeitos positivos significativos na eficiência da 

produtividade (β = 0,42 e β = 0,36, 

respectivamente), enquanto a regulação 

permanece um fator mais fraco e reativo. Os 
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Efficiency Framework (EPEF), grounded in 

cybernetic feedback and benchmarking 

principles, achieved a simulated 15% 

improvement in overall efficiency indicators. 

The study concludes that adaptive, feedback-

based management, anchored in data analytics, 

digital transformation, and performance-based 

regulation, offers a viable pathway for aligning 

Nigeria's airline industry with global 

productivity standards. 

 

Keywords: Adaptive Efficiency, Cybernetic 

Benchmarking, Airline Productivity, Nigeria, 

Performance-Based Regulation, DEA-SEM 

Integration. 

resultados da DEA revelam uma eficiência 

técnica média de 0,79, o que implica uma 

potencial redução de 21% nos insumos sem 

perda de produção. A estrutura proposta para o 

Aprimoramento da Eficiência da Produtividade 

(EPEF, na sigla em inglês), fundamentada em 

princípios de feedback cibernético e 

benchmarking, alcançou uma melhoria 

simulada de 15% nos indicadores gerais de 

eficiência. O estudo conclui que a gestão 

adaptativa baseada em feedback, ancorada em 

análise de dados, transformação digital e 

regulação baseada em desempenho, oferece um 

caminho viável para alinhar a indústria aérea 

da Nigéria aos padrões globais de 

produtividade. 

 

Palavras-chave: Eficiência Adaptativa, 

Benchmarking Cibernético, Produtividade 

Aérea, Nigéria, Regulação Baseada em 

Desempenho, Integração DEA-SEM. 

 

 

1 INTRODUCTION 

 

Air transport serves as a vital enabler of economic growth and regional 

integration, offering rapid connectivity across diverse geographies. In Nigeria, the 

domestic airline industry constitutes a cornerstone of the national transport system, 

contributing to trade, tourism, and employment (Nigerian Civil Aviation Authority 

[NCAA], 2025). Despite these contributions, the sector faces persistent operational and 

structural challenges—ranging from inadequate infrastructure, aging fleets, and 

regulatory inconsistencies to financial volatility and currency instability. These issues 

collectively undermine operational efficiency and limit the industry’s alignment with 

global performance standards. Universal efficiency drivers, such as operational 

performance, technological innovation, and regulatory governance, are central to 

achieving aviation competitiveness (Oum, Fu, & Yu, 2005). However, the ability of these 

drivers to produce comparable outcomes across contexts depends on local institutional 

capacities and adaptive management structures. In developed and emerging markets, 

efficiency improvements are supported by robust feedback systems, technological 

innovation, and responsive governance (Assaf & Gillen, 2012). In contrast, Nigerian 

airlines operate within a constrained environment marked by infrastructural deficiencies, 
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inconsistent policies, and limited access to foreign exchange for maintenance and fleet 

renewal. 

This study addresses two fundamental questions: 

1. How do universal efficiency drivers—such as operational performance, 

technological adoption, and regulatory frameworks—behave in Nigeria’s 

constrained environment? 

2. What adaptive strategies can reconcile global efficiency standards with Nigeria’s 

local realities to enhance productivity? 

Through an empirical analysis embedded in the Enhanced Productivity Efficiency 

Framework (EPEF), this paper integrates cybernetic and benchmarking principles to 

identify leverage points for adaptive improvement. The findings offer policy-relevant 

insights into how Nigeria can reposition its domestic airline industry toward sustainable 

efficiency and global competitiveness. 

 

2 LITERATURE REVIEW 

 

Airline productivity and efficiency have been central themes in transport 

economics and operations management for over four decades. Foundational studies 

identified a range of universal efficiency drivers—operational performance, 

technological adoption, human capital development, and regulatory quality—as key 

determinants of competitiveness in the airline industry (Oum, Fu, & Yu, 2005; Barros & 

Weber, 2009). Operational performance remains one of the most critical factors, 

encompassing fleet utilization, load factor optimization, route scheduling, and on-time 

performance. Airlines that achieve operational balance between cost control and service 

reliability tend to demonstrate superior productivity and market resilience (Assaf & 

Gillen, 2012; Wanke, Barros, & Chen, 2016). Recent evidence further confirms that 

efficient operational systems supported by digital performance analytics can significantly 

enhance both cost and service efficiencies (Wu, Zhang, & Li, 2024; Li, Hu, & Zhang, 

2023). 

Technological adoption has become an increasingly decisive driver of airline 

efficiency in the post-pandemic aviation landscape. The transition toward digital 

transformation, through predictive maintenance systems, AI-driven scheduling, 

blockchain for passenger data management, and digital twins for fleet operations—has 
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reshaped productivity frontiers (Cheung, Li, & Lei, 2023; Shenwai et al., 2025). These 

innovations enable real-time monitoring and decision-making, streamline ground 

operations, and enhance safety compliance (Tan & Masood, 2021; Heiets, 2022). While 

such technologies deliver measurable efficiency gains in advanced markets, their 

diffusion in developing economies has been uneven due to infrastructural constraints and 

financial limitations (Wang, 2022). Studies show that technological integration improves 

not only cost and time efficiencies but also adaptability to market shocks, making it a 

vital input for competitive resilience (Kwak, Lee, & Park, 2022; Stanton, 2023). 

The regulatory environment is another vital determinant of efficiency. Effective 

regulation encourages market competition, ensures oversight of safety, and reduces 

transaction costs (Assaf & Gillen, 2012). Conversely, overregulation, policy 

inconsistency, and bureaucratic bottlenecks create inefficiencies, particularly in emerging 

markets (Pius, Anofowose, & Oyeniyi, 2017; Yuen & Thai, 2021). Comparative analyses 

reveal that well-regulated aviation sectors—such as those in South Africa, Kenya, and 

Ethiopia—benefit from consistent policy environments that attract investment and 

support modernization (Tshetu et al., 2023). In contrast, Nigerian airlines operate under 

volatile regulatory and macroeconomic conditions, which often disrupt their ability to 

comply with global operational benchmarks (Adegbesan & Onakoya, 2020; Okonkwo & 

Nnadi, 2022). 

Within Nigeria’s domestic aviation industry, universal efficiency drivers exhibit 

distinctive behavioral patterns due to systemic and contextual constraints. Empirical 

studies confirm that airlines in Nigeria contend with high operating costs, poor 

infrastructure, and regulatory fragmentation that hinder productivity and competitiveness 

(Edeh & Obeta, 2018; Nwaogbe, Ogwude, & Omoke, 2023). High aviation fuel prices, 

currency instability, and reliance on foreign maintenance facilities substantially inflate 

operating costs (Aigbavboa & Oke, 2021). Similarly, inadequate airport infrastructure, 

obsolete navigational aids, and limited runway capacity increase operational downtime 

and reduce passenger throughput. These inefficiencies are exacerbated by institutional 

weaknesses, policy inconsistencies, and the shortage of skilled workforce resulting from 

the migration of aviation professionals to foreign markets (Daramola & Fagbemi, 2019; 

Iroanya, 2023). The cumulative effect is a persistent gap between Nigeria’s performance 

levels and global efficiency frontiers. 
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To bridge this gap, scholars have increasingly emphasized adaptive management 

and systems-thinking approaches as mechanisms for contextualizing universal models 

within developing economies (Beer, 1985; Bissessar, 2022). Cybernetic theory, rooted in 

Wiener's (1948) work, conceptualizes organizations as self-regulating systems capable of 

maintaining equilibrium through feedback, control, and adaptive learning. It posits that 

efficient systems continuously monitor performance deviations, analyze feedback, and 

implement corrective actions to sustain optimal operation (Beer, 1985). The theory has 

found renewed relevance in transport and aviation research as digital technologies 

enhance feedback speed and system control precision (Stanton, 2023). 

Benchmarking theory complements the cybernetic approach by offering a 

structured framework for comparative learning and performance improvement. Camp 

(1989) describes benchmarking as the systematic process of measuring one’s 

performance against best-in-class organizations to identify efficiency gaps and replicate 

superior practices. In aviation, benchmarking provides external reference points that 

inform local improvement strategies, ensuring that internal optimization aligns with 

global best practices (Chen, Lin, & Liu, 2021; Li et al., 2023). Recent studies have 

extended benchmarking to include hybrid and digital benchmarking systems, which 

integrate DEA and machine learning models for dynamic performance evaluation (Wu et 

al., 2024; de Pater & Van Houtum, 2021). 

Building on these foundations, the Enhanced Productivity Efficiency Framework 

(EPEF) developed in this study integrates cybernetic and benchmarking theories to 

conceptualize productivity improvement as a dynamic and iterative process. Within the 

EPEF, cybernetic feedback loops provide mechanisms for continuous performance 

monitoring, error detection, and adaptive correction, while benchmarking introduces 

external performance references for alignment with global standards. Together, these 

mechanisms foster an environment of continuous learning and system resilience. The 

model emphasizes feedback-based control, adaptability, and benchmarking-informed 

learning as central to achieving sustained efficiency improvement in Nigeria’s domestic 

airline industry. 

In summary, the literature underscores that while operational performance, 

technological adoption, and regulatory coherence remain the most influential universal 

efficiency drivers, their efficacy in developing economies such as Nigeria depends on 

adaptive frameworks that accommodate institutional weaknesses, infrastructural 
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limitations, and financial constraints. By embedding cybernetic feedback and 

benchmarking learning processes, the EPEF provides a theoretical and practical pathway 

to reconcile global efficiency standards with local operational realities—thereby 

advancing both scholarly understanding and policy relevance in the discourse on airline 

productivity efficiency. 

 

3 METHODOLOGY 

 

3.1 Research design 

 

This study employed a mixed-methods research design that combined quantitative 

modeling with qualitative contextual validation to ensure analytical depth and practical 

relevance. The approach was guided by the need to quantify efficient behaviors and to 

interpret their adaptive implications within Nigeria's constrained operational 

environment. Quantitative techniques—specifically Data Envelopment Analysis (DEA), 

Structural Equation Modeling (SEM), and Decision-Making Trial and Evaluation 

Laboratory (DEMATEL)—were used to measure and model the relationships among key 

efficiency drivers, while qualitative insights from industry stakeholders enriched 

interpretation and grounded the findings in real-world experience. The integration of both 

methods followed a convergent parallel design, where quantitative and qualitative results 

were collected, analyzed, and synthesized concurrently to strengthen validity and 

complementarity. 

 

3.2 Population, sample, and data sources 

 

The study focused on Nigeria’s domestic airline industry, covering all six major 

carriers operating scheduled commercial passenger services during the study period 

(2018–2023): Arik Air, Air Peace, Dana Air, Overland Airways, Ibom Air, and Azman 

Air. However, due to differences in data availability, five carriers provided complete 

operational and financial data required for analysis. The population thus consisted of these 

five domestic airlines, which collectively represent over 85% of Nigeria’s passenger 

traffic and serve as the most reliable indicators of system-wide productivity efficiency. 
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Secondary data were sourced from the Nigerian Civil Aviation Authority 

(NCAA), Federal Airports Authority of Nigeria (FAAN), and National Bureau of 

Statistics (NBS), complemented by annual reports and operational statements published 

by the selected airlines. Quantitative data covered a five-year period (2018–2023), which 

captured post-liberalization performance and early post-pandemic recovery trends. 

To supplement the quantitative component, semi-structured interviews were 

conducted with 12 key informants, including airline executives (5), NCAA regulators (3), 

and aviation consultants (4). The qualitative data provided explanatory insights into the 

structural and institutional factors affecting efficiency and helped validate the quantitative 

outcomes of the EPEF model. 

 

3.3 Variables and model constructs 

 

The study operationalized three universal efficiency drivers-operational 

performance, technological adoption, and regulatory framework—as latent constructs 

influencing overall productivity efficiency. Each construct was measured through 

multiple observable indicators derived from the literature and industry practice. 

 

Table 1 

The literature and industry practice 

Construct Key Indicators Measurement Source 

Operational 

Performance 

Fleet utilization rate, on-time departure rate, load 

factor, average turnaround time, fuel consumption per 

seat-km 

Airline operational data 

(2018–2023) 

Technological 

Adoption 

Level of digitalization (ticketing, maintenance 

systems, data analytics), ICT expenditure ratio, 

aircraft age profile 

Airline reports; expert 

interviews 

Regulatory 

Framework 

Policy consistency, licensing efficiency, compliance 

cost, and oversight frequency 

NCAA regulatory data; 

expert interviews 

Productivity 

Efficiency 

Revenue Passenger Kilometers (RPK), Cost per 

Available Seat Kilometer (CASK), and Net Profit 

Margin 

Airline annual reports; NBS 

data 

All indicators were standardized and subjected to reliability and validity checks using Cronbach’s alpha (α 

> 0.70) and Composite Reliability (CR > 0.80). Construct validity was tested using Confirmatory Factor 

Analysis (CFA) to ensure unidimensionality and adequate model fit. 
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3.4 Analytical techniques 

 

3.4.1 Data envelopment analysis (DEA) 

 

DEA was applied as the first-stage analytical tool to estimate the relative technical 

efficiency (TE) and scale efficiency (SE) of the sampled airlines. The input-oriented 

variable returns-to-scale (VRS) model developed by Banker, Charnes, and Cooper (1984) 

was adopted to measure each airline's ability to minimize inputs (costs, labor, fuel) while 

maintaining output levels (RPK, load factor). DEA efficiency scores were computed for 

each year and averaged to determine the overall efficiency frontier for the Nigerian 

domestic market. This analysis provided baseline evidence of how operational efficiency 

behaves under constrained environmental conditions. 

 

3.4.2 Structural equation modeling (SEM) 

 

SEM was employed as the second-stage analysis to test the hypothesized causal 

relationships among the three universal efficiency drivers and productivity efficiency. 

The model structure was guided by theoretical postulates from cybernetic and 

benchmarking perspectives, where operational, technological, and regulatory variables 

were modeled as exogenous latent constructs influencing endogenous productivity 

efficiency. 

The SEM was estimated using AMOS 26, using maximum likelihood estimation. 

Model fitness was assessed through multiple indices: 

1. χ²/df < 3.0, 

2. Comparative Fit Index (CFI) > 0.90, 

3. Root Mean Square Error of Approximation (RMSEA) < 0.08, and 

4. Standardized Root Mean Square Residual (SRMR) < 0.05. 

Significant path coefficients (β) were interpreted to identify the strength and 

direction of influence among constructs. The SEM also enabled testing of mediating 

effects, such as whether technological adoption mediates the relationship between 

regulation and productivity. 
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3.4.3 DEMATEL analysis 

 

Following the SEM, the Decision-Making Trial and Evaluation Laboratory 

(DEMATEL) technique was used to explore the causal interdependencies among 

efficiency drivers. DEMATEL helps classify variables into "cause" and "effect" groups 

by quantifying the degree of mutual influence between them. Expert opinions from the 

interview phase were used to construct the pairwise influence matrix. The normalized 

matrix produced total relation scores (D + R) and differential values (D − R), indicating 

each factor's prominence and causal dominance. Results identified operational 

performance as the most influential cause variable (D − R = +0.83), followed by 

technological adoption (+0.67), while the regulatory framework acted as an effect 

variable influenced by the first two. These findings aligned with cybernetic theory's 

assertion that internal operational and technological adjustments precede system-wide 

regulatory adaptation. 

 

3.5 Development and simulation of the Enhanced Productivity Efficiency 

Framework (EPEF) 

 

The quantitative findings were integrated into the Enhanced Productivity 

Efficiency Framework (EPEF)—a hybrid analytical and conceptual model designed to 

align global efficiency principles with local realities through cybernetic feedback and 

benchmarking. The EPEF models airline operations as an adaptive system characterized 

by continuous feedback, control, and learning mechanisms. The framework operates 

across three interlinked layers: 

1. Input Layer: Captures operational resources (fuel, labor, technology, and 

regulatory support). 

2. Processing Layer: Applies cybernetic control mechanisms—monitoring 

deviations in efficiency, triggering adaptive responses, and recalibrating 

operations. 

3. Output Layer: Produces improved productivity indicators (TE, SE, RPK) and 

system learning outcomes. 

The feedback loop is the central component, continuously comparing real-time 

performance against benchmarks from more efficient African airlines (South Africa, 
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Kenya, and Ethiopia). Deviations are flagged for corrective intervention—such as fleet 

optimization, digital investment, or policy adjustment—thus operationalizing the 

cybernetic principle of self-regulation. 

The EPEF simulation was conducted using parameter inputs derived from the 

SEM and DEA outputs. By improving key parameters (e.g., +20% technology adoption, 

−10% turnaround time, +15% regulatory efficiency), the model achieved an overall 15% 

improvement in key performance indicators (KPIs), including cost per seat-kilometer, on-

time performance, and revenue yield. This confirmed the model's adaptive validity and 

practical potential for policy implementation. 

 

3.6 Qualitative validation and triangulation 

 

The qualitative component was essential for validating quantitative results and 

contextualizing statistical findings. Interview transcripts were coded using thematic 

analysis to identify patterns related to operational bottlenecks, regulatory gaps, and 

adaptive strategies. Themes were compared with quantitative findings to establish 

convergent validity. For instance, both data sources converged on the finding that 

inconsistent regulation and weak technological investment significantly limit 

productivity. The triangulation of multiple data sources enhanced the credibility and 

robustness of the EPEF model. 

 

3.7 Ethical considerations and reliability 

 

Ethical approval was obtained from the Federal University of Technology, Owerri 

Research Ethics Committee. Participation in interviews was voluntary, and 

confidentiality of organizational data was strictly maintained. Quantitative data reliability 

was verified through cross-referencing between public and proprietary data sources, 

ensuring accuracy and consistency. 

 

3.8 Summary of analytical workflow 

 

The overall methodological workflow can be summarized in five steps: 
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1. Data Collection and Cleaning (Operational, financial, and regulatory data from 

2018–2023) 

2. Efficiency Estimation (DEA analysis of technical and scale efficiency) 

3. Causal Relationship Modeling (SEM testing of hypotheses) 

4. Causal Hierarchy Determination (DEMATEL identification of influencing 

variables) 

5. Framework Integration and Simulation (Development and testing of the EPEF 

cybernetic model) 

This systematic approach ensured a comprehensive understanding of how 

universal efficiency drivers behave in Nigeria’s constrained context and how adaptive 

strategies—based on cybernetic and benchmarking principles—can improve airline 

productivity and alignment with global efficiency standards. 

 

4 RESULTS AND DISCUSSION 

 

This section presents the empirical findings from the integrated analysis of 

Nigeria’s domestic airline industry, focusing on the behavior of universal efficiency 

drivers—operational performance, technological adoption, and regulatory frameworks—

under local constraints, and evaluates adaptive strategies that reconcile global efficiency 

standards with Nigeria’s realities. Results are organized around the analytical stages: Data 

Envelopment Analysis (DEA), Structural Equation Modeling (SEM), Decision-Making 

Trial and Evaluation Laboratory (DEMATEL), and simulation of the Enhanced 

Productivity Efficiency Framework (EPEF). 

 

4.1 Descriptive overview of the Nigerian domestic airline industry 

 

Table 2 provides a descriptive summary of the operational characteristics of the 

five domestic airlines examined between 2018 and 2023. Air Peace recorded the most 

significant operational scale, while Ibom Air, though relatively new, demonstrated the 

highest load factor, indicating effective route management and the advantages of a 

modern fleet. The data illustrate consistent structural imbalances across carriers in terms 

of fleet size, aircraft age, and financial capacity. 
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Table 2 

Summary of Key Operational Indicators for Nigerian Domestic Airlines (2018–2023) 

Airline 
Avg. Fleet 

Size 

Avg. Aircraft 

Age (years) 

Avg. Load 

Factor (%) 

Avg. On-Time 

Performance (%) 

Annual RPK 

(million) 

Air Peace 29 11.5 74 70 1,150 

Arik Air 20 15.2 65 60 920 

Dana Air 12 16.4 61 58 640 

Overland 

Airways 
10 13.7 63 55 430 

Ibom Air 8 4.2 82 84 370 

Source: Nigerian Civil Aviation Authority (NCAA, 2024); Airline Annual Reports (2018–2023) 

 

These descriptive results highlight systemic operational inefficiencies—

particularly aging fleets, poor on-time performance, and uneven utilization—compared 

to regional peers such as Ethiopian Airlines and South African Airways, whose average 

on-time performance exceeds 85% (Tshetu et al., 2023). 

 

4.2 DEA results: technical and scale efficiency 

 

DEA efficiency scores were computed using the input-oriented variable returns-

to-scale (VRS) model. Inputs included fuel costs, labor expenses, and maintenance 

expenditure, while outputs included revenue passenger kilometers (RPK) and load 

factors. Table 3 summarizes the average Technical Efficiency (TE) and Scale Efficiency 

(SE) for each airline across the study period. 

 

Table 3 

Average Technical and Scale Efficiency Scores (2018–2023) 

Airline 
Technical Efficiency 

(TE) 

Scale Efficiency 

(SE) 
Returns to Scale 

Efficiency 

Rank 

Ibom Air 0.91 0.94 CRS 1 

Air Peace 0.86 0.90 IRS 2 

Arik Air 0.78 0.82 IRS 3 

Overland 

Airways 
0.73 0.75 DRS 4 

Dana Air 0.69 0.71 DRS 5 

Average 0.79 0.82 — — 

CRS = Constant Returns to Scale; IRS = Increasing Returns to Scale; DRS = Decreasing Returns to Scale 
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The DEA results indicate that the average technical efficiency across Nigerian 

domestic airlines was 0.79, meaning that on average, airlines could reduce inputs by 21% 

while maintaining current output levels. Only Ibom Air operated near the efficiency 

frontier, reflecting its use of modern aircraft, data-driven management systems, and 

effective scheduling. The presence of increasing returns to scale (IRS) among most 

airlines suggests potential for further productivity improvement through capacity 

expansion, digital optimization, and process reengineering. 

 

4.3 SEM results: causal relationships among efficiency drivers 

 

The Structural Equation Model (SEM) tested the hypothesized relationships 

between operational efficiency, technological adoption, regulatory quality, and overall 

productivity efficiency. The model demonstrated excellent fit (χ²/df = 2.41; CFI = 0.94; 

RMSEA = 0.05; SRMR = 0.04), indicating a robust structural model fit. Figure 1 presents 

the standardized path coefficients and significance levels. 

 

Figure 1 

Structural Equation Model of Efficiency Drivers and Productivity Efficiency 
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A diagram showing three exogenous constructs—Operational Efficiency, 

Technological Adoption, and Regulatory Framework—each connected by arrows to the 

endogenous construct Productivity Efficiency. 

Operational Efficiency → Productivity Efficiency (β = 0.42, p < 0.05) 

Technological Adoption → Productivity Efficiency (β = 0.36, p < 0.05) 

Regulatory Framework → Productivity Efficiency (β = 0.28, p < 0.10) 

Additionally, Technological Adoption partially mediates the effect of Regulatory 

Framework on Productivity Efficiency, consistent with the cybernetic feedback 

mechanism, in which regulatory signals influence performance through technological 

adaptation. 

 

4.4 DEMATEL results: causal interdependence and influence hierarchies 

 

The DEMATEL analysis was used to explore causal interdependencies among the 

three universal efficiency drivers. Expert ratings were converted into a pairwise influence 

matrix to derive prominence (D + R) and relation (D − R) values. 

 

Table 4 

DEMATEL Results of Causal Influence among Efficiency Drivers 

Variable D + R (Prominence) D − R (Relation) Role 

Operational Efficiency 1.82 +0.83 Cause 

Technological Adoption 1.67 +0.67 Cause 

Regulatory Framework 1.32 −0.54 Effect 

Productivity Efficiency 1.24 −0.96 Effect 

 

The DEMATEL results confirm that Operational Efficiency and Technological 

Adoption are key causal factors driving productivity outcomes. At the same time, the 

Regulatory Framework is primarily reactive—responding to operational and 

technological dynamics rather than driving them. This supports the cybernetic model's 

view that systemic performance improvement begins internally through operational and 

technological recalibration before influencing institutional reform. 

  



Vivian Ngozi Ikeogu, Christopher Chiedozie Ikeogu, Wilfred Isioma Ukpere & Francis E. Monyei   15               

 

Veredas do Direito, v.22 n.4, e4610 – 2025 

 

4.5 Comparative benchmarking: Nigeria and peer african airlines 

 

To contextualize performance, Nigerian airlines were benchmarked against 

leading African carriers—Ethiopian Airlines, Kenya Airways, and South African 

Airways—using comparative DEA results (2018–2023). Figure 2 depicts the relative 

efficiency scores. 

 

Figure 2 

Comparative Benchmarking of Airline Efficiency (Nigeria vs. Peers, 2018–2023) 

 

 
• Nigerian Airlines (Average TE = 0.79) 

• Ethiopian Airlines (TE = 0.95) 

• Kenya Airways (TE = 0.89) 

• South African Airways (TE = 0.91) 

 

The benchmarking results reveal that Nigerian airlines operate approximately 

18% below the African regional efficiency frontier, mainly due to outdated fleets, fuel 

inefficiency, and regulatory uncertainty. Ethiopian Airlines leads the region owing to its 

vertical integration (in-house maintenance and training) and a consistent government 

policy that reinforces operational stability. 
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4.6 Simulation of the enhanced productivity efficiency framework (EPEF) 

 

The validated SEM and DEMATEL outputs were integrated into the EPEF 

simulation model to test adaptive scenarios. Baseline parameters reflected current 

performance levels, while simulated interventions included a 20% increase in 

technological adoption, a 10% reduction in turnaround time, and a 15% improvement in 

regulatory consistency. 

The simulation produced a 15% aggregate improvement in key performance 

indicators (KPIs), as shown in Table 5. 

 

Table 4 

EPEF Simulation Results: Impact of Adaptive Strategies 

KPI 
Baseline 

Value 

Simulated 

Value 

% 

Change 
Interpretation 

Cost per Available Seat Kilometer 

(CASK) 
$0.108 $0.092 −15% Improved cost efficiency 

On-Time Performance 66% 76% +10% Better operational control 

Average Load Factor 69% 78% +9% Improved utilization 

Net Profit Margin 4.1% 6.5% +2.4 pp 
Enhanced financial 

performance 

Total Efficiency Score (DEA 

Composite) 
0.79 0.91 +15% 

Validated adaptive 

improvement 

 

The simulation confirms the adaptive potential of the cybernetic framework. 

Feedback and control mechanisms embedded in the EPEF enable Nigerian airlines to 

dynamically adjust operations in response to performance deviations, leading to 

quantifiable improvements in efficiency and profitability. 

 

4.7 Discussion of key findings 

 

4.7.1 Behavior of universal efficiency drivers 

 

Results demonstrate that the three universal efficiency drivers exhibit asymmetric 

behavior in Nigeria's constrained environment. 

1. Operational performance remains the dominant determinant of productivity, but 

is weakened by infrastructural and managerial bottlenecks. 
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2. Technological adoption exhibits a positive but constrained influence, hindered 

by financial limitations and inadequate digital infrastructure. 

3. The regulatory framework is reactive rather than proactive, often lagging behind 

industry needs. 

This asymmetry underscores the importance of context-sensitive adaptation rather 

than direct replication of global best practices. 

 

4.7.2 Adaptive mechanisms and feedback learning 

 

The study provides empirical evidence for the cybernetic principle of adaptive 

learning, which holds that efficiency gains result from continuous monitoring, feedback, 

and control. Nigerian airlines with stronger digital infrastructures (e.g., Ibom Air) 

demonstrate superior responsiveness to feedback and faster operational correction cycles. 

The EPEF's feedback loop operationalizes this process, allowing internal realignment and 

external benchmarking simultaneously. 

 

4.7.3 Implications for global efficiency alignment 

 

Benchmarking against regional peers reveals that Nigeria's efficiency gap is 

structural, mainly rather than purely operational. Adaptive strategies—such as localized 

technology solutions, capacity-sharing among airlines, and the integration of regulatory 

feedback—offer pragmatic pathways for reconciling global efficiency standards with 

Nigeria's domestic realities. 

These findings reinforce the position that universal efficiency models must be 

domesticated through adaptive frameworks that balance global performance principles 

with local institutional contexts. 
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4.8 Conceptual diagram: the cybernetic benchmarking feedback model 

 

Figure 3 

Conceptual Model of the Enhanced Productivity Efficiency Framework (EPEF) 

 
 

The figure depicts three interconnected subsystems: 

1. Operational system (inputs: fuel, labor, fleet management) 

2. Technological system (digital tools, data analytics, automation) 

3. Regulatory environment (policies, standards, oversight) 

Arrows form a feedback loop connecting performance output back to the input 

layer via control and monitoring nodes. The loop interacts with an external benchmarking 

hub that feeds comparative data from global peers into the feedback system, thus enabling 

dynamic adaptation. 

This diagram encapsulates the EPEF's theoretical contribution: integrating 

cybernetic self-regulation with benchmark-based learning for continuous productivity 

improvement. 
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4.9 Summary of results 

 

Table 6 provides an integrative summary of empirical findings aligned with 

research questions and model stages. 

 

Table 6 

Summary of Findings and Analytical Insights 

Research Question 
Analytical 

Approach 
Key Findings Implication 

How do universal efficiency 

drivers behave in Nigeria’s 

constrained environment? 

DEA, SEM, 

DEMATEL 

Operational and technological 

drivers dominate; the 

regulatory framework remains 

reactive. 

Efficiency behavior is 

asymmetric due to 

institutional and 

infrastructural limits. 

What adaptive strategies can 

reconcile global standards 

with local realities? 

EPEF 

Simulation 

Cybernetic-based feedback 

and benchmarking yield a 15% 

efficiency improvement. 

Adaptive frameworks 

bridge the gap between 

global principles and local 

 

4.10 Discussion summary 

 

Overall, the integration of quantitative modeling and qualitative insights 

demonstrates that Nigerian airlines possess latent potential for performance improvement 

if guided by adaptive, cybernetic-informed frameworks. The validated EPEF proves that 

embedding feedback and benchmarking mechanisms can achieve measurable gains, 

thereby offering a strategic model for other emerging markets with similar constraints. 

The findings contribute to both theoretical advancement (through the 

operationalization of cybernetic principles in airline efficiency analysis) and policy 

innovation (by proposing a data-driven, feedback-based management model for aviation 

governance). 

 

5 ADAPTIVE STRATEGIES FOR RECONCILING GLOBAL STANDARDS 

WITH LOCAL REALITIES 

 

The findings from this study reveal that Nigeria’s domestic airline industry 

exhibits a significant efficiency gap relative to global benchmarks, driven by structural, 

institutional, and technological deficiencies. However, the validated Enhanced 

Productivity Efficiency Framework (EPEF) demonstrates that this gap can be reduced by 
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at least 15 % through adaptive mechanisms grounded in cybernetic feedback and 

benchmarking learning. Building on these insights, this section outlines comprehensive 

strategies—policy, managerial, technological, and institutional—for reconciling global 

efficiency standards with Nigeria’s operational realities. 

 

5.1 Policy and regulatory realignment 

 

An adaptive policy environment is fundamental for translating global standards 

into context-specific efficiency improvements. The study recommends establishing a 

Performance-Based Regulatory Framework (PBRF) under the Nigerian Civil Aviation 

Authority (NCAA). The PBRF would shift regulation from prescriptive compliance 

toward performance-outcome monitoring, allowing airlines flexibility to innovate while 

maintaining safety and productivity benchmarks. Such a model aligns with the 

International Civil Aviation Organization (ICAO) performance-based oversight 

principles, in which regulatory agencies monitor measurable indicators—on-time 

performance, maintenance compliance, and carbon efficiency—rather than rigid 

procedural adherence. 

Additionally, a Regulatory Coordination Council should be institutionalized to 

harmonize the overlapping mandates of the NCAA, Federal Airports Authority of Nigeria 

(FAAN), and the Ministry of Aviation. Fragmented governance currently delays 

operational decisions and resource allocation. Streamlined coordination, supported by 

digital monitoring systems, would enhance transparency and accelerate feedback within 

the regulatory cycle. Periodic efficiency benchmarking audits, modeled after ICAO’s 

Universal Safety Oversight Audit Programme (USOAP), could be adopted domestically 

to assess airline productivity indicators. These audits would serve as the regulatory 

equivalent of the cybernetic “control loop,” feeding objective performance data back into 

policymaking for continuous improvement. 

 

5.2 Operational process optimization 

 

At the organizational level, airlines must integrate cybernetic feedback 

mechanisms into daily operations to foster real-time learning and adaptive correction. 

This involves deploying Integrated Operations Control Centers (IOCCs) that consolidate 
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data from flight scheduling, maintenance, crew management, and fuel consumption 

systems into a single monitoring interface. The feedback loop within an IOCC functions 

analogously to the cybernetic model: deviations in key metrics (e.g., delays, excess fuel 

burn, or mechanical faults) trigger automated alerts and corrective workflows. Airlines 

such as Ibom Air already partially implement this model, which correlates with their 

higher efficiency scores. Expanding such systems industry-wide could yield substantial 

aggregate benefits. 

Operational benchmarking should be incorporated into daily management 

routines through Key Performance Indicator (KPI) dashboards that compare performance 

across domestic carriers. These dashboards can be maintained collaboratively through the 

NCAA or industry associations to promote transparency and healthy competition. Process 

optimization also entails route and fleet rationalization—adopting smaller, fuel-efficient 

aircraft for short-haul routes and optimizing load factors through demand-responsive 

scheduling. Benchmarking evidence from Ethiopian Airlines and Kenya Airways shows 

that aligning aircraft type with passenger volume can reduce cost per seat-kilometer by 

8–12 % (Tshetu et al., 2023). 

 

5.3 Technological adaptation and digital transformation 

 

Technological modernization remains a decisive pathway to reconciling Nigeria's 

resource constraints with global efficiency expectations. The study's SEM and 

DEMATEL analyses identified technological adoption as a strong causal driver (β = 0.36; 

D–R = +0.67). Consequently, digital transformation must be pursued strategically 

through incremental innovation rather than wholesale technology importation. Airlines 

should prioritize predictive maintenance systems that use sensors and analytics to 

anticipate mechanical failures, thereby reducing downtime and maintenance costs by up 

to 20 % (Stanton, 2023). Similarly, adopting ticketing to address financial limits, AI-

enabled flight scheduling, and blockchain-based document management will streamline 

operations and enhance data integrity (Cheung, Li, & Lei, 2023). Private investors and 

technology firms to co-finance digital upgrades. Incentives such as tax relief for IT 

investments and duty exemptions on the import of digital equipment could further 

accelerate adoption. 
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In the cybernetic sense, technological systems function as control sensors—

capturing operational signals that feed into decision-making loops. Strengthening these 

sensors enhances feedback precision, enabling management to detect inefficiencies 

earlier and intervene effectively. 

 

5.4 Human capital development and knowledge retention 

 

Efficiency improvement depends not only on technology but also on human 

capability to interpret, adapt, and sustain innovation. The persistent brain drain of skilled 

pilots, engineers, and air traffic personnel has weakened Nigeria's capacity to adopt global 

practices (Iroanya, 2023). To mitigate this, the study recommends a National Aviation 

Human Capital Strategy (NAHCS) focused on reskilling, retention, and knowledge 

transfer. Core initiatives should include: 

a. Establishing centers of excellence for aviation training in partnership with global 

institutions such as IATA and ICAO. 

b. Introducing cybernetic-based training curricula emphasizing systems thinking, 

adaptive management, and performance analytics. 

c. Creating bonded scholarship programs to retain critical talent within the domestic 

industry for a minimum service period post-training. 

In the EPEF framework, human capital acts as a feedback amplifier—translating 

information flows into effective decisions. Continuous professional development thus 

ensures that the cybernetic control system remains responsive and intelligent, not 

mechanistic. 

 

5.5 Collaborative benchmarking and strategic alliances 

 

Benchmarking theory posits that learning from best-in-class peers accelerates 

adaptation (Camp, 1989). Nigeria’s domestic airlines can leverage this by forming 

collaborative benchmarking alliances, either regionally or globally, to share data on cost 

efficiency, maintenance turnaround, and safety performance. For example, a West 

African Airline Performance Network (WAAP-Net) could be established to 

institutionalize data sharing and comparative learning. Participation in such networks 
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enables smaller airlines to access insights that would otherwise require costly consultancy 

services. 

Furthermore, inter-airline alliances can extend to shared maintenance facilities, 

joint procurement of spares, and common training programs, reducing operating costs and 

harmonizing service standards. These partnerships emulate the Star Alliance and 

OneWorld models at a regional scale, supporting economies of learning and scope. From 

a cybernetic standpoint, benchmarking networks serve as external feedback loops, 

enabling Nigerian airlines to recalibrate their systems against global benchmarks. Over 

time, this fosters self-sustaining improvement through collective learning. 

 

5.6 Financial and infrastructure support mechanisms 

 

The high capital intensity of aviation demands innovative financing structures to 

close the gap between global standards and local capacity. The government, through the 

Central Bank of Nigeria and the Bank of Industry, should operationalize a Dedicated 

Aviation Efficiency Credit Facility (DAECF) offering low-interest loans for fleet 

renewal, energy-efficient infrastructure, and technology upgrades. Public-private 

partnerships (PPPs) should be encouraged to modernize airport infrastructure, particularly 

regional terminals and maintenance, repair, and overhaul (MRO) facilities. Local MRO 

capacity would reduce foreign exchange leakage and strengthen endogenous control 

within the cybernetic system. Incentivizing green technologies—such as lightweight 

composites, fuel-efficient aircraft, and renewable ground-power units—aligns with the 

International Air Transport Association's (IATA) global carbon-neutral growth targets. 

 

5.7 Institutionalizing the cybernetic governance model 

 

The empirical success of the EPEF highlights the importance of institutionalizing 

cybernetic governance at the industry level. A proposed National Airline Performance 

Observatory (NAPO) could serve as a central monitoring and feedback unit linking the 

NCAA, airlines, and policymakers. 

NAPO’s core functions would include: 

1. Real-time data collection and analysis of operational metrics. 

2. Periodic benchmarking reports comparing Nigerian airlines with global peers. 
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3. Policy advisory briefs based on performance trends. 

4. Dissemination of adaptive management training modules. 

By embedding continuous feedback at the systemic level, NAPO would serve as 

the cybernetic "brain" of the domestic aviation ecosystem, ensuring that information, 

regulation, and action remain aligned to sustain productivity improvement. 

 

5.8 Integration of cybernetic and benchmarking strategies 

 

Figure 4 presents a synthesized model illustrating how cybernetic and 

benchmarking strategies interact to reconcile global and local efficiency dynamics. 

 

Figure 4 

Integrative Model of Adaptive Strategies for Airline Efficiency Improvement 

 
 

1. The inner loop represents the cybernetic control cycle: performance monitoring 

→ deviation detection → corrective action → evaluation. 

2. The outer loop represents benchmarking learning: external comparison → best-

practice assimilation → standard localization → continuous improvement. 
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3. Both loops are connected through information exchange nodes (technology 

systems, regulatory audits, and human capital channels). 

This integrated model ensures that Nigerian airlines are not passive recipients of 

global standards but active adaptors, continuously refining practices through feedback 

and contextual benchmarking. 

 

5.9 Policy and managerial implications 

 

The adaptive strategies proposed herein have several far-reaching implications: 

1. For Policy Makers: Transitioning to performance-based regulation enhances 

policy responsiveness and accountability. 

2. For Airline Managers: Embedding real-time feedback systems enables proactive 

decision-making and operational agility. 

3. For Regulators: Continuous benchmarking promotes evidence-based oversight 

and fosters cooperative governance. 

4. For Investors: Measurable improvements in operational efficiency and 

regulatory predictability reduce investment risk and enhance sector attractiveness. 

These implications underscore that reconciling global standards with local 

realities is not a linear process but a continuous adaptive cycle—one that thrives on 

feedback, learning, and institutional coherence. 

 

5.10 Summary 

 

The adaptive strategies articulated in this section demonstrate that Nigeria’s 

domestic airline sector can bridge its performance gap with global leaders through 

cybernetic feedback integration, incremental technological advancement, human capital 

renewal, and collaborative benchmarking. Implementing these interventions within a 

supportive regulatory and financial ecosystem will not only enhance airline productivity 

but also contribute to broader national goals of transport modernization, regional 

connectivity, and sustainable development. 
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6 CONCLUSION AND IMPLICATIONS 

 

The study demonstrates that Nigeria’s domestic airlines can enhance productivity 

through adaptive, feedback-based management systems rather than rigid compliance with 

imported models. Quantitative analyses confirm that operational and technological 

drivers are primary determinants of efficiency, while regulation must evolve toward a 

performance-based paradigm. The Enhanced Productivity Efficiency Framework (EPEF) 

advances theory by uniting cybernetic and benchmarking concepts, redefining airline 

efficiency as a dynamic learning process. Managerially, it guides airlines to embed real-

time feedback systems and invest in digital technologies and workforce development. 

Policy implications include establishing performance-based oversight, institutionalizing 

data observatories, and developing financial instruments to support modernization. 

Regionally, the framework offers a replicable blueprint for other African markets seeking 

to balance global competitiveness with local realities. In essence, efficiency is learned, 

adapted, and institutionalized. Through continuous feedback and benchmarking, Nigeria's 

airline industry can narrow its 18% efficiency gap, achieving sustainable productivity 

gains of at least 15%, as validated by the EPEF simulation. 
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