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To ensure the financial performance of an enterprise in a 

competitive market, it is necessary to have operational efficiency 

and effective production cost management. Most of the previous 

studies however have focused on these factors individually and 

have paid less attention to the interactional effect of these factors 

on organizational performance. This study presents and tests a 

unified Operational-Economic Performance Framework 

(UOEPF) which combines operational efficiency with production 

cost management and financial performance in one. The study 

used a mixed-methods research design, involving a systematic 

review of 25 peer-reviewed articles in their entirety, as well as a 

panel data analysis of 280 manufacturing and service companies 

from 15 industry sectors. Operational efficiency and the financial 

results and production costs were analyzed using total factor 

productivity analysis, stochastic frontier analysis, and structural 

equation modelling. The results show that increased operational 

efficiency leads to increased productivity, decreases production 

expenses and boosts the profitability. Regarding the efficiency 

dimensions, quality management has the most positive effect on 

financial returns, and a combination of efficiency improvement 

measures is more effective than an individual measure. The study 

also finds that the cost of production management is important 

link between operational efficiency and firm profitability. The 

suggested UOEPF can serve as a practical tool for managers and 

policy-makers to evaluate the operational performance, optimize 

the use of resources and enhance financial returns. The use of a 

holistic process, labour, energy, quality and supply chain 

efficiency approach can help in the growth of sustainable 

businesses and long-term competitiveness. 
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1. INTRODUCTION 
 

One of the most long-standing and most significant constructs in the field of industrial economics 

and the management science is operational efficiency, or the ability of a firm to produce the highest possible 

value output with the least possible inputs of resources [1]. In a world full of increasing global competition, 

commoditization of markets and profit margins narrowing, the capacity to systematically discover, quantify 

and enhance operational effectiveness through the entire range of production operations is a core source 

of sustainable competitive advantage and improved financial outcomes [2]. Global manufacturing industry 

alone is losing USD 864 billion a year to inefficiency in operations in the form of machine downtime, energy 

wastage, quality lapse, underutilization of labour and being hobbled by the supply chain, a loss that 

highlights the scale of the efficiency potential and the need to implement critical analytical structures to 

exploit it [3]. 

Operation efficiency is closely connected with managing the production cost, but the literature in 

academia and practice has mostly considered these two areas as analytical spaces apart [4]. The 

measurement methodologies of efficiency have been greatly studied in operations management research 

such as data envelopment analysis (DEA), stochastic frontier analysis (SFA) and total factor productivity 

(TFP) decomposition without systematically relating efficiency gains to cost structure transformation and 

financial outcome creation [5]. In contrast, management accounting and corporate finance studies have 

looked at the structure of production costs and drivers of profitability without properly basing the studies 

on the processes through which costs are produced and minimized [6]. 

Such disciplinary fragmentation generates a considerable gap of analysis: managers interested in 

prioritizing efficiency investments have no evidence-grounded frameworks, which could convert 

operational performance measures to the projected financial results [7]. The result is poor capital 

allocation, the efficiency improvement programs are often not carefully designed by using expected-return 

analysis, and the financial performance targets are determined without operational basis in some existing 

efficient improvement paths [8]. 

This gap is filled by the current research which constructs the Unified Operational-Economic 

Performance Framework (UOEPF), a unified model of analysis that clearly outlines the transmission 

channels between the operational efficiency dimensions and production cost structure transformation to 

the final results of the financial performance of the firm [9]. The UOEPF is based on the transaction cost 

theory, resource-based view of the firm, and operational excellence theory and has been empirically tested 

with the panel data of 280 firms in 15 industry sectors [10]. 

Three main contributions are made in the paper. First, it provides and validates the UOEPF as a 

multi-dimensional efficiency-performance translation tool. Second, it offers the initial quantitative 

empirical measure of the marginal financial returns of each of the operational efficiency dimensions. Third, 

it produces strategic guidance on how to invest in efficiency based on different firm size, industry and 

competitive environment situations. 

 

2. RELATED WORK 
 

Theoretical basis of the economics of operational efficiency has its roots in the work on the 

production functions and technical efficiency. Observed and maximum attainable output as a relationship 

between inputs and a set of inputs, which has become the foundation of frontier production function theory, 

introduced the concept of productive efficiency that became the theoretical basis of future methodologies 

of DEA and SFA that continue to be the leading tools of efficiency measure in modern studies [11]. 

Copyright © 2026 The Author(s). This is an open access article distributed under the Creative Commons 

Attribution License, (http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 
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The lean manufacturing literature forms a significant body of research on operational efficiency 

that has direct implications on the cost of production. Toyota Production System and its lean management 

derivatives that have been widely spread to the whole world have been researched as operational efficiency 

models which at the same time minimise waste, enhance flow and reduce unit production costs [12]. The 

overall results of meta-analytic summaries of lean implementation studies are a consistent 15-30 percent 

reduction in operational costs and a 25-50 percent reduction in lead times in manufacturing settings, but 

the magnitude of the results greatly depends on the breadth of the implementation and the depth of 

management commitment [13]. 

Six Sigma and statistical process control methodologies are a complementary efficiency 

improvement tradition with a specific emphasis on quality efficiency - minimization of variation and 

generation of defects in a process as reduction of production costs [14]. Empirical research on Six Sigma 

application in manufacturing shows a consistent lack of reduction in defect rates of 40-70 percent and 

quality costs savings of 20-45 percent of sales revenue, making quality efficiency one of the highest payback 

efficiency investment areas [15]. 

The study of total factor productivity gives the macroeconomic analytical approach to the analysis 

of the efficiency of firms at the macroeconomic levels, in terms of industry and national productivity 

processes. Where TFP decomposition studies are reliably showing that between-firm TFP differentials 

inside industry sectors are much larger than previously thought, and are typically in the range of a factor 

of 2 to 5 between the 10 th and 90 th percentile firms, indicating a huge potential in efficiency 

improvements that are in fact unattained even in competitive markets [16]. 

The resource-based perspective of the firm is the theoretical background of strategic management 

to explain the possibility of transformation of the operational efficiency capabilities into the long-term 

competitive advantage [17]. Operational capabilities, or the capability to undertake production activities 

in a more efficient way in a systematic fashion, fit the requirements of strategic resources: They are valuable 

(they bring about cost benefits), rare (they are not uniformly distributed among the competitors), 

imperfectly imitable (they are embedded into organizational routines and tacit knowledge), and non-

substitutable (they are hard to achieve using other means) [18]. 

The problem of supply chain efficiency has also come to understand the systemic quality of the 

production cost management, where the operational efficiency of the internal operations of the companies 

cannot be completely achieved until the same efficiency is achieved in the upstream supplier relations and 

downstream logistics operations [19]. Included or integrated supply chain efficiency studies show that 

companies that make concomitant gains in internal process efficiency gains and external supply chain 

responsiveness drive financial performance results 35-50% better than companies that realize gains solely 

in internal efficiency [20]. 

Although this multi-stream literature is very rich, there is still a gap in it which is very critical: 

there is no existing framework which systematically embeds all the key dimensions of operational 

efficiency into a single model which explicitly quantifies the individual and combined impact of each of 

them on the structure of production costs and firm-level financial performance [21]. This gap is filled by 

the UOEPF development and validation in the present study. 

 

3. METHODOLOGY 
 

3.1. Study Design and Framework 

In this research a sequential explanatory mixed-method design was used. The quantitative step 

involved use of panel econometric analysis of firm-level performance data whereas the qualitative step 

involved the use of structured case synthesis to interpret and contextualize the quantitative results. The 

study had three consecutive steps: (i) literature review and theoretical framework development through 

systematic literature review; (ii) quantitative assessment of data and multi-method analysis; and (iii) 

validation of the framework and development of practical implications [22]. 

The theoretical framework of the model is depicted in Figure 1, which shows the Unified 

Operational-Economic Performance Framework architecture, where six dimensions of operational 
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efficiency are mediated by the production cost category, and the outcomes of the operational efficiency in 

the firm are reflected by economic performance with feedback loops as dynamic efficiency learning and 

continuous improvement processes. 

 

 
Figure 1. Unified Operational-Economic Performance Framework (Uoepf) 

 

3.2. Data Collection and Sample 

The data used was panel data collected on 280 manufacturing and service firms over 15 industry 

sectors over five years (20192023), which included automotive components, electronics, food processing, 

chemical manufacturing, pharmaceutical production, logistics, retail distribution, financial services 

processing, and construction materials. Firms were sorted in terms of size: 82 large companies (>500 

workers), 112 middle-size companies (100-500 workers) and 86 SMEs (<100 workers). Geographic 

coverage was on 12 countries in North America, Western Europe, East Asia, and South Asia, which made it 

possible to have a cross-regional comparative analysis. 

The source of operational efficiency data included: (i) enterprise ERP system extracts that give 

process, resource, and quality efficiency measures; (ii) energy management system data to determine the 

energy efficiency; (iii) supply chain management platform data to determine the inventory and logistics 

efficiency; and (iv) audited financial statement data to determine the economic performance outcome. 

Longitudinal analyses were only included in firms that had at least three years of continuous panel 

observations. 

 

3.3. Analytical Methods 

There were three major methods of analysis. Firstly, stochastic frontier analysis (SFA) was used to 

construct firm-specific technical efficiency ratings as compared to the estimated production frontier, to 

break observed output gaps down into inefficiency and random error measures. Second, the Malmquist 

productivity index was used to decompose the change in TFP into the technical efficiency change and 

technological progress components of each panel period. Third, the structural equation modelling (SEM) 

was used to test and measure the mediated relationship between the dimensions of operational efficiency 

and production cost structure to the financial performance of the firm at the firm level, adjusting the effects 

of the macroeconomic cycles, industry sector, and the size of firms. 
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As illustrated in Table 1, the efficiency dimension dimensions assessed in the UOEPF in six different 

areas, each of which has measurement indicators, benchmark ranges, and approximate cost impact 

magnitudes - the empirical input framework of the multi-dimensional efficiency analysis. 

 

Table 1. Operational Efficiency Dimensions, Measurement Indicators, and Cost Impact 

Efficiency 

Dimension 

Key Performance 

Indicator 

Measurement 

Method 

Benchmark 

Range 

Impact on 

Cost (%) 

Process Efficiency 
Cycle Time, 

Throughput Rate 

Time-and-Motion 

Studies 
75–92% 12–22 

Resource Utilization 
OEE, Capacity 

Utilization 

Sensor-Based 

Monitoring 
68–88% 15–28 

Labour Productivity 
Output per Labour 

Hour 

Value-Added 

Accounting 
80–95% 18–32 

Energy Efficiency Energy Intensity, EPI ISO 50001 Audits 70–90% 10–20 

Supply Chain 

Efficiency 

Inventory Turnover, 

OTIF 
ERP Analytics 72–94% 14–26 

Quality Efficiency 
First-Pass Yield, 

DPMO 
SPC, Six Sigma Tools 95–99.9% 20–38 

 

4. RESULTS AND DISCUSSION 
 

4.1. Leverages of Structure and Reduction of Production Cost 

The analysis of the production cost structure of 280 sample companies and the comparison with 

the production cost structure of 280 sample sectors indicated that there is a large inter- firms and inter-

sector heterogeneity in the cost composition, with direct labor costs comprising 18-35% of the total cost of 

production in labor intensive industries, to 8-15% of the total cost of production in continuous process 

manufacturing, which are The largest single cost element (3055% of total production cost) in discrete 

manufacturing was raw material costs, making material efficiency and optimization of procurement the 

highest-absolute-value cost reduction opportunities [23]. 

The production cost structure analysis presented in Table 2 shows the key cost categories, their 

portion of overall cost of production, the potential of reducing them, the key reduction levers, and the 

timelines of their realistic implementation - it will give a systematic roadmap towards operational cost 

engineering in the UOEPF. 

 

Table 2. Production Cost Structure, Reduction Potential, and Implementation Levers 

Cost Category 
Share of Total 

Cost (%) 

Reduction 

Potential (%) 

Primary 

Reduction Lever 

Implementation 

Timeline 

Direct Labour 18–35 20–40 
Automation, Lean 

Workflow 
12–24 months 

Raw Materials 30–55 8–18 
Supplier 

Consolidation, JIT 
6–18 months 

Overhead & 

Utilities 
12–22 15–30 

Energy 

Management, IoT 
6–12 months 

Maintenance & 

Downtime 
6–14 25–50 

Predictive 

Maintenance, AI 
9–18 months 

Quality & Rework 4–10 30–55 
TQM, Statistical 

Control 
12–36 months 

Logistics & 

Inventory 
8–16 18–35 

SCM Optimization, 

RFID 
6–24 months 
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The largest potential percentage of cost reduction (2555 percent and 3055 percent respectively) 

in comparison with their magnitude at the baseline appeared in maintenance and quality-related costs 

which confirms the high marginal payoff of predictive maintenance and quality management investment 

found in the corresponding research. The structural equation model established that structure of 

production cost is an important partial mediator in the efficiency-profitability relationship, with a 

standardized mediation coefficient 0.64 (p < 0.001), which means that the entire effect of operational 

efficiency on firm profitability is mediated by cost structure transformation to the tune of about 64 percent. 

 

4.2. Efficiency-to-Performance Transmission Results 

The stochastic frontier analysis estimated the mean technical efficiency rates to be 0.74 (large 

enterprises), 0.68 (mid-size firms) and 0.58 (SMEs) which showed that there was a large efficiency gap 

relative to the production frontier at all firm size segments. The between-firm efficiency dispersion in 

industry sectors was high, with a standard deviation of 0.12-0.18 efficiency index points, in line with the 

findings of the TFP dispersion in the previous literature and the large heterogeneity in operational 

performance even in competitive sectors [24]. 

The Malmquist productivity index decomposition indicated that the efficiency change (68% of 

recorded TFP growth) was the main driver of growth in TFP among converging high-efficiency firms (firms 

in the upper 25 percent of efficiency range) instead of technological frontier shift (32%), highlighting that 

management-induced operational improvement is the prevailing productivity growth mechanism at the 

firm level in the short-to-medium term. 

The efficiency-performance transmission model shown in Figure 2 graphically depicts the values 

and statistical significance of path coefficients between individual efficiency dimensions and production 

cost category and firm-level financial performance results, allowing visual determination of the most 

leverage points of intervention in the UOEPF framework. 

 

 
Figure 2. Efficiency-Performance Transmission Path Model 

 

4.3. Outcomes of Economic Performance at the Firm Level 

Table 3 contains the composite economic performance results of integrated UOEPF-led efficiency 

improvement programs. These results are pre- and post-intervention comparisons in a sample of 68 firms 
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that applied structured multi-dimensional efficiency programs with the UOEPF approach within a 24-

month minimum intervention horizon, allowing the rigorous attribution of performance before and after 

the intervention. 

The findings, as in Table 3, show statistically significant gains in all six economic performance 

dimensions measured, with the most relative gains being in return on assets ( +85.7% ), total factor 

productivity ( +37.8% ), and revenue per employee ( +50.7% ) - dimensions that are directly sensitive to 

concurrent gains in throughput, cost efficiency, and labor productivity. 

 

Table 3. Firm-Level Economic Performance Outcomes UOEPF Implementation Results 

Performance 

Outcome 

Baseline (Pre-

Intervention) 

Post-

Intervention 
% Change 

Statistical 

Significance 

Return on Assets 

(ROA) 
4.2% 7.8% +85.7% p < 0.001 

Gross Profit Margin 22.4% 31.6% +41.1% p < 0.001 

EBITDA Margin 11.3% 18.7% +65.5% p < 0.01 

Total Factor 

Productivity 
Index: 0.74 Index: 1.02 +37.8% p < 0.001 

Operating Cost per 

Unit 
USD 48.60 USD 33.20 –31.7% p < 0.01 

Revenue per 

Employee 
USD 142K USD 214K +50.7% p < 0.001 

 

The 31.7% decrease in operating cost per unit as a result of integrated efficiency programs is a 

structural cost advantage which directly translates into price competitiveness, margin expansion and 

strategic flexibility to reinvest in innovation or market development. The rise of the EBITDA margin by 11.3 

percent to 18.7 percent, or a 65.5 percent relative increase, is notable in companies that are in margin-

compressed industries where EBITDA is the main measure of valuation and debt-servicing. 

 

 
Figure 3. Sector-Differentiated Uoepf Return Landscape 
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4.4. Firm- and Sector-Specific Differences 

Subgroup analysis showed statistically significant moderating roles of firm size and industry sector 

on the efficiency to-performance relationship. The greater the absolute performance improvement was 

attained by large enterprises, marginal returns per unit of efficiency investment was significantly greater 

in SMEs, and so was their distance to the efficiency frontier and headroom to improvements. The average 

ROI of efficiency investment by SMEs was 142 percent over a three-year period as compared to 98 percent 

by large enterprises - indicating that efficiency improvement indicates a relatively higher strategic 

opportunity among small firms even though their implementation resources are relatively few. 

The pharmaceutical manufacturing, electronics and precision automotive components were the 

top sectors in sector analysis with the highest returns of integrated efficiency investment portfolios based 

on the combined impact of high quality cost sensitivity, high energy intensity and high labor productivity 

improvement potential. Figure 3 demonstrates that the sector-differentiated return landscape model 

would help to show the cross-sector variation in implementation returns on UOEPF, which would allow 

both firms and policy-makers in the industry to focus investment priorities and guide policy [25]. 

 

5. CONCLUSION 
 

The paper has constructed, empirically tested and operationalized the Unified Operational-

Economic Performance Framework (UOEPF), which is the first analytic model to take a systematic mapping 

of the pathways of transmission between multi-dimensional operational efficiency and transformation of 

production cost structure to firm-level monetary results. The UOEPF fills an acute gap in the literature - the 

lack of a unified cross-domain model that bridges operational management, cost accounting, and financial 

research on performance under one analytical framework that is empirically based. 

This empirical study of 280 companies in 15 different industry sectors over five years has 

produced strong evidence that integrated multi-dimensional operational efficiency programs - including 

process, resource, labour, energy, supply chain and quality efficiency programs - have significantly better 

economic results than uni-dimensional interventions. The 85.7 percentage point increase in the return on 

assets, 31.7 percentage point drop in the operating cost per unit and 37.8 percentage point overall factor 

productivity increase produced by UOEPF-implementing firms indicate that the integrated framework 

approach produces compounding economic returns that are systematically underestimated by individual 

efficiency program analyses. 

Quality efficiency and labour productivity become the most important marginal-return efficiency 

investment areas, and it is the production cost structure, especially the maintenance cost, quality cost, 

logistics cost, which is found to be the most important mediating variable in operational efficiency gains to 

deliver firm-level financial gains. The mediation coefficient of 0.64 in the structural equation model makes 

cost structure transformation the main transmission pathway, and has significant implications on the 

design, measurement and financial justification of efficiency improvement programs. 

Future studies must generalize the UOEPF to service-sector-dominant economies, where 

methodologies of efficiency measurement must be adjusted to factors beyond manufacturing-based ones. 

It would be possible to test the sustainability and dynamic development of efficiency gains on longer 

competitive cycles and would take longitudinal tracking of UOEPF-implementing firms outside the current 

five-year window. Moreover, the adoption of digital technology also integration into the UOEPF, and 

especially the use of AI to optimize processes and Internet of Things to monitor efficiency in real-time, is a 

natural and more pressing extension of the research as the digital transformation in all industries around 

the world accelerates. 
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