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The efficiency of government expenditures is the ability to generate greater outputs
using specified resources. Due to constraints on government resources, improving
public expenditure efficiency has become crucial for reducing public budget
consumption. Calculating the efficiency of public expenditures and implementing
performance-based budgeting has led to the use of mathematical methods to optimize
and assess government organizations' efficiency. One effective approach is Data
Envelopment Analysis, a technique that evaluates the relative efficiency of decision-
making units by comparing inputs and outputs. When combined with other
econometric or statistical methods, DEA offers a broader perspective on how units and
organizations perform in terms of budget utilization. Furthermore, comparing similar
units highlights the strengths and weaknesses of each system, guiding decision-makers.
The objective of this study is to evaluate the challenges in calculating public
expenditure efficiency using DEA, by reviewing studies comparing the performance
of various governments in international comparisons. The review highlights the
methodological challenges, indicator selection, and decision-making unit selection. A
case study evaluates the efficiency of public expenditures in research and development
for 9 industrial universities in Iran, across four scenarios. Two DEA models are
employed: the weighted sum model and the multi-layer weighted sum model. The
indicators include university research budgets and output performance metrics for
research, such as the number of articles, books, theses, and patents. The results show
that university efficiency varies depending on the inputs and outputs considered.
Finally, policy recommendations are provided for applying these models in higher
education.

Keywords: Efficiency of public expenditures, DEA, Performance-based budgeting,
Industrial universities of Iran.
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Introduction

Government expenditure efficiency is defined as the ability to achieve greater outputs with a fixed amount of resources. As
fiscal constraints intensify, improving the efficiency of public spending has become a central concern for reducing government
expenditures. Assessing efficiency and adopting performance-based budgeting provide a foundation for applying quantitative
and optimization techniques to evaluate public institutions. Data Envelopment Analysis (DEA) is one of the most effective
methods in this regard, as it allows for an accurate assessment of resource utilization. When combined with econometric and
statistical models, DEA offers a broader understanding of institutional performance and enables policymakers to identify both
strengths and weaknesses across comparable units.

The main objective of this study is to identify and analyze challenges in measuring public expenditure efficiency using
DEA. The research reviews national-level studies that compare government performance, excluding state-level analyses due to
differences in geography, institutional structures, and scale that may lead to inconsistent results. After reviewing these studies,
three major challenges were identified—methodological design, selection of indicators, and definition of decision-making units
(DMUs). A case study was then conducted to evaluate the efficiency of research and development (R&D) expenditures among
nine Iranian industrial universities across four scenarios. Two DEA-based models, the Common Set of Weights (CSW-DEA)
and the Multi-Layer Common Set of Weights (CSW-MLDEA), were applied. Inputs consisted of universities’ research budgets,
while outputs included the number of publications, books, theses, and international patents. The results demonstrated that the
relative efficiency of universities varied with different input—output combinations. Policy recommendations were also proposed

for applying these models within Iran’s higher education system.

Methodology

The research follows a positivist, data-driven methodology to systematically analyze the efficiency of public expenditures
among governments. A structured review of international studies was conducted, focusing on models used, study periods,
country samples, public sectors analyzed, and derived policy implications. The analysis relied on empirical data and
quantitative comparisons to capture the relationship between government spending (inputs) and public service outcomes
(outputs). This approach moves beyond descriptive review by identifying analytical patterns of spending efficiency and
establishing an empirical framework for evaluating governmental performance.

The case study employed a descriptive—analytical approach, using secondary data from official sources such as annual
budget laws, the Planning and Budget Organization, and the Ministry of Science’s research database. In some cases, data were
supplemented through direct correspondence with universities. Research budgets served as input variables, while outputs
included publications, books, patents, and theses. Efficiency analysis across the four scenarios demonstrated stable results,
confirming the robustness of the model and helping to evaluate sensitivity in university performance when input—output
structures were altered.

Findings

The qualitative results highlight recurring challenges across three main aspects: identifying DMUSs, selecting suitable indicators,
and choosing appropriate analytical models. In defining DMUSs, scholars emphasize considering institutional, structural, and
technological differences among countries and grouping them by income level or region to avoid biased comparisons. Indicator
selection remains complex—especially in education, health, and infrastructure—owing to data limitations and the lack of
qualitative measures. Researchers therefore recommend combining quantitative and qualitative indicators and including control
variables such as per capita income. Methodologically, DEA remains the dominant tool for efficiency evaluation due to its
flexibility and independence from theoretical assumptions. Recent developments, including CRS, VRS, Malmquist Index,
three-stage DEA, conditional DEA, and hybrid techniques integrating Tobit regression or bootstrap, have strengthened the
ability to analyze dynamic changes, identify inefficiency sources, and control for environmental effects. Together, these
advances contribute to the design of a comprehensive and realistic framework for assessing public expenditure efficiency.
Quantitative findings from the case study reveal significant variation in R&D expenditure efficiency among Iranian
industrial universities. Although Amirkabir, Iran University of Science and Technology, Sharif, and Isfahan University of
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Technology have larger budgets and research outputs, they are not necessarily the most efficient. In contrast, Amirkabir,
Noshirvani Babol, and Sahand University of Technology consistently demonstrate higher relative efficiency across most
scenarios, whereas Sharif, Isfahan, and Iran University of Science and Technology appear less efficient despite higher funding
levels. These results suggest that greater financial allocations do not automatically yield better performance; effective resource
management and focus on high-quality outputs are more important. The comparison of four scenarios using CSW-DEA and
CSW-MLDEA models shows that as the models incorporate greater complexity and hierarchical relationships between inputs
and outputs, their precision and discriminatory power improve. The fourth scenario, which integrates dual-layer R&D
budgeting, offers a more realistic reflection of how subprograms influence total research outcomes.

Conclusion

Overall, the integration of international literature with a national case study offers a more comprehensive understanding of
public and research expenditure efficiency. The study confirms that DEA is a powerful analytical tool for evaluating public
sector efficiency, though challenges in selecting DMUSs, indicators, and model types remain. The evaluation of nine industrial
universities using CSW-based models showed varying performance levels, with multi-layer models providing a better
representation of complex research processes. Amirkabir University achieved the highest efficiency, while smaller universities
also performed well despite lower budgets. Differences in results are likely due to variations in funding policies, research
infrastructure, and management practices across universities.

Despite limitations—such as the use of 2018 cross-sectional data and a reliance on quantitative measures—the findings
underline the importance of establishing a performance-based budgeting system, developing an integrated national research
database, and considering institutional differences in university management. The study concludes that DEA can serve as an
effective decision-support instrument for optimizing research resource allocation and improving financial efficiency within
Iran’s higher education system. Future research should incorporate multi-year datasets, qualitative indicators like citation rates
and technological impact, and hybrid models such as Bootstrap-DEA and DEA-Tobit to enable more precise assessments of
higher education efficiency and facilitate meaningful international comparisons of public expenditure performance.
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