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ABSTRACT

Public universities face the dual challenge of improving efficiency and
enhancing the quality of services in the context of resource constraints.
Accordingly, assessing the efficiency of higher education institutions has
become one of the main priorities of educational policymakers and planners.
The main objective of the present study is to evaluate the relative efficiency
of the faculties of a large public university in the domain of research activities.
This research adopts a descriptive-analytical method with a linear
programming approach, based on the Data Envelopment Analysis (DEA)
technique. The super-efficiency of research activities across faculties was
calculated using the AP-SBM-V model. The model inputs include the
standardized number of faculty members, the percentage of faculty holding
the ranks of lecturer and assistant professor, the percentage of undergraduate
students, and per capita research funding (grants) allocated to faculty
members. The outputs consist of standardized counts of research articles,
books, conferences, and per capita research publications by faculty members.
Based on the selected inputs and outputs, the required data were collected for
each faculty (DMU) from reliable statistical sources. Using DEA-Solver
software and selecting the super-efficiency model, the efficiency score and
ranking of nine faculties were calculated. The results of the software output
were analyzed to assess the research performance efficiency of the faculties.
The findings indicate that out of nine faculties, eight achieved super-efficiency
scores greater than one, while one faculty had a score less than one. To
examine the effect of each input and output on faculty efficiency, a sensitivity
analysis was also conducted, and practical recommendations were provided
based on optimal computational values.The results of this study can be used
for allocating research budgets among faculties based on efficiency
considerations.
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Extended Abstract

Introduction

Public universities worldwide operate in an environment characterized
by escalating demands for high-quality educational services and
stringent limitations on financial and human resources. This dual
pressure necessitates a paradigm shift towards operational excellence
and efficient resource management. Consequently, the performance
evaluation of Higher Education Institutions (HEIs) has emerged as a
cornerstone of strategic planning and educational policymaking.
Universities, as complex multi-product organizations, utilize diverse
inputs—such as academic staff, students, and funding—to produce a
variety of outputs, including graduates, research publications, and
societal impact. Measuring their efficiency, however, is challenging
due to the difficulty of assigning monetary value to these diverse inputs
and outputs. The primary objective of this research is to conduct a
rigorous assessment of the relative research efficiency of the faculties
within a large public university. Moving beyond simple performance
indicators, this study adopts a holistic approach to identify not only
efficient and inefficient units but also to rank all faculties
comprehensively, including those operating at the efficiency frontier.
By doing so, it provides actionable insights for optimizing resource
allocation, particularly research budgets, and serves as a model for
evidence-based management in the higher education sector.

Research Questions

1. What are the relative super-efficiency scores of different faculties
within the case study university when evaluated based on their research
activities?

2. How can these faculties be ranked, and which ones can be identified
as benchmarks or references for inefficient units?

3. What are the optimal levels of inputs and outputs for each faculty to
achieve efficiency, and what are the specific surpluses in inputs and
shortfalls in outputs for the inefficient ones?

4. How sensitive are the efficiency scores and rankings to changes in
the selected input and output variables?

5. How can the computed super-efficiency scores be operationalized to
inform the equitable and performance-based allocation of centralized
research funding among the faculties?
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Literature Review

The conceptual framework of this study is rooted in Farrell's (1957)
theory of efficiency, which decomposes economic efficiency into
technical and allocative components. Technical Efficiency reflects the
ability of a unit to obtain maximal output from a given set of inputs,
while Allocative Efficiency refers to the optimal combination of inputs
and outputs given their respective prices. This research focuses
specifically on technical efficiency as its core metric. For measurement,
the non-parametric Data Envelopment Analysis (DEA) technique,
introduced by Charnes, Cooper, and Rhodes (1978), was selected. DEA
is a linear programming methodology that constructs an empirical
production frontier based on the best-performing Decision-Making
Units (DMUs)—in this case, the faculties. The relative efficiency of
each DMU is measured by its distance from this frontier. DEA is
particularly suited to the HEI context due to its ability to handle
multiple inputs and outputs simultaneously without requiring a pre-
specified functional form or subjective weight assignments.

The literature review confirms DEA's dominance in HEI efficiency
studies. Global research has applied DEA to evaluate universities in
countries including the UK, Australia, Spain, China, and Turkey. These
studies commonly employ inputs like faculty numbers, financial
resources, and student enrollments, and outputs such as publications,
graduate counts, and research income. A key methodological challenge
in classic DEA models (CCR and BCC) is the inability to rank efficient
units, as all frontier DMUSs receive a score of 1.0. To overcome this, we
employ the Super-Efficiency model (Andersen-Petersen model) which
allows efficient units to be scored above 1.0 for enabling a complete
ranking. Previous studies in Iran have also utilized DEA for university
assessment, but this research distinguishes itself by applying the super-
efficiency AP-SBM-V (Slack-Based Measure with Variable Returns to
Scale) model specifically for intra-university faculty-level analysis and
linking the results directly to a practical budgetary allocation
mechanism.

Methodology

This applied research adopts a descriptive-analytical design. Data were
collected through a documentary survey of the university's official
performance reports during 2022-2023 and 2023-2024 academic years.
The population and sample consist of nine faculties and research centers
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within the university. The DEA model was constructed with four inputs
and four outputs, selected based on theoretical relevance and data
availability. Inputs: (1) Standardized Number of Faculty Members:
Weighted by academic rank; (2) Percentage of Faculty with
Lecturer/Assistant Professor Ranks; (3) Percentage of Undergraduate
Students and Standardized Per Capita Research Funding: A composite
of grant, thesis, and teaching allowance budgets per faculty member.
Outputs: (1) Standardized Article Count: Weighted by type; (2)
Standardized Book Count; (3) Standardized Conference/Event Index
and (4) Per Capita Scientific-Research Articles.

Given the number of DMUs (9) and variables (8), which satisfies the
rule of thumb for DEA application, the standard CCR and BCC models
were bypassed in favor of the AP-SBM-V super-efficiency model. This
model provides a more discriminative analysis and facilitates a full
ranking. Data analysis was performed using DEA-Solver software.

Results

Descriptive Statistics: The initial analysis revealed significant variation
among the faculties across all input and output variables. For instance,
the standardized faculty member count ranged from 7.3 to 23.5 per 100
students, and per capita research funding varied from 1.51 to 3.50
billion Rials. This heterogeneity confirmed the necessity of a relative
efficiency measurement approach like DEA.

Efficiency Scores and Ranking: The super-efficiency model yielded
a complete ranking of the nine faculties. The key findings were:

« Eight faculties were identified as efficient, with super-efficiency
scores greater than 1.

« One faculty (Faculty #5) was identified as inefficient, with a score
of 0.5824.

» Faculty #3 was the top performer with a remarkable super-
efficiency score of 2.9483, followed by Faculty #9 (1.3732) and Faculty
#7 (1.2590).

» The model identified specific reference sets for each faculty. For
example, to improve its efficiency, the inefficient Faculty #5 should
benchmark itself against a combination of 60% of Faculty #1 and 40%
of Faculty #3.

Input Excess and Output Shortfall: The DEA model pinpointed
precise areas for improvement. For instance, Faculty #1 was found to
have an excess of 2.74 standardized faculty members, a 4.7% surplus
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in undergraduate students, and a 45-million Rial excess in per capita
funding, alongside a shortfall of 0.28 in standardized articles.

Sensitivity Analysis: A thorough sensitivity analysis was conducted
by systematically removing each input and output variable. The results
demonstrated the relative impact of each variable:

« The most negatively impactful input was the "Standardized
Number of Faculty Members" whose removal caused an average
efficiency score decrease of 14.07%.

» The most negatively impactful output was the "Standardized
Conference/Event Index" leading to an average decrease of 9.37%.

« Conversely, removing the "Percentage of Undergraduate Students™
had a slightly positive average effect (+2.75%), suggesting its lesser
critical role in driving research efficiency in this specific context.

Budget Allocation Model: A key application of the results was the
development of a formula for allocating research budgets. The super-
efficiency scores were normalized using the fourth stage of the
numerical taxonomy method, resulting in coefficients between 0 and 1.
By adding 1 to these coefficients, a final "allocation coefficient" was
derived for each faculty, which was then used to determine their share
of the centralized research budget, directly linking performance to
funding.

Conclusion

This study successfully demonstrates the potent application of the
super-efficiency DEA model in diagnosing and enhancing the research
performance of academic faculties. The findings move beyond a simple
binary classification of efficient/inefficient units, providing a granular,
rank-ordered list that highlights performance disparities even among
top performers. The identification of specific input surpluses and output
shortfalls for each faculty offers a clear, actionable roadmap for
improvement. For example, the results suggest that some faculties are
over-resourced in terms of faculty-to-student ratios or funding, while
others need to focus on increasing specific types of research output,
such as high-quality publications or participation in international
conferences.

The sensitivity analysis provides invaluable strategic insights for
university leadership. The strong negative impact of the "faculty
member" variable implies that simply increasing staff numbers is not a
panacea for research performance; instead, the composition, quality,
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and productivity of existing staff are more critical. Similarly, the
significant role of the "conference/event" index underscores the
importance of academic engagement and knowledge dissemination
beyond traditional publications. Ultimately, this research bridges the
gap between theoretical efficiency analysis and practical resource
management. The proposed budget allocation model, grounded in
objective, data-driven efficiency scores, promotes transparency,
fairness, and a performance-oriented culture. It incentivizes faculties to
optimize their resource utilization and align their activities with
institutional research goals. For policymakers, this approach offers a
replicable framework for enhancing the overall efficiency of the higher
education system, ensuring that scarce public resources are channeled
to where they can yield the greatest research return. In an era of rapid
technological advancement and economic constraints, such evidence-
based management is not just beneficial but essential for the sustainable
development of higher education.
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1. Super-efficiency

2. Data envelopment analysis (DEA)
3. Output

4. Input

5. Efficiency
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