%

Journal Website

Article history:

Received 07 April 2026

Revised 25 August 2026

Accepted 02 September 2026

Initial Publication 11 September 2026
Final Publication 23 October 2027

Dynamic Management and Business Analysis

Volume 6, Issue 4, pp 1-28

E-ISSN: 3041-8933

Designing a Multi-Objective Mathematical Programming (MOLP)
Structure for Assessing and Improving Value Efficiency in Civil Project

Ali Sedaghatpour!

Management

, Morteza Shafiee =, Mohammad Reza Mozaffari%=, Hassan Soltani®

! Department of Industrial Management, K1.C., Islamic Azad University, Kish, Iran
2 Department of Mathematics, Shi.C., Islamic Azad University, Shiraz, Iran
3 Department of Industrial Management, Shi.C., Islamic Azad University, Shiraz, Iran

* Corresponding author email address: morteza.shafiee@iau.ac.ir

Article Info

ABSTRACT

Article type:
Original Research

How to cite this article:
Sedaghatpour, A., Shafiee, M,
Mozaffari, M. R., & Soltani, H.
(2027). Designing a Multi-Objective
Mathematical Programming (MOLP)
Structure for Assessing and Improving
Value Efficiency in Civil Project
Management. Dynamic Management
and Business Analysis, 6(4), 1-28.
https://doi.org/10.61838/dmbaj.442

Lig© o

© 2027 the author(s). Published by
Knowledge Management Scientific
Association. This is an open access
article under the terms of the Creative
Commons Attribution 4.0
International (CC BY 4.0) License.

Objective: This study aimed to design and propose a multi-objective mathematical programming
structure for assessing and improving the value efficiency of civil projects by integrating Data
Envelopment Analysis with managerial preference information.

Methodology: This applied quantitative study employed a mathematical modeling approach. The
study population consisted of civil projects implemented by the Sadra New City Development
Company, and all 33 available projects were included as decision-making units through a census
approach. Contract amount, contract duration, contract extension duration, and net contractor
receivables were specified as model inputs, while physical progress and project quality percentages
were considered outputs. Project value efficiency was assessed using Data Envelopment Analysis
based on the directional distance function under three technological regimes: constant returns to
scale (CRS), variable returns to scale (VRS), and Free Disposal Hull (FDH). Managerial preference
information was incorporated into the evaluation framework through multi-objective linear
programming. Efficiency was additionally examined using input-oriented, output-oriented, and
combined directional specifications.

Findings: Under the CRS technology, 9 of the 33 projects were identified as fully efficient, with
an average efficiency score of 80.64%. Under VRS, the number of efficient projects increased to
24, and the mean efficiency reached 98.27%. The FDH technology identified 26 efficient projects
and produced the highest mean efficiency score of 98.56%. Project 3 appeared in the reference set
of seven of the nine inefficient VRS projects and was identified as the principal performance
benchmark. Nine projects achieved complete efficiency under both CRS and VRS technologies,
indicating relatively robust performance across scale assumptions. In contrast, Project 11 ranked
lowest overall, with an efficiency score of 85.00% under VRS and 69.79% under CRS.
Conclusion: The proposed framework provides an effective quantitative mechanism for
integrating multi-objective programming, Data Envelopment Analysis, and managerial
preferences. It facilitates the identification of benchmark projects, distinguishes scale-related from
managerial inefficiencies, and provides practical guidance for improving the financial and temporal
management of civil projects.

Keywords: Multi-objective mathematical programming; Data Envelopment Analysis; Directional
distance function; Value efficiency; Returns to scale; Civil projects.
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EXTENDED ABSTRACT
Introduction

Civil and construction projects constitute a major component of infrastructure development and
play a decisive role in economic growth, urban development, and the provision of public services. Because
these projects typically require substantial financial, human, and temporal resources, improving their
efficiency is a central concern for project managers, contractors, public organizations, and policymakers.
Despite advances in project planning and control, many construction projects continue to experience cost
escalation, schedule overruns, contract extensions, delayed contractor payments, and discrepancies
between planned and realized physical progress. Evidence from municipal construction projects indicates
that improving implementation strategies and strengthening managerial control are essential for enhancing
project efficiency (Mohammadi, 2024). Similarly, cost increases in construction projects have been
associated with the capability and efficiency of contractors and the conditions governing project tendering
and execution (Zarinzadeh, 2024). These challenges highlight the need for analytical frameworks capable
of assessing project performance on the basis of multiple interacting inputs and outputs rather than relying
solely on isolated indicators.

Contemporary project management literature has increasingly moved beyond the traditional iron
triangle of time, cost, and quality. Project success is now understood as a multidimensional concept that
should also reflect value creation, stakeholder expectations, organizational objectives, and long-term
outcomes (lka & Pinto, 2022). Within this broader perspective, value management assumes particular
importance because the efficient use of resources should ultimately be judged in relation to the benefits
and functions generated by a project. Cost and value management therefore requires simultaneous
consideration of resource consumption and performance outcomes rather than merely minimizing
expenditure (Venkataraman & Pinto, 2023). Consistent with this view, project performance measurement
increasingly relies on integrated metrics, key performance indicators, and monitoring systems capable of
revealing deviations from desired performance and supporting corrective decision-making (Kerzner, 2023).

The concept of value efficiency is particularly relevant to construction projects because such
projects commonly involve several heterogeneous inputs and outputs. Contract value, contract duration,
extension time, and outstanding contractor receivables reflect different dimensions of financial and
temporal resource consumption, whereas physical progress and project quality represent important
dimensions of project output. Value engineering has also been shown to contribute to greater efficiency
in construction project management through the elimination of unnecessary costs while maintaining
required functions and quality (Mokhiri, 2023). Organizational mechanisms can similarly improve
performance. The establishment of project management offices has been associated with improved
coordination, monitoring, standardization, and efficiency in construction projects (Nik Akhtar et al., 2023),
while effective project management has been identified as an important contributor to the efficient
development and timely completion of urban rail projects (Foroughi Kordshouli, 2023). Financial
arrangements are also relevant, as the efficiency of financing mechanisms can influence continuity of
construction activities and the capacity to manage project expenditures and contractor claims (Aliyari &
Taherinejad, 2021).



At the operational level, efficient planning and scheduling are essential for controlling waste and
optimizing project resources. Lean construction principles have demonstrated potential for improving both
the efficiency and effectiveness of construction planning and scheduling through waste reduction and
better workflow organization (Abdullahi & Tembo, 2023). However, project managers rarely pursue a single
objective. Reducing project duration, controlling costs, maintaining quality, optimizing resource
utilization, and satisfying stakeholders may involve competing objectives. Consequently, multi-objective
mathematical programming provides a more realistic framework for project decision-making. Multi-
objective scheduling models have been successfully developed to simultaneously optimize project
scheduling and customer satisfaction (Ghodrati et al., 2024).

Recent international research also demonstrates the growing application of multi-objective
optimization to construction management. Pareto-based optimization using NSGA-I1I has been applied to
construction project management to generate efficient alternatives and facilitate multi-criteria decision-
making (Zhan et al., 2024). Similarly, NSGA-II-based multi-objective optimization has been applied to
engineering projects within the context of green construction (Zhang, 2024). Multi-objective optimization
has also been integrated with linear scheduling for off-site construction manufacturing (Rahman & Han,
2024), applied to workforce scheduling efficiency under complex operating conditions (Corral et al., 2023),
and incorporated into expressway construction management using improved particle swarm optimization
algorithms (Liu, 2024). These applications confirm that construction project efficiency is inherently
multidimensional and that effective decision-making requires methods capable of simultaneously
addressing multiple performance criteria.

An additional challenge is that managerial preferences and project data may not always be
completely certain or homogeneous. Multi-objective linear programming under spherical fuzzy conditions
demonstrates the importance of incorporating uncertainty and decision-maker preferences into
mathematical optimization (Yuvashri & Saraswathi, 2024). Likewise, research on interval multi-objective
linear programming has emphasized that the identification of efficient solutions depends substantially on
the structure of the feasible set and the treatment of uncertainty (Batamiz & Hladik, 2024). Sensitivity
analysis in multi-objective linear programming further demonstrates the need to assess whether efficient
solutions remain stable when model parameters, constraints, or preference structures change (Sitarz, 2025).
Taken together, these developments indicate a need for an analytical framework that combines relative
efficiency assessment, multiple inputs and outputs, alternative technological assumptions, and managerial
preference information. Therefore, the present study aimed to design a multi-objective mathematical
programming structure based on Data Envelopment Analysis and the directional distance function for
assessing and improving value efficiency in civil project management.

Materials and Methods

This study was applied in purpose and quantitative in approach and was based on mathematical
modeling. The study population consisted of civil projects implemented by the Sadra New City
Development Company. Because of the nature of Data Envelopment Analysis, probabilistic sampling was
not applied; instead, all 33 available projects were included through a census approach and treated as
decision-making units.

Variables were selected from official contractual, financial, and technical records. Four variables
were specified as model inputs: contract amount, contract duration, contract extension duration, and net
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contractor receivables. These variables represented the principal financial and temporal resources
consumed during project implementation. Two variables were defined as model outputs: percentage of
physical progress and project quality percentage, representing the main measurable achievements of
project execution.

Value efficiency was evaluated using Data Envelopment Analysis formulated through a directional
distance function. The model was estimated under three technological regimes: constant returns to scale
(CRS), variable returns to scale (VRS), and Free Disposal Hull (FDH). The CRS model assumed
proportional changes between inputs and outputs, whereas the VRS model incorporated the convexity
constraint to allow comparison among projects operating at different scales. Under FDH, the convexity
assumption was removed and projects were compared only with actually observed production
possibilities.

Managerial preference information was incorporated into the assessment through a multi-objective
linear programming structure. Reference sets were determined for inefficient projects, and preferred
efficient units were identified as potential managerial benchmarks. The directional vector was considered
under input-oriented, output-oriented, and combined specifications, enabling the framework to evaluate
potential input reductions, output expansions, or simultaneous improvement in both dimensions. Final
project rankings were based primarily on combined value-efficiency scores under VRS, with CRS
efficiency used as a secondary criterion to differentiate projects that achieved identical VRS scores.

Findings

The application of the directional distance function produced substantially different efficiency
patterns across the three technological assumptions. Under CRS technology, 9 of the 33 projects were
fully efficient. These were Projects 3, 5, 10, 13, 18, 19, 20, 26, and 29. The mean efficiency score under
CRS was 80.64%, indicating a considerable efficiency gap when all projects were evaluated against a
common constant-returns frontier. Project 7 obtained the lowest CRS efficiency score of 58.33%.

When the VRS assumption was introduced, the number of fully efficient projects increased
markedly to 24 out of 33, and the overall mean efficiency increased to 98.27%. Only Projects 1, 2, 4, 11,
14, 21, 22, 28, and 33 remained inefficient. Among these projects, Project 11 recorded the lowest VRS
efficiency score at 85.00%, followed by Projects 28 and 33, each with an efficiency score of 90.00%.

Under FDH technology, 26 projects were identified as fully efficient, and the mean value-
efficiency score increased further to 98.56%, representing the highest average across the three models.
Projects 4 and 22, which had VRS efficiency scores of 97.49% and 97.37%, respectively, reached full
efficiency under FDH. Thus, the principal difference between VRS and FDH was attributable to the
removal of hypothetical convex combinations of observed projects from the reference frontier.

Reference-set analysis showed that Project 3 played the most prominent benchmarking role. It
appeared in the reference sets of seven of the nine VRS-inefficient projects and therefore emerged as the
principal performance benchmark. Project 3 combined a short contract period, no contract extension, and
100% physical progress and quality. Projects 13 and 26 also served as reference units for some inefficient
projects, particularly those requiring a combination of efficient benchmarks.

The final ranking showed that nine projects achieved complete efficiency under both CRS and
VRS. Project 3 ranked first, followed by Projects 5, 10, 13, 18, 19, 20, 26, and 29. At the opposite end,
Project 11 ranked last, with a VRS efficiency of 85.00% and a CRS efficiency of 69.79%. The comparison



also demonstrated that several projects receiving a perfect VRS score displayed substantially different
CRS efficiencies, revealing important differences in scale efficiency that would have remained hidden if
only the VRS model had been considered.

Discussion and Conclusion

The findings demonstrate that the estimated value efficiency of civil projects is strongly influenced
by the technological assumptions used to construct the efficiency frontier. The considerably lower average
efficiency under CRS suggests that a substantial proportion of apparent inefficiency results from scale
effects. When projects were allowed to operate under variable returns to scale, most units moved to the
efficiency frontier, indicating that their resource utilization was relatively appropriate when compared
with projects of similar operational scale.

The small difference between mean VRS and FDH efficiency further suggests that convex
combinations of reference projects had only a limited effect on the overall frontier, although they were
important for individual projects such as Projects 4 and 22. FDH provides a practically attractive
interpretation because benchmarks are restricted to actually observed projects rather than hypothetical
combinations. Nevertheless, using the three technologies jointly offers richer managerial information than
relying on any single efficiency specification.

The repeated appearance of Project 3 in the reference sets is an important practical result. Its
combination of short contract duration, absence of contract extension, and complete physical and
qualitative achievement suggests that effective control of temporal inputs alongside strong output
performance creates a favorable value-efficiency profile. Inefficient projects can therefore use such
benchmark units to identify realistic targets for reducing resource consumption or improving outputs.

The results for Project 11 indicate a different pattern. Its relatively low score under both VRS and
CRS suggests that its inefficiency cannot be explained solely by project scale. Instead, the project requires
closer examination of the relationship between its financial and temporal inputs and the outputs achieved.
This distinction illustrates an important strength of applying multiple technological assumptions:
managers can differentiate inefficiency associated with operating scale from inefficiency more directly
related to resource management and execution.

Project 29 provides another important interpretive insight. Although its physical progress was only
26%, it was classified as efficient because of its particular input-output configuration, especially the
absence of outstanding contractor receivables. This finding emphasizes that Data Envelopment Analysis
measures relative rather than absolute performance. Accordingly, an efficient project is not necessarily
complete or universally superior; rather, it represents a unit for which no observed comparator can
proportionally reduce inputs or increase outputs under the specified model. For this reason, incorporating
managerial preferences is essential when translating mathematical efficiency into managerial value.

Overall, the proposed multi-objective mathematical programming structure provides a
comprehensive mechanism for assessing value efficiency in civil projects. By integrating Data
Envelopment Analysis, directional distance functions, alternative technological assumptions, managerial
preferences, and benchmark identification, the framework moves beyond simple performance ranking. It
provides information on whether inefficiency is associated with scale, identifies realistic reference
projects, and highlights potential directions for improving financial, temporal, physical, and qualitative

E-ISSN: 3041-8933


https://portal.issn.org/resource/ISSN/3041-8933

m) Sedaghatpour et al. Dynamic Management and Business Analysis 6:4 (2027) 1-28

performance. The framework can therefore support more evidence-based allocation of resources, targeted
corrective interventions, and systematic performance monitoring in civil project management.
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