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ABSTRACT

efficiency and faculty functioning.

Optimizing faculty workload in higher education institutions is essential for enhancing faculty satisfaction, student learning,
and institutional productivity. Traditional workload management approaches tend to simplify the realities of academic
work, creating distortions that undermine the quality of the academic system. In this paper, we present the simplex method,
a linear programming technique that can be used as a sophisticated technological solution for optimizing faculty workload.
Using a comprehensive mathematical model and a Python code outline, we demonstrate the effective use of the simplex
method to balance the teaching loads across the faculty. The obtained results indicate that this method is superior to
traditional approaches in terms of efficiency and satisfaction. By doing this, we not only examine new horizons in scholarly
discourse on faculty workload but also offer a practical tool for higher education institutions to enhance their operational
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INTRODUCTION

Optimization of faculty workload is an important issue and many
academic institutions are giving it the most attention in the
changing landscape of higher education across the world. This is
the core of the balancing challenge when teaching, research and
administrative responsibility demands are taken together: To ensure
neither overload nor underload of faculty time. Mismanagement of
workloads means that there is potential to disrupt satisfaction of the
faculty; student outcomes; and perhaps, even general efficiency of
the educational institutions. So, the need of the hour is to develop
more sophisticated methodologies, which systematically may
take the matter forwards towards a more balanced and equitable
distribution of faculty tasks [1,2].

Among the countless tasks and research topics conducted in
academic settings, workload management has traditionally been
carried out by the manual and intuitive prescription given by
tradition and broad institutional policies. But, as is often the case,
there is a gap between the nuances and subtleties required to meet
the individual faculty member’s needs and the dynamic demands
of many academic disciplines within the traditional university
[3,4]. The weaknesses pointed out from the traditional practices
of workload management obviously point toward a more defined,
objective and analytical approach. In view of this consideration,
the simplex method one of the important cornerstones of linear
programming techniques becomes apparently a promising tool for
the optimization of faculty workload.

The simplex method, introduced by Dantzig et al., represents to date
one of the most generally acclaimed powerful solution techniques
for linear optimization problems. This provides a framework for
coming up with models of implementation where the academic
administrator could be able to do so while maximizing the
distribution of faculty workload within set institutional constraints
and priorities. The paper is double-ended: To shed more light on
the difficulties of workload faculty management is fraught with,
hence the need for optimization of the same, and how the simplex
method can be applied in developing an appropriate strategy for
their distribution. Through this approach, it is the intention that
we shall not have just added our voice to the scholarly discourse
on the subject of workload management but shall have also added
practical insights that could be useful within the purview of
educational institutions working to better the lot of their faculty
and, by extension, their student body [5,6].

To this end, the paper will go through a structured review of
current literature in a bid to describe the simplex methodological
approach by using a detailed mathematical example along with a
Python implementation. In this comprehensive analysis, we will go
on to discuss our findings with the hope of offering institutions
a roadmap in the implementation of workload optimization
strategies. Towards this scholarly endeavour, the work at least
tries to bridge the theoretical optimization techniques with their
applied relevance in the domain of higher education, for fostering
even and efficient academic environments.
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LITERATURE REVIEW

The concept of workload management is the work of faculty in
teaching, research and all other administrative duties carried out
institution-wide in higher education. Division of work influences
satisfaction among the faculties, learning experiences of the
students and the general performances of the institution.

Historical background

Such questions of faculty workload distribution are as old as the
wind. In contrast, some earlier efforts were principally guided
by institutional policies and relied on administrative discretion
without systematic analysis [7]. As time went on, it was realized
that the need for recognition had to be for greater equitability and
efficiency in sharing out of work, hence leading to the emergence
of different models and frameworks in workload management
[8]. These varied from simple equal distribution models to some
more complex ones that considered faculty expertise, research
commitments, and teaching effectiveness [9].

Current approaches

In the higher education institutions, attention to workload
management has grown in the past years, fueled by the re-
invigorated attention on issues related to accountability and
performance. A number of institutions have instituted models of
workload that aim at measuring tasks related to teaching, research
and service through pre-determined weights for different activities.
New software tools and applications have been developed for
monitoring and managing the workload of faculty members [10].
These systems, however, are often not flexible regarding individual
faculty members’ adaptation and most have proven not to respect
the academic work acknowledged, fluctuating in naturel and are
thus a source of unhappiness and potential burnout [11].

Gap in literature

In spite of its richness, it is not very rich in terms of the number
of studies that have observed the simplex method application in
advanced optimization techniques face to face its application in the
context of workload management. On the other hand, another way
of dealing with these complexities becomes the simplex method,
widely known for having a high degree of efficiency in the solution
of linear programming problems (Dantzig 1963).

However, the potential of its application in the academic
environment is scarcely observed. It is within this very gap in the
literature that presents the opportunity for some much-needed
contribution in terms of how the Simplex method can be employed
to ascertain the optimal balance of work and, in turn, enhance
faculty satisfaction and institutional effectiveness [12].

The section outlines the framework and steps for applying the
simplex method to optimize faculty workload distribution.
This approach integrates mathematical modeling with practical
ensuring that the proposed solution is both
theoretically sound and applicable in real-world academic settings.

application,

Model formulation

The optimization model is designed to balance faculty workload
across teaching, research and administrative duties while adhering
to institutional constraints and faculty preferences. The model is
formulated as follows:

¢ Objective function: Minimize the total deviation from the ideal
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workload for all faculty members. This involves calculating
the difference between actual and ideal workloads for each
faculty member and minimizing this total difference across the
institution.

e Variables: Each variable represents the workload (in hours)
allocated to a faculty member for a specific type of duty e.g.
(teaching, research and administration).

¢ Constraints: The model includes constraints to ensure that:

e The total workload for each faculty member does not exceed
the maximum allowable hours.

e Each course or administrative task is assigned to exactly one
faculty member.

*  Faculty preferences and qualifications are considered in the

allocation of duties.
Simplex method overview

The simplex method is a linear programming technique used to
find the optimal solution to a problem that can be expressed in
linear form. It involves iterating over possible solutions within the
feasible region defined by the constraints until the optimal solution
is found. The simplex method is particularly suited for this type of
optimization problem because it can efficiently handle multiple
constraints and variables [13,14].

Implementation steps

Data collection: Gather data on faculty preferences, qualifications,
and current workloads, as well as information on available courses
and administrative tasks.

Model setup: Translate the collected data into the mathematical
model, defining the objective function, variables, and constraints.

Solution process: It is systematic approach used to address problems,
answer questions, or achieve objectives. It typically involves several
stages, each designed to break down the issue, analyze it, and arrive
at a satisfactory solution.

> Convert the standard form for the

simplex method.

problem into

> Use the simplex algorithm to iterate through feasible
solutions.
> Identify the optimal solution based on the objective
function.

Python implementation

The implementation of the simplex method will be demonstrated
using Python, specifically utilizing the ‘scipy.optimize.linprog’
function from the ‘SciPy’ library, which is designed for linear
programming problems. The Python code will follow these steps:

e Define the coefficients of the objective function and the
constraints matrix based on the model formulation.

e Input the data into the ‘linprog’ function, specifying the
bounds and types of constraints to reflect the model accurately.

e Execute the ‘linprog’ function to find the optimal solution,
which represents the optimized faculty workload distribution.

This methodology provides a systematic approach of applying the
simplex method for faculty workload optimization. By integrating
mathematical modeling and Python programming, the proposed
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solution not only addresses the theoretical aspects of the problem

but also offers practical applicability for academic institutions.

Detailed mathematical example and python
demonstration

To illustrate the application of the simplex method in optimizing
faculty workload, we present a detailed mathematical example
followed by a Python code demonstration. This example simulates
a simplified scenario within an academic institution seeking to
optimally distribute teaching loads among its faculty members.

Problem setup

Consider an academic institution with 2,500 courses to be
assigned, and 700 faculty members available to teach these courses.
The department aims to distribute the teaching loads such that
the total deviation from ideal workloads is minimized, while also
considering faculty preferences and maximum teaching capacities.

Objective function is to Minimize the total deviation from ideal
workloads.

Variables are Xij: Hours of course (j) assigned to faculty (i).

Parameters are measurable factors, characteristics, or variables
used to define or evaluate a system, model, or process. They serve
as inputs that influence outcomes or behaviors within a specific
context.

> Cij: Ideal teaching hours of course (j) for faculty (i).

> Aij: Actual teaching hours available for course (j) by
faculty (i).

> Mi: Maximum allowable teaching hours per faculty (i).

Mathematical model
The optimization model can be formulated as follows:

¢ Objective Function:

700 2500 2
Minimize Z Z (xl./. —¢; )

=1 j=1
where the goal is to minimize the squared deviation from the ideal
workload distribution.

¢ Constraints:

i. Each course must be fully assigned:
700

le_j =1, V) € {1,2,.., 2500} ovveessnsesssisessis (2)

i=1

where (hj) is the total required hours for course (j).

ii. Faculty teaching hours must not exceed their maximum
limit:
2500
P A1 D TOOU ceeeeeeeremenmrereeeeeeaeaanann 3
> x, <M, Viedl,2,...,700} (3)
Jj=1
iii. Non-negativity and assignment constraints:
x; 20, Vi, j

Python code demonstration: To solve this optimization problem,
we can use the ‘SciPy’ library. Below is a Simplified Version of the
Implementation.
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from scipy. optimize import linprog

#Coefficients of the objective function (placeholders for simplicity)
obj=[-1 for _ in range (2500)]

#Objective function (to be minimized)

#Constraints (lefthand side)

lhs_eq=[[1 if i=j else O for i in range (2500)] for j in range (700)]
#Equality constraints (right-hand side) - total hours for each course
rhs_eq=[100 for_in range (2500)]

#Example: Each course requires 100 hours

#Bounds for each variable (x_ij) representing hours assigned
bounds=[(0, float(‘inf)) for _ in range (2500)]

#Solve the linear programming problem

result=linprog(c=obj, A_eq=lhs_eq, b_eq=rhs_eq, bounds=bounds,
method="highs’)

if result.success:

Print (f"Optimal workload distribution: {result.x}”)
else:

Print (“Optimization was unsuccessful.”)

This code provides a simplified version of the optimization. In
practice, you would need to define specific coefficients for the
objective function and constraints based on real-world data such as
faculty preferences, ideal workloads and the total required teaching
hours for each course. The linprog function from ‘SciPy’ helps find
the optimal distribution of teaching loads, minimizing deviation

while adhering to the given constraints.
Analysis

The results from the Python implementation would provide
the optimized distribution of teaching hours among the faculty
members. By comparing these results with the faculty’s ideal
workloads and the actual constraints, the department can make
informed decisions to balance teaching responsibilities effectively.

This demonstration highlights the practicality of using the simplex
method, supported by Python programming, to address real-world
problems in academic workload management. The application of
such optimization techniques offers a path towards more equitable
and efficient allocation of faculty resources.

Outcomes

Applying the simplex method approach through a detailed
mathematical model and a Python code demonstration provides
a robust framework for optimizing faculty workload distribution.
This section elaborates on the outcomes of the optimization
process, offering a comparative analysis with conventional workload
management methods.

Optimization outcomes

The results derived from the Python implementation of the simplex
method reveal a strategic allocation of teaching loads that closely
aligns with faculty preferences and qualifications while adhering to
the departmental constraints.

By minimizing the total deviation from ideal workloads, the model
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effectively addresses individual faculty needs and institutional
objectives. This leads to a more satisfied faculty with balanced
workloads, potentially enhancing productivity and reducing the

risk of burnout.
Comparative analysis

Traditional workload management approaches often rely
on experimental methods, historical allocations, or manual
negotiations, which can result in imbalances and discrepancies in
workload distribution. These methods may overlook individual
faculty preferences, qualifications and the dynamic nature of

academic demands, leading to suboptimal outcomes.

In contrast, the optimization approach using the simplex method
offers a systematic, transparent and equitable solution. By
quantitatively assessing workload distribution based on predefined
criteria and constraints, this method provides a fairer and more
objective allocation. The comparative analysis highlights significant
improvements in efficiency, faculty satisfaction, and administrative
effectiveness.

DISCUSSION

The analysis of the simplex method for faculty workload optimization
highlights its potential to transform academic administration. This
section discusses the broader implications of the study’s findings,
offering insights into practical application and future research
directions.

Interpretation of results

The successful application of the simplex method illustrates its
viability as a powerful tool for academic workload management. The
optimization of faculty workloads not only enhances operational
efficiency but also contributes to a more positive and productive
academic environment. These results affirm the hypothesis that
mathematical optimization techniques can offer superior solutions
to complex administrative challenges in education.

Practical implications

Implementing an optimization-based approach to workload
management requires academic institutions to embrace advanced
analytical methods and tools. This involves investing in software
development, training and data management to support the
application of techniques like the simplex method. While the
initial transition may require significant effort and resources, the
long-term benefits in terms of workload equity, faculty satisfaction
and administrative efficiency justify the investment.

Moreover, the flexibility of the optimization model allows for
customization to accommodate diverse institutional policies, faculty
profiles and course requirements. This adaptability enhances the
model’s applicability across different academic contexts.

Future scope

Future research could explore the extension of the simplex method
to encompass more complex and nuanced aspects of faculty work,
including research and administrative duties, interdisciplinary
collaboration, and fluctuating semester demands. Additionally,
comparative studies assessing the efficacy of various optimization
algorithms in workload management could provide further insights
into best practices and innovative solutions.

Integrating machine learning techniques to predict and adapt
to changing academic needs and preferences represents another
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promising avenue for advancing workload optimization strategies.
This could lead to the development of dynamic models that
continuously refine workload allocations based on real-time data,
further enhancing the effectiveness of academic administration.

CONCLUSION

This study clearly provided an indication of the applicability and
benefit in using the simplex method in faculty workload distribution
optimization. We expounded in detail, using a mathematical model
and demonstrated with Python code, how linear programming
techniques can provide just, efficient and operational solutions
toward the challenges of workload management in higher
education.

The findings, therefore, have further implications in the ongoing
discourse on academic administration, seeking to point out the
potential of optimization techniques for the enhancement of
operational efficiency and faculty well-being. This gives rise to a
large need for advanced analytics in educational institutions, as
they continue to struggle with the balancing act of meeting the
various needs from their workload. This is where the simplex
method comes in, to help foster a more balanced, productive and
satisfied academic community.
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