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ABSTRACT

Contemporary organizational management entails a growing complexity in strategic decision-making processes, underscoring the
need to have effective tools that support organizational sustainability in making complex decisions that consider multiple criteria.
Said tools must follow a multidimensional approach that ensures a comprehensive evaluation of strategic options, considering
criterion weighting, alternatives evaluation, and stakeholder influence. This work seeks to propose an integrated methodological
guide for strategic decision-making in organizations, which combines the analytical hierarchy process (AHP), the Promethee I
method, and stakeholder analysis, complemented by a PESTEL feasibility analysis to validate execution possibilities. The methodology
described herein leverages the mathematical rigor of the AHP to determine the relative importance of the criteria, and it employs
Promethee Il for a detailed alternatives analysis. In addition, stakeholder analysis facilitates the alignment of strategic decisions with
the expectations of all the relevant groups of interest, resulting in a robust and adaptable tool that facilitates a more informed and
strategically aligned decision-making. The results obtained demonstrate that integrating these techniques significantly improves the
clarity and objectivity of the decision-making process. It is concluded that our structured method can be adapted to a diversity of
organizational contexts, which suggests its broad potential for application in strategic management processes, even in small and
medium enterprises.

Keywords: multicriteria decision-making, analytical hierarchy process, preference ranking method (Promethee), stakeholder
analysis, alternatives evaluation

RESUMEN

La gestion organizacional contemporanea plantea una creciente complejidad en los procesos de decision estratégica, lo que resalta la
necesidad de contar con herramientas efectivas que apoyen la sostenibilidad de la organizacion en la toma de decisiones complejas
que consideran mdltiples criterios. Dichas herramientas deben tener un enfoque multidimensional que asegure una evaluacion
integral de opciones estratégicas, considerando la ponderacion de criterios, la evaluacion de alternativas y la influencia de los
stakeholders. Este trabajo busca proponer una guia metodoldgica integrada para la toma de decisiones estratégicas en organizaciones,
donde se combinan el proceso analitico jerarquico (AHP), el método Promethee Il y el andlisis de stakeholders, complementados
por un andlisis de viabilidad PESTEL para validar las posibilidades de ejecucion. La metodologia aqui descrita aprovecha el rigor
matemdtico del AHP para determinar la importancia relativa de los criterios y emplea Promethee Il para el andlisis detallado de
alternativas. Adicionalmente, el andlisis de stakeholders facilita la alineacion de las decisiones estratégicas con las expectativas de
todos los grupos de interés relevantes, lo que produce una herramienta robusta y adaptable que facilita decisiones mas informadas
y estratégicamente alineadas. Los resultados obtenidos demuestran que la integracion de estas técnicas mejora significativamente
la claridad y la objetividad del proceso de toma de decisiones. Se concluye que el método estructurado puede adaptarse a diversos
contextos organizacionales, sugiriendo su amplio potencial de aplicacion en procesos de gestion estratégica incluso para pequefias
y medianas empresas.

Palabras clave: toma de decisiones multicriterio, proceso analitico jerarquico, método de preferencia para la toma de decisiones
(Promethee), andlisis de stakeholders, evaluacidn de alternativas
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Integrating the Analytic Hierarchy Process, the Preference Ranking Method, and Stakeholder Analysis

Introduction

The definition of strategies in modern organizations faces
increasing complexity, mainly due to the diversity of criteria
to be considered in responding to the expectations of
interested parties. In this context, the analytical hierarchy
process (AHP) and the Promethee Il method stand out as
fundamental techniques within the realm of multi-criteria
decision methods (MCDM), providing a methodological
structure to address these complex decisions. These methods
have been applied in several contexts, from supplier selection
to infrastructure planning, confirming their usefulness in the
comprehensive and strategic evaluation of options [1], [2].

Forinstance, a study conducted in the energy sector used AHP
and Promethee Il to select the optimal locations for offshore
wind power stations while integrating multiple technical and
environmental criteria. This approach provided a robust and
well-informed solution for site selection, highlighting the
versatility of these methods in environmentally sensitive
contexts [3].

Another relevant case was the use of AHP and Promethee
Il in the construction industry, where quarry designs were
evaluated and selected, weighing criteria such as flood
risk and environmental impacts. This approach led to the
selection of micro-tunnel systems, offering an effective and
sustainable solution for stormwater management in urban
areas [4].

As stated by Freeman, the relevance of stakeholder analysis
is indisputable in strategic management, since it provides a
framework for understanding the influences and priorities of
each group interested in organizational decisions [5]. This
approach is crucial for ensuring that decisions are not only
effective but also inclusive and accepted by all the parties
involved. A systematic review of MCDMs over 44 years
revealed the significant evolution of these tools, showcasing
their adaptation and application in several sectors to address
emerging challenges [6]. Furthermore, recent studies
demonstrate how MCDMs can improve the efficiency of
industrial processes, highlighting their positive impact on
organizational management and process optimization [7].

Notably, research on the AHP-Promethee combination
has yielded consistent and reliable results, underscoring
the effectiveness of integrating different MCDMs to
improve objectivity and consistency. For instance, a study
that applied several MCDMs for outdoor thermal stress
mitigation showed that combining AHP with other methods
can significantly optimize results, facilitating the selection of
effective and sustainable strategies [8].

Furthermore, the introduction of new MCDMs that
combine intuitive techniques and more detailed analyses,
such as intuitive fuzzy sets and the feature object method,
has driven continued innovation in the field, offering new
opportunities to improve the adaptability and effectiveness
of organizational decisions [9].
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This article proposes a methodological guide that integrates
stakeholder analysis, AHP, and Promethee II, providing
a structured and replicable tool. The tool’s workflow is
presented in Fig. 1. Our methodology not only captures the
complexity inherent in modern decisions; it also constitutes
a balanced and comprehensive approach.

Structuring the Decision Framework

Stakeholder
Analysis for
determination of
decision criteria

Expert selection

Problem definition N
and preparation

and alternatives

—

Data Collection and Model Preparation

Quantification of
alternatives in all
criteria

Consultation of
<= experts using the
graphic tool

AHP mathematical
processing

R

Prioritization and Feasibility Assessment

Feasibility and
viability analysis
(PESTEL and
resource constraints)

Ranking of solution
alternatives

Figure 1. Methodological workflow of the tool
Source: Authors

Literature review
Analytical hierarchy process

The AHP was developed by Thomas L. Saaty in the 1980s.
According to Saaty, this is a decision-making technique that
decomposes a complex problem into a more manageable
hierarchy of subproblems (Fig. 2). This methodology allows
decision-makers to focus their attention on one criterion at
time and then combine their judgments into a coherent overall
structure [1].

Criteria

Objective Subcriteria Alternatives

Figure 2. Example of an AHP
Source: Authors
Basic principles

AHPisbased onthreefundamental principles: decomposition,
pairwise comparison, and synthesis of priorities.
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® Decomposition. The first step is to decompose the
problem into a decision hierarchy, which includes
the general objective, the criteria used to fulfill said
objective, and the alternatives to be evaluated.

® Pairwise comparison. In the second step, pairwise
comparisons between criteria and alternatives are made.
Decision-makers assign numerical values to represent
the relative importance of each criterion or alternative
compared to the others [10]. This is done using a scale
of 1 to 9, where 1 indicates equal importance and 9
indicates extreme importance of one element over
another (Table I).

® Synthesis of priorities. The third step involves the
synthesis of the pairwise comparison into a set of global
priorities. This process uses the eigenvector method
to calculate weights for each criterion and alternative,
thereby ranking the available options.

Table 1. Saaty scale for pairwise comparison

VALUE DEFINITION COMMENTS
1 Equal Both criteria contribute equally to
importance the objective
2 Intermediate values
Moderate Experience suggests a slight
3 - preference for criterion A over
importance o
criterion B
4 Intermediate values
G Evidence shows a notable
reat o
5 . preference for criterion A over
importance o
criterion B
6 Intermediate values
7 Paramount Criterion A is significantly more
importance important than criterion B
8 Intermediate values
9 Extreme The superiority of criterion A over
importance criterion B is absolutely evident

Source: Authors

Applications and advantages

AHP has been applied in a wide variety of contexts, including
supplier selection, strategic planning, and project evaluation.
Its main advantages include the ability to structure complex
problems in a hierarchical manner and its systematic
approach to weighting criteria and alternatives. Additionally,
AHP allows decision-makers to incorporate both qualitative
and quantitative data into the process, making it particularly
useful in situations where multiple factors and perspectives
must be considered [1].

Recent extensions and innovations

Recent advancements in the AHP have significantly
improved its adaptability to complex and uncertain
decision-making environments. One such development

is the introduction of parsimonious AHP models, which
aim to reduce the cognitive load on decision-makers while
preserving analytical robustness. [11] proposed a dynamic
and perspective-based AHP model that streamlines
traditional structures to better suit industrial contexts,
emphasizing efficiency and clarity in prioritization.
Expanding on this, [12] developed the parsimonious
spherical fuzzy AHP (i.e., P-SF-AHP), which incorporates
spherical fuzzy logic to better capture expert hesitancy
and reduce assessment ambiguity. This method not
only enhances the interpretability of preferences under
uncertainty but also simplifies data collection through
fewer pairwise comparisons.

Similarly, [13] applied the spherical fuzzy AHP framework
to transportation planning problems, particularly for
determining park-and-ride facility locations. Their approach
demonstrates the method’s efficacy in synthesizing
opinions from heterogeneous expert groups while
handling conflicting priorities under uncertainty. These
innovative adaptations of AHP strengthen its relevance in
modern decision-making by addressing two fundamental
limitations of the classical model, i.e., excessive comparison
requirements and a limited treatment of uncertainty.
Despite these developments, the classical version of AHP
is still preferred for its mathematical soundness and ease of
use, particularly when integrated with other MCDMSs such
as Promethee I1.

Promethee Il

The Promethee method was developed by Jean-Pierre
Brans and Bertrand Mareschal in 1982. It is a MCDM used
to rank and order a set of alternatives evaluated based on
multiple criteria. Unlike other methods, Promethee allows
for direct preference analysis and does not require criterion
compensation [2].

Fundamental principles

Promethee is based on the pairwise comparison of
alternatives in relation to each criterion, using preference
functions that quantify the advantage of one alternative over
another. Several preference functions (Fig. 3) can be applied
depending on the nature of the criterion and the preferences
of the decision-maker [14].

® The usual function (I) is applied when the differences
between the alternatives are not significant.

® The u-shape function (Il) is used when a small
difference is indifferent, but a larger one is significant.

® The v-shape function (lll) is like the u-shape function,
but with a linear slope.

® The level function (IV) is used for qualitative criteria.

® The v-shape function with indifference (V) combines
the features of the v-shape and usual functions.

e The Gaussian function (V1) is used when small
differences are more important than large ones [15].
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Usual Function U-shape Function

V-shape Function

1 e - 1|---

Level Function Linear Function Gaussian Function

Figure 3. Representative graph of the Promethee Il functions
Source: Authors

Promethee procedure

The Promethee procedure involves several key steps:

i. Alternatives and relevant criteria are identified and
defined.

ii. Each alternative is evaluated based on the defined criteria.

iii. Appropriate preference functions are applied to quantify
the advantage of one alternative over another.

iv. Aggregate preference indices are calculated, and
preference values are added for each pair of alternatives.

v. Alternatives are classified based on the aggregate
preference indices [16].

Applications and benefits

Promethee has been widely used in various fields, including
supplier selection, urban planning, and project evaluation.
One of its key advantages lies in the ability to handle complex
problems with multiple conflicting criteria, in addition to its
flexibility in the selection of preference functions, which
makes it suitable for a wide range of decision problems [17].

Stakeholder analysis

Stakeholder analysis is a fundamental technique in strategic
and project management. It focuses on identifying and
evaluating all the groups and individuals that affect or are
affected by the decisions and activities of an organization.
This technique is crucial for understanding the influences,
interests, and power of different stakeholders, which in
turn facilitates the effective planning and management of
organizational initiatives [18].

Fundamentals

The concept of stakeholder was popularized by R. Edward
Freeman in his 1984 book titled Strategic Management: A
Stakeholder Approach. Freeman defined stakeholders as
“any group or individual who can affect or be affected by
the achievement of an organization’s objectives” [3, p. 46],
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an approach that has revolutionized strategic management.
Below are the steps involved in this method.

i. Stakeholder identification. All groups and individuals
who may have an interest in the project or decision
are identified. This includes both internal (employees,
managers) and external (customers, suppliers,
regulators) stakeholders.

ii. Stakeholder classification. The stakeholders are
classified based on their power, legitimacy, and
urgency, which helps to prioritize their management. A
commonly used tool for this classification is the power/
interest matrix [3], which is shown in Fig. 4.

iii. Assessment of interests and influences. The interests
and influence of each stakeholder are evaluated, which
implies understanding their positions and the potential
impact of their actions on the project.

iv. Development of stakeholder management strategies.
Specific strategies are developed to manage all
positions and minimize conflicts with key stakeholders,
highlighting active participation throughout the
decision-making process.

High
Engage and keep Engage and
satisfied actively attract
POWER
Monitor .
(Minimal effort) Kesolntorped
Low
Low High
INTEREST

Figure 4. Power/interest stakeholder matrix
Source: Authors

Importance

Stakeholder analysis is vital for the success of any project or
strategic decision. Among its advantages, the following can
be highlighted:

i. It improves decision-making. It provides a clear
understanding of the power dynamics and interests at
play, facilitating more informed and balanced decision
making.

ii. It facilitates acceptance and support. By involving
stakeholders in the decision-making process, the
likelihood of acceptance and support for final decisions
is increased.

iii. It minimizes conflicts. It allows identifying and
addressing potentially conflicting interests before they
become significant problems.

iv. It promotes transparency and accountability towards all
stakeholder groups [20].
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Recent developments in MCDM s and justification for
the selected approach

In recent years, various MCDMs have emerged to address
the increasing complexity of decision environments. Among
these, the Grey PSI and Grey MARCOS models offer robust
solutions for ranking alternatives under uncertainty and
limited data availability, proving useful in sectors like finance
and insurance, where precise measurements are challenging
and the criteria are numerous [21].

Additionally, hybrid approaches combining fuzzy logic
and traditional decision models have been developed for
highly technical applications. For instance, [22] introduced
a decision framework integrating the fuzzy AHP (i.e.,
FAHP) with Lanchester combat simulation models to
optimize defense planning under uncertainty. These
advanced models provide greater flexibility in modeling
ambiguity and can yield highly precise results in structured
environments with access to specialized software and
expert evaluators.

Despite the merits of these modern approaches, their
applicability in small and medium-sized enterprises
(SMEs) is often limited due to constraints related to
technical infrastructure and expertise. Therefore, models
that are both analytically sound and accessible become
essential.

The combination of AHP and Promethee Il offers an ideal
balance between methodological rigor and practical
usability. AHP is widely recognized for its structured
pairwise comparison framework and its ability to capture
expert judgment consistently, while Promethee Il is known
for its transparent preference modeling and ease of ranking
alternatives. Together, they form a hybrid approach that is
highly adaptable to real-world decision-making, especially in
organizational contexts with limited resources.

This hybrid AHP-Promethee 1l model has been validated
across diverse sectors. For example, [23] applied it to
evaluate the resilience of sewer networks in Seoul while
considering urban flood and ground collapse risks. Similarly,
[24] utilized it to determine suitable areas for artificial
groundwater recharge in Iran. Moreover, [25] employed
this framework to assess the severity of factors influencing
road accidents in Gujarat, India. Their study incorporated
expert judgments to weigh injury types and ranked 82 minor
factors, ultimately identifying speeding, the male gender, and
clear weather conditions as the most severe contributors to
road accidents. These applications demonstrate the model’s
versatility and robustness in handling complex, multi-criteria
decisions.

In the context of SMEs characterized by constraints related to
technical capacity and decision times, the AHP-Promethee Il
approach provides a decision support system that is not only
technically grounded but also intuitive and adaptable. By
integrating stakeholder analysis, this framework enhances

the participation and alignment of internal and external
actors. This is particularly valuable in SMEs, where decision
processes are often less formalized.

Methodology

The proposed methodology combines a variety of techniques
and tools to provide a comprehensive solution for strategic
decisions in organizations. This section details each of the
necessary steps in its implementation.

Identification of the problem and alternative solutions

The process starts with a clear identification of the problem
to be addressed. This involves carrying out a thorough
analysis of the current situation and identifying possible
alternative solutions based on the proposed objectives.
For this pre-methodological stage, the use of the Logical
Framework is recommended, along with its problem
and objective trees, which are the basis for identifying
alternative solutions.

List of criteria through stakeholder analysis

The next stage is the identification and weighting of the
relevant criteria for the decision process, which employs
stakeholder analysis.

Stakeholder identification

All relevant stakeholders who have an interest in the decision
under study must be identified. This may include employees,
customers, suppliers, shareholders, and any other group or
individual who may be affected by the decision. They should
be knowledgeable about the basic activities and functioning
of the organization.

Stakeholder analysis

The power/interest matrix is used to analyze each
stakeholder’s influence and interest. In other words, the
stakeholders are listed and classified based on power
and interest criteria regarding the situation or problem.
Accordingly, each of them is placed in a quadrant of the
matrix (Fig. 4). In the next step, we recommend focusing the
efforts on the stakeholders in the high-power/high-interest
and high-power/low-interest quadrants. This is due to their
ability to influence the project outcomes and their strategic
importance. According to this technique, stakeholders with
both high power and high interest should be managed
closely due to their ability to support or derail the project,
and those with high power but low interest should be
kept satisfied through minimal but adequate updates,
given that their participation and commitment are key to
project success. Meeting their basic needs and keeping
them informed at a high level helps to prevent them from
becoming blockers [5].
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List of criteria

Based on the stakeholder analysis, an information collection
tool is defined, be it interviews, group meetings, or surveys.
From the discussions carried out and the tools applied, the
key elements that stakeholders consider critical for decision-
making are extracted and consolidated into a list. This list
should be reviewed with all interested parties to ensure
that all important aspects are appropriately covered and
prioritized.

Expert selection and preparation

It is important to distinguish between stakeholders and
experts within this methodology: stakeholders participate
mainly in identifying and prioritizing decision criteria, while
experts are selected to provide technical judgments and
evaluate alternatives.

Expert selection is crucial for ensuring the validity and
reliability of the evaluation process. Criteria must be selected
while considering the economic activities of closely related
companies. Specific experience in areas related to the
alternatives and contextual knowledge of the company are
essential criteria for this evaluation. Nevertheless, it is more
important to know the company’s field of operation than
having exhaustive knowledge of organizational operations.

On the other hand, detailed problem briefings and decision
processes, along with visual support tools (Fig. 5), are
recommended to ensure adequate understanding and
effective engagement.

Consulting experts using the graphical tool

The graphical tool presented in this work is a fundamental
innovation of this methodology, as it facilitates the experts’
pairwise comparison of criteria in a visual and interactive
way, with the aim of improving their understanding.

Criterion 2
Criterion 1 Criterion 3
Criterion 4
Criterion 3
Criterion 2
Criterion 4

Figure 5. Graphical pairwise comparison tool
Source: Authors
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This tool shows the possible relationships between the
previously listed criteria. Its operation, which is fully
subjective and related to the expert’s preferences, involves
deciding on one of two criteria. As an example, if criterion
X is preferred over criterion Y, a color is selected to write,
in the corresponding white box, a number that represents
the level of preference. This number indicates how much
one criterion is preferred over the other, according the
Saaty scale. Fig. 6 shows an example of ratings given by an
expert, where green represents a preference for the left-side
criterion, while red represents the opposite. In addition, a
translation/explanation statement is provided to facilitate the
interpretation of the tool.

Criterion 2

W

L3

=
[ 9]

Criterion 1 Criterion 3

Criterion 4

Criterion 3

Criterion 2
Criterion 4

6L
L= |

Criterion 3 Criterion 4

Figure 6. Example of the graphical tool’s application
Source: Authors

The verbal rating scale presented in Fig. 6 is as follows:

e Criterion 1 is preferred over criterion 2 with very great
importance

e (Criterion 1 is preferred over criterion 3 with great
importance

e Criterion 4 is preferred over criterion 1 with moderate
importance

® Criterion 3 is preferred over criterion 2 with moderate
importance

e Criterion 4 is preferred over criterion 2 with extreme
importance

e Criterion 4 is preferred over criterion 3 with great to
very great importance

We recommend presenting the tool face to face to the
expert, establishing the colors used to represent preference.
Furthermore, we recommend explaining all instructions and
the rating scale used (Fig. 7).
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Criterion 2

Definition Importance

Equal importance 1

Criterion 1 Criterion 3

Weak or slight

Criterion 4
Moderate importance

Moderate plus

Strong importance Criterion 3

Strong plus Criterion 2

Criterion 4
Very strong importance

Very, very strong

© |o [w [0 [v |& |w |~

=

If you prefer criterion "X" (the one on the left) over criterion "Y" with any of
the 9 degrees of preference, place the number in black.
If, on the contrary, you prefer criterion "Y" over criterion "X," write the
number in red.

Extreme importance Criterion 3 Criterion 4

Figure 7. Graphical tool with recommended elements
Source: Authors

Mathematical processing of the information obtained

The experts’ evaluations are transferred to different AHP
matrices while considering the colors and locations of the
numbers, as well as their corresponding inverses within
the pairwise comparison matrix. This is done to verify the
consistency of the evaluations and ensure data reliability.
It should be noted that, in the first instance, it is possible
to obtain inconsistencies greater than 10%, which is the
recommended limit, given the experts’ learning curve
regarding the method and the use of the tool.

Next, the comparison matrices are unified by means of the
geometric mean, which aids in preserving the reciprocity
and multiplicativity of the pairwise comparison matrices
[26]. Then, based on this unified matrix, the priority vector is
calculated in order to determine the weight of each criterion
within the decision-making process.

Quantifying the alternatives

To implement Promethee 11, it is necessary to obtain accurate
data on how each alternative meets the established criteria
by consulting key experts or secondary sources. A thorough
investigation is necessary; the more precise the data, the
better the results obtained.

The preference functions used in Promethee Il must also be
configured with input from the most relevant stakeholders
(quadrant 4), although the final calibration and evaluation
are performed by the selected experts. Those classified in
quadrant 4 (high power/high interest) are recommended, as
they constitute the most influential people in the project and
allow for the highest probability of success.

Implementation of Promethee Il

Promethee Il is applied using the criterion weights obtained
via AHP and the data from the previous step, with the
purpose of calculating the net flow of each alternative and
generate a ranking.

Feasibility analysis of the selected alternatives

In this subsection, we propose a complementary technique
for evaluating the feasibility of the alternatives in the ranking.
This tool focuses on determining whether the alternatives
obtained can be executed by the company, analyzing each
one according to the PESTEL factors (political, economic,
social, technological, environmental, and legal). These
factors are defined below.

® Thepolitical factor involves an assessment of the political
stability conditions, government regulations, and fiscal
policies that could influence the implementation of an
alternative.

® The economic factor considers the current economic
situation, as well as access to funding and associated
costs.

® The social factor analyzes an alternative’s social
impact and acceptance by staff, clients, and all parties
involved.

® The technological factor evaluates the existing
technological infrastructure and the capacities necessary
for implementing an alternative.

e The environmental factor considers the sustainable
impact of an alternative.

® The legal factor refers to regulatory and legal
considerations that could impact the implementation
of an alternative, including compliance requirements,
licensing, or potential legal constraints.

For each of these factors, an evaluation scale from 1 to 5 is
used. This allows precisely qualifying each factor according
to its impact on the feasibility of an alternative. The proposed
scale is presented below.

1. - very unfavorable: extremely adverse conditions that
make implementation impossible

2. - unfavorable: unfavorable conditions that significantly
hinder implementation

3. - neutral: conditions that do not significantly facilitate
or hinder implementation

4. - favorable: several favorable conditions that facilitate
implementation

5. —veryfavorable: optimal and highly favorable conditions
for implementation

To evaluate each alternative in the ranking, we recommend
consulting key people with knowledge of both the company
and the factors associated with the evaluation. Moreover, it
is necessary for them to understand the implication of the
solution alternatives. A key element of this technique is the
definition of a minimum score threshold for determining
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whether an alternative is viable. This threshold can be
adjusted by the company according to the specific context
and priorities. We recommend using a total score of 18 as
the initial threshold, which is equivalent to an average of
3 in each factor. This value ensures sufficient conditions
regarding all aspects. Alternatives with total scores equal
to or greater than the minimum threshold can be classified
as viable. Their application can be assessed in descending
order according to the ranking obtained through Promethee
I, i.e., if the first alternative in the ranking does not meet the
threshold, the next one is evaluated, and so on. This ensures
that the company chooses the most viable and feasible
alternative for a given context.

Results

Asacasestudy, weanalyzed an SMElocated inanintermediate
city in Valle del Cauca (Colombia), with about 35 000
inhabitants. Founded in 2019, this company specializes in
manufacturing iron strappings for the construction industry.
Difficulties have been identified regarding the company’s
ability to supply the demand, especially in periods with high
order volumes. This could harm the company in terms of
its economy and reputation, among other aspects. It could
be said that SMEs in this sector have similar structures and
generally face operational limitations that confront them
with the need for strategic decisions aimed at ensuring their
sustainability.

Problem identification and alternative solutions

Once the central problem had been identified (the
company’s inability to efficiently satisfy the demand at
times with high order volumes), it was broken down into
key components. This structured analysis (Fig. 8) provides
a thorough understanding of the underlying causes and
resulting effects.

Possible legal
implications due to noise
at inappropriate hours in
the neighborhood

. x

Underutilization of

Reduction in the i
Loss of potential resources on low-

company's economic market growth
benefits 3

demand dfys

r Deterioration of the
Loss of sales and company's image
dissatisfied customer (reputation)

L = 3

Forced extension of
production hours

Imbalance in weekly
workload.

I I ¥
—
Inability of the company to efficiently meet demand
on high order volume days

T

S

[
Inefficient response to

Inadequate order peak day orders

Resource constraints
+ processing
[ 1 !
Availability of one Company location in a
residential area.

InabH‘ity to Lack of on-hand

machine anticipate demand. inventory.

Figure 8. Problem tree for the case study
Source: Authors

The proposed objective tree (Fig. 9) represents a problem
of strategic analysis. This tool divides it into branches and
proposes concrete measures to address the identified
causes.

8 of 13 INGENIERIA E INVESTIGACION voL. 45 No. 2, AucusT - 2025
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Efficient use of
resources on low-
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Increase in the
company's economic
benefits

Potential growth in
the market

f Balanced workloads

on different days of
the week

of the deq!
company's image
(reputation)
x

production
schedules without forced
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Increase in sales and
customer satisfaction.

¥ x
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peak day orders
x
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resources
x

Digital and automated
order processing
| . |
Establishment of an
effective inventory

Increaseinithie Plant location in an

number of machines industrial area

cuctam

Figure 9. Objective tree for the case study
Source: Authors

List of criteria

As previously mentioned, stakeholder analysis focuses
on evaluating the power and interest of each group in
relation to the project. Below is a brief description of the
stakeholders identified in this case study, followed by
their classification, in order to appropriately establish the
evaluation criteria.

®  Business owner: responsible for strategic direction and
key decision-making. He has a comprehensive vision
of the business and seeks to optimize operations and
maximize profitability. This stakeholder has high power
and high interest.

® Neighborhood: local community affected by noise
pollution and other externalities of the company’s
operation. This stakeholder has low decision-making
power but high interest.

® Client: buyers of the company’s products, interested
in quality, delivery times, and competitive prices. They
have no power over decision-making but a high interest.

® Suppliers: they supply the raw materials necessary for
production and are interested in maintaining a stable
and continuous commercial relationship. They have low
power and interest.

The stakeholder classified in quadrant four (high/high)
corresponds to the owner of the SME. The crucial criteria
for alternatives assessment were provided by him through
interviews:

Initial investment cost
Monthly operating costs
Lead time reduction.
Success probability
Time horizon

Operating efficiency

Expert selection and preparation

During the analysis, highly relevant experts were identified
in relation to the proposed alternatives. For the SME under
study, the following were selected:
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Business owner: an expert with in-depth knowledge of
internal operations, history, and the local market. He
is familiar with the company’s clients and challenges.
Additionally, he has information about available
financial resources and limitations.

The municipal government’s infrastructure secretariat:
an expert with in-depth knowledge of the regulations,
restrictions, and opportunities associated with the
location and work schedules of companies in different

Definition i

Equal importance

Initial
Investment

Weak or slight IEN

Moderate importance

Moderate plus

Strong importance

Strong plus

Monthly

Very strong importance
Operating Costs

30 [T ENR (PR PR [P R

Very, very strong

Extreme importance 9

oR

GRS G

Monthly

Operating Costs.

Reduction of LT

Success Probability

Time Horizon

Operational Efficiency

Reduction of LT

Success probability

Time Horizon

Operational Eficiency

If you prefer criterion "X" (the one on the left) over criterion "Y" with any of
the 9 degrees of preference, place the number in black.

areas of the municipality.
® Operator: an expert with in-depth knowledge of the
company’s internal day-to-day operations.
® (lient: a regular customer of the company with
experience in the construction industry, especially
regarding the use of strapping in construction projects.
He has a working knowledge of product quality and
customer needs.
® Industrial engineer: an expert with in-depth knowledge
of inventory management strategies, their design,
the costs involved, financial analysis, and resource
optimization.

Consulting experts using the graphical tool

Individual sessions were organized with each expert to
familiarize them with the graphic tool. Figs. 10-13 show the
results obtained for two of the five experts consulted.

Definition

Equal importance

Operating Costs
Reduction of LT

Weak or slight

Initial

Investment Success Probability

Moderate importance

Time Horizon

Moderate plus

Strong importance

Operational Effciency

Strong plus

Reduction of LT

Very strong importance

Monthly Success Probabilty

Very, very strong

Operating Costs
Time Horizon

Extreme importance

7\
(FRIR ﬂ‘a‘

o fo v fo [0 [& |o v |~

Operational Eficiency

I you prefer criterion "X" (the one on the left) over criterion "¥" with any of

If, on the contrary, you prefer criterion "Y" over criterion "X," write the

the 9 degrees of preference, place the number in black.

number in red.

Figure 10. Assessment provided by the business owner after using the

graphical tool
Source: Authors

If, on the contrary, you prefer criterion "Y" over criterion "X," write the
number in red.

Figure 12. Assessment provided by the industrial engineer after using
the graphical tool
Source: Authors

Success
Definition iSpemanes 6 Probability
Equal importance
" i L Reduction of LT “ Time Horizon
Weak or slight 2
Operational
Moderate importance 3 Efficlency
Moderate plus 4
Strong importance 5 Time Horizon
Strong plus 6 Success
X Probability Operational
Very strong importance 7 Efficiency
Very, very strong 3
Extreme i 9 Time Horizon Operational
Efficiency

If you prefer criterion "X" (the one on the left) over criterion "Y" with any of
the 9 degrees of preference, place the number in black.
If, on the contrary, you prefer criterion "Y" over criterion "X," write the
number in red.

Figure 13. Assessment provided by the industrial engineer after using
the graphical tool (2)
Source: Authors

Mathematical processing of the information obtained

The AHP was used to ensure weight consistency by
calculating the consistency coefficient. In cases of significant
discrepancies, experts were asked to review and adjust their
judgments. The data obtained from all consultation sessions
were unified into a matrix to calculate the final weights of
the criteria (Table Il and Il), as well as the corresponding
consistency coefficient.

Table Il. Priority vector of the criteria

Criterion VP
Initial investment 0.468710716
Monthly operating costs ~ 0.266098027

Lead time reduction 0.033671037

Probability of success 0.097793158

Time horizon 0.045923271

Operational efficiency

0.087803792

If you prefer criterion "X" (the one on the left) over criterion "Y" with any of

the 9 degrees of preference, place the number in black.

If, on the contrary, you prefer criterion "Y" over criterion "X," write the

number in red.

Success
Definition Importance a Probability
Equal importance
il P e Reduction of LT Time Horizon
Weak or slight 2 Q
Operational
Moderate importance 3 Efficiency
Moderate plus 4
Strong importance 5 a Time Horizon
Strong plus 6 Success
] Probability n Operational
Very strong importance 7 Efficiency
Very, very strong 8
Extreme importance 9 Time Horizon Operational

Efficiency

Figure 11. Assessment provided by the business owner after using the

graphical tool (2)
Source: Authors

Source: Authors

Table I11. Consistency indicators of the matrix

A Cl CR

7.382413838 0.276482768 0.307203075

Source: Authors
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Quantifying the alternatives

This process involved collecting detailed data on how each
option satisfied the established criteria, with elements such
as quotes from different suppliers, cost projections for each
solution alternative, the risk/viability of each alternative as
evaluated by internal and external experts, and projections
based on the implementation times of similar projects.
On the other hand, preference functions were defined
through workshops with the business owner, who provided
valuable information on strategic and operational priorities.
These functions helped to establish specific thresholds of
acceptance and intolerance, in order to reflect decision-
maker behavior.

The results of this process are presented alongside the
preference functions obtained (Tables IV and V).

Table IV. Table of alternatives and description

ALTERNATIVES DESCRIPTION
A Construction of a second machine
B Relocation of the plant to an indus-
trial zone
C Systematization of order processing
D Anticipated demand planning
E Design of an inventory management

system

Source: Authors

Table V. Quantification of alternatives and preference functions

C1 C2 C3 C4 C5 Coé
- Monthly Lead Proba- Time  Oper-
Initial in- . . . ) .
operating timere- bility of hori-  ational
vestment . -
costs duction success zon efficiency
Prefer- . . .
min min max max min max
ence
Type 11 1 I I I I

Param- q=3 500 p=1200

eter 000 000
N 000 S 5 40%  60% 6 15%
o 400 000.00
B ? 000 S 4 30%  60% 1 20%
000 000000.00
C ? s00 | 9 T ot0% 9% 2 25%
ooy 900 000.00
D ’ 000 8 Too0%  s0% 7 10%
o 900 000.00
_ 200 S To40%  s0% 3 18%
o900 000.00

Source: Authors

10 of 13 INGENIERIA E INVESTIGACION voL. 45 No. 2, AucusT - 2025

Implementation of the Promethee Il method

The mathematical processing using Promethee Il included
the calculation of the positive (®+) and negative (®-)
net flows for each alternative. These flows measure the
relative preference of one alternative over another. In this
work, they were used to generate an alternative ranking,
providing a clear view of the most and least preferable
options (Table VI).

It is worth noting that items D and E were conceptually
integrated during the evaluation stage, giving rise to a new
alternative: a hybrid production system. Therefore, the final
analysis includes only four consolidated alternatives.

Table VI. Ranking obtained through Promethee II

ALTERNATIVES FLOW + FLOW - NET FLOW RANK
Construction
of asecond 0.109653246 0.587196 -0.47754304 4
machine
Relocation of
the planttoan  0.19500413 0.484092 -0.28908787 3
industrial zone
Systematiza-
tion of order 0.514170256 0.163434 0.350735776 2
processing
Hybrid produc- 5066639 0.139732  0.415895135 1

tion system

Source: Authors

As evidenced in Table VI, the alternative/strategy
recommended by the method is the implementation of a
hybrid production system.

Feasibility analysis of the selected alternative

In this case, the criteria provided by the owner of the studied
SME were used, given his knowledge of the subject. Then, a
rating matrix was designed based on the scale defined in the
methodology, obtaining the results shown in Fig. 14.

Number Meaning
1 Very unfavorable
2 Unfavorable
3 Neutral.
4 Favorable.
5 Very favorable

Here is the table with the scoring of how favorable each
aspect is for the implementation of each mentioned
alternative

Alternative | Political | Economic Social | Techhnological Ecologic Legal
Hybrid
Production 3 5 1 4 3 3
System

Figure 14. PESTEL feasibility analysis
Source: Authors
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The hybrid production system obtained a total score of 22,
with the economic factor reporting the highest score (5).
This result exceeds the recommended viability threshold
(18), confirming the feasibility of the selected alternative.

Discussions

The tool developed in this study, which combines AHP,
Promethee II, and stakeholder analysis, is highly relevant
in the context of strategic decision-making in SMEs, as
it provides a structured and systematic framework for
evaluating and selecting the best alternative among multiple
options while considering a variety of criteria and the active
participation of key stakeholders [27].

AHP allows comparing the obtained criteria against the
results of the stakeholder analysis by means of pairwise
comparison matrices, which facilitates capturing the
preferences of the experts involved. Furthermore, Promethee
II complements AHP by calculating net preference flows
between alternatives, enabling the generation of rankings
based on the evaluated criteria [28]. This helps to identify
globally preferable alternatives, whose relevance in terms of
execution is finally evaluated using the PESTEL technique.

The results obtained by applying the proposed methodology
reflect the coherence and solidity of the decisions made.
This hybrid method allows for a detailed evaluation of
alternatives, facilitating the identification of the best available
option. This work confirmed the consistency provided by
the pairwise comparison matrix, ensuring the reliability of
the results obtained. Nevertheless, for the other stages in
this tool, we recommend the highest possible precision in
the data entered.

Our proposal can be effectively applied to a wide range of
organizations in terms of both size and sector. It can benefit
small and medium-sized organizations in strategic decision-
making aimed at maximizing resource use and optimizing
operational performance. On the other hand, large and
multinational organizations can leverage this methodology
to manage the complexity inherent in large-scale decisions
involving multiple stakeholders and a wide range of criteria
[29]. Considering that SMEs contribute significantly to the
progress of developing countries and to poverty alleviation
[30], this tool can be used in any sector. In Latin America,
99.5% of companies are MSMEs [31]. In Colombia in
particular, they account for 99%, generating approximately
79% of jobs and contributing 40% of the gross domestic
product (GDP). All these SMEs have similar organizational
profiles. Sectors such as manufacturing, construction,
technology, and services can employ this tool to evaluate
specific projects, product launches, or market expansions,
to name but a few possible applications.

While the integration of AHP and Promethee Il enhances
the robustness of the decision-making process, it is
essential to acknowledge the inherent limitations of both

methods. AHP relies heavily on expert judgments, which
may introduce subjectivity and inconsistencies, especially
when the number of criteria and alternatives increases
considerably [32]. Moreover, this method assumes the
independence of the criteria, a condition that may not hold
in complex organizational environments [33]. On the other
hand, though effective for ranking alternatives, Promethee
Il requires the definition of preference functions and
threshold parameters, which can be challenging and highly
subjective. Additionally, its sensitivity to changes in weights
and its inability to account for criteria interdependence may
compromise the reliability of the results in dynamic contexts
[34]. Recognizing these limitations allows for a more critical
and adaptive application of the proposed framework in
strategic organizational decisions.

Nevertheless, the clear structure and the graphical
preference modeling offered by the tool enable SMEs to
implement more intuitive and structured decision-making
processes. Furthermore, it provides a suitable balance
between methodological simplicity, expert knowledge
availability, and the technological constraints typical of
such organizations, ultimately reducing subjectivity and
strengthening the reliability of the decisions made.

Conclusions

This research developed an integrated tool for strategic
decision-making in organizations and validated it through
a case study involving an SME dedicated to iron strapping
production for the construction industry. A structured and
systematic methodological framework was established
which allows evaluating and selecting the best alternative
among multiple options. The results show the efficiency
of combining multicriteria tools as well as their wide range
of applications. Some studies have proposed different
variations of this method, which confirms its relevance
[35]. The implications for the field are significant, since the
proposed methodology is applicable to many organizations
and sectors, particularly in SMEs in developing countries,
but without excluding large multinationals. The inclusion
of stakeholder analysis ensures that decisions are not only
effective, but also inclusive and accepted by all parties
involved.

Improved transparency in decision-making stands out among
the tool’s benefits. In addition, our proposal enhances
the reproducibility of strategic decisions, which allows
verifying its results in different organizational contexts. The
combination of AHP and Promethee Il allows adapting the
tool to various types of strategic decisions, improving the
flexibility and adaptability of the process. However, some
limitations must be considered: the effectiveness of our
proposal and the quality of its results rely heavily on the
accuracy of the data entered, and verifying the consistency
of AHP assessments can be challenging, especially when
working with multiple experts with different levels of
understanding and experience in the methodology.
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Future research could explore additional methods to improve
the capture of stakeholder preferences and expectations, as
well as techniques for managing conflicts of opinion more
efficiently. Furthermore, introducing new MCDMs such as
feature object methods could improve the tool’s adaptability
and effectiveness in more complex contexts [36]. We
also recommend investigating the tool’s applicability in
non-traditional sectors (e.g., the public sector) in order
to evaluate its effectiveness in different operational and
regulatory environments.
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