symmetry

Article

Hybrid Interval Type-2 Fuzzy Set Methodology with Symmetric
Membership Function for Application Selection in
Precision Agriculture

Radovan Dragi¢ !, Adis Puska 2*©, Branislav Dudi¢ -3, Andelka Stili¢ *©, Lazar Stogi¢ >, Milo$ Josimovi¢ ®

and Miroslav Nedeljkovi¢ ”

check for
updates
Academic Editors: Zofia Matusiewicz

and Teresa Mroczek

Received: 21 July 2025
Revised: 28 August 2025
Accepted: 2 September 2025
Published: 10 September 2025

Citation: Dragi¢, R.; Puska, A.;
Dudi¢, B; Stili¢, A.; Stosié, L.;
Josimovi¢, M.; Nedeljkovi¢, M. Hybrid
Interval Type-2 Fuzzy Set
Methodology with Symmetric
Membership Function for Application
Selection in Precision Agriculture.
Symmetry 2025,17,1504. https://
doi.org/10.3390/sym17091504

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

Faculty of Economics and Engineering Management, University Business Academy, 21000 Novi Sad, Serbia;
rdragic@gmail.com (R.D.); branislav.dudic@fm.uniba.sk (B.D.)

Government of Br¢ko District of Bosnia and Herzegovina, 76100 Brcko, Bosnia and Herzegovina
Faculty of Management, Comenius University Bratislava, 820 05 Bratislava, Slovakia

4 The College of Tourism, Academy of Applied Studies Belgrade, 11070 Belgrade, Serbia;
andjelka.stilic@gmail.com

Faculty of Informatics and Computer Science, University Union Nikola Tesla, 11000 Belgrade, Serbia;
Istosic@unt.edu.rs

Faculty of Engineering, University of Kragujevac, 34000 Kragujevac, Serbia; josimovicmilos@gmail.com
Institute of Agricultural Economics, 11060 Belgrade, Serbia; miroslav_n@iep.bg.ac.rs

Correspondence: adispuska@yahoo.com

Abstract

The development of technology has influenced changes in agricultural production. Farmers
are increasingly using modern devices and machinery that provide valuable information,
and to manage this information effectively, it is necessary to use specialized applications.
This research aims to evaluate various applications and determine which one is most
suitable for small- and medium-sized farmers to adopt in precision agriculture. This
research employed expert decision-making to determine the importance of criteria and
evaluate applications using linguistic values. Due to the presence of uncertainty in decision-
making, an interval type-2 fuzzy (IT2F) set was used, which addresses this problem through
the support of a membership function. This approach allows for the display of uncertainty
and imprecision using an interval rather than a single exact value. This enables a more
flexible and realistic representation of ratings, leading to more confident decision-making.
These membership functions are formed in such a way that there is symmetry around the
central linguistic value. To use this approach, the SiWeC (simple weight calculation) and
CORASO (compromise ranking from alternative solutions) methods were adapted. The
results of the IT2F SiWeC method revealed that the most important criteria for experts are
data accuracy, efficiency, and simplicity. The results of the IT2F CORASO method displayed
that the A3 application delivers the best results, confirmed by additional analyses. This
research has indicated that digital tools, in the form of applications, can be effectively used
in small- and medium-scale precision agriculture production.

Keywords: applications; precision agriculture production; Interval type-2 fuzzy set;
decision-making uncertainty; symmetric membership function

1. Introduction

The advancement of technology is influencing changes across all sectors of production.
Production methods are evolving, and modern technology is increasingly being integrated
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into these processes [1]. Technology is also reshaping how agricultural production is
conducted [2]. In agriculture, tools such as drones, sensors, and automated machinery
are now being used. To improve agricultural productivity, it is essential to process field
data and make timely, informed decisions [3]. Such equipment enables the implementation
of precision agriculture, allowing actions to be taken exactly when needed, improving
productivity, and reducing resource consumption.

To support these advancements, appropriate software applications are required. These
applications collect real-time data from the field and provide farmers with suggestions
on which measures to implement in the context of precision farming. Furthermore, such
applications help manage agricultural resources to optimize production outcomes. As the
cost of modern agricultural equipment decreases, it becomes accessible not only to large-
scale producers but also to smaller farmers. Additionally, many agricultural applications
are now more affordable or even available for free in some cases [4].

With the rise of artificial intelligence, agricultural applications are becoming increas-
ingly “smart,” capable of autonomously handling specific tasks. For example, certain
applications can now manage irrigation systems [5], enabling the creation of optimal condi-
tions for crop production. However, the wide range of available applications on the market
presents a challenge, as farmers need to select the one best suited to their specific needs.

The adoption of applications in agriculture has become necessary due to the increasing
use of various technological devices. These devices collect large volumes of data using
sensors or other mechanisms, and this data must be processed efficiently [6]. Each appli-
cation must be tailored to the needs of farmers to ensure more effective outcomes. The
selection process should incorporate multiple goals that the chosen application needs to
fulfill. This decision-making process can be supported by multi-criteria decision-making
(MCDM) methods, which enable the evaluation of alternatives from different perspectives
and enable trade-offs between competing objectives [7].

In practice, it is often the case that a single application cannot meet all requirements.
Therefore, a compromise must be made to select the application that most effectively
satisfies the key goals. This process becomes even more complex when the decision
maker (DM) lacks complete information about the available applications. Ideally, the DM
should have the opportunity to use each application for a period of time to evaluate its
advantages and disadvantages before making a final choice. However, time limits the
practicability of this approach. Additionally, financial limitations, such as subscription
costs, may prevent farmers from testing multiple applications. As a result, farmers tend to
choose the application that best suits their needs based on the information at hand. This
introduces a degree of uncertainty into the decision-making process [8].

To address incomplete information, the classical fuzzy approach can be applied,
allowing decisions to be made using imprecise evaluations in the form of linguistic values.
However, since classical fuzzy logic does not fully account for uncertainty, other approaches
have been developed to extend it. One such approach used in this study is based on the
fuzzy type-2 set.

The fuzzy type-2 set enables the modeling of uncertainty in the membership function,
distinguishing it from the classical fuzzy set, where ratings are fine-tuned using a fixed
membership function [9]. In a fuzzy type-2 set, membership values are defined within the
interval [0, 1], enabling the representation of more complex decisions by incorporating
uncertainty into the process. This approach is instrumental in scenarios with incomplete
data. Also, the fuzzy type-2 set can be enhanced by introducing intervals into the process
of defining the membership function [10]. This enhancement provides additional flexibility
in incorporating the subjective assessments of the DM. The main advantage of the interval
type-2 fuzzy (IT2F) set lies in its ability to capture uncertainty and subjectivity more
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effectively [11]. This results in more precise and reliable outcomes. Furthermore, this
method allows for a more comprehensive aggregation of experts’ ratings, resulting in more
stable and realistic outcomes. Unlike other approaches, such as Pythagorean fuzzy or
hesitant fuzzy, which represent uncertainty through the membership function [12,13], the
IT2F approach embeds uncertainty within the upper and lower bounds of the interval.
This enables a more robust representation of uncertainty, especially in situations with high
variability or uncertainty in decision-making.

By introducing intervals, the variability of decision-relevant data can be managed
better, leading to the creation of more realistic and dynamic decision-making models [14].
Such a model is particularly well-suited where decision-making involves inherent uncer-
tainty and subjectivity. This process requires considering a wide set of criteria to evaluate
applications from various perspectives. As the number of criteria increases, it becomes
difficult to gather complete information for each application, further complicating the
decision-making process. Therefore, it is essential to adopt advanced fuzzy set approaches
that account for uncertainty and vagueness. This study adopts the IT2F approach for this
very reason. By applying the IT2F method, a more flexible and reliable framework for eval-
uating applications can be established, which is important in a dynamic and unpredictable
market environment.

Applications can help farmers improve productivity, reduce costs, and promote the
optimal use of resources, all key goals in precision agriculture. Additionally, this research
aims to improve the application selection process by using the IT2F approach to enhance
the adoption of digital technologies in agriculture. Based on this motivation, the cen-
tral research question of this study is as follows: How can the selection of agricultural
applications be optimized under conditions of uncertainty using the IT2F approach?

The primary objective of this study is to enhance the efficiency of application selection
in agriculture by developing new IT2F-based approaches, thereby enabling the digital
transformation of agricultural production and promoting the broader adoption of precision
agriculture. The specific objectives of this research are as follows:

- To develop an IT2F-based methodology for application selection that incorporates
uncertainty into the decision-making process.

- Toidentify key criteria necessary for the selection of applications in precision agriculture.

- To improve the decision-making process in agriculture to ensure more objective
application choices.

This research offers several key contributions. First, it provides a theoretical advance-
ment in understanding the application of IT2F logic in decision-making. Additionally, new
versions of methods tailored to this approach are being developed. Second, it supports the
development of innovative decision-making models and methodologies that incorporate
IT2F. Third, by identifying relevant applications, the study helps farmers enhance pro-
ductivity, reduce costs, and optimize resource usage, improving the overall efficiency of
precision agriculture. Fourth, the research promotes the adoption of digital tools in agricul-
ture, contributing to the modernization of agricultural practices and helping address the
challenges posed by climate change. Finally, this paper contributes to scientific knowledge
by proposing new approaches to applying MCDM methods in agriculture. It provides
guidelines for future research in precision agriculture, particularly in managing uncertainty
within the decision-making process.

2. Materials and Methods

The fuzzy approach was first introduced by Zadeh [15], enhancing the decision-
making process. This approach enables a subtle range of responses, where values can vary
between [0, 1] [16]. Within this, rating limits are not sharply defined, allowing for the
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inclusion of imprecise data in the decision-making process [17]. However, in more complex
scenarios involving subjective judgments, it often happens that DMs feel uncertain about
their evaluations [18]. As a result, newer fuzzy-based methods have been developed to
incorporate both uncertainty and imprecision into decision-making [19]. These methods
aim to address the limitations of the traditional fuzzy approach.

IT2F allows higher-level modeling while maintaining the simplicity of the fuzzy logic
framework [20]. A key advantage of IT2F lies in its use of interval membership functions,
which adapt linguistic values typically used in evaluating criteria and alternatives, enabling
greater variability in linguistic value usage. The grounds behind applying this approach
to application selection in agriculture are that it allows for the inclusion of linguistic
expressions, which are often easier to use, particularly when dealing with qualitative
criteria where assigning precise numerical ratings can be challenging. Also, IT2F enables
the parsing of linguistic evaluations using membership functions that span a broader range.
In such cases, values of membership functions for bordering evaluations may overlap. This
approach also addresses the issue of assigning exact membership functions within fuzzy
sets, which can otherwise lead to an inaccurate representation of uncertainty [21].

In defining IT2F sets, two membership boundaries are established: the upper member-
~U ~L
ship function (A; ) and the lower membership function (A;) (Figure 1). As such, the extent

of the membership function is considerably broader than in traditional fuzzy logic [22].
Each membership function is defined so that the first and fourth values represent the
support, while the second and third values denote the core. The IT2F set A is formed using

=~ ~U ~L
A1 - Al ,A1
2 u o ou u u ~u ~u L L L L . ~E
A = ((an, 15,013,014, Hy (Al )/HZ (Al ))/ (all/ A1p, 093,014, Hy (Al)/HZ (Al))) M

where al-Lj[ and aiLj are elements of the trapezoidal type-2 fuzzy set, and Hy are boundaries
within the interval [0, 1].

the following:

A

H,(AY)
Hy(AY)
Hx(A")
Hi(Ah

Figure 1. Interval type-2 fuzzy set.

Given two sets 1711 and Ez, the operations between them are as follows [23]:
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=~ ~ ~U ~L ~U ~L
A1+BZZ Al’Al + BllBl
~U ~u ~Uu ~Uu
(all +b11/a12+b12/a13+b13/a14+b14, TI”IZTZ( 1(A1 ),Hl (A2 )), min (H2 (Bl ),HZ B2 ))), (2)

- ~L ~L ~L ~L
(afl + bk, ab, + bL, aky + b, ab, + L s min <Hl <A1 ) ,H, <A2> ) min <H2 <B1 ) ,H, (132) ))
= =~ ~U ~L ~U ~L
Al—BZZ AllAl - BZ/BZ

~Uu ~Uu ~Uu ~U
(a'ljl — bﬂ,a% b13,a13 bluz,a14 blul; min <H1 <A1 >,H1 <A2 >), min (Hz <B1 >,H2 B, >)), @3)

= ~L ~L ~L ~L
(”%1 - bh,a%z - b1L3,a%3 ble,aM bll,mzn( 1 <A1>, H; <A2>>, min (Hz (Bl>, H»> <B2> ))
~ ~ ~U =L ~U ~L
AlXAZZ Al’Al X B2,Bz

~Uu ~U ~U ~U
(a% X bﬂ,a% X b%,a% X b%,aﬁ X bﬂ; min(H1 (Al ),Hl (A2 )), min (Hz (Bl ),Hz B, ))), (4)
= ~L ~L ~L ~L
(afl x bk, aky x bk, aky x bk, aky x bk ; min <H1 (Al),H1 <A2>>, min <H2 (Bl),Hz (132)))
~ ~ ~U ~L ~U ~L
A1+A2: AllAl - Bz,B2
u u . u u. . e Y . ~U ~u
<a11 = bﬂ,a12 : b%,a13 : b12/”14 <+ byy; min <H1 (Al >,H1 A,y )), min <H2 (Bl >,H2 <82 ))), @)

- L ~L ~L ~L
<a11 b1L4,a12 191L3,{113 ble,a14 bn,mzn <H1 <A1),H1 <A2>), min (Hz (Bl),Hz (BQ>>)
=~ ~Uu ~Uu ~L ~L
kx A = ((kaﬁ,kaﬁ,ka%, katy; Hy <A1 >,H2 (A1 > ) (kafl,kafz,ka%?),kuh; H; (Al ) ,H <A1 ) )) (6)

These basic operations are applied in the development of SiWeC (simple weight
calculation) and CORASO (compromise ranking from alternative solutions) methods, which
will be used to determine the importance of criteria and rank the analyzed applications.
These methods are chosen because they are relatively new and have not yet been extensively
used in practice, nor have IT2F versions been previously developed. With this, the paper
contributes by offering these new implementations.

2.1. IT2F SiWeC Method

The SiWeC method was designed to provide a simple tool for evaluating the weights
of criteria based on assessments provided by DMs [24]. This method belongs to the category
of subjective weight-determination techniques. It uses linguistic ratings provided by DMs,
which are further evaluated. For the IT2F implementation, the traditional steps defined by
Puska et al. [25] are adapted and extended:

Step 1. Determination of the importance of the criteria. DMs assess the importance
of each criterion using linguistic values. In this study, a seven-level linguistic scale is
used (Table 1). When defining the membership function for the first interval, symmetry
is centered around the main value. At this stage, the supports add up to one, and the
membership values are paired accordingly. In total, three pairs are created in this way. This
symmetry will be illustrated with an example of the worst and best linguistic values. In
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this example, the supports for the worst linguistic value are (0, 0.1), while those for the best
are (0.9, 1). The sum of the first support of the worst value and the last support of the best
value equals one, and vice versa. Furthermore, the core of these linguistic values is equal to
one. Using this symmetry, additional pairs are formed within this membership function
and in the second interval. When determining the membership function, it is ensured that
each higher value is assigned the corresponding higher value in the fuzzy number [26].
Starting from the central value, we attempted to apply an identical deviation for larger
and smaller values. This means that as the value increases, the smaller value decreases
by the same amount, maintaining the symmetry of the function. Applying this approach
to defining the membership function guarantees that each linguistic value is given equal
importance. If the membership function were asymmetric, it would imply that specific
linguistic values are given more or less importance, which would reduce the importance of
the evaluation of criteria and alternatives.

Table 1. Criteria value scale.

Linguistic Values Interval Fuzzy 2 Set Values Gi)

Very bad (VeB) 0,0,0,0.1;1,1), (0,0,0,0.05;0.9,0.9)
Bad (Bad) (0,0.1,0.1,0.3; 1, 1), (0.05, 0.1, 0.1, 0.2; 0.9, 0.9)
Medium bad (MeB) (0.1,0.3,0.3,0.5;1,1), (0.2,0.3,0.3,0.4; 0.9, 0.9)
Medium (Med) (0.3,0.5,0.5,0.7; 1, 1), (0.4, 0.5, 0.5, 0.6; 0.9, 0.9)
Medium good (MeG) (0.5,0.7,0.7,09;1,1), (0.6,0.7,0.7,0.8; 0.9, 0.9)
Good (Goo) (0.7,09,09,1;1,1),(0.8,0.9,0.9,0.95; 0.9, 0.9)

Very good (VeG) 09,1,1,1;1,1), (095, 1,1, 1; 0.9, 0.9)

Step 2. Transformation of the linguistic values into IT2F numbers using the defined
membership functions (Table 1).

Step 3. Calculation of the standard deviation for each expert’s ratings (st.dev;) [27].

Step 4. Multiplication of the IT2F numbers by the standard deviation.

‘71' = Z,’ X st.devj (7)
Step 5. Summarizing the weighted IT2F values for all criteria.
Si= 2?:1 Vi (8)

Step 6. Calculation of the criteria weights.

~ S
w]'—

, ©)

wna

nog.
j=1"1

Compared to the fuzzy SiWeC method, these steps are different primarily due to the
absence of a normalization step. This is because IT2F values already fall within the [0, 1]
range, making normalization needless. Given that the maximum value of these interval
fuzzy numbers is one, the fuzzy numbers would be divided by one, resulting in the same
value [28]. With this outcome, there is no bias introduced by an uneven distribution of data.

2.2. IT2F CORASO Method

The CORASO method is designed to rank alternatives based on their deviation from
ideal solutions, defined as either the maximum or minimum values for individual criteria
across all alternatives, first applied by Puska et al. [29] to rank agricultural drones. The
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CORASO method was chosen because previous research showed it had a strong correla-
tion with other methods, confirming the results obtained with this approach [30]. This
method allows consideration of deviations between the best and worst values among the
alternatives [31]. Its flexibility and simplicity are additional characteristics. Furthermore, it
was selected due to its promotion within the scientific community, aiming to diversify the
range of methods used in decision-making. This sets CORASO apart from other similar
ranking methods.

Steps for IT2E-CORASO are as follows:

Step 1. To evaluate applications using the same linguistic values as in the Si-
WeC method.

Step 2. To convert linguistic values into IT2F numbers using the membership function
(Table 1).

Step 3. To normalize IT2F numbers. In this step, it is first necessary to determine
whether the values of the alternatives for individual criteria should be as large or as small
as possible. In this way;, it is determined whether normalization should be performed for
benefit criteria or cost criteria.

N xEl xk2 xL3 x4 ¥l xU2 xU3 xU4

n; = J cl Gl e x? %2, Gl Gl 4 Gl K xl ) ifjeB (10)
- 7 7 7 7 7 7 7 7 7 7 i17 i1

g max x].L4 max x]’f4 max x].L4 max x]]f4 bl max x].U4 max x}*"l max x]m max x]m yry
N minxM minx minxll minxll minx¥l minxt minxl minxtl
nj = / / / L X9, xS, / / / L )ifjec (11)
ij PR S i R i B S B TT5 T K N 17 S T BV - BN | B T ]
i if ij i ij ij ij ij

Step 4. To determine ideal alternative solutions—maximum and minimum values for
each criterion.
Step 5. To multiply normalized values, including ideal solutions, by criteria weights.

<
SR
3

j = wjnij (12)
Step 6. To calculate summed scores for each alternative.
Step 7. To defuzzify the utility function using the centroid method, resulting in

averaging values for both upper and lower limits of the IT2F number.

~L ~L ~Uu ~Uu
L_ L Hil A L_ L H.( A L_ L u_.u Hil A u_.u H.( A u_.u
) A ()t () ) i)
defA; 2 2
Step 8. To calculate the deviation from alternative solutions.
R o= O (14)
I S] max AS
S min AS
) O min
R; = T (15)
Step 9. To calculate the final CORASO values.
R;—R’;
Qi = (16)

7
R]'—FR]'
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3. Case Study

Changes in agricultural production influence the use of different equipment and
machinery to enhance productivity. To manage the data received from various types of
equipment, it is necessary to use different applications to process data more efficiently
and make informed decisions promptly. The choice of application presents a particular
challenge for farmers who have not previously used such tools. These farmers often have
no idea what specific applications can offer, which is why this study involved experts
with significant experience in working with agricultural applications. Their task was to
evaluate the applications that small- and medium-sized farmers could use most effectively
in the Semberija region, located in northeastern Bosnia and Herzegovina. For that reason,
experts with experience in agricultural production in Semberija were selected. Specifically,
efforts were made to select experts with similar research focuses so they could contribute
based on their expertise. Those employed at nearby agricultural research institutes were
chosen, and among them, individuals with the most experience in agricultural applications
and their functionalities were identified. A total of 14 experts were selected and invited
to participate in the study. Out of the 14, eight agreed to participate. These experts
were then sent a questionnaire via email. However, only six completed and returned the
questionnaire, while two experts informed the researchers that they could not participate
due to other commitments.

To evaluate the applications, it was necessary to define a set of criteria. A review of
the literature revealed a wide range of criteria that could be used to assess agricultural
applications. However, through further systematization and harmonization, the list was
narrowed down to 15 criteria and afterward reduced to 10 to simplify the task for the
experts (Table 2). The reduction was achieved using the Delphi method, where experts
first identified the most important criteria for this decision-making problem. These criteria
were then organized and sent back to the experts. After that, the experts selected from
all these criteria those that were most important in their opinion and reduced the total
number. After three rounds, only 10 criteria remained. Based on this selection, it was
evident that most criteria were qualitative, except for the cost criterion. However, since this
criterion covered all costs from purchase to implementation, it was also converted into a
qualitative criterion—using linguistic (fuzzy) values in the evaluation process. Although all
criteria could be quantified and measured, doing so would limit the research to a different
approach, focusing on how easy the applications are to use. This would require obtaining
all applications, testing them, and choosing the best based on performance. To keep costs
down, publishers would need to be contacted and asked to provide applications for testing.
Due to geographical limitations and the underdeveloped state of applications in this area,
publishers from other countries would need to be approached.

Once the evaluation criteria were selected, a set of applications also needed to be
chosen. The main selection criterion was that the annual usage cost of each application
should not exceed EUR 200 and that it should support data tracking from precision agricul-
ture devices. This ensured the evaluation was appropriate for small- and medium-sized
producers in Semberija. To avoid promoting any specific application or presenting others
in a negative light, all applications were labeled from 1 to 10, and their features were
presented in general values. Another reason for using coded names is that the study relies
on subjective expert assessments, which may vary depending on the experts involved, as
well as the resulting rankings. Therefore, an application may be ranked differently under
different conditions.
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Table 2. Research criteria.

Id Criteria Description References

C1 Cost Expenses required to use the application [3,32]

C2 Features All built-in features included in the application [3,33]

3 Popularity The extent to whlch the .apphcatlon is used [34]

in practice
C4 Ease of use The application’s accessibility and usability for [4,32]
all users

c5 Efficiency The apphceTtlon s impact on improving [3,32]

agricultural production
. Quick and easy access to all necessary features
6 Clarity within the application (3,331
C7 Data accuracy Speed and accuracy in r.etrlevmg [3,6]
essential information

C8  Additional services Extra features included in the application [2,6]

C9  Upgrade capability The ability to update the application with the [29,34]
necessary new features

c10 Support Providing quick assistance to users when using [4,32]

the application

The characteristics of the selected applications are as follows:

e Application 1 (Al) enables data collection and machine management to reduce costs
and resources, optimizing yields.

e  Application 2 (A2) supports farm resource management, report generation, and analysis.

e Application 3 (A3) tracks agricultural production, inventory, costs, and yields, con-
tributing to more efficient farm management.

e  Application 4 (A4) facilitates farm management by organizing crop data, tracking, and
optimizing yields.

e Application 5 (A5) supports real-time execution of agricultural operations.

e Application 6 (A6) specializes in livestock management and provides financial track-
ing options.

e Application 7 (A7) tracks all farm operations, reporting, and analysis for farm management.

e Application 8 (A8) is used for task organization and monitoring daily task progress on
the farm.

e Application 9 (A9) offers livestock monitoring through feed tracking and farm inven-
tory management.

e  Application 10 (A10) assists in tracking agricultural production and provides reporting
and analytics to support better farm decision-making.

Research Methodology

After selecting the criteria and applications to be evaluated, it was necessary to define

the methodology for conducting the research (Figure 2). The research was conducted in

four

phases:

Preparation phase;

Research phase;

Analysis phase;

Final phase (additional analyses).
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P1‘ep arator_!_,-' pha se

Research phase

Analysis phase

Final phase

§ 4 3 3

Expert selection

Criteria and

application selection

Criteria importance

calculation

Application
evaluation

Criteria weights

calculation

Application ranking

Comparative analysis

Sensitivity anlalysis

Figure 2. Research methodology.

In the preparation phase, the experts, criteria, and applications to be used in the study
were determined. In the research phase, based on the defined criteria and applications and
using a predefined scale of linguistic values, a survey questionnaire was developed and
sent to the experts for completion. By filling out this questionnaire, the experts assessed
the importance of each criterion and rated the applications accordingly. The completed
questionnaires were then returned for the next phase. In the analysis phase, the collected
questionnaires were processed and prepared for evaluation. The IT2F SiWeC method was
used to determine the importance of the criteria by establishing their weights, while the
IT2F CORASO method was applied to rank the applications. The final phase involved
conducting comparative and sensitivity analyses.

During the comparative analysis, the same initial decision matrix and criteria weights
used in the CORASO method were applied, but different methodological steps were
followed. This analysis served to either confirm or challenge the ranking obtained via
CORASO and helped determine the most suitable application for small- and medium-sized
farmers in Semberija. In the sensitivity analysis, the weights of the criteria were modified,
and a new ranking of alternatives was established based on these changes. Since sensitivity
analysis can be conducted in various ways, this study used the initial weights obtained from
the IT2F SiWeC method. With the first sensitivity analysis, individual criterion weights
were reduced by 30%, 60%, and 90%, while the remaining nine criteria were proportionally
increased to maintain an average weight of approximately one (1). In the second sensitivity
analysis, the individual criteria were increased by 30%, 60%, and 90%, while the other
criteria were decreased so that the sum of weights remained approximately the same.
Given that there are three levels of weight change for each of the 10 criteria, a total of
30 scenarios were generated to evaluate the alternative rankings. Conducting this analysis
reveals the improvements needed for each application to become a better option for small-
and medium-sized farmers in Semberija.

4. Results

In studies using subjective evaluations and MCDM methods, the process begins by
determining the importance of the criteria, followed by the ranking of alternatives [35].
This is achieved using linguistic assessments provided by selected experts. When assigning
weights, experts use linguistic values to express the importance of specific criteria (Table 3).
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Once the importance of each criterion is evaluated using linguistic expressions, the IT2F
SiWeC method is applied.

Table 3. Expert’s criteria evaluation.

C1 C2 C3 C4 C5 Ce C7 C8 C9 C10
E1l MeG MeG MeB Goo VeG Med VeG MeG Med Goo
E2 Goo Med Goo VeG VeG Goo VeG MeG Goo MeG
E3 Goo Goo Goo VeG VeG Goo Goo Goo Med Med
E4 Med Goo MeG Goo Goo MeG Goo Goo Med MeG
E5 MeG MeG MeG VeG Goo MeG VeG Goo Med MeG
E6 Med MeG MeB MeG Goo Goo VeG Med MeG Med

The first step involves transforming the linguistic values into IT2F numbers using a
predefined membership function (Table 1). For instance, the value Medium good (MeG) is
transformed into the IT2F number (0.5, 0.7, 0.7, 0.9; 1, 1), (0.6, 0.7, 0.7, 0.8; 0.9, 0.9), while
Good (Goo) becomes (0.7, 0.9, 0.9, 1; 1, 1), (0.8, 0.9, 0.9, 0.95; 0.9, 0.9). Other linguistic values
are transformed similarly (Table 4).

Table 4. IT2F criteria values.

Experts C1 . C10 St.dev
L T Y
Bpet2 O 0o 00 0707080909 017
Bperts 0T 09 0505060500 | 01
Bperts 020 g0 0707080808 0182
Bperts 00 0s 00y o707080509 017
Bperts V0 hs0n) 0505060500 0%

After the membership function is applied, all values are converted into IT2F numbers,
and the standard deviation is calculated. Then, all IT2F numbers are multiplied by the
standard deviation for the values assigned by each expert.

Using the example of Expert 1 and Criterion C1, the calculation is as follows:

\711 = (0.5 x 0.239,0.70 x 0.239,0.70 x 0.239,0.90 x 0.239;1,1), (0.60 x 0.239,0.70 x 0.239,0.7
%0.239,0.8 x 0.239;0.9,0.9) = (0.12,0.17,0.17,0.23;1,1), (0.14,0.17,0.17,0.19; 0.9, 0.9)

Next, the values from all experts are summed for each criterion. For Criterion C1, this
is represented as follows:

S; = (0.12,0.17, 0.17,0.23;1,1),(0.14,0.17,0.17,0.19;0.9,0.9)
+(0.12,0.16,0.16,0.17;1,1), (0.14,0.16,0.16,0.16; 0.9, 0.9)
+(0.13,0.17,0.17,0.19;1,1), (0.15,0.17,0.17,0.18; 0.9, 0.9)

+(0.05,0.09,0.09,0.13;1,1), (0.07,0.09,0.09,0.11; 0.9,0.9)

+(0.09,0.13,0.13,0.17; 1,1), (0.11,0.13,0.13,0.14; 0.9,0.9)
+(0.07,0.12,0.12,0.16; 1,1), (0.09,0.12,0.12,0.14; 0.9,0.9)
= (0.59,0.83,0.83,1.06;1,1), (0.71,0.83,0.83,0.93; 0.9,0.9)



Symmetry 2025, 17, 1504 12 of 22

The same process is followed to sum the weights for all criteria. The final step of the
IT2F SiWeC method involves determining the final criterion weights. Here, individual
summed values are divided by the total summed values. Using the same example, the
calculation is as follows:

.8

0.59 0.83 0.83 1.0 . 0.71
wy = (% = 005,88 = 0.09,§35 = 0.09, 18 = 015;1,1), (§3} = 0.07,

7912 7692 —
=0.12;0.9,0.9)

@‘O
NI
Il
@]
o
\O

:
Nel[e}
g
NI

Il

e
@]
\O

\
jocl[=m)
O‘\O
NI

This process delivers the weights for all criteria (Table 5). The resulting weights
indicate that the most important criterion is C7—Data accuracy, followed by C5—Efficiency,
and then C4—Ease of use. The least important are C3—Popularity and C9—Upgrade
capability. When viewed globally, the differences among weights are not substantial,
suggesting that each weight has a significant influence on the final ranking of applications.

Table 5. Criteria weights values.

wj
C1 (0.05,0.09, 0.09, 0.15; 1, 1), (0.07, 0.09, 0.09, 0.12; 0.9, 0.9)
2 (0.06, 0.10, 0.10, 0.16; 1, 1), (0.08, 0.10, 0.10, 0.12; 0.9, 0.9)
c3 (0.04,0.08, 0.08, 0.14; 1, 1), (0.06, 0.08, 0.08, 0.10; 0.9, 0.9)
c4 (0.08,0.12,0.12,0.17; 1, 1), (0.10, 0.12, 0.12, 0.14; 0.9, 0.9)
c5 (0.09,0.12,0.12,0.17; 1, 1), (0.11, 0.12, 0.12, 0.15; 0.9, 0.9)
C6 (0.06, 0.10, 0.10, 0.16; 1, 1), (0.08, 0.10, 0.10, 0.12; 0.9, 0.9)
c7 (0.09,0.13,0.13,0.17; 1, 1), (0.11, 0.13, 0.13, 0.15; 0.9, 0.9)
c8 (0.06, 0.10, 0.10, 0.16; 1, 1), (0.08, 0.10, 0.10, 0.12; 0.9, 0.9)
C9 (0.04,0.08, 0.08, 0.14; 1, 1), (0.06, 0.08, 0.08, 0.10; 0.9, 0.9)
C10 (0.05,0.09, 0.09, 0.15; 1, 1), (0.07, 0.09, 0.09, 0.11; 0.9, 0.9)

Once the criteria weights are determined, the next step is ranking the alternatives. The
first step involves evaluating the alternatives using linguistic values (Table 6). These are
transformed into IT2F numbers in the same way as with the SiWeC method, forming an
IT2F decision matrix for each expert.

To obtain a collective decision matrix, the average values across experts are calculated
(Table 7). This summed decision matrix forms the base for the IT2F CORASO method.

Table 6. Application evaluations using linguistic values.

El1 C1 C2 C3 C4 C5 Co6 C7 C8 9 C10
Al Goo MeG MeG Goo Goo MeG MeG Goo MeG Med
A2 Med MeB MeB Med Med Med MeG Med Med Med
A3 MeG Goo Goo VeG Goo MeG Goo MeG MeG MeG
A4 MeG MeG Goo Med MeG MeG MeG Med Med MeG
A5 MeG Med Goo Goo Bed MeG MeG Goo Med MeG
A6 Med MeG Med Med Med MeG MeG Med MeG Goo
A7 MeG MeG MeG MeG MeG Goo Goo Goo Med MeG
A8 Med MeG Med Med Goo MeG Goo Med MeG Med
A9 MeG Med Goo Goo MeG MeG Goo MeG MeG MeG

A10 MeG Goo Med Goo MeG MeG Goo MeG Goo VeG
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Table 6. Cont.
E1 C1 C2 C3 C4 C5 Ce Cc7 C8 C9 C10
E2 C1 C2 C3 C4 C5 C6 c7 C8 C9 C10
Al Goo MeG MeG Goo Goo MeG MeG Goo MeG Med
A2 MeB Med MeB Med Med Med MeG Med Med Med
A3 VeG Goo Goo VeG Goo VeG Goo MeG Goo MeG
A4 MeG Med Goo Med MeG MeG MeG Med Med MeG
A5 Goo Med Goo Goo Med MeG MeG Goo Goo MeG
Ab Med MeG Med Med Med MeG MeG Med MeG Goo
A7 Med MeG MeG MeG MeG Goo Goo Goo Med MeG
A8 MeB MeG Med Med Goo MeG Goo Med MeG MeG
A9 Goo Goo Goo VeG MeG MeG Goo MeG MeG MeG
A10 MeG Goo Med Goo MeG MeG MeG MeG Goo VeG
E6 C1 Cc2 C3 C4 C5 (@ c7 C8 C9 C10
Al VeG MeG MeG VeG Goo MeG MeG Goo VeG Goo
A2 Goo Med Goo Goo Goo MeG MeG Med Med Med
A3 Goo VeG Goo VeG Goo VeG Goo Goo VeG VeG
A4 MeG Med Goo VeG MeG MeG MeG Med Med MeG
A5 Goo Med MeB MeG Med MeG MeG Goo VeG Goo
A6 VeG Goo MeG VeG Goo MeG MeG MeG MeG Goo
A7 MeG MeG MeG Goo Goo Goo Goo Goo MeG Goo
A8 MeG MeG MeG Goo MeG MeG Goo Med MeG MeG
A9 Goo Goo Goo VeG MeG MeG Goo MeG MeG Goo
A10 MeG Goo Med Goo MeG Goo MeG MeG Goo VeG
Table 7. Summary decision matrix.
C1 . C10
Al (0.80,0.95, 0.95,1.00; 1, 1), (0.88, 0.95, 0.95, 0.98; 0.9, 0.9) (0.37,0.57,0.57,0.75; 1, 1), (0.47, 0.57, 0.57, 0.66; 0.9, 0.9)

A2
A3
A4
A5
Ab
A7
A8
A9
Al0

(0.37,0.57,0.57,0.73; 1, 1), (0.47, 0.57, 0.57, 0.65; 0.9, 0.9)
(0.70,0.88, 0.88,1.00; 1, 1), (0.79, 0.88, 0.88, 0.93; 0.9, 0.9)
(0.50, 0.70, 0.70, 0.97; 1, 1), (0.60, 0.70, 0.70, 0.80; 0.9, 0.9)
(0.67,0.87,0.87,1.00; 1, 1), (0.77, 0.87, 0.87, 0.93; 0.9, 0.9)
(0.60,0.78,0.78, 0.90; 1, 1), (0.69, 0.78, 0.78, 0.84; 0.9, 0.9)
(0.37,0.57,0.57,0.79; 1, 1), (0.47, 0.57, 0.57, 0.67; 0.9, 0.9)
(0.33,0.53,0.53,0.77; 1, 1), (0.43, 0.53, 0.53, 0.63; 0.9, 0.9)
(0.70,0.88, 0.88,1.00; 1, 1), (0.79, 0.88, 0.88, 0.93; 0.9, 0.9)
(0.50, 0.70, 0.70, 0.97; 1, 1), (0.60, 0.70, 0.70, 0.80; 0.9, 0.9)

(0.30, 0.50, 0.50, 0.70; 1, 1), (0.40, 0.50, 0.50, 0.60; 0.9, 0.9)
(0.70, 0.85, 0.85, 0.99; 1, 1), (0.78, 0.85, 0.85, 0.90; 0.9, 0.9)
(0.50, 0.70, 0.70, 0.97; 1, 1), (0.60, 0.70, 0.70, 0.80; 0.9, 0.9)
(0.60, 0.80, 0.80, 0.99; 1, 1), (0.70, 0.80, 0.80, 0.88; 0.9, 0.9)
(0.70, 0.90, 0.90, 1.00; 1, 1), (0.80, 0.90, 0.90, 0.95; 0.9, 0.9)
(0.53,0.73,0.73,0.98; 1, 1), (0.63, 0.73, 0.73, 0.83; 0.9, 0.9)
(0.47,0.67,0.67,0.93; 1, 1), (0.57, 0.67, 0.67, 0.77; 0.9, 0.9)
(0.57,0.77,0.77,0.98; 1, 1), (0.67, 0.77, 0.77, 0.85; 0.9,0.9)
(0.90, 1.00, 1.00, 1.00; 1, 1), (0.95, 1.00, 1.00, 1.00; 0.9, 0.9)

The next step is to normalize the summed decision matrix. Using the example of
Application A1l and Criterion C1, the normalization is calculated as follows:

niy = (355 = 0.80, 93 = 0.95,975 = 0.95, 138 = 1.00;1,1), (55

=090, 522 = 0.97, 322 = 0.97, 338 = 1.00;0.9,0.9)

Normalization is applied likewise to all values, resulting in a normalized decision
matrix. Once formed, the maximum and minimum values for each criterion are calculated
for the alternatives, representing the ideal solutions. For Criterion C1, the maximum
alternative solution is as follows: (0.80, 0.95, 0.95, 1.00; 1, 1), (0.88, 0.95, 0.95, 0.98; 0.9, 0.9),
while the minimum is as follows: (0.33, 0.53, 0.53, 0.77; 1, 1), (0.43, 0.53, 0.53, 0.63; 0.9,
0.9). Next comes weighting, where normalized values are multiplied by the corresponding
criterion weights. For the same example, the calculation is as follows:

v11 = (0.80 x 0.05 = 0.04,0.95 x 0.09 = 0.09,0.95 x 0.09 = 0.09,1.00 x 0.15 = 0.15;1,1), (0.90 x 0.07

=0.

06,0.97 x 0.09 = 0.09,0.97 x 0.09 = 0.09,1.00 x 0.12 = 0.12;0.9,0.9)



Symmetry 2025, 17, 1504

14 of 22

The next step is summing the alternative values across all criteria, including ideal
solutions (Table 8). Then, the centroid value is calculated using Expression (13), and the
summed defuzzified value (S4.rA) is calculated as the average between the centroid values
of the upper and lower membership functions of the IT2F set. This serves as the base
for calculating deviation from the ideal solutions. For Alternative Al, this is calculated

as follows:
0.828 0.579 0.869 — 0.699
Ry = —— =0.869, R’l =——=069, Q1= ———— =10.108
0.953 0.828 0.869 + 0.699
Table 8. CORASO method results.
Si SdefAll-I SdefA,L SdefA Rj R} Qi Rank
ASmax (0.49,0.93,0.93,1.58; 1, 1), (0.71, 0.97, 0.97, 1.24, 0.9, 0.9) 0.922 0.984 0.953
Al (0.38,0.79,0.79, 1.52; 1, 1), (0.58, 0.82, 0.82, 1.10; 0.9, 0.9) 0.787 0.868 0.828 0.869 0.699 0.108 3
A2 (0.25,0.59, 0.59, 1.22; 1, 1), (0.41, 0.61, 0.61, 0.86; 0.9, 0.9) 0.593 0.661 0.627 0.658 0.923 —0.167 10
A3 (0.46, 0.90, 0.90, 1.57; 1, 1), (0.68, 0.93, 0.93, 1.20; 0.9, 0.9) 0.889 0.957 0.923 0.968 0.627 0.214 1
A4 (0.30, 0.67, 0.67, 1.40; 1, 1), (0.48, 0.69, 0.69, 0.97; 0.9, 0.9) 0.676 0.761 0.718 0.754 0.806 —0.034 9
A5 (0.33,0.72,0.72,1.42; 1, 1), (0.52, 0.75, 0.75, 1.03; 0.9, 0.9) 0.725 0.802 0.763 0.801 0.758 0.028 7
A6 (0.34,0.73,0.73, 1.45; 1, 1), (0.53, 0.75, 0.75, 1.03; 0.9, 0.9) 0.730 0.813 0.772 0.810 0.750 0.038 6
A7 (0.35,0.75,0.75, 1.47; 1, 1), (0.55, 0.78, 0.78, 1.06; 0.9, 0.9) 0.753 0.831 0.792 0.831 0.730 0.065 5
A8 (0.31, 0.68, 0.68, 1.39; 1, 1), (0.49, 0.70, 0.70, 0.97; 0.9, 0.9) 0.680 0.762 0.721 0.757 0.802 —0.029 8
A9 (0.40,0.81,0.81, 1.55; 1, 1), (0.60, 0.84, 0.84, 1.12; 0.9, 0.9) 0.808 0.891 0.850 0.892 0.681 0.134 2
Al10 (0.38,0.79,0.79, 1.52; 1, 1), (0.58, 0.81, 0.81, 1.10; 0.9, 0.9) 0.785 0.867 0.826 0.867 0.701 0.106 4
ASnin (0.22,0.53,0.53,1.17; 1, 1), (0.37, 0.55, 0.55, 0.81; 0.9, 0.9) 0.543 0.614 0.579

According to expert evaluations through the CORASO method, Application A3
achieved the highest ranking, followed by A9 and Al. The lowest-ranked application
was A2.

To confirm or refute the results of the CORASO method, a comparative analysis was
conducted [36,37], and five methods were selected for this analysis. The RAWEC (ranking
of alternatives with weights of criterion) method was chosen because it uses two normal-
izations to rank alternatives, and the ranking is performed in relation to the weights of the
criteria. In this way, it differs from other methods. SAW (simple additive weighting) is
the simplest MCDM method, ranking alternatives based on weighted values. Due to its
simplicity, it is often employed in comparative studies. ARAS (additive ratio assessment) is
also a straightforward method that ranks according to a utility function and applies a differ-
ent normalization type. MABAC (multi-attributive border approximation area comparison)
uses a unique normalization and weighting process. CRADIS (compromise ranking of
alternatives from distance to ideal solution) is the most complex of these methods, ranking
alternatives based on their deviation from ideal solutions. The TOPSIS method uses the
same normalization [38], while the procedure for calculating deviations from ideal and
anti-ideal points is specific to this method.

By using these methods, the study aimed to identify whether normalization tech-
niques or method-specific steps influenced the final rankings. The results revealed that the
MABAC and TOPSIS methods give a different ranking order compared to other methods
(Figure 3). With the MABAC method, differences were observed between applications A1l
and A9, as well as between A5 and A6. With the TOPSIS method, the ranking order is
different for applications Al and A9. In-depth analysis revealed that CORASO had shown
minimal differences among these applications, which explains why a different method
might alter the rankings. Based on the analysis, it can be concluded that the ranking order
of applications in the CORASO method aligns more closely with other methods than the
ranking orders of the TOPSIS or MABAC methods. For the MABAC method, the difference
in rank orders results from using different normalization techniques, while TOPSIS used
the same normalization but still showed a partially different rank order compared to the
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other methods. To measure the extent of deviation between the rank orders of different
applications, Spearman’s correlation coefficient will be calculated (Table 9). The analysis
results show a strong correlation between the rank orders of applications obtained using
different methods. The weakest correlation appears between the results of the TOPSIS
and MABAC methods (r = 0.952; p < 0.01). Nonetheless, there remains a strong statistical
correlation between the ranking orders.
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0 I T T T T _|—_'—_?
IF2CORASO IF2RAWEC  IF2SAW IF2ARAS  IF2ZMABAC IF2CRADIS  IFTOPSIS
HAlL WA2 WA3 WA4 WAS WAG WA7 A8 ITA9 | AlD
Figure 3. Comparative analysis results.
Table 9. Ranking correlation results.
CORASO RAWEC SAW ARAS MABAC CRADIS TOPSIS

CORASO 1.000 1.000 1.000 1.000 0.976 1.000 0.988
RAWEC 1.000 1.000 1.000 0.976 1.000 0.988
SAW 1.000 1.000 0.976 1.000 0.988
ARAS 1.000 0.976 1.000 0.988
MABAC 1.000 0.976 0.952
CRADIS 1.000 0.988
TOPSIS 1.000

Based on the results, Application A3 appears as the top choice and should be the first
recommendation for small- and medium-sized farmers in the Semberija region, followed
by Application A9.

Sensitivity analysis is a crucial part of any decision-making model [39]. The most
common approach is varying the weight coefficients, as discussed in numerous studies [40].
It can also be conducted by applying different normalization types, as shown in Stevi¢
et al. [41], or by modifying other model parameters [42,43]. Here, it involved evaluating
outcomes based on changes to the weight coefficients [44]. Two sensitivity analyses were
performed. In the first analysis, the value of individual criteria was decreased, while in
the second analysis, the value of individual criteria was increased. Each analysis included
30 scenarios. In the first analysis, each criterion’s weight was reduced by 30%, 60%, and
90%, whereas in the second analysis, the weight was increased by these same percentages.

Results of the first sensitivity analysis showed that the ranking order remained un-
changed for two applications: A3, which consistently ranked highest, and A2, which
consistently ranked lowest (Figure 4). The smallest ranking change occurred with A9,
which ranked below A10 in only one scenario. This was due to a 90% reduction in the
weight of Criterion C3, where A10 had weaker performance. With the reduced importance
of C3, A10 received a better ranking. This logic applies to all changes in ranking and
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helps identify what each application needs to improve to become more suitable for small-
and medium-sized farmers in Semberija. For example, Application A10 needs to gain
more popularity, which requires increased marketing efforts. Application A5 must become
more efficient in task execution. However, to outperform A3, these applications must
improve across multiple criteria since A3 did not exhibit significant weaknesses in any
particular area.

O B N W b U1 OO NN 0 WO
1

SO S2 S4 S6 S8 S10 S12 S14 S16 S18 S20 S22 S24 S26 S28 S30
——Al == A2 —A&— A3 —¢— A4 —¥—A5 —8—A6 —— A7 A8 A9 A10

Figure 4. First sensitivity analysis results.

The second sensitivity analysis examines what happens when the importance of one
criterion increases. It determines whether enhancing a single criterion can also improve
its ranking. The results show that the ranking order stayed the same for application A3,
which remained in the top position in all scenarios, and for application A2, which was
consistently ranked last (Figure 5). For example, with applications Al and A9, it is clear
that Al needs to improve its efficiency to surpass A9. However, to outperform A3, multiple
criteria must be improved since A3 did not show any signs of changing the importance of a
single criterion. From this, we can conclude that if other applications aim to be top-ranked
and the preferred choice when purchasing, they must improve multiple criteria.
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Figure 5. Second sensitivity analysis results.

5. Discussion

With the advancement of technology in agriculture, an increasing amount of informa-
tion is being generated directly from the field. To leverage this data for the development of
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precision agriculture, the use of software applications has become essential [45]. These tools
ease the workload of farmers by supporting their decision-making processes. Also, versions
of these applications that incorporate artificial intelligence can even perform specific actions
to enhance productivity within precision agriculture systems. This is particularly important
for resource management, as applications can notify farmers when specific actions, such as
irrigation or fertilization, are needed [46]. As a result, applications have become a necessary
tool in modern agricultural production. With the rise of free applications or freemium
models offering limited features at no cost, their usage in practice has increased [4]. There-
fore, the use of these applications is now more common among small- and medium-sized
agricultural producers.

As the number of applications on the market continues to grow, this decision-making
process is becoming more complex [47]. The use of these tools, especially among small-
and medium-sized farmers, is quite specific. In most cases, farming activities are carried
out within family-run farms. Farmers are unfamiliar with new technologies emerging in
precision agriculture [6]. Therefore, experts experienced in applying these technologies in
agriculture were chosen for this research. The selected experts are researchers at nearby
institutes with extensive experience in applying modern equipment and mechanization in
agriculture, as well as in using precision farming applications [3]. Choosing such experts is a
logical solution, as those without experience cannot provide a fair evaluation of agricultural
software. Additionally, these experts maintain regular contact with local farmers and are
well-acquainted with their specific needs.

In this research, mostly qualitative criteria were used, mainly those assessing user
experience with the applications. For an application to meet farmers’ expectations, it must
be user-friendly, offer diverse features, and support informed decision-making processes.
Thus, the chosen criteria were aligned with these requirements. Linguistic values were
used for rating both criteria and applications, as they are easier to apply, especially when
dealing with qualitative measures [8]. Nevertheless, even among experienced experts, a
certain degree of uncertainty persists in their evaluations.

In today’s information-rich environment, accessing all relevant and accurate data for
informed decision-making has become challenging. When experts do not have complete
information, their judgments may become uncertain. Therefore, it is essential to incorporate
a degree of uncertainty into the decision-making process [48]. Traditional fuzzy sets allow
decisions to be made under conditions of incomplete information [9]. Building on this,
more advanced fuzzy models have been developed. This study used the IT2F approach,
which employs interval type-2 fuzzy numbers with bounded upper and lower membership
functions. The membership functions were formed in a symmetrical way, where the sum
of the support and the core was considered to be equal to one. This approach enables
decision-making under uncertainty by using membership functions. While this is not a
novel theoretical concept, this research developed new methods, SiWeC and CORASO,
within the IT2F framework.

Using the IT2F SiWeC method, the importance of the criteria for evaluating the appli-
cations was determined. A key advantage of this method is that DMs are not required to
compare criteria pairwise; instead, they assess the individual importance of each criterion,
thereby simplifying the evaluation process [24]. To apply this technique effectively, nor-
malization was bypassed. This adjustment was justified because the membership function
values of IT2F numbers were already within the [0, 1] interval, making normalization un-
necessary. Similarly, in the application of the CORASO method, normalization adjustments
were only required in the upper membership bounds since the maximum value in the lower
membership function was already one (1), and dividing by this value had no impact [25].
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In addition to the IT2F SiWeC method, the IT2F CORASO method was also developed,
although no methodological changes were made to it.

The results obtained using the IT2F SiWeC method indicated that the criteria of data
accuracy, efficiency, and ease of use held a slight advantage. This perspective aligns with
the principles of precision agriculture, where the role of modern technology is essential.
The accuracy of data is crucial for the successful implementation of measures designed
to enhance productivity. Moreover, efficiency ensures that farmers can obtain the most
valuable data in the shortest time. Ease of use is also vital, as small- and medium-sized
farmers often lack experience with such technologies and require training on how to use
the applications. In this context, it is recommended that distributors of the applications
provide training to support the adoption of these solutions. On the other hand, criteria such
as popularity and upgrade capability were found to be less important. Farmers unfamiliar
with agricultural applications may not be aware of which applications are popular, and
they tend to prefer ready-to-use solutions that require no configuration or upgrades.

The application of the CORASO method identified Application A3 as the best option
for small- and medium-sized farmers in the Semberija region. This application was chosen
because it received better ratings than other applications in the criteria of Ease of use,
Clarity, and Upgrade capability, while the other criteria were rated equally well as those of
other applications. Based on this, it can be said that, according to the DMs, this application
is easier to use, simpler, and offers better support for future upgrades to meet users’ needs.
This application supports comprehensive monitoring of agricultural production—from
crop tracking to resource management. It enables the collection of various field data, which
supports informed decision-making. Also, the application can be installed on various
devices, including mobile phones, allowing the farmers to monitor farm conditions at
any time and from anywhere, provided they have an internet connection. Based on these
features, A3 was selected as the most suitable application. These findings were further
validated through comparative and sensitivity analyses, confirming it as the top expert
recommendation for farmers in Semberija.

This research shows that the SiWeC and CORASO methods have excellent features,
are highly flexible, and are easy to use. Additionally, these methods have proven stable in
assessing the importance of weights and ranking alternatives. Therefore, it is recommended
to use these methods in future studies. The CORASO method, when compared with others,
demonstrates a good correlation between its results and those of other methods. This
is because its steps are similar to existing methods but differ enough to not be just a
modification of them. As the comparison shows, the ranking order produced by this
method differs from that of the MABAC and TOPSIS methods. This difference is likely due
to the MABAC method using different normalization and weighting, which sets it apart
further. The TOPSIS method’s ranking order is also different because it calculates deviation
from the ideal solutions using Euclidean deviation, which makes its approach distinct from
the simpler deviation calculations used by other methods.

5.1. Research Implications

The primary motivation for this research was to showcase the potential of modern
technologies in agriculture, particularly through digitalization. These applications enable
farmers to access a wealth of data, enhancing productivity through precision agriculture.
The study demonstrates that small- and medium-sized producers can successfully imple-
ment these technologies in practice, thereby improving their operations. This study has
revealed several important implications for further development in both scientific theory
and practical application. The most significant contribution is the evaluation model used
for assessing agricultural software. This model introduced criteria tailored to users with
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little or no prior experience with agricultural applications. As such, the criteria were largely
qualitative, focusing on specific application functionalities. This enables further theoretical
exploration of these criteria and supports their practical implementation. Another signifi-
cant contribution is the advancement of the IT2F approach through the development of
the IT2F versions of the SiWeC and CORASO methods, laying the groundwork for new
methodologies within this framework. Furthermore, this research introduced a hybrid
methodology in which weight values were not defuzzified but were used in their original
form to determine importance. This creates opportunities for the development of additional
hybrid methods within both IT2F systems and other fuzzy frameworks.

5.2. Research Limitations and Future Directions

Every research study has inherent limitations, primarily rooted in its methodology.
One such limitation in this study is the number of experts involved. Although more experts
could provide additional perspectives on the criteria and the importance of application, the
selected participants were chosen for their expertise, and the sample size is not critical to the
validity of the results. Future studies could include more experts to determine whether their
inclusion alters the results or if the number of experts has a negligible effect on outcomes.
Another limitation lies in the selection of evaluation criteria. While different criteria could
be considered, the ones used here were specifically chosen to align with the objectives of
this study. Future research could test different sets of criteria to see whether the results
vary. Additionally, the number of evaluated applications is a limitation. It is not possible to
include every agricultural application on the market, especially since many are developed
for other markets and are not suitable for the regional context of this research. Subjective
assessment studies often face the challenge of personal bias. This raises an important
question: would the ranking results change if the study were conducted in a different
region or with a different panel of experts? The answer is likely yes. Even when starting
from the same decision matrix and weightings, different rankings may emerge. As a result,
efforts were made to ensure that no application was overly promoted or criticized based on
subjective proclivity. Additional analyses were also conducted to verify the consistency
of application rankings when different methods or weightings were applied. Lastly, it is
worth noting that individual farmers may prefer different applications. The practices that
are effective for one farmer may not deliver the same results for another. Therefore, future
studies should involve the farmers themselves, as they are the ultimate end-users of these
applications. The methodology itself can be applied to future research. In this research, the
IT2S methodology was used, so future research should consider comparing this approach
with the fuzzy 3 set approach, which allows for a different way of modeling uncertainty.
Future studies should focus on practical problems to help develop new decision-making
and problem-solving approaches.

6. Conclusions

The research was designed to use expert decision-making when selecting applications
for small- and medium-scale agricultural production. The research was also conducted
in the Semberija area, which has its specificities compared to other farming areas. Ten
criteria were used during the research, and ten applications were observed, which were
evaluated in linguistic values. These values were used due to the specificity of the criteria
themselves, which were formulated in a qualitative form. To reduce the uncertainty in
expert decision-making, the IT2F approach was used. The results of this approach indicated
that certain criteria were more important than others, which is not significant, as all criteria
influenced the final selection of the application. However, three criteria stand out: data
accuracy, efficiency, and simplicity. These results also indicated that the A3 application
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is the best option for small- and medium-sized agricultural producers in Semberija. The
research conducted demonstrated that the application of the hybrid IT2F methodology is
highly flexible and can be used in all research where a certain level of uncertainty exists
in decision-making. Therefore, future research should develop this approach not only in
agriculture but also in other areas where informed judgment is required.

Based on the research findings, the paper’s originality primarily lies in its application
of precision agriculture concepts within the Semberija region to enhance agricultural pro-
ductivity. This is particularly significant for residents of Bosnia and Herzegovina, where
most farming activities occur. Additionally, the paper introduces innovative use of the
IF2S with the SiWeC and CORASO methods—methods that are newer and have not been
previously used in this format, resulting in the development of new versions. Additionally,
the paper emphasizes the importance of promoting application-based tools as vital compo-
nents of precision agriculture in Semberija and Bosnia and Herzegovina, especially given
that, as a developing country, it often overlooks emerging agricultural technologies.
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SiWeC simple weight calculation

CORASO  compromise ranking from alternative solutions
IT2F interval type-2 fuzzy

MCDM multi-criteria decision making

DM decision maker

RAWEC ranking of alternatives with weights of criterion

SAW simple additive weighting

ARAS additive ratio assessment

MABAC  multi-attributive border approximation area comparison

CRADIS compromise ranking of alternatives from distance to ideal solution
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