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A B S T R A C T

DEXi is a software for developing qualitative hierarchical models. Widely used in the French agriculture sector
to analyze the sustainability of farming systems, the sensitivity analyses of the models are still missing.
The dexisensitivity R package performs such sensitivity analyses. Written using R S4 Object programming,
it performs basic functions (reads DEXi models, describes and draws the models, generates and simulates
scenarios) and other functions to perform different types of sensitivity analyses: analysis of variance, One-At-
A-Time, sensitivity indexes using the Shapiro-Shapley approach. . . The dexisensitivity R package is distributed
under the GPL license and is accessible from CRAN and GitHub.
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1. Introduction

In the agricultural sector, the analysis of the sustainability of pro-
uction systems is a very important challenge [1]. In recent years,
ifferent authors have developed models to perform ex-ante and ex-
ost analysis of some production systems using the DEXi approach [2–

4]. DEXi (http://www-ai.ijs.si/MarkoBohanec/dexi.html) is a decision-
support-system software based on DEX methodology, whose original
feature is that it deals with qualitative multicriteria models. These
models include the MASC model [5] and the DEXiPM [6] for arable
cropping systems, the OFSAT model for organic production systems
[7] and the SustainOS for apple orchards [8]. A general guideline
n how to develop such models has been published [9]. However,

these models, as is the case for the other numerical models, requires a
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thorough sensitivity analysis to develop confidence in the model before
its use. Carpani et al. [10] developed some functions to deal with
these sensitivity analysis processes. However, a full comprehensive and
documented package was missing.

This paper presents the dexisensitivity R package that makes it possi-
ble to perform different sensitivity analyses on models developed using
DEXi software. We used agricultural examples. However, all models
developed with DEXi can be analyzed.

2. The structure of DEXi models

DEXi is a decision-support-system software based on DEX methodol-
ogy. It was developed to create qualitative multicriteria models [2]. It
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Fig. 1. General structure of a DEXi model. (a) A complex problem (Z) is decomposed
into different dimensions (Y) up to a data input level (L). ‘‘High’’). DEX methodology

akes it These data are qualitative. (b) The aggregation from L to Z is performed
hanks to decision tables.

combines a hierarchical decision model with an expert-system approach
based on qualitative criteria whose values are discrete and usually
take the form of words rather than numbers (e.g., ‘‘Low’’, ‘‘Medium’’,
‘‘High’’). DEX methodology makes it possible to break down a decisional
problem (the most aggregated criterion; Z in Fig. 1) into smaller, less
omplex sub-problems represented by criteria (𝑌i in Fig. 1). A set of
nput data (𝐿i in Fig. 1) is referred to as a scenario that has to be
imulated. The DEXi interface makes it easy to create models with
ifferent stakeholders. Models developed using the DEXi interface are
aved as .xml files.

3. Software description

3.1. Functionalities

3.1.1. Basic functionalities
The dexisensitivity R package allows some basic manipulation of

DEXi models:

• Reads a DEXi model and provides information about it. Since
DEXi models are .xml-based, this function parses the .xml file
and stores the information in a S4 object. It then creates the
structure of the tree-like object and provides information about
it: a graphical visualization of the tree, number of branches and
leaves, number of repeated leaves, etc.

• Modifies elements of the structure: once the tree is created, the
user can interact with all of the tree (model) elements such as
aggregation weights and decision tables and can create sub trees
from the main tree

• Creates and simulates scenarios: values for the different leaves
can be created in order to simulate a scenario. Outputs can be
presented in a graph.

3.1.2. Sensitivity analysis functionalities
The dexisensitivity R package allows the use of different sensitivity

analysis methods (for the description of the statistical approaches, see
Carpani et al. [10]:

• Analysis of variance using partial decomposition of the variance
• Monte-Carlo sampling with random draw of leaves
• Shapley-Shapiro sensitivity index using the specific structure of

the model (monotonic model)
• One-At-A-Time analysis

Fig. 2. Use of the dexisensitivity R package. The MASC model has been used as an example [5]. (a) After reading the .xml, check the model; (b) A Monte-Carlo sampling method
to analyze the distribution of the output variables; (c) The sensitivity index after using the Shapley-Shapiro approach; (d). Simulating a scenario and presenting the results in a
ashboard approach.
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3.1.3. Typical use of the package
Typical use of the package consists of: (1) Loading a DEXi model

created under DEXi software; (2) Checking that the reading has been
correctly performed; (3) Running a sensitivity analysis; (4) If the results
are not satisfactory, modifying the decision tables and rerunning the
sensitivity analysis; and (5) Once the model is properly calibrated,
running the scenario analysis (see Fig. 2).

3.2. Development

The package was developed using the R S4 OOP approach (R
core Team 2022) to represent the Tree. The dexisensitivity R package
follows the modern conventions of open source software development.
The project is hosted on GitHub. The dexisensitivity R package is also
available from the Comprehensive R Archive Network (CRAN) for easy
installation and use. Distribution through CRAN requires including

orking examples for every function after checks. It plays the role of
ntegration testing when the package is updated. In addition, CRAN

requires compatibility with major operating systems.

3.3. Impact

The dexisensitivity R package covers different algorithms that are
useful for a large number of models. The French agricultural research
ommunity used these algorithms to better understand the structure
nd the results obtained by the models they develop (see [9]). However

up to now, access to them was quite confidential and linking the
algorithms to the models was not straightforward. This was not suitable
and satisfactory, especially when more and more of these models are
developed in a participatory manner with different stakeholders. With
the dexisensitivity R package, we make these algorithms fully accessible
and usable with a larger type of model structure. The ease of use of
DEXi software and the seamless link with the dexisensitivity R package
will then allow a straightforward and transparent creation and analysis
of the different models.

3.4. Conclusion and future development

The dexisensitivity R package enables the analysis of models devel-
ped using the DEXi software. Given the software’s user-friendly nature,
t will be accessible to a wide range of users, including those with no
rior knowledge of statistics or R.

Two key areas of development are planned for the near future:

1. Advanced Sensitivity Analysis Functions:
To implement more advanced sensitivity analysis functions, sim-
ilar to those in the sensitivity R package (10.32614/CRAN.
package.dexisensitivity), and to extend the current sensitivity
methods to accommodate more complex and uncommon DEXi-
tree structures.

2. Improved User-Friendliness and Graphical Outputs:
To create a more user-friendly environment by enhancing the
generation of synoptic graphs (particularly their formatting)
and supporting additional graph formats. Development with
RShiny [11] is underway to provide a more intuitive interface
for end-users (https://izi-eval.sk8.inrae.fr).

All these enhancements will be integrated into the multicriteria
assessment platform Means (https://means.inrae.fr/).
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