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A Formal Concept Analysis-based Method and A
Graph Visualisation Approach to Enrich
Explanations-by-examples

Marta Caro-Martinez, José L. Jorro-Aragoneses, Belén Diaz-Agudo, Juan A. Recio-Garcia

Abstract—As it happens in many artificial intelligence mod-
els nowadays, complex recommender systems algorithms are
considered black-boxes, so they include methods to explain to
users the reasons for a recommendation. Moreover, many times,
these recommendations are explanations-by-examples, due to the
suitability of these types of explanations when recommending
new items. Though, users may not understand these types
of explanations since they lack of additional information that
clarify the reasons behind the recommendation. In this paper,
we propose a novel post-hoc method to generate explanations in
black-box recommender systems enriching the aforementioned
explanations-by-examples.

Index Terms—XAlI, Explanations-by-examples, FCA, Graph-
based Visualisation

I. INTRODUCTION

Recommender systems emerged to assist users in discover-
ing the most suitable products, particularly when faced with a
vast array of options and uncertainty about which one to select.
There are many different strategies for implementing recom-
mendation systems varying in their algorithms, complexity,
effectiveness, interpretability, and suitability for different types
of data and user preferences. In recent years there has been
an important improvement in machine learning algorithms,
also applied to recommender systems. Despite the increasing
precision of these recommendation algorithms, the systems
that use them are considered black-box approaches: these
approaches are not interpretable by final users [8].

Recently, an active research area to resolve the inter-
pretability and explainability problem is eXplainable Artificial
Intelligence (XAI). XAl provides different methods to increase
human understanding of the results provided by systems based
on artificial intelligence techniques [1]. In the context of rec-
ommender systems, explanations improve the understanding of
the user who receives a recommendation. XAl methods can
increase the utility of recommender systems because they can
improve users’ satisfaction or users’ confidence, which also
enhances the user experience [3].

There are already different approaches for generating expla-
nations for a recommender system. One of the most commonly
used is the explanation-by-example methodology. Explana-
tions using examples are easy to understand for a user because
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they are more intuitive than other common explanations like
trace-based explanation. However, in some cases, the examples
are not enough for users to understand a recommendation and
they could need an extra component like a connection between
the recommendation and the examples [7].

In this paper, we propose a methodology to enrich
explanations-by-examples for black-box recommender sys-
tems. Commonly, explanations-by-examples only offer the
examples as a way to explain a recommendation. Our approach
enriches those examples using complementary knowledge to
connect them with the recommendation and generate a final
explanation. We use Formal Concept Analysis (FCA) [2] to
get the most useful links between the recommended item and
all explanation examples. Moreover, we use a graph-based
visualisation to show the explanation to the final users. Our
visualisation method creates an interactive experience for the
user, who can watch the recommendation together with the
examples and their links in a more appealing fashion. This
work is a summary of a paper submitted and accepted to the
2nd World Conference on eXplainable Artificial Intelligence,
for more details, see the paper to be published [4].

II. LINKING ITEMS AND ATTRIBUTES TO SELECTED
EXPLANATION EXAMPLES

Our methodology’s starting point is the set of examples that
are personalised to explain a recommendation for a target user.
The issue here is that, at first sight, the target user might not
understand the common features between the recommendation
and the examples. Examples, on their own, may not be totally
useful to understand a recommendation [5]. Moreover, not
all the examples will be interesting for users if those do not
share interesting attributes for the user with the recommended
item. Then, one approach to clarify why the examples are
useful to understand the recommendations is to add what the
shared attributes between them and the recommendations are
considering only the important features for the target user.
Therefore, the main objective of this proposed approach is to
get the examples and the shared attributes that are useful to
explain the recommendation. In our proposed methodology,
we solve this task using FCA.

FCA [2] formalises concepts as basic units of human
thinking by analysing data in an object-attribute form. With
FCA, we build a conceptual lattice relating our recommended
item, our explanation examples, and their common attributes.
The lattice contains internal nodes that represent the attributes,
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Fig. 1. An example of the proposed visualisation approach.

while the last level of the lattice represents the items. The
parents of the leaf are the attributes of that item. Then, we
can classify the recommended item in the lattice to infer the
attributes shared by that item and the examples obtained in the
previous step. Next, we can traverse the lattice from the top to
the bottom to find the attributes that relate the items. However,
some of these shared attributes may be too obvious for the
target user. We have also looked into this problem [6]. Users
prefer explanations where there are as many explanatory items
as possible, especially if the lattice is small. Besides, users
prefer explanations where the attributes are the most specific
ones, i.e., the ones in the deepest lattice levels. Following these
findings, from the initial set of explanation examples, we select
only the example items that share direct parent nodes with the
recommended item.

III. VISUALISING EXPLANATIONS THROUGH INTERACTIVE
GRAPHS

Once we select the explanation examples, and we get the
helpful shared attributes between them and the recommenda-
tion, we need to show all this information to the target user. We
wanted to retain all the knowledge provided by the lattice, but
displaying the explanation through an interesting and useful
interface that allows users to interact with the explanation.
After an object-guided iterative process to design our interface,
we came up with an interactive graph-based visualisation.

An example of our visualisation is presented in Figure 1.
The explanations are represented by a graph with three con-
centric circular areas. From the inside out, it displays the
recommended item, the shared attributes and the explanatory
examples according to the substructure selected from the
lattice. A key feature of our visualisation approach is the
interaction that allows the user to adapt the explanation to
her own thoughts and preferences, so she can understand why
a recommendation is suitable (or not) for her being satisfied
during the process. A user can remove the attributes that are
not relevant according to her beliefs about the explanation.
The explanation system also includes functionality for undoing
this action if the user is not happy with the resulting visual
explanation.

IV. CONCLUSIONS

In this research work, we propose a new methodology to
enrich explanations-by-examples in black-box recommender
systems. These types of explanations are very well-known in
the literature and widely used in many applications and plat-
forms. However, those examples may not be as useful as they
seem, since users may not remember those items or do not see
the similarities between them and the recommendations. Then,
these examples could not be enough for understanding the
recommendations completely. To complement the explanation
examples, we used Formal Concept Analysis to select the best
examples for each user and to get the remarkable attributes
that the recommendations and the examples share. To show to
the users all these explanations, we employed a graph-based
visualisation that allows users to interact with the explanation.
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