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Abstract. One of the most user-friendly methods to search over knowl-
edge graphs is the usage of keyword queries. They offer a simple text
input that requires no technical or domain knowledge. Most existing
approaches for keyword search over graph-shaped data rely on graph
traversal algorithms to find connections between keywords. They mostly
concentrate on achieving efficiency and effectiveness (accurate ranking),
but ignore usability, visualization, and interactive result presentation.
All of which offer better support to non-experienced users. Moreover, it
is not sufficient to just show a raw list of results, but it is also important
to explain why a specific result is proposed. This not only provides an
abstract view of the capabilities and limitations of the search system,
but also increases confidence and helps discover new interesting facts.
We propose XSearchKG, a platform for explainable keyword search over
knowledge graphs that extends our previously proposed graph traversal-
based approach and complements it with an interactive user interface for
results explanation and browsing.
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1 Introduction

Keyword search is a familiar method for information retrieval that can also be
adapted to enable access to knowledge graphs (KGs). Using this common search
paradigm is intuitive and especially suitable for end users. It allows to take
advantage of the graph nature of the data by exploring it and thus discovering
prominent associations and deriving deductions. Moreover, it does not require
any technical expertise (e.g., SPARQL [I]) or knowledge of the underlying data
structure. Recently, various approaches were developed to solve the problem of
keyword search over KGs [I7UT54[9IT4J6]. Most of those systems aim at efficiently
finding and ranking subgraph-shaped structures that connect the graph elements
corresponding to the keywords. However, only very few systems propose a user
interface for result presentation [2/8/T3II0]. This reduces the suitability for end
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users. Furthermore, none of the systems aims at explaining why a specific item
appears among the search results in a detailed way. We observe in some cases
only the usage of basic features such as the highlighting of keyword mentions
in the search result snippets [I0l2]. Recently, the concept of explainability has
gained importance especially in the field of artificial intelligence (AI), where the
aim is to support understanding the predictions performed by machine learning
models [5], in order to increase user trust and causality [11]. However, this is not
only relevant to Al, but also other use cases such as recommendation systems
or information retrieval in general. In the context of keyword search over KGs,
we define the explainability of a system as its capability to answer the following
questions: Why is a specific result relevant to the query? and Why is a specific
result more or less important compared to others?.

In this demo paper, we present XSearchKG, a full-stack web application for
explainable keyword search over KGs. The latter is based on our approach pro-
posed in [6,7E|7 where first, the off-line phase consists of summarizing the input
KG and assigning query-independent costs to its edges. The second (runtime)
phase receives user keywords and a target (types of entities to be retrieved) as in-
put, finds the nodes corresponding to the keywords and target in the summary
graph, explores the graph to find subgraphs connecting keywords and target,
ranks the subgraph templates (schema-level), and generates SPARQL queries
corresponding to the graphs. We extend the pipeline by combining the results
generated by executing the top-k SPARQL queries and propose a ranking of
retrieved entities based on the scores of their subgraph templates. The imple-
mented features to support explainability are detailed in These are
mainly based on giving the user more transparency about the generated re-
sults leveraging the connections in the schema and instance levels of the graph.
The proposed visualizations allow a better understanding of the results without
overwhelming the user. Moreover, they enable the discovery of new insights by
getting explanations for results that may appear not correct at first glance. The
conducted user evaluation is shortly described in The source code is
publicly available on GitHub [3ﬂ We will demonstrate the system using MON-
DIAL [12] as input KG. We will use queries of different complexity levels and
explore some generated results. We will also go through the different explanation
views and show possible user interactions (e.g., ignore specific connections).

2 XSearchKG

The application comprises two fundamental building blocks: (1) A Node.js Ex-
press server (backend) produces ranked results with essential information such as
labels, descriptions, and subgraph bindings. To avoid regenerating identical data

3 Note that the used code version uses the cosine similarity between the embeddings
of the node labels as a semantic relatedness metric. The embeddings are generated
using the [Universal Sentence Encoder lite

4 https://github.com/fusion-jena/XSearchKG (a link to the demo video can be found
in the README of the repository)
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Fig. 1: Screenshots of some of the system views.

and improve performance, we utilize both standard HTTP cache headers and
in-memory caches. The runtime phase of [07] was integrated into the backend
component. (2) A React app (frontend) provides a user-friendly and respon-
sive web interface. The application requires a running SPARQL endpoint and
the files representing the summary graph generated at the first off-line phase
of [6l7]. More details about the architecture are provided on GitHub. In the
following, we give an overview about the different platform’s features:

Input Suggestion. To perform a search, the user must enter a target type
corresponding to a node on the summary graph and a set of keywords repre-
senting resources on the KG. Therefore, we assist with a suggestion service that
provides appropriate candidates based on the labels allowing the user to scroll
through the list and get inspiration.

Result List View. The result list shows the individual results
with a label and a text description. If the KG does not provide this information
we try to retrieve it from semantically identical resources in other KGSEL Results
are ranked based on the subgraph template scores, where entities with bindings
from a larger number of templates will be higher ranked. The view also offers a
first glimpse of how the result is related to the keywords by showing a binding of
the subgraph with the highest ranking. As in all views, we display the subgraphs
in the form of a tree, with the result being the root on the left side and the
keywords being (typically) the leaf nodes on the right side. This provides a
clear reading direction. Since we do not want to clutter the result list, we show
a sparse view counsisting of only the nodes of the subgraph omitting any edge
labels together with the number of subgraph templates that have a binding for
this result to show results’ importance. For example, in the user can
see that the river Saale is directly connected to the keyword Jema while the
top subgraphs of the other results contain an intermediate node ( Thiringen and
Germany, respectively).

® In MONDIAL, this was done by leveraging owl:sameAs links to Wikidata [16]



4 L. Feddoul et al.

Result Detailed View. Clicking on an item in the result list opens an
overlay with detailed information about the result . In addition to
a description and an image, this includes a list of all subgraph templates that
have a binding for this result. In this view, we provide meaningful edge labels
to help understand the specific connection. If a subgraph template has multiple
bindings, we will indicate this and allow the user to load more example bindings.
We also offer two interaction options for each subgraph: (1) If a user considers a
connection to be irrelevant, it can be ignored in the result generation by clicking
on the minus icon, and (2) if a connection exactly matches the user’s intention,
it can be used as the only subgraph template by clicking on the star icon.

Connection Types View. Above the result list , we show the
number of subgraph templates that are considered in the result generation. By
clicking the Show link, the user gets a list of all subgraph templates. This repre-
sentation is similar to the one in the detailed view, but instead of bindings, the
node types are shown. We also offer the same types of interactions. By clicking
on any of them, the user immediately sees the effect on the result set, allowing
for experimentation and finding the subset of subgraph templates that best fits
the intent.

3 Evaluation

We conducted a qualitative user evaluation in live sessions with 6 participants
with heterogeneous backgrounds in terms of domain and technological knowl-
edge. We observed, that the users considered the top search results to be mostly
relevant and reasonably ordered. Further down in the result list, participants
often questioned whether individual results were correct. With the subgraphs
provided, they were able to understand the context and to decide whether or
not to consider the result. By ignoring irrelevant subgraph templates in the re-
sult generation, participants were able to obtain result lists that better matched
their intentions. In addition, the evaluation revealed a number of usability issues
that we addressed by making mostly minor changes to the user interface, such
as providing easier access to the interactions.

4 Conclusion and Future Work

We introduced XSearchKG, a platform that makes the process of keyword search
over KGs more transparent to the end users and allows more interaction capa-
bilities. We designed features with various levels of abstraction for result ex-
planation, ranging from sparse to detailed views. The system has a modular
client-server architecture that communicates with a triple store endpoint and
uses different caching mechanisms. An initial user evaluation in live sessions re-
vealed that the proposed interface is intuitive in most of the cases without prior
knowledge about KGs or the used algorithm. This also helped improve some
features by leveraging the feedback of the users. We plan to test the platform
using larger KGs and conduct more extensive evaluations.
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