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Abstract

In this paper, we advent a novel approach to foster exploration of recommendations: Inter-
sectionExplorer, a scalable visualization that interleaves the output of several recommender
engines with human-generated data, such as user bookmarks and tags, as a basis to increase
exploration and thereby enhance the potential to find relevant items. We evaluated the vi-
ability of IntersectionExplorer in the context of conference paper recommendation, through
three user studies performed in different settings to understand the usefulness of the tool
for diverse audiences and scenarios. We analyzed several dimensions of user experience and
other, more objective, measures of performance. Results indicate that users found Intersec-
tionExplorer to be a relatively fast and effortless tool to navigate through conference papers.
Objective measures of performance linked to interaction showed that users were not only in-
terested in exploring combinations of machine-produced recommendations with bookmarks
of users and tags, but also that this “augmentation” actually resulted in increased likelihood
of finding relevant papers in explorations. Overall, the findings suggest the viability of In-
tersectionExplorer as an effective tool, and indicate that its multi-perspective approach to
exploring recommendations has great promise as a way of addressing the complex human-
recommender system interaction problem.

Keywords: interactive visualization, exploration of recommendations, recommender
systems, set visualization, scalability, user study

1. Introduction

Recommender systems play an important role in our daily lives, specially where decision
making is involved. They are a common presence in the web, helping us find our way through
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the ever-growing information jungle [1, 2]. We can find them in many different domains such
as e-commerce websites, recommending items that we would likely be interested in, or in
social networks suggesting new connections for us to expand our network of contacts.

Research has shown that improving recommendation diversity [2, 3, 4], providing users
with means to control the recommendation process [5, 6] and facilitating exploration can have
a positive impact on user acceptance of recommendations [7], the latter being of particular
interest to our work. There are, of course, different ways to foster exploration. PeerChooser
[8] and Smallworlds [9] are two prominent examples that enable end-users to explore a
rich set of recommendations. Both approaches focus on the relationships between users
and items as a basis to foster exploration and hence improve user trust and acceptance of
recommendations [8, 9, 5].

Our work proposes a different approach to address the challenge of exploring recommen-
dations in a visual manner: the exploration of multiple, intertwining perspectives of relevance
in an integrated visual user interface. The concept of perspective of relevance is a broad
term that describes the source and nature of recommendations. It was pioneered by social
tagging systems, which first introduced the ability to explore different community relevance
perspectives [10].

To the extent of our knowledge, existing social systems with recommendation features
such as Conference Navigator 3 [11], which recommends conference papers to its users, allow
users to explore only a single relevance perspective at a time: either the algorithmically-
derived suggestions of recommendation engines (or agents), or one of two alternatives derived
directly from human activity, specifically items marked by other users as relevant (e.g.,
bookmarked, bought, or viewed) or lists of items tagged with specific labels.

In our work, we use a synergistic approach for combining different perspectives of rel-
evance, and identify three main types of perspective: (1) the perspective of personal rele-
vance, (2) the perspective of social relevance and (3) the perspective of content relevance.
More specifically, the suggestions of different personalized recommender engines produce
ranked lists that can be considered as personal relevance perspectives, as they leverage
previous knowledge about users to provide suggestions that would likely fit their interests
and goals (e.g., the collection of items suggested by amazon.com based on a user’s recent
purchases). Sets of items that are marked as relevant by known users offer a perspective
of social relevance: if these users are perceived as like-minded, a collection of their items
may be considered as a set worth exploring (e.g., a set of movies rated highly by a friend).
Likewise, sets of items labelled by the community of users with specific tags offer a perspec-
tive of content relevance. Indeed, since tags are usually keywords drawn or derived from
the contents of the tagged item or the experience of other users with it [12], they provide
insightful glances about the items to people that find them relevant (e.g., a set of music
pieces tagged by the community with the labels “relaxing” or “inspiring”).

Although these perspectives of relevance have undeniable potential by themselves, the
ability to explore collections of items from multiple perspectives simultaneously can poten-
tially increase user trust in the value of a given recommended item [10]. For instance, a user
may feel more inclined to explore items that are not only recommended by an automatic
recommender agent, but also marked as relevant by another, known and like-minded user.
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In other words, users may be interested in “augmenting” the recommendations of automatic
agents with items that interest other users or items that are also tagged with a specific topic
of interest, such as “visualization”.

In prior work, we investigated this multi-perspective approach using TalkExplorer, an
interactive recommender interface based on the cluster map visualization [5]. Although we
were able to demonstrate the potential value of this approach, the user interface was found to
be challenging for users in terms of usability. Further, scalability problems of the cluster map
visualization made it hard to explore more than three sets simultaneously and, therefore,
such combinations were never explored in field studies. Consequentially, the effects of the
multi-perspective approach could not be thoroughly evaluated in our previous work.

To address these problems, we propose IntersectionExplorer: a novel, web-based platform
that uses a scalable relevance-based visualization, UpSet [13], to allow users to simultane-
ously explore multiple sets of items from the three previously mentioned perspectives of
relevance. As the user interface of IntersectionExplorer is based on a scalable visualization,
we hoped that it could allow us to overcome problems revealed during our studies of the
cluster map visualization [10].

A key feature of IntersectionExplorer is the seamless way to combine sets from the three
perspectives of relevance, making no distinction between them in terms of interaction or
representation, other than clearly stating their original perspective. In this way, Intersec-
tionExplorer effectively treats recommendations derived directly from user activity (i.e.,
items tagged or bookmarked by other users) the same way it does for the suggestions of
recommendation agents. The main questions that guided the research work we present in
this paper are:

� RQ1: How does IntersectionExplorer’s multi-perspective approach facilitate the explo-
ration of collections of items?

� RQ2: How flexible and usable is IntersectionExplorer in responding to the requirements
of users with different technological backgrounds?

To provide a comprehensive response to these questions and assess the overall viability of
IntersectionExplorer, we performed three user studies in different contexts. The user studies
allowed us to evaluate the interface along several relevant dimensions of user experience
with recommender systems and more objective metrics of performance, based on an analysis
of user interaction data. Study 1 was designed as a comparison between IntersectionEx-
plorer’s multi-perspective approach against the baseline of traditional, relevance-ordered
list of recommendations. The study revealed that users found IntersectionExplorer to be a
relatively fast and effortless tool to help them explore collections of items, while fostering
the discovery of new relevant items with increased levels of overall satisfaction. Although
this study provided interesting results, it also had some limitations. It was conducted in
a controlled setting after the conference, in a one-hour scheduled session with the main
researcher present to answer questions. To assess the viability of the tool in real settings,
we performed two additional studies live at conferences, more realistically capturing the
behavior of participants trying to find relevant talks to attend and papers to bookmark.
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While Study 2 was conducted with less technically-oriented participants, at the Digital Hu-
manities conference in 2016, Study 3 was conducted with highly technical end-users at the
2017 edition of the IUI conference. These studies provide insight into the utility of the
tool for users with different backgrounds, and the tool’s flexibility for accommodating users
with different profiles and interests. Overall, the findings of our three studies evidence the
viability of IntersectionExplorer as an effective tool, and indicate that its multi-perspective
approach to recommendation exploration has great promise as a way of addressing the com-
plex human-recommender system interaction problem, although technical end-users interact
more seamlessly with the features of IntersectionExplorer, resulting in a better user experi-
ence than for less technically-oriented users.

The main contributions of this work are then: we present (1) IntersectionExplorer, a
multi-perspective approach to the exploration of recommendations, (2) the results of three
user studies designed to assess the tool’s usability and value in different contexts and user
profiles, and (3) a comprehensive assessment of the value of exploring recommendations from
multiple perspectives in parallel.

2. Related Work

2.1. Recommender Engines

Recommender systems have become an important research field since the mid-1990s. The
goal of a recommender system is to help people deal with information overload by providing
personalized content and services [1, 2, 14]. Recommender systems have been developed in a
wide variety of application areas, including Web search [15, 16], multimedia [17], personalized
advertisement [18], and e-learning [19]. Recent research also applies recommender systems
in high-risk sectors, such as health care [20].

Recommender algorithms can be broadly categorized into three groups: collaborative
filtering, content-based filtering and hybrid recommenders. The collaborative filtering ap-
proach is based on finding commonalities between users [21]. These commonalities are
detected based on explicit relevance indicators, such as ratings [22] and tags [23], or implicit
relevance indicators, such as the consumption of suggested media [24]. Recommendation
lists are then produced based on the preferences of other users with similar interests. The
content-based filtering approach proposes suggestions by matching descriptions of items to
descriptions of users [25], based on information about individual users and items. Hybrid
recommender systems propose items based on the combination of different recommendation
techniques [26, 1].

While initial research on recommender systems was mainly focused on the challenge of
improving algorithmic accuracy, an emergent research direction is to consider user experience
as a core dimension in the evaluation of the performance of these systems. A survey of
existing research on recommender systems from a user-centric perspective [27] revealed the
importance of diversity [28], the impact of transparency on user trust [29] and the role of
explainability [30] on improving the user experience. A common issue found in existing
recommender systems is that they often present themselves to users as “black boxes”, not
offering their users any insights into their inner logic or justifications for the suggestions made
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[29]. This black box nature of recommender systems prevents users from comprehending
recommended results and can lead to trust issues when recommendations fail [31]. Research
has shown that making recommender systems more transparent, enabling users to control
the recommendation process and facilitating exploration can lead to improved user trust.
For instance, Herlocker et al. [31], Sinha and Swearingen [32] and Tintarev and Masthoff [30]
concluded that by giving users information to personally justify recommendations through
a good explanation interface could help inspire users’ trust and satisfaction, increasing user
involvement and educating users on the internal logic of the system [31, 30].

One way to enhance user experience is to depart from the traditional relevance-ranked
list of recommended items and to provide alternative visual interactive representations that
leverage system explainability [33] and user control [34, 35, 36].

2.2. Visualization

An important line of research that is closely related to the work we propose in this paper
concerns visualization, and we begin by mentioning an approach that is particularly rele-
vant: relevance-based visualization. This visualization approach had its origin in the field
of Information Retrieval [37, 38] and focuses on improving the display of search results to
users. The main goal of relevance-based visualization is to emphasize which results were rel-
evant to different parts of multi-term queries. The simpler example of this approach is direct
relevance visualization, which indicates by means of color or color scales which terms are
relevant to each retrieved item/document. We can find different implementations of direct
relevance visualizations both in research literature and in industry. For instance, TileBars
[39] is a technique that indicates relative document length and query term frequency and
distribution among search results, simultaneously and in a compact way. The visualization
can quickly be scanned and deciphered by users, thereby supporting them in judging the
potential relevance of retrieved documents. HotMap [40], a meta-search system that re-
trieves documents from a web search API, is a recent example that fosters exploration of
the retrieved results through inspection of visual document representations and through a
nested sorting interaction feature. The ultimate goal is to allow users “to see the information
without having to read the information” [40], therefore using color encoding to convey the
frequency of query terms in the documents. Another example of highly-interactive relevance-
based visualization in the information retrieval context is provided by uRank [41], a visual
approach that combines lightweight text analytics and an augmented ranked list to assist in
exploratory search of textual documents.

Set-based visualizations are another type of relevance-based visualizations that share
important concepts with our work. This approach uses sets and spatial layouts to mean-
ingfully organize search results. For instance, a three-termed query would be represented in
as many set areas as there are different combinations of terms, to illustrate the relevance
of each result to each term combination. In this example, there are seven set areas: one
for each unique term, one for each of the three pairs of terms, and one more for all three
terms combined. The classic example of this approach is InfoCrystal [42], that visualizes all
possible relationships between a number of concepts and allows users to explore and filter
information in a flexible and dynamic way by assigning relevance weights to concepts, and
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selecting interesting relationships by means of thresholding. Another relevant set-based vi-
sualization is the Cluster Map [43], a visualization of lightweight ontologies, or taxonomies,
that describe a domain through a set of classes and their hierarchical relationships. Classes
are connected by direct edges that indicate hierarchies, class instances are connected to their
most specific class and instances that share the same class are visually grouped in clusters.

Another stream of research that is relevant to our work concerns various visualization ap-
proaches that improve user experience with recommender systems by facilitating exploration,
transparency and user control. For example, PeerChooser [8] and SmallWorlds [9] are two
approaches that focus on explaining the inner logic of collaborative filtering recommender
engines to users. Both systems allow users to interact with representations of relations be-
tween items and other users to support transparency and user control. PeerChooser uses
a graph-based visualization to represent these relationships. SmallWorlds allows users to
explore the relationships between recommended items and similar friends in multiple layers
of similarity.

In addition, a number of visualizations have been developed to interact with hybrid rec-
ommender systems. TasteWeights [35] is a system that allows users to control the impact
of different algorithms as well as different input data sources on the recommendation re-
sults, eliciting preference data and relevance feedback from users at run-time in order to
adapt recommendations. This idea can be traced back to the work of Schafer et al. [44] on
meta-recommendation systems, where users are provided with personalized control over the
generation of recommendations by altering the importance of specific factors on a scale from
1 to 5. Similarly, SetFusion [6] (see Figure 1) is a more recent example that allows users to
fine-tune weights of a hybrid recommender system, using a set-based visualization - a Venn
diagram [45] - to represent the relationships between recommendations. MoodPlay [46] is
a hybrid music recommender system that integrates different techniques in an interactive
interface supporting explanation and control of affective data. The system allows the user to
explore a music collection through latent affective dimensions, thereby improving acceptance
and understanding of recommendations. MyMovieMixer [47] is an interactive movie recom-
mender that integrates different recommender techniques with interactive faceted filtering
methods, called “blended recommending”. The approach allows users to interact with a
set of filter facets representing criteria that can serve as input for different recommendation
methods, including collaborative and content-based filtering.

There are also a number of approaches that focus primarily on the tags used by social
recommenders. SFViz (Social Friends Visualization) [48] represents relationships between
users and user interests in order to suggest potential new friends with similar interests, using
the Radial Space-Filling technique [49]. Tagsplanations [50] are recommendation explana-
tions based on community tags with two core concepts: tag relevance, the degree to which
a tag describes an item, and tag preference, which conveys a user’s sentiment toward a tag.
FaceTag [51] is a collaborative tagging tool for bookmarking domain resources that mixes
a faceted classification scheme with the keywords space of user-generated tags in order to
improve the information architecture of social tagging systems. MrTaggy [52] is a tag-based
exploratory system that fosters rapid browsing of topic spaces using relevance feedback on
tags to indicate users’ interest in the topics. Finally, Pharos [53] is a social recommender
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Figure 1: The SetFusion [6] user interface, featuring (a) sliders to tune the recommender algorithm weights,
(b) interactive Venn diagram to select papers for exploration and (c) list of recommended papers [used with
permission]. Like IntersectionExplorer, SetFusion is also a set-based, multi-perspective approach.

system that visualizes the social network activity of different communities in a map-based
user interface. One of its most distinctive features is the way it addresses the cold-start issue
by using topic modeling [54] to offer a summary of available content to new users.

2.3. Prior Work

Our previous work [7] is focused on various factors that affect acceptance of recommen-
dations, such as user satisfaction, trust and sense of control. Specifically, based on the
analysis of research on interactive recommender systems, we derived a framework proposing
four important attributes for trust-aware and interactive recommender systems, namely:
transparency, justification, diversity and context. We also investigated how information
visualization can improve user understanding of the rationale behind recommendations in
order to increase their perceived relevance and meaning and to support exploration and user
involvement in the recommendation process. To this end, we performed two user studies us-
ing TalkExplorer [5] (see Figure 2), an interactive visualization tool developed for attendees
of academic conferences based on the previously mentioned Cluster Map [43]. We combined
different user-generated data sources in the study, but rather than automatically merging
these data as it is done in hybrid recommender systems, end-users were allowed to select
which users or tags should be considered. In addition, users could select different recom-
mendation techniques that are represented as agents, similar to Ekstrand et al.’s [55] idea
of enabling users to switch between recommenders.

The two user studies were conducted at two separate conferences, which allowed us to
obtain interesting insights to enhance user interfaces that integrate recommendation tech-
nology. We observed that the effectiveness of recommendations and the probability of rec-
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