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Abstract. A vast majority of internet users has adopted new ways and
possibilities of interaction and information exchange on the social web.
Individuals are becoming accustomed to contribute and express their
opinion on various platforms and websites. Commercial online polls allow
operators of online newspapers, blogs and other forms of media sites
to provide such services to their users. Consequently, their popularity
is rapidly increasing and more and more potential areas of application
emerge. However, in most cases the expressed opinions are stored and
displayed without any further actions and the knowledge that lies in the
answers is discarded.

This research paper explores the possibilities, advantages and limits
of applying semantic technologies to these online polls. For this purpose,
a list of requirements was assembled and possible system architectures
for semantic knowledgebases were investigated with the focus on provid-
ing consistent and extensive data for further processing. In a next step,
the current state of the art of relevant visualization technologies was
analyzed and further research challenges were identified.

Our results discuss possible applications within the scope of a chal-
lenging case study. A comprehensive data pool provided by our industry
partner allows for testing various improvements to user experience and
traction of the polling system.

Keywords: Online polls · Named entity recognition · Information
extraction · Semantic technologies · Ontology engineering · Dashboards ·
Graphical user interfaces

1 Introduction

1.1 Online Polls

Online polls are becoming more and more popular on a large variety of web-
sites, e.g., online newspapers, blogs and other forms of media sites. These single-
question polls allow users of the respective sites to express their opinion and
contribute to the outcome of a question drafted by the operator of the website.
This opportunity is appreciated very much by large numbers of internet users.
Figure 1 shows such an online poll.
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Fig. 1. Online Poll

Many of today’s single-question online polling systems are operated by the
website owners themselves. Giving their users the possibility to contribute to
parts of the site’s content is first priority for most systems; it seems that great
usability or analytical features are only insufficiently considered. However, gain-
ing knowledge from the answers to polls – in contrast of simply displaying the
results and then discarding the information contained therein – could bring enor-
mous benefits:

– Polls can be clustered and categorized by their respective topic. This makes
various applications possible like automatically showing a poll that fits the
content of the article that it will be complementing, or showing users a related
poll after they have answered a first one.

– The website visitors who answer one or more polls can be analyzed in regard
to their specific attitudes and preferences. By learning about their users, pub-
lishers can verify current assumptions about their target groups and get to
know entirely new groups.

– These target groups can then be displayed graphically, e.g., via Venn or Euler
diagrams. This gives the website operators a better overview of their users
and allows them to select specific groups of persons for further actions.

– One of these further actions is using the target groups as input for retargeting
advertisements across platforms. This type of advertising has emerged as one
of the most widely used across the internet and facilitates custom-tailored ads
for segmented user groups.

– A semantic knowledgebase of relevant information can be generated and con-
sequently connected to other linked data available online. This database is
intended to show interconnections and dependencies in a more detailed and
precise way than classic relational data structures. New knowledge can be
discovered by techniques of the semantic web like reasoning.

– Combining the answers of several independent polls for creating more detailed
user profiles becomes feasible. The website content can be adapted to better
match the discovered user profiles.

– Extracting and aggregating private information about claims that can not be
verified turn out to be of great value and online polls can contribute in doing
that. [11]
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1.2 Methodology and Contribution

Natural Language Processing (NLP), the languages of the semantic web and
other technologies relevant to this study’s field of research have achieved immense
progress in the last years. This paper explores the possibilities of tools and tech-
niques for improving user experience for both common internet users and website
operators. While the former can profit from a better quality of suggestions for
further articles and polls as well as from better categorized question/answer
pairs, the latter can benefit from a greatly improved admin dashboard that pro-
vides whole new possibilities for analyzing and illustrating the outcomes of their
polls and use them as basis for further applications.

To achieve these advances, current state-of-the-art technologies in the field of
knowledge extraction (KE) from natural language question/answer pairs are ana-
lyzed. Consequently, the implementation of a semantic knowledgebase designed
specifically to the requirements of online polling systems is demonstrated within
the scope of an extensive case study based on a real-world data pool of more
than 10,000 questions with approx. 36,000 answers and 653,000 user votes given
worldwide in the years 2014 and 2015. This is followed by discussing UI ele-
ments for the administrator’s dashboard like displaying suggestions for future
target groups by employing Euler diagrams as well as prototypical advertising
capabilities.

1.3 Related Work

Great advances in NLP and the Semantic Web have led to various fields of
research related to our task. Recent examples are NLP for question/answer pairs
as described in [14] or [5], and paraphrasing (e.g., [2]). Knowledge representation
has been in the center of attention of research for decades (e.g., [4,13]) and still
great progress is being achieved (e.g., [1,3,8]).

Applications of the Semantic Web like DBpedia [15] and other knowledge-
bases are making it possible to link shared knowledge and build new solutions
on top of existing ones. While early research was mainly done for texts in Eng-
lish, globalization of Linked Data brought the necessity to deal with different
languages. Significant progress has been made in multilingual entity extraction
[6]. This is exemplified by research on German language (e.g., [12,17]).

Modern approaches suggest recursive self-learning methods when it comes
to entity detection and extraction [9] and various methods for semi-automatic
ontology development [16].

2 Semantic Technologies

2.1 Knowledge Extraction

To be helpful for extracting knowledge from single-question online polls, a seman-
tic system needs to fulfil a number of requirements. Some of these are:
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– While most ontologies and NLP technologies specialize on a certain domain,
online polls can relate to pretty much everything. In most cases, the topic of a
poll is not even known in advance. This means that if there are external knowl-
edgebases for specific domains involved, they need to be made compatible and
get interconnected. Finding out the scope of a poll is also very important to
determine the relevance for specific user groups. The scope of some questions
is limited to a certain time or region, e.g. Who will win the football world cup?
or Who have you voted for in South Africa’s General Elections?.

– The knowledge to be extracted in many cases lies within the question com-
bined with the chosen answer. The question How often do you play video
games? by itself does not contain any knowledge about the user who answers
the question, the chosen answer Daily needs to be taken into consideration as
well. This means that there is the need to combine question and answer and/or
to paraphrase the question. Even relatively simple Yes/No polls like Hillary
Clinton: First female U.S. President? need to be converted to a positive and
a negative version for further processing.

– The focus in NLP research traditionally lies on English language. However,
the online polls in our case study are being created in many different lan-
guages. The findings of NLP for texts in English can not be transferred to
other languages, but there is an increasing number of research projects on
multilingual entity extraction.

– Another special requirement for a KE system for online polls is that it needs
to have the capability to sort out inappropriate, manipulative or suggestive
polls. These can occur, because most of the polls in the data pool are created
and published by media websites or blog owners who can pose all the questions
they like. These “bad” polls should not be taken into consideration for further
analysis.

A comprehensive set of requirements for a system coping with knowledge
extraction from online polls can be found in the work of Stabauer, Grossmann
and Stumptner [20]. For a comparison of knowledge extraction tools, see [7]. At
the time of writing there is no known system able to deal with all the afore-
mentioned special requirements. Therefore, there is the need for an alternative
way of annotating polls manually. Figure 2 shows a mockup. For each possible
answer to a question the administrator can choose from predefined relations and
semantic concepts, thus creating new object properties in the knowledgebase.

2.2 Knowledgebase

The semantic knowledgebase in our case study is embedded in a complex system
architecture, Fig. 3 gives an overview. The analytical subsystem is responsible
for storing and analyzing the knowledge that is extracted from the polls and the
users’ answers, respectively. Some information in the analytical subsystem (e.g.,
meta information of polls and votes) is stored in an auxiliary database. This
divide is due to size limitations in the semantic knowledgebase and to the struc-
ture of the data to be stored. All databases and systems work together seamlessly
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Fig. 2. Semantic Annotation

and enable the administrator to gradually build up a consistent, accurate and
extensive knowledgebase.

Following the approach of semantic annotation as depicted in Fig. 2, knowl-
edge about a specific user is stored in RDFS/OWL triples as follows:

<ht tp : // p o l l i n g . com/ p o l l e e s#Pol l e e123>
<ht tp : // p o l l i n g . com/ onto logy#love s>

<ht tp : // p o l l i n g . com/ onto logy#Videogame> .

To comply with the ideas of Linked Data, the concepts in the knowledgebase
(#Videogame in the example above) are linked to external knowledgebases. In
this case there might be a link to DBpedia as follows:

<ht tp : // p o l l i n g . com/ onto logy#Videogame>
rd f s : subC la s sO f

<ht tp : // dbpedia . org / onto logy /VideoGame> .

2.3 Reasoning and Analysis

The knowledge about users and concepts that is stored in the analytical subsys-
tem, is consequently being analyzed by a series of algorithms, beginning with
standard RDFS and OWL reasoners. This enables clustering users by their pref-
erences and characteristics and so very advanced retargeting applications become
feasible. Additionally, users can profit as they are given suggestions for further
articles and polls that meet their specific interests without breaking the sim-
plicity and anonymity of the polling process. Immediate results of the reasoning
process are sets of persons with specific properties, their intersections and the
respective set sizes. These will be used for visualization in the administrator
dashboard and for further applications in retargeting advertising.
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Fig. 3. Polling System Architecture

3 Knowledge Visualization

The consequent step after building up a consistent and extensive knowledge base
is to use that data to improve certain aspects of the polling process. In this case
we try to enhance the administrator’s user experience and provide additional
functionality by visualizing the findings of the analysis within the framework
of the existing dashboard. This chapter gives an overview of existing means of
visualizing bigger data sets and their issues.

Common representation techniques can be used to gain new knowledge about
given data. Both Euler and Venn diagrams show the size of data sets that are
built from a data pool as well as the correlations between these sets. Euler and
Venn diagrams use geometrical shapes to represent data sets and intersecting
sets, which contain named data sets. To build an Euler or Venn diagram two
sets of data are needed: A set to store all data sets M and a set of intersections
U , where every set e ∈ M is at least part of one intersection set in U .

Following the definition of Venn diagrams, all possible intersections have to be
shown, and intersections that are not contained in U must be marked as empty.
Figure 4 shows common Euler and Venn diagrams of the sets M = {A,B,C} and
U = {A,B,C,AB,AC} and reveals the problem of Venn diagrams in regard to
empty intersection sets. If the amount of sets in M increases, Venn Diagrams get
more and more complex and harder to understand. This problem makes it clear
that Venn diagrams can not be efficiently used for the visualization of bigger
sets such as the ones in our case study.
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Fig. 4. Examples of an Euler diagram (a) and a Venn diagram (b)

3.1 Visualization Technologies

Calculating Euler diagrams gets more complicated and difficult when the com-
plexity of the diagram grows [19]. The complexity is defined by the amount of
sets in the intersection sets in U , which can be as high as 2n, whereby n equals
the amount of sets in M . More issues become apparent when the complexity
increases. To verify if an Euler or Euler-like diagram (such as described in e.g.,
[19]) is correctly drawn, an agreement about the visualization is needed. The
following points need to be fulfilled by the diagram in order to be recognized as
correctly drawn:

– Every set e ∈ M needs to be visualized by at least one marked geometrical
form and e has to be at least part of one set in U .

– The area of the used geometrical form representing e ∈ M has to be sized in
reference to the amount of elements in the set e.

– For every set e ∈ M that is part of an intersection set i ∈ U , which contains
more than one set, there needs to be an area where every set s ∈ i intersects
with every other set in i.

– If two or more geometrical forms are intersecting, there has to be at least
one intersection set in U that contains the sets of the intersecting forms.
Furthermore, the intersecting area has to be sized according to the amount of
elements in the geometrical form.

– Only sets that are part of M and intersection sets that are part of U are
allowed to be visualized.

Stapleton et al. describe 3 base methods to generate Euler diagrams: Dual
graphs, inductive and using particular shapes [21]. The first method calculates a
dual graph based on the intersection sets in U and draws the geometrical forms
in a way, so that every geometrical form representing a set e ∈ M contains every
node that is included in the set e. The inductive method uses a step by step
procedure to calculate the position of the geometrical forms. The last method
changes the shapes of the geometrical forms to create drawable Euler diagrams.

3.2 Issues and Solutions

On the basis of the afore-mentioned generation methods and the used geomet-
rical forms, several issues become apparent. Euler diagrams using circles as
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geometrical indicator of sets, such as shown in Fig. 4, can not always be drawn
in a way that every requirement defined in Chap. 3.1 is fulfilled. As an example,
a diagram containing the set M = {A,B,C} and the set U = {A,B,AC,BC}
is not drawable with one circle per set e ∈ M and without creating a fictional
intersection set with C and {} in U .

In order to avoid creating fictional intersection sets, a simple method is
to remove intersection sets that violate the requirements defined in Chap. 3.1.
Another method is to remove certain sets e ∈ M and the intersection sets that
contains e. As an example: Fig. 4 shows the desired facts by removing the conflict
set C or the conflict sets A and B. This creates two potential, rough approx-
imations of the given example. The conflict sets could be calculated through
variants of the MinRelax or the QuickXPlain algorithms [10]. For every visual-
ization problem, there are 1 to n conflict sets linked with the problem, which
could be removed to solve the problem.

Another way to create drawable Euler diagrams is to split or clone sets [19].
The newly created or cloned sets can then be drawn as several geometrical forms
that are not intersecting each other. All sets have to be marked as either the
starting set or be linked together to improve the readability of the diagram.
The total amount of intersections, which the newly created sets are part of,
should equal the amount of sets in U containing the starting set. According to
the defined requirements for Euler diagrams in Chap. 3.1, the size of the forms
represents the amount of objects in one set. If a set is cloned, the sum of the
areas of the cloned sets will represent the wrong amount of objects in the starting
set. Figure 5 shows the issues and the solutions of the afore-mentioned example.

Since geometrical forms in our study represent a set of persons with specific
properties, generalizing these properties to create drawable forms is another
option. With the assumption that a property is composed of a type and a noun,
both could be generalized individually. As an example, the property “loves Dog”
could be generalized to “likes Dog”, “likes Animal”, “loves Animal”, “loves
Thing”, and so on. Every set of properties with the option to be generalized
will form a combined new set in M , which contains the generalized properties.
The starting set of properties has to be removed from M . Properties in U that
do not exist any longer in M need to be replaced with the new generalized set.
With reference to the shown approach to split or clone sets [19], it is possible

Fig. 5. (a) shows the sets M = {A,B,C} and U = {A,B,AC,BC}, (b) shows rough
approximations of the starting diagram and (c) shows a solution for the problem.
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to generalize only one part or clone of a set. The generalization is supposed to
reduce the amount of intersections between sets in M , and the generalized set
has to be one of the sets that were identified with the described method before,
creating rough approximations.

Sets in Euler diagrams can also be visualized by using abstract forms [18].
The diagrams can be created and calculated with the use of planar graphs and
triangles. Used planar graphs represent the set U and extend the set with a null
set for every set in U which only contains one set. The nodes in the planar graph
are represented by sets in U , while the edges are represented as lines between
two nodes. A line is drawn between two nodes a and b, if the set of a is fully
contained in b. The line between a and b is omitted, if there exists a node c
that fully contains the set of a and its set is fully contained in b. The drawing
area is divided into several triangular sectors that can be used to calculate the
area of several abstract forms for the different sets in M [18]. Figure 6 shows an
example.

Fig. 6. A diagram for the sets M = {a, b, c} and U = {a, b, c, ab, bc, abc, ac} [18]

4 Conclusions and Future Research Directions

We have presented the findings of a conducted case study that turned the results
of simple textual single question online polls into extensive knowledge about
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polls, answers and above all, the users. We have shown the structure and func-
tioning of an analytical subsystem that complements the existing operational
polling system responsible for the basic functions of displaying polls and col-
lecting votes. It does so without breaking the main strengths of simplicity and
anonymity and with maintaining full independency from third-party APIs.

We also have presented possibilities and challenges of visualizing the obtained
knowledge in an administration dashboard. The created diagrams not only serve
as a source of information but also let the administrator select groups of users for
further usage in retargeting advertising. There are still some issues in visualizing
semantic models using common Euler diagrams that need to be solved.

The interaction of semantic technologies with visualization strategies turned
out to be quite challenging. However, there were promising advances in basic
visualization of a limited number of sets, which proved to be very useful and
intuitive for administrators of polling systems and could create a fair quantity
of new useful knowledge. While not being explicitly designed for further refining
of the knowledgebase, the visualizations do contribute to a better understand-
ing of the collected knowledge. This is of particular importance when building
extensively large ontologies like the one in our case study, where it is hard to
stay on top of things.

Future research will include improvements in analysis of the knowledgebase.
Building on standard RDFS and OWL reasoning many useful extensions need
to be considered, e.g., calculation of probabilities (has been to Russia could have
a probability of 80 % for likes travelling) in order to extend target groups in
case they have been conceived too narrowly. Another research direction shall be
alternative visualization techniques for different applications within the admin-
istrator dashboard like conveniently navigating the knowledgebase or displaying
explanations of inferences being made. As the relevance for polls being elements
of the social web keeps growing, investing more efforts in them will certainly be
worthwhile.
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