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Preface 
 
 
 
The Web influences our lives for more than 25 years now. During these years, it has 
continuously been enjoying a growing popularity due to, among other things, its 
progressive change from passive data storage and presentation vehicle to the 
infrastructure for software applications and to the place for communication, interaction, 
discussions and generally collaboration. As the Web has an influence on our work, 
entertainment, friendships, it attracts more and more researchers who are interested in 
various aspects of the Web, seeing it from various perspectives – as a science, a place 
for inventing various technologies or engineering the whole process.  

Research in the field of the Web has more than 15 years of tradition at the 
Institute of Informatics and Software Engineering, Slovak University of Technology in 
Bratislava. Topics related to the Web each year attract many students, which results to 
a number of interesting results achieved by enthusiastic and motivated students.  

This volume is entirely devoted to students and their research. It contains short 
papers on students’ research projects presented at the 17th PeWe (Personalized Web 
Group) Workshop on the Personalized Web, held on April 11, 2015 in Gabčíkovo. All 
papers were reviewed by the editors of these proceedings. The workshop was organi-
zed by the Slovak University of Technology (and, in particular, its Faculty of Infor-
matics and Information Technologies, Institute of Informatics and Software Enginee-
ring) in Bratislava as a part of the project “University Science Park of STU Bratislava”, 
ITMS 26240220084, co-funded by the ERDF.. Participants were students of all three 
levels of the study – bachelor (Bc.), master (Ing.) or doctoral (PhD.), and their 
supervisors.  

We organize PeWe workshop twice per year. This academic year we started to 
invite our former PeWe members to give a keynote. Consequently, this volume starts 
with two keynotes. First was presented by Peter Vojtek in autumn 2014 PeWe 
workshop, which was held on October 25 in Gabčíkovo (http://pewe.fiit.stuba.sk/ 
ontoparty-2014-2015-autumn/). Peter presented the context, which surrounds a typical 
large-scale biometric-based identity management system. He concentrated on accuracy 
evaluation as it was actually accomplished in real-life projects, which is usually less 
precise and lacks standard methodology due to the tight schedule of particular project, 
specific nature of each project and additional costs required. As we evaluate accuracy 
in various contexts the keynote evoked life discussion. 

The second keynote was presented by Michal Tvarožek and Mária Tvarožková in 
spring 2015 PeWe workshop (http://pewe.fiit.stuba.sk/ontoparty-2014-2015-spring/). 
They selected serious topic for every IT project – communication. Although in general 
IT workers are hired for their technical skills, their career progress often depends on 
their development of communication/soft skills. This is true also for researchers. 
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Michal and Maria explained that the need for concise and timely communication grows 
with career level and proximity to clients. Workshop participants discussed on tips for 
building soft skills in parallel with the technical skills.  

The workshop covered several broader topics related to the Web. We organized 
the proceedings according PeWe research subroups, which were established in 
beginning 2015 considering research topics and research projects we are involved in: 

 Data Analysis, Mining and Machine Learning (PeWe.Data), 
 Recommenders (PeWe.Rec), 
 Semantics Acquisition and Domain Modeling (PeWe.DM), 
 Text Processing and Search (PeWe.Text),  
 User Experience and Implicit Feedback (PeWe.UX). 

The progress of particular projects was at different levels mainly according to the study 
level (bachelor, master or doctoral) and the progress stage achieved in each particular 
project. Moreover, we invited to take part also five of our bachelor students who take 
an advantage of our research track offered within study programme Informatics – 
Monika Filipčíková, Veronika Gondová, Matúš Salát, Jakub Senko, Andrej Švec. They 
were just about to start their bachelor projects. Veronika is interested in support of 
student’s activity in an educational system based on their implicit feedback. Her aim is 
the improvement of students’ motivation towards the feedbacks. Matúš deals with time 
recommendation in an educational system. His aim is to improve management of 
learning duties using visualization of students’ plans and sharing information with 
others. Jakub works on decentralized user modelling. His aim is to discover efficient 
approaches for local decentralized user modeling. Finally, Monika and Andrej are 
about to start Imagine Cup project in either World Citizenship or Innovation 
categories. 

Bachelor projects: 

 Adam Bacho: Prediction of Citation Counts of Journal Articles 
 Andrej Bíro: Personalised Support for Publication Reports 
 Martin Borák: Predicting Content Quality in Community Question Answering 
 Matúš Cimerman: Data Stream Analysis 
 Peter Dubec: TV Program Guide Metadata Acquisition 
 Jakub Ďaďo: Personalized Recommendation of TV Relations 
 Erik Dzurňák: TV Program Recommendation 
 Jozef Gáborík, Matej Leško, Jakub Mačina, Jozef Staňo: Sitting Posture Quality 

Evaluation Using Depth Camera 
 Patrik Gajdošík: Slovak Web-based Encyclopaedia 
 Ladislav Gallay: Utilizing Vector Models for Processing Text on the Web 
 Jakub Gedera: Automatic Diacritics Reconstruction in Slovak Texts 
 Adrián Huňa: User Reputation in Community Question Answering 
 Matúš Košút: Extracting Keywords from Movie Subtitles 
 Aleš Mäsiar: Game for Connection of Metadata and Sources in the Domain of 

Multimedia 
 Dalibor Mészáros: Determining the Parts of Speech in Slovak Language 
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 Martin Polakovič: Metadata Generation with Game with a Purpose in the 
Multimedia Domain 

 Helmut Posch: Extracting Pure Text from Web Pages 
 Ján Stibila: Analysis of Methods of Interactive Problem Solving 
 Peter Zimen: Evaluating the Impact of Developer’s Reputation in Search Driven 

Development 

Master junior projects: 

 Matej Čaja: Explanations of Personalized Recommendations 
 Martin Číž: Predicting Interest in Information Sources on the Internet using 

Machine Learning 
 Bálint Csóka: Recommendations for Developers to Prevent Errors in Source Code 
 Richard Filipčík: Automatic Detection and Attribution of Quotations 
 Peter Gašpar: Linking Multimedia Metadata by Using Microblogging Network 
 Matej Kloska: Supporting Domain Model Authoring 
 Viktória Lovasová: Content Recommendation from Archives of Questions 

Answered in Communities 
 Vladimír Ľalík: Evaluating Usability of Applications by Eye Tracking 
 Matúš Pikuliak: Ontology Learning from the Web 
 Roman Roštár: Optimizing Map Navigation Using Contextual Information 
 Martin Svrček: Presentation of Personalized Recommendations via Web 
 Peter Uherek: Application of Machine Learning for Sequential Data 
 Metod Rybár: Evaluation of User Explicit Feedback Based on his Implicit 

Feedback Measurement 
 Peter Truchan: Analysis and Measurement of User Behaviour in a Web 

Application 
 Ľubomír Vnenk: Analysis of Human Concentration During Work in Information 

Space of the Web 

Master senior projects: 

 Dominika Červeňová: Automated Syntactic Analysis of Natural Language 
 Peter Demčák: Methodics of Game Evaluation Based on Implicit Feedback 
 Marek Grznár: Adaptive Collaboration Support in Community Question 

Answering 
 Jozef Harinek: Crowdsourcing for Large Scale Texts Annotations 
 Patrik Hlaváč: Analysing User Gaze on the Web 
 Matej Chlebana: Source Code Review Recommendation 
 Peter Kiš: Game-based Support of Online Learning of Programming 
 Róbert Kocian: Personalized Recommendation Using Context for New Users 
 Samuel Molnár: Activity-based Search Session Segmentation 
 Miroslav Šimek: Processing and Comparing of Sequential Data Using Machine 

Learning 
 Veronika Štrbáková: Implicit Feedback-based Estimation of Student’s Knowledge 
 Martin Toma: Using Parallel Web Browsing Patterns on Adaptive Web 
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 Máté Vangel: Citations and Co-citations as a Source of Keyword Extraction in 
Digital Libraries 

 Pavol Zbell: Modelling Programmer’s Expertise Based on Software Metrics 

Doctoral projects 

 Michal Holub: Identification of Similar Entities in the Web of Data 
 Ondrej Kaššák: Web User Behaviour Prediction 
 Peter Krátky: Issues of Computer Mouse Data for Related Applications 
 Eduard Kuric: Automatic Estimation of Developer’s Expertise 
 Martin Labaj: Gathering Tabbed Browsing Behaviour as User Feedback on the 

Adaptive Web 
 Róbert Móro: Navigational Leads Selection for Exploratory Navigation in Digital 

Libraries 
 Karol Rástočný: Utilization of Information Tags in Software Engineering 
 Ivan Srba: Answerer-oriented Adaptive Support in Community Question 

Answering 
 Márius Šajgalík: Modelling User Interests in Latent Feature Vector Space based 

on Document Categorisation 
 Jakub Ševcech: Stream Data Processing 

 
Considerable part of our research meeting this year was devoted to Sensory signal 
processing workshop followed by the experimentation session. The Sensory signal 
processing workshop was chaired by Róbert Móro and Ondrej Kaššák. It was focused 
on analysis of sensory signals mainly related to application user activities, which 
allows describe the user actions in detail, even in situations, where we were in past 
dependent only on indirect descriptions. Main aim of this workshop was to gain 
practical experience with sensors presented in our newly opened User eXperience 
research centre. Most groups worked with eye tracking technology finding the usability 
issues of internet banking systems based on six user sessions recorded prior the 
workshop.   

Experimental evaluation represents one of the most important phases of our 
research projects as it confirms (or sometimes also rejects) the proposed methods or 
solutions. Encouraged by the enthusiasm, results and positive feedback from 
experimenters during the experimentation sessions at the Spring 2013 PeWe Workshop 
and Spring 2014 PeWe Workshop, we decided to continue in this tradition. The 
members of PeWe group helped their peers by providing not only constructive 
criticism and advice for experiment design; they also actively participated on the 
announced experiments. Conducting experiments even in our small group is always 
useful, in particular for initial evaluation, to verify preconditions of proposed methods, 
or locate errors in the design that helps in the end to achieve better results. The 
experimentation session consisted of seven experiments. The experiments were very 
diverse. Some of them already utilized the newest eye tracking devices. In particular, 
participants during the experimental session classified documentary movies, evaluated 
TV program’s relations, helped to collect a dataset of correct sitting postures, annotated 
pictures with their emotions, tried a diacritic reconstruction tool, evaluated keywords 
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for movies extracted from subtitles or were examined for their honesty during filling in 
a questionnaire. The session lasted for several hours and officially ended at 1 a.m. 

Our workshop hosted for the twelfth time recessive activity organized by the SeBe 
(Semantic Beer) initiative chaired by Marián Šimko, Róbert Móro, Jakub Šimko, and 
Michal Barla. It was aimed this year at educational activities supported by Academia 
SeBeana. The academy aims at spreading knowledge about such noble topics as Beer 
Driven Research (BDR) or Game with a Beer (GWAB). This year, in addition to 
bachelor degree (programmes Beerformatics, Tapping systems and piping networks) 
and master degree (programmes Beergeneering, Hop systems, Tapping systems and 
piping networks), Academia SeBeana opened its first year of doctoral studies in the 
programme Bottling systems. At the beginning, the historically first professor titles 
were granted to two of Academia founding fathers – (Cerevisiae) Dr. Michal Barla and 
(Cerevisiae) Dr. Marián Šimko. This ceremony underlined the importance of creation 
of such important institution as Academia SeBeana truly is. In addition, there were 
honourable doctorates granted to deserving pioneers of BDR in Slovakia – to Laco 
Gažo and Peter Šimún, for their outstanding evangelistic work and contribution to 
practical Beergineering, which they spread absolutely and unconditionally through 
events such as GTUG Slovakia. This award followed the conferring of an honourable 
doctorate upon Peter Vojtek in recognition of his outstanding pioneering and 
innovative academic work in Beergineering. 

More information on the PeWe workshop activities including presentations is 
available in the PeWe group web site at pewe.fiit.stuba.sk. Photo documentation is 
available at mariabielik.zenfolio.com/ontozur2015-04. 

PeWe workshop was the result of considerable effort by our students. It is our 
pleasure to express our thanks to the students – authors of the abstracts and main actors 
in the workshop show for contributing interesting and inspiring research ideas. Special 
thanks go to Katka Mršková for her effective organizational support of the workshop.  

 
 

April 2015 
 

Mária Bieliková, Pavol Návrat, 
Michal Barla, Michal Kompan, Jakub Šimko,  

Marián Šimko, Jozef Tvarožek
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On Accuracy of Real-life Biometric Systems 

Peter VOJTEK* 

Slovak University of Technology in Bratislava 
Faculty of Informatics and Information Technologies 

Ilkovičova 2, 842 16 Bratislava, Slovakia 
peter.vojtek@fiit.stuba.sk 

We describe the context of typical nationwide biometric-based identity management 
systems and metrics available to measure accuracy of these systems. We put emphasis 
on real-life projects where accuracy is evaluated while system is in production. 

Biometric identity management system is usually a large suite of software and 
processes orchestrated to cooperate on the task to acquire, consolidate and maintain the 
identity of persons. An example of such system is e.g., India UID [1]. Following use 
cases are employed in such system: 

 Enrollment - decentralized acquisition of persons’ textual data, facial photo, 
fingerprints, irises. 

 Deduplication - central stage where uniqueness of identity of enrolled persons is 
evaluated employing negative fingerprint identification (1:N matching) using 
AFIS (Automated Fingerprint Identification System). If AFIS claims person is 
unique, National ID Card is issued with person’s fingerprint template persisted 
securely on the card. 

 Verification - person provides ID card (e.g., to gain social benefits on a contact 
point) and by attaching her fingerprint confirms ownership of the identity bind to 
the card (1:1 matching). 

Following statistical error rates are relevant in the aforementioned use cases: 

 Enrollment: 

o FTE - Fail to Enroll. Ratio of persons unable to proceed the enrollment 
successfully, e.g., due to missing or low quality fingerprints. 

 Identification: 

o FPIR - False Positive Identification Rate. Ratio of unique persons (compared 
to all unique persons) incorrectly labeled by AFIS as duplicate, when the AFIS 
operator later labeled this person as unique on duplicate confirmation step. 

                                                      
* PeWe group alumni 
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o FNIR - False Negative Identification Rate. Ratio of duplicate persons 
(compared to all duplicate persons) incorrectly labeled by AFIS as unique. 
False negatives are revealed by employing additional knowledge not available 
to the AFIS, e.g., textual-deduplication or annotations. 

 Verification: 

o FMR - False Match Rate. Ratio of verification attempts where a random 
person is successfully verified against an ID card of a different person. 

o FNMR - False Non-Match Rate. Ration of verification attempts where owner 
of the ID card is not successfully verified. 

The error rates are influenced by following factors: 

 Quality of the biometric samples (e.g., fingerprints). The higher the quality of the 
biometric sample, the better is its discriminative ability against all other samples, 
which leads to lower error rates in verification and identification stage. However, 
to achieve high quality of the samples requires more strict conditions during the 
enrollment (e.g., ICAO check of the face of a person [2]), which may increase 
Fail to enroll rate. Significance of the quality and nature of the biometric samples 
leads to the fact, that it is almost senseless to compare errors rates between 
different datasets. 

 Amount of biometric samples - e.g., number of acquired fingerprints from a single 
person. Larger number of samples lead to longer enrollment time and may 
increase Fail to enroll rate. On the contrary, verification and identification error 
rates can be improved significantly by increasing the amount of samples. 

 Multiple biometric modalities - single biometric modality may not be satisfactory 
for large-scale biometric systems. Utilizing several modalities (e.g., iris and 
fingerprint) improves all the mentioned error rates. 

 Biometric matching engine parameters. The most important parameter is the 
similarity threshold, which divides the similarity score between two biometric 
samples to matching and nonmatching. The lower the threshold, the lower is the 
False Non-Match Rate and the higher is the False Match Rate (and vice versa). 

 Template extraction - the process of projecting the original biometric sample 
(e.g., image of fingerprint) to the n-dimensional space of all fingerprints, e.g., 
based on minutiae points. The process of template extraction is prone to error and 
leads to loss of original information.  

From end-customer point (e.g., a government agency) of view, we recognize following 
typology: 

 Not aware - the customer is not aware of the fact that a biometric system is prone 
to error. Surprisingly, this mindset may lead to successful projects, as employing 
a biometric identity enforcement leads to deterrence effect on fraudsters 
disregarding the real performance of the system. 

 Aware, but ignoring - the customer is aware of the fact a biometric system has an 
accuracy, but is not motivated to evaluate the accuracy. 

 Cooperating - the customer is motivated to cooperate with the biometric system 
vendor to evaluate and improve accuracy. 
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 Demanding - the customer has specified maximum error rates for the project and 
biometric system vendor must meet these conditions. 

In this article we mentioned the context which surrounds a typical large-scale 
biometric-based identity management system. Contrary to the laboratory accuracy tests 
[3], accuracy evaluation of real-life project is usually less precise and lacks standard 
methodology due to the tight schedule of a project, specific nature of each project and 
additional costs required to e.g., enroll the same person several times to acquire 
annotated dataset with known duplicates. 

References 

[1] Unique Identification Authority of India http://uidai.gov.in/ 

[2] ISO/IEC 19794-5 - Information technology, Biometric data interchange formats, 
Part: Face image data. 

[3] NIST Fingerprint Vendor Technology Evaluation 
http://www.nist.gov/itl/iad/ig/fpvte2012.cfm 

[4] Jolicoeur, Pierre. Introduction to Biometry. New York: Kluwer Academic/ 
Plenum Publishers, 2012. 
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Communication in IT – 
A Hope or a Threat?  

Michal TVAROŽEK, Mária TVAROŽKOVÁ* 

Slovak University of Technology in Bratislava 
Faculty of Informatics and Information Technologies 

Ilkovičova 2, 842 16 Bratislava, Slovakia 
michal.tvarozek@stuba.sk 

Engineering graduates are typically perceived as less sociable or skilled in 
communication than other, e.g. social science, graduates. A study conducted on 
software engineering professionals concluded that the most common personality type 
is the ISTJ (Introvert Sensing Thinking Judging) as defined by the Myers-Briggs Type 
Indicator1 (MBTI)[1]. Introverted people, especially ISTJs often have somewhat 
limited communication skills and prefer to work alone while focusing on the facts, 
technical details and thus have trouble accepting the opinions of their co-workers or 
seeing the “big picture” implications of their work. 

This specifically affects the developer profession where introversion is a common 
personality trait and gives rise to a multitude of workplace-related problems due to 
limited communication skills of otherwise technically very competent workers. To 
illustrate the issue, we list some (customer) comments about/by IT professionals: 

 “Talking to an IT-guy is like talking to a computer.” 

 “Those IT-guys are very clever but they absolutely do not understand our work...” 

 “Since nobody said whether it was supposed to be variable or fixed width 
I implemented both although it took twice as long.” 

Although in general IT workers are hired for their technical skills, their career progress 
often depends on their development of communication/soft skills. Our real-world 
experience shows that developers’ careers are often self-limited by the lack of 
willingness to learn how to communicate effectively with their co-workers and 
superiors. For example, there is often a stark contrast in opinion between senior staff 
and the developers about what are the characteristics of a good developer. The need for 
concise and timely communication grows with career level and proximity to clients 
(see Figure 1). 

                                                      
* PeWe group alumni 
1 The Myers & Briggs Foundation, www.myersbriggs.org 
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Figure 1.Software project roles and career level vs. communication.  

The more senior or closer to the client representatives IT professionals get the more 
soft skills (i.e. communication and management) are required for success. While this 
typically corresponds with a higher income, it also gives skills professionals a better 
choice of projects and career growth opportunities via networking. Reputation becomes 
increasingly important with seniority and thus the ability to honour commitments or 
resolve difficulty situations if problems arise (e.g. secure additional resources). 

At the base level, software engineers need to focus on effective technical 
documentation, which includes proper coding standards (code readability) and suitable 
comments in code and in check-in notes in source control systems. Furthermore, 
concise presentation of work progress and status reports is crucial for both co-workers 
and supervisors to understand the current state of the project. 

Further up the seniority ladder, personal visibility and contribution to team results 
is increasingly important, as is the ability to learn from feedback and also help and give 
constructive feedback to others, both more junior and senior than oneself.  

Based on our industry experience we recommend young professionals to focus on 
building up their soft skills in parallel with their technical skills using these tips: 

 focus on the goals that should be achieved and not the tasks at hand; 

 do more than what had been asked off you (over-deliver); 

 do things sooner than later (there may not be enough time later); 

 help your co-workers and learn from feedback offered by colleagues; 

 consider the needs and listen to opinions of others, especially when organizing 
work or facing client relationships and end-users; 
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Nowadays there are dozens of new scientific articles released each day. On one hand 

this gives authors or researchers many more opportunities than they had ever before, 

but on the other hand, it becomes harder and harder for them to distinguish articles of 

high quality for their further work. One of the top characteristics determining the 

quality of an article are citation counts, i.e., how many times was the given article cited 

by other articles [1]. 

Thus, in this work we designed a predictive model based on article and journal 

characteristics which tend to be good predictors of the citation counts. In the first place 

we had to choose the dataset and then we pre-processed it. From several available 

options we chose PubMed Central dataset in which more than 900,000 of open access 

articles are stored. 

After the cleaning process we obtained 9,582 articles with 2005 as their year of 

publication containing all of information necessary for building our predictive model. 

All the features that we retrieved from the articles originally formatted as XML files 

are shown in Table 1. The reason we chose articles from the year 2005 is that we want 

to try and predict citation counts exactly N years (in this case eight) after the 

publication of the article. We included number of citations an article received one, two 

and five years after its publication in our model, as we expect its better performance 

with them. 

We also included some novel features that were not examined in the previous 

works, the most prominent of them being Eigenfactor Score that can be obtained from 

ISI Web of Knowledge. There are some advantages of Eigenfactor when compared 

with better known Journal Impact Factor: 

 Eigenfactor is not influenced by journal self-citation 

 highly cited journals will influence the citation network more than less cited ones 
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Firstly, we performed univariate and multivariate linear regression just with features 

listed in Table 1 on the articles published in 2005. 
While in univariate model just one feature (special char in the title) was marked 

as statistically insignificant (p-value = 0.75), in multivariate model there were six 

statistically insignificant features (special char in the title, abstract chars, abstract 

words, keywords, citations in release year and one year after publication). The most 

significant features were pages, authors, citations after two and five years after 

publication (all with p-value < 0.001). The only feature that had positive regression 

coefficient more than 1 was citations five years after the publication of the article. It is 

obvious, since the final citation counts were counted in year 2013, thus just 3 years 

later. Finally, we expect even better results after adding features mentioned before. We 

will perform additional experiments with articles and then compare the results of 

Eigenfactor and Journal Impact Factor. 

Table 1. The features of our predictive model. 

# Feature 
Median 

(Mean) 
Range Hypothesis 

1 special char in a title - - title contains special character 

  Length of title:       

2 title (chars) 93 (96) 4-275 more title characters 

3 title (words) 13 (13) 1-37 more title words 

4 abstract (chars) 1379 (1355) 0-4661 more abstract characters 

5 abstract (words) 199 (196) 0-706 more abstract words 

  Number of:       

6 references 30 (34) 0-497 more references 

7 pages 3 (5) 1-405 more pages 

8 authors 4 (5) 1-42 more authors 

9 affiliations 0 (0) 0-18 more affiliations 

10 keywords 0 (2) 0-22 more keywords 

  Citations received after N year(s):  

11 0 0 (0) 0-7 more release year citations 

12 1 0 (1) 0-19 more after-1-year citations 

13 2 0 (1) 0-42 more after-2-years citations 

14 5 1 (3) 0-172 more after-5-years citations 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 3-8. 
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Information age makes it easy for people to seek information on various topics. 

Everyone who has access to the Internet can just type anything that he is curious about 

into a search engine, and will receive thousands of results. However, sometimes people 

have more complex questions or they seek very specific answers, which are hard to 

find using traditional methods. Community Question Answering (CQA) systems are 

systems, where users can publicly ask questions and let other users answer them. 

Content in CQA systems is user-generated, and therefore the quality of this 

content (questions, answers) is not always optimal. Consequently, a content quality 

prediction and evaluation process is necessary. Users need to be able to distinguish 

between content of high quality and that of low quality. It gives extra feedback, it 

enables them to solve their problems more quickly and comfortably and it also helps 

them produce better content in the future. 

There are several papers, which try to solve the problem of content quality 

prediction and evaluation. Authors in [1] evaluated answer quality using graded 

relevance based on information available after some time since the answer was posted 

(community feedback). Research in [2] tried to predict which answers will be voted 

best using logistic regression. Methods developed in these papers give us better 

knowledge of what information effects answer quality the most and how can it be 

measured, but their helpfulness to everyday users is rather limited. 

In our project, we specifically focus on answer quality prediction. That is, using 

features which are immediately available after an answer is submitted (text features, 

information from user profiles)  we devise the answer’s quality as the predicted 

number of votes that the answer will eventually get. 

Predicting answers quality immediately after its creation is helpful to the asker, 

who can have a better perspective on which answer to trust, and also to the answerer, 

who, in case the quality of his answer will be determined to be low, is be able to edit or 

delete it. 
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Working with dataset from Stack Exchange and Askalot infrastructure, we have 

plenty of data and an excellent environment to test our method appropriately. 

First thing needed in our method is feature extraction. We can work with text 

features, such as title length, main text length, usage of punctuation, referencing, usage 

of code snippets and so on. Also we are able to gather information from users profile, 

for instance how many answers did the user provide in the past, how many of them 

were marked as best, how long has he been registered in the system etc.  

Using linear regression, which is a form of supervised machine learning, we then 

calculate weights of importance of these extracted features and determine the result, 

which will be a number representing prediction of future count of votes. We compare 

this result to the actual vote count that can be extracted from the dataset and in this way 

we are be able to evaluate the success rate of our method. 

Despite the fact, that our main goal is to predict answer quality, the by-product of 

our method (weights of features) is also useful. Knowing what affects the quality not 

only helps us predict it with higher precision, but also enables us to recommend more 

concrete ways to improve answers with low quality. 

We believe that our method has a potential to improve the user experience in 

CQA systems for users in ways of recognizing high quality content and also helping in 

producing it. 

Acknowledgement. This work was partially supported by the Cultural and Educational 

Grant Agency of the Slovak Republic, grant No. 009STU-4/2014. 
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Nowadays we may see emerging need for Big Data processing and analysis in many 

various domains. Increasing volume, variety and velocity of produced data has initiated 

growing interest in Big Data analysis. There are affected domains where it is essential 

to process large amounts of data, for example raw data produced from measurement 

sensors, computer networks or social media such as Twitter. These potentially infinite 

and unbounded sources of information, which are generated in rapidly changing 

velocity and volume, are simply called data streams or streaming data. Processing and 

subsequent analysis of information extracted from streams become a complex issue. It 

critically needs to be processed with low-latency, a solution must be fault-tolerant and 

horizontally scalable. 

We have to consider the data streams as unbounded sources of flowing data [1]. 

Data streams have significant attributes, big volume, high velocity and variety of 

flowing data per time unit [2]. Most common sources of such a streams may be: 

 social media, such as Twitter, Facebook producing massive amounts of data in 

real-time which lose information value very quickly. 

 logging files from web servers, large databases or any other devices. 

 network devices continually generate valuable data in the relation to size of the 

network and its status. 

 sensors measure physical quantities, for example sensors in airplanes generate 

hundreds of terabytes of measurements in hours. 

Since data stream is unbounded and infinite, we can pass through it only once. This 

results in a need to process the data as they come. Traditional approaches to process 

Big Data, like batch processing using MapReduce model, does not meet these 

requirements. With the limited computing power of processing devices we simply do 

not have enough resources to store and process terabytes of data growing even up to 

yottabytes. One of the fundamental methods used for streaming processing is pipelines 

and filters [3]. 
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In our project we analyze existing methods and frameworks for processing data 

streams. We are building software architecture to process data streams with near-real 

timelatency. This architecture provides valuable outputs by applying filters, 

aggregations and groupings on a stream, thus extracting valuable information. Outputs 

are based on user’s queries to data streams, where near-real time processing is 

essential.  

Method we use is a combination of pipelines and filters, and construction of 

acyclic oriented graph (called also topology) with self-adjusting amount of processing 

elements. This topology is designed to process high-volume data streams, it is highly 

horizontally scalable and fault-tolerant. We identify common bottlenecks in topology 

and will try to propose methods and solutions to avoid them. 

To evaluate the properties of proposed topologies in processing of streaming data 

in near-real time we use sources of data such as Twitter and static dataset collection of 

tweets (messages) from Twitter. We will evaluate the performance of suggested 

topology set up using Storm framework [4]. 

Acknowledgement. This contribution was created with the support of the Research and 
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systems, ITMS 26240120039, co-funded by the ERDF. 
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The most important goal of each content provider on the Internet is to capture reader’s 
interest, so that a reader becomes a returning customer. Although it is useful to 
evaluate impact of previously published articles, there is an opportunity to determine 
article’s potential of popularity even before it is published. There are many attributes 
that may indicate whether an article has potential or not, such as: 

 title, 

 content, 

 author, 

 source, 

 topic, 

 freshness and  

 credibility. 

We can also take into account “external” attributes of an article, for example number of 
references from other web sources. Many works get this value from retweets on 
popular microblogging site Twitter [1]. However, we have decided not to include 
external references and focus more on article itself – we should be able to evaluate its 
quality and future popularity in its content, not outside of it. 

To predict popularity of an article we plan to use an approach based on regression 
in supervised machine learning. There are many different regression methods. For start 
we will use linear regression to see the potential of this approach. Then we will try 
more advanced regression methods. 

We cannot discuss popularity of an article without taking into account selected 
time frame. Shape of popularity curve is different one hour after publishing an article 
when compared to the one which can be observed one day after it. Each article usually 
has a peak of maximum readings after which it quickly stagnates on an average 
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number, so we have established that popularity of an online news article can be defined 
as number of times an article was visited in a short period of time after its publication, 
for example in one day. Our goal is to cover maximum number of readings in this 
period of time. We exclude special cases when article has periodical peaks of readings 
(for example one article about autumn clothes might be popular every autumn), as we 
are interested only in new articles that become popular after being published. 

To make prediction as accurate as possible we need large amounts of training data, 
which we will need to edit specially for Slovak language: remove joining words and 
edit key words to their root form or to their lexical form. 

We realize that when a visitor clicks on an article from the front page, she was 
guided only by its title and sometimes also by a short description. However, the 
content might give us more insight on what the article is about and why it might be 
popular. We should have this in mind when deciding what influence article’s content 
has on its popularity. The content can be transformed by extracting keywords and by 
creating vector of values. 

Acknowledgement. This work was partially supported by the Scientific Grant Agency 
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These days, the number of developers working on projects from open code repositories 

are growing. With continuous tracking of the created source code is possible to create a 

model of methods and classes, from which we can determine, which fragments of code 

were used in the current build, which are the most used methods etc., that can be 

helpful for the developer to achieve his goal. When developing a large-scale software 

system, maintaining existing code and fixing errors may take more time than the 

development of new functions. It is possible to recommend activities based on static 

source code analysis, helping developers write less error-susceptible code by using the 

already existing (and tested) methods for the same problem domain. Static source code 

analysis is a type of analysis, where source code is inspected without executing the 

program. 

In the corresponding thesis, a partially source-code based recommendation system 

(SCoReS) is designed and developed to endorse the developer in writing error-free 

code and give advice on the recommended methods to use [1]. Since the paper is not a 

pioneer in this area, the solution is finally compared to the already existing solutions in 

this problem domain.  

Our goal is to analyse the existing methods of processing and collecting data from 

open repositories, explore ways of tracking the developer to effectively anticipate the 

error-susceptible parts of code based on static source code analysis. The aim was to 

create a plugin that integrates into the development environment and 

warns/recommends based on the current activities of the user. Another important 

aspect to implement was to be able to recommend existing (tested) solutions to the 

developer, such as similar methods, based on the footprint of the method to avoid 

rewriting the same functionality by different developers in large software projects. We 

focus the development of this module in the Eclipse
1
 development environment, 

because it is open-source, available at no cost, and supports multiple platforms. These 
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characteristics imply a larger user base for the module. The method recommender 

module will be able to work with Java language due to its popularity. 

The discussed behaviour can be achieved by generating a dataset of available 

methods from the source code and using on-the-fly analysis of the developer’s latest 

text input. The operators, variables and entities in the source code are converted to 

tokens to construct the meta-layer and enable abstraction from variable naming, loop 

construction and position of fragments.  The solution evaluates and updates the model 

of the currently edited code artefact while the developer is typing and compares the 

artefact in question to the existing ones in the dataset to find a similar, which can be 

inserted immediately without re-typing the desired functionality.  The functionality and 

effectiveness of the module will be compared to the existing solutions. As an 

alternative and comparison base, we selected modules FrUiT and CodeBroker because 

of their ability to recommend similar functionality in terms of methods and classes and 

RASCAL for the activity analysis of the developer.  

The most important part of the recommender is the software clone detection 

package. It allows the program to compare two signatures of a code segment to detect 

similarity [3]. In our case, similarity (or partial similarity) means that the currently 

edited method implements the same or analogous functionality as an already existing 

one. This behaviour is needed to determine which functions need to be recommended 

to the developer. The developer can then decide whether to use the recommended 

method based on the original intent. Since this kind of recommendation would be 

useless, if the developer already finished the construction of the method, we need to 

identify similarity at the earliest point. To achieve this, the program maintains a dataset 

of existing and already processed methods in its memory, and creates the current 

method’s model at the time of insertion dynamically. Then, the footprint of the method 

is compared to the existing footprints in the dataset by comparing sub-sequences of 

entity tokens. After a threshold is met by this comparison, the method is recommended 

to the developer in the form of a visual popup. Thus, the successful recommendation of 

similar methods helps the developer achieve a more error-susceptible code as a result, 

by preventing redefinition and encouraging the use of tested methods. 

Acknowledgement. This contribution is the partial result of the Research & 
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It turns out, that nowadays people are sitting huge part of the day. Most of this time, 

they are sitting incorrectly. Sitting in a wrong posture on a long term basis causes 

health problems - ranging from pain in back, neck, shoulders to more serious disorders 

[1]. Impact is huge, according to WHO paper [2], the most common health problem is 

low back pain with the lifetime prevalence estimated 60-70% in industrialized 

countries. 

We propose a real-time posture tracking application on desktops that notifies user 

in case of a wrong posture. It is important to alert users when they are sitting wrong, 

because people have tendency to forget about their posture when working with 

computers and started to slouch or lean forward to the screen. 

We are using information from depth and RGB camera to evaluate user's posture 

while working with computer. To make our application works correctly it is necessary 

to set up a camera to capture an upper part of the user's body. The most important part 

of our application is evaluation of user sitting posture quality. Therefore, we developed 

three methods for extracting features from depth and RGB images to gain the highest 

accuracy of detecting quality of user posture. 

A preprocess is required in order to extract features from the image. Firstly, we 

find all contours in this image. Contour is a curve along boundary of pixels with the 

same intensity or depth. We filter and process only contour with maximum area, 

because it is our region of interest (ROI) as it is very likely to be a user. In the next 

step, statistical properties called moments are calculated. These moments are very 

useful for describing objects represented by contours. From these image moments the 

center of the contour known as centroid is calculated.  

The first method detects depths at different parts of a user's body. This depth 

comparison approach can recognize several posture states comparing the differences 

with the user calibrated image using specified threshold. To find points on a user's 

body which are used for comparison, we use similar technique like ray casting in a 
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computer graphics. Given a started point and an angle, algorithm is moving in a 

specific angle and finds boundary of a region. Boundary of a region is set when 

difference from previous pixel depth exceeds a specified threshold.  

Histogram of oriented gradients (HOG) [3] is a feature descriptor for an object 

classification commonly used in a computer vision. We are extracting HOG features 

for RGB images in a full size. For bounding box of user's upper body we use the same 

approach too. The upper body bounding box is found by haarcascade classifier. 

Moreover, we try this approach for depth images. For depth images, we can also crop 

region of interest from image and scale it to a constant image size of 320x240 pixels. 

This leads to smaller and constant feature vector and invariant to other contours in an 

image. In the both cases we trained deep neural network for a posture classification. 

The last method computes other depth features from an image region of interest, 

which is the user's body. These features are then fed into neural network for posture 

classification. All values are depth and region size independent. We create an 11 

dimensional vector of features, which are calculated from ROI bounding box, convex 

hull, fitting ellipse and centroid. Other features are mean depth, depth ratio at different 

points of the image and ratios from the histogram of depths. 

In our experiment, we used RGB and depth photos of four women and six men 

while sitting in front of a computer. These photos are from variety of places, camera 

placements and participants are captured in a different posture. Experiments show that 

depth comparison method gained the best results with accuracy over 93%. Some of the 

methods that use neural networks are good, but they are depended on a quality of 

training samples. In the future, we would like to add other features in an image 

extraction, e.g. for detecting position of arms. We would like to validate our solution 

on bigger data set containing even more people with various body types and camera 

placements. 

 

Extended version was published in Proc. of the 10th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2014), STU Bratislava, 219-224. 
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The web is an enormous source of information which helps lots of people every day. 

Despite the amount of information available, there are still situations in which it is 

difficult to find specific information, or to answer a question that is too complex to be 

understood by a search engine. These types of situations helped Community Question 

Answering (CQA) systems gain popularity among users in the last years. Their 

principle is simple – everybody can ask a question, and anyone can answer it. 

A traditional problem in systems that employ user-generated knowledge is 

recognition of expert users. It is important for example in order to extend their rights in 

managing the community, or to route hard questions. Expert identification is also an 

important part in the process of estimating user reputation. In general, reputation is an 

indicator of a value of a user to the community, and it should reflect a combination of 

user expertise and activity.  

Reputation in CQA systems has been intensively studied in the previous years.  

We can broadly divide the methods into graph-based and feature-based approaches. 

Liu et al. [1] presented extensive performance comparison of graph-based as well as 

feature-based approaches. Even though their proposed graph-based approach 

performed as the best in some cases, very simple feature-based approach Best Answer 

Ratio achieved very similar or even better performance. Yang et al. [2] focused on the 

quality of users’ contributions for expert identification. Users were labelled by a metric 

called Mean Expertise Contribution which takes question debatableness and answer 

utility into calculation. They, however, did not evaluate performance of their method. 

Our main goal is to model users’ reputation with accentuation on the quality of 

users’ contributions. In our approach, reputation of a user consists of reputation gained 

for answering questions as well as for asking them. The gained reputation for such 

actions is added to previously earned reputation. We decided to calculate reputation for 

asking questions based on question difficulty in combination with question utility. We 

can expect that the longer it takes for the first answer to be added, the more difficult the 
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question is. Question utility is based on a question’s score (number of positive votes 

minus number of negative votes). Reputation for answering questions has similar 

principle, as we work with question difficulty combined with answer utility. 

For evaluation we have decided to use a comparison of two sorted lists of users 

for each question. The first list is sorted according to calculated reputation, while the 

second one is sorted according to the score of answers as accumulated in the CQA 

system. We chose four feature-based approaches as baselines to compare performance 

of the methods using standard information retrieval metrics. We evaluated performance 

of Precision@1 (P@1), Precision@2 (P@2), Mean Reciprocal Rank (MRR) and 

Normalized Discounted Cumulative Gain (nDCG). We tried two configurations of our 

method in order to completely eliminate activity factor – this variant is labelled as 

average in Table 1 which presents the performance of methods compared. 

Table 1. Comparison of the performance of the methods. 

 P@1 

(%) 

P@2 

(%) 

MRR 

(%) 

nDCG 

(%) 

Questions 

Our method (sum) 41.256 38.744 64.319 83.592 19861 

Our method (average) 43.829 40.801 66.271 84.533 19861 

StackOverflow score 40.360 38.218 63.707 83.239 19866 

Best Answer Ratio 41.936 40.115 64.571 83.698 19651 

Z-score 38.019 36.703 62.062 82.394 19866 

Number of answers 38.176 36.998 62.204 82.500 19651 

 

The results show that our method outperformed all the baseline methods, and thus we 

can confirm our assumption that consideration of content quality plays an important 

role in estimation of user reputation. The interesting observation is, however, the fact 

that the variant which completely eliminates user activity performed as the best. This 

suggests that we should focus only on the quality of user contributions, as even a small 

factor of activity can degrade precision of reputation estimation. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 146-151. 
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Software quality assessment is complex, but substantial activity in terms of the project 

success, which helps to detect errors. Early error detection decreases projects’ costs 

and alerts projects’ management on issues that may lead to prolonging of the project. 

In addition, quality assessment helps to maintain consistency of source code and 

reducing the risks associated with the departure of team members. Source code 

revision as important part of quality assessment is time-consuming especially in larger 

companies where new versions of source code are created in small time intervals.  

Software project management has a complex and extensively defined position. 

Project managers monitor and control the work of designers, developers and testers, 

but sometimes they also actively participate in these activities. While developers focus 

on source code itself, architecture and performance, managers focus on a higher level, 

which includes: direction of the project, allocation of resources, functionality and user 

experience [1]. Developers and managers focus on different activities in the project, 

and therefore they are interested in different data. Quality assessment takes into 

account various metrics. One group of metrics is to measure the activity of developers 

to analyze a collaboration of developers within the team [2]. Systems for monitoring 

tasks capture the conditions in which the source code originates. These systems capture 

the process of software development. 

Evaluation of data obtained from the monitoring of developers’ activities is a 

challenging process. Every developer is different, has different experiences and 

different strengths. Some developers create better source code during the day, other 

may do so at night when they are not distracted by noise of surrounding area. 

Circumstances related directly to the developer have an impact on the quality of 

written source code, such as illness or different life situations.  
Identification of these special circumstances and characteristics of developers is 

difficult. Even some environmental influences on the work of the programmer cannot 

be detected (e.g., problems they are currently dealing with in their private lives). 

Although we are not able to fully identify these special circumstances, we can work 
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with the information we collect, for example, through a system which is developed 

within the research project PerConIK (Personalized Conveying of Information and 

Knowledge). The project PerConIK is aimed to support software development in 

middle-size software houses using empirical software metrics. This system collects 

empirical data through software tools and extensions for development environments 

(Microsoft Visual Studio 2012/2013 and Eclipse) and web browser (Mozilla Firefox 

and Chrome) that are installed on the workstation of developers [3]. 

In our work we analyze these data and we propose new metrics that rate quality of 

source code. We based our method on process mining, by which we will be able to 

create models of developer activity, that describe developers’ activities that lead to 

erroneous source code. We plan to utilize these models to identify source code at risk 

so we can make the best recommendation for reviewing source code. 

Motivation for examining this area is mainly to increase the success rate of 

software products by trying to aim source code reviewers to potentially risky source 

code (whether due to a higher likelihood of errors or breaking of the coding 

conventions). The aim will be to separate "good" from potentially hazardous source 

code therefore to eliminate the necessity of reviewing all of the code. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 251-256. 
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Mouse data representing cursor movement or button clicks are often employed in 

applications such as user interface evaluation methods, implicit feedback gathering 

methods and recently even mouse-based biometric systems. Especially, the last 

mentioned application requires high quality data in order to get desired performance. 

This paper provides an overview of issues and recommendations for researchers who 

want to study and work with computer mouse data. 

Mouse events provided by the physical device are mouse movement, mouse 

button up/down and mouse wheel scrolling. Most basically, each event is described by 

time in milliseconds and coordinates (X and Y) of the cursor on the screen. The first 

issue that should be considered by a researcher is log size. Each event is valuable piece 

of data and should not be missed. Especially, mouse movements can be very frequent 

(approximately each 8 milliseconds). Thus, we analyzed how large a storage space is 

necessary. Based on four experiments, we summarized average number of events per 

minute in an e-learning system, tourist portal, e-shop and a game with values 342, 496, 

673 and 2770, respectively. Consequently, we assume that every minute of user 

interaction with web page requires approximately 20 kilobytes of disc space.  

Another issue of raw data is the precision of mouse movement coordinates. 

Positions can occur very often, but the coordinates are rounded to integers. One 

solution could be decreasing number of events per second. However, fine-grained 

information is lost in this case. So, we propose smoothing of the recorded path and 

aligning positions to this new path. Another benefit from this approach is that uneven 

spaces between points could be covered with new points what solves some problems in 

processing stage. To smooth the path we calculate an approximation curve fitting the 

measured points. Various interpolation methods, such as natural cubic splines or Bezier 

curves, use measured points as control points which are crossed by the calculated 

curve. A bit different method is B-spline which does not cross the control points, what 

is desired feature as those are assumed to be imprecise. 
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Raw data need to be translated into something meaningful. There are a lot of 

features that could characterize user’s behavior, such as movement velocity, curvature, 

etc. Especially mouse movement data hold very small amount of information rather 

than sequence of such points do. A window of N movement events could be used to 

calculate values of features. Existing (research) implementations mostly aggregate 

events into meaningful actions in order to represent intent of users. Usually, strokes or 

curves are actions composed of mouse movement event sequence separated by a pause 

or click [10, 8]. In [1] there are four actions recommended to study – point and click, 

movement only, drag and drop, silence (no activity).  

Aggregated data often include weird values that should be omitted. One should be 

careful when discarding values that not easily distinguished what is real and what is 

not real. The values of mouse features follow asymmetric distributions, thus proper 

outlier detection method should be used. For example, Tukey’s method used in 

boxplots is suitable, which discards values out of the range 3 IQRs (inter quartile 

range) below the first quartile and 3 IQRs above the third quartile [9]. 

When conducting this kind of research which includes monitoring users, it is quite 

obvious that the users might feel uncomfortable. We conducted a short survey in which 

two questions about the privacy issues were asked: 1) Imagine that you anonymously 

browse a web page (e.g. e-shop). It records all cursor movement for further analysis. 

Would you worry about your privacy? 2.) Would you leave such a web page if you 

knew it records your cursor movement? There were 78 participants of different nations, 

different age groups, both males and females in the study. Completed questionnaires 

show that 63 participants would worry about their privacy and 58 would leave the page 

if they knew their cursor is being monitored. We could definitely conclude that this is a 

sensitive topic for common web users who could feel kind of distress of something 

unknown that has a potential to be misused. 

 

Amended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 60-61. 
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Nowadays, knowing a search goal behind user query is a challenging task for search 

engines. Not only it improves personalisation, but it also makes sense of user queries 

and interests. The knowledge of user’s goal and all queries supporting it helps search 

engine to adjust sorting of search results, recommend useful ads or guide user towards 

meaningful documents. To improve the goal identification the engine uses other 

features of user’s search context and combine them together in order to identify user 

preferences and interests. Although, most of features utilized for goal identification 

involve only lexical analysis of user’s queries and time windows represented as short 

periods of user’s inactivity. 

Recent works tackle the problem of search session segmentation by lexical, 

semantic and behaviour driven approaches [1, 2, 3].  Most of the approaches are based 

on utilization of time windows within defined interval. Jones and Klinkner [2] 

identified the task identification problem as a supervised classification problem, and 

tried four different timeouts (e.g.  5, 30, 60 and 120 minutes). Time-based approaches 

lack the precision in segmenting search session [4], since many search task are 

interleaving and user’s search intent might span multiple days. Therefore, time-based 

or temporal features (e.g. inter query threshold or thresholds of user’s inactivity) are 

used as a part of other features involving user activity or semantic analysis of queries 

and their results. 

In our work, we focus on utilizing user activity during search for extending 

existing lexical and time features. By analyzing user search activity such as clicks and 

dwell time on search results, we better understand which search results are relevant for 

user’s current information need. Thus, we utilize user’s implicit feedback to determine 

relevance between queries by search results that are significant for user. The longer 

time user spends browsing through selected search results, the more relevant the result 

should be for the user. Therefore, we propose an approach for search session 

segmentation that utilizes lexical features of queries and clicked results along with time 

user spent browsing them. 
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As a part of our projects, we developed a search engine that utilizes Google 

suggestion services and Bing Search API to leverage annotated search log. Annotations 

are retrieved by explicit feedback from users to their current query. Users are asked if 

their current query is a relevant towards their previous query. By this approach we 

introduce a more thorough and faster way of leveraging meaningful search session log, 

since actual users can provide much better feedback about relevance of their queries 

than human annotators that post-process search log. 
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When solving and optimizing logistic problems, most of the widely used methods 

usually focus on attributes like distance or duration among two of the points on a map. 

By using services like Google Distance Matrix
1
 we can even enrich the optimization 

algorithm with the information on the current traffic in the form of duration which 

increases if there are traffic jams caused by peak hours or accidents. All of this 

information is based on observations which are made in real time. Although it could be 

precise in larger cities, where you have the mass to cover the map in real time, there 

are many places in the world where you simply cannot identify the traffic. Also when 

given the requirement to predict travel times ahead of time, it’s impossible to rely just 

on the current state of the traffic. 

Thanks to the fact that GPS localisation enabled smartphones have become an 

indispensable gadgets used in everyday life and as such, among many other features, 

provide us an easy and uncostly way to use mobile map navigation. With emerging 

number of people using map navigation a great number of GPS traces[1] is left behind 

by the everyday use of map navigation. This enables services like Google distance 

matrix to ubiquitously use the active GPS sensors when possible to incorporate current 

state of traffic to the navigation process, however, in practice there is often the need to 

know the state of the traffic ahead of time. In that case we must account the contextual 

information of the environment to create a traffic dynamics prediction model.  

There has been a considerable amount of research in this field, the most common 

scenario is to train a prediction model that considers the time information, such as time 

of the day, day in the week or season[2] but thanks to high availability of online 

information, we could easily enhance the prediction model by other contextual sources, 

such as weather information (intensity of wind, temperature, etc.) or proximity of 

locally important events. For locally important events[3] we could consider not only 

the obvious events by definition, like sport matches, concerts or conferences, but also 
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the areas around business centres or schools during the time period of start and the end 

of  the work hours or we could consider the information whether it is holiday or not. 

The idea of our project is to augment the duration or distance data between the 

points on a map with contextual information of the environment. The theory is, that 

traffic jams and the traffic dynamics overall show up in patterns. We want to analyse 

weather conditions, location and time to build a traffic dynamics model which could 

improve the relevance of traffic dynamics prediction. To confirm our hypothesis we 

will use a realistic dataset of car positions from a delivery company, where we will 

compare the results predicted by our model with the duration data retrieved from 

Google Distance Matrix service and the actual delivery arrival times. 
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The stream data introduces several limitations methods processing the data have to 

cope with. The most notable ones are the requirement for incremental processing of the 

data and limited memory available to store the data or derived model of the data. The 

stream data processing comprises multiple tasks of data analysis and data mining 

(similarly to the processing of static collections of data) such as classification, 

clustering, anomaly detection, etc. In our work we focus on various tasks of data 

analysis of time series data produced from potentially infinite streams of data. 

The main group of data processing methods we are focusing on are time series 

representations and data transformations as one of the steps preceding and supporting 

the actual data processing. These representations have to satisfy several requirements 

such as highlighting important aspects of the processed data while reducing its 

dimensionality, handling the noise present in the data and at the same time being easy 

to compute and provide low reconstruction error [2]. With various specialized 

applications, other requirements for the time series representations emerge. Over the 

last years many time series representations were proposed each emphasizing different 

attributes of the data and fitting the needs of different applications. One of the simplest 

ones yet most commonly used one is the Piecewise Aggregate Approximation (PAA) 

[4] which transforms the time series into a sequence of aggregated values computed 

from running window. Another interesting representation is SAX [6] transforming the 

PAA coefficients into symbols. This allows the application of methods from text 

processing domain in time series analysis. Another symbolic representation is proposed 

in by Das [1] as a support method for rule discovery in time series. Unfortunately, none 

of these symbolic representations is able to transform the data incrementally. In our 

work we propose a symbolic representation based on the one proposed by Das, but we 

are able to transform the data on the fly as the data is incoming.  

The main idea of the proposed representation is transformation of repeating 

sequences into symbols. The symbols are formed by clustering subsequences of the 

processed time series by their similarity. The representation is composed by replacing 

time series sequences by cluster identifiers and by remembering the dictionary of 
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clusters. The key step of the transformation is cluster formation where we use an 

incremental clustering algorithm instead of originally used k-means algorithm.  

As previous works on parameter free data mining stated [5], big number of 

attributes of various methods for data processing limit their applicability. To get 

around this limitation, we work on methods for automatic estimation of parameters of 

proposed transformation by training them on the processed data. The transformation 

requires three parameters to be set which depends on the data and on the intended 

application: running window size, lag between two windows and threshold difference 

of sequences in the cluster. To train the optimal window size we search for length of 

repeating (approximately) sequences in the processed time series. To search for these 

lengths, we compare two methods: one based on autocorrelation and one based on 

repetitivity [3]. As our experiment showed on synthetic data, the autocorrelation 

method outperformed the second method in the result quality and the running time. 

However when processing real-world datasets, the repetitivity based method showed 

interesting properties and it was able to identify to find not only the dominant pattern, 

but also other minor patterns even though it is more susceptible to noise and 

production of false results  

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 123-130. 
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Eye-tracking technology is getting more and more attention when evaluating adaptive 

systems. Current approaches rely upon manually defined areas of interest [1] and 

optionally also manually designed features [2] fed as an input to some machine 

learning algorithm. We present a generic way how to learn an efficient abstraction of a 

user session, which is especially suitable for comparing, clustering and categorizing 

user sessions. 

Our approach is based on unsupervised machine learning, specifically Restricted 

Boltzmann Machine (RBM) [3], which is presented with fragments of user sessions in 

form of heat maps capturing spatial (pixel coordinates) and time (pixel intensity) 

information. RBM is able to find its own features to make efficient session abstraction 

in the context of other user sessions, which is especially suitable for comparing, 

clustering and categorizing user eye-tracking sessions. 

Our goal is to improve possibilities of automatized evaluation of eye-tracking data 

sequences by comparing user sessions to each other, comparing user sessions with 

expected usage of application captured by eye tracker or detecting outliers for closer 

manual inspection. 

In our experiment we had 8 participants with whom we recorded altogether 90 

minutes of eye tracking recordings within one of our web applications. By visual 

comparison of top 12 patterns in sequential eye tracking data (Figure 1) from 

individual participants one through eight, we made some interesting observations. 

One of them is that first six participants began using the application in the same 

way (fifth pattern, Figure 1). This corresponds to scanning of top and left areas of 

screen (Figure 2), which contains menus and first few lines of text. This is an expected 

behavior and our method correctly detects it as a common pattern among these 

participants. 

We verified all these observations by manually looking through the recordings. 

All of the observations acquired from our abstraction were confirmed by the raw data. 
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Figure. 1. Visualization of twelve most common abstract patterns in our experiment with eight 

participants. Horizontal axis corresponds to time. 

 

Figure. 2. Color legend of twelve most common abstract patterns in our experiment. 
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The possibility to use browser tabs as a tool for parallel web browsing is definitely not 

new. In recent years, however, more and more people tend to use this feature every 

day. Despite that, little research has been done to analyse why, and more importantly 

how, people use this browsing mechanism. 

Parallel browsing occurs when user is using browser mechanisms that allow him 

or her to open and browse multiple Web pages at the same time [3]. Browser windows 

and tabs are examples of such mechanisms. Users have many reasons why they prefer 

to use tabs and why they practice parallel browsing in general, some of those were 

mentioned in a study on users of Mozilla browser [1]: short-term  bookmark; parallel 

searching (branching from search results); opening links in background. 

Users have decided to use tabs as the best tool to perform parallel browsing. 

According to [2], 57% of all browsing sessions involve some type of parallel browsing 

and users are multitasking by splitting their browsing activity into different tabs rather 

than viewing more pages overall. Research also shows that studies focused on this type 

of navigation behaviour have been lacking in Web and hypertext communities, despite 

the fact that parallel browsing covers fundamental interactions with hyper-links. 

Our first goal was to design and implement a method, which will be used to 

collect accurate browser usage data with the primary focus on browser tabs. Existing 

solutions like Brumo browser extension framework lack the accuracy in some cases, 

because they are not utilizing the modern browsers APIs to the full extent. Collecting 

accurate data will lead to more accurate parallel web browsing analysis. We have 

implemented a Web browser extension called TabRec
1
. While using the improved 

Chrome API we are able to precisely detect eight different tab events. TabRec is 

already live and is capturing parallel browsing activity produced by about 25 users, 

having collected almost half million logs. Utilization of the most common patterns via 

the browser actions recommendation was our second goal. There are many techniques 
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dealing with sequential data analysis and pattern extraction. For pre-processing, we 

group several specific sequences into more meaningful items representing concrete 

user actions. This not only allows us to use those techniques and algorithms, which 

normally ignore duplicate items in transactions, but also express the real user intention 

much clearly. After the pre-processing, we use Generalized Sequential Pattern 

algorithm to find the most frequent sequences. We also consult the results with our 

custom sequence extraction process to better identify the most common patterns. 

The most commonly shared sequences can be considered trivial and consist of 

repeating subsequences each in form of one or two events. Tab close and activate or 

create and update are examples of such trivial sequences. One of the most common 

non-trivial sequence we found, consists of five events. User firstly creates a new tab, 

then focuses it and navigate to a certain web address. This is actually a sequence of 

three events (create, activate, update). Sequence continues by switching to another, 

already opened tab and navigating there to another web address. This might represent a 

typical parallel browsing activity. User is keeping both tabs and regularly updates their 

content. Another example starts with user focusing an existing tab, then closing it and 

focusing another two tabs. This sequence continues by closing current tab and focusing 

another one. Because the time gap between these actions is only five seconds, we can 

imply that the purpose of this particular sequence was to find those tabs, user don’t 

need anymore. 

As the next step, we will now utilize some of these most common patterns and 

sequences we discovered to enhance users browsing experience. This can be achieved 

by recommendation of the most appropriate tab action for specific situation or by 

detecting characteristic sequences, e.g. multiple activation events, which can signalize 

that user is probably searching for a specific tab and then provide helpful action, e.g. 

rearranging tabs by domains. We focus on identifying characteristics of such situations 

and detecting corresponding sequences. TabRec will perform real-time sequence 

detection, notify users and execute appropriate action. We will record implicit 

feedback from accepting these actions, which will be the main evaluation metric. 

 

Amended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 393-394. 
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Nowadays artificial neural networks (ANN) gain an increasing interest after periods of 

disappointments and several cycles of hype. They are being used in ordinary real life 

applications, dealing with various types of problems such as natural language 

processing, handwriting recognition and loans applications. Every year new forms of 

ANNs applications are being brought into practice. There is still a potential to discover 

new applications based on ANNs, especially when combined with interesting data. 

Good assembly of ANNs can produce new insights into data. A neural network can 

give us a different point of view on the data by discovering new information and 

relations within data. 

In our study we are focusing on using ANNs with data from online news portals 

sequentially storing web behavior of their visitors. Our goal is to find out whether we 

can find such architecture of an ANN, which will be able to learn a vector 

representation of raw input data. Vector representation would allow us to easily 

compare requests and would hopefully lead to uncovering hidden relations between 

users and news articles. Adjusted data in a new form will enable us to effectively 

employ machine learning tasks on the data. This transformation from raw data input to 

new representation is called feature learning. 

Feature learning is a good choice, when we possess a big amount of data from 

real-word and we want to transfer it to mathematically and computationally convenient 

form to process in machine learning methods [1]. Feature learning can be divided into 

two categories: 

 Supervised feature learning – features are learnt from labeled data with help from 

a teacher, who corrects the algorithm, in case of failure. 

 Unsupervised feature learning – features are learnt from unlabeled data without 

any help of teacher. Algorithm learns itself.   
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These two categories can be combined into a single category called semi-supervised 

learning. Many machine-learning researchers have found that unlabeled data, when 

used in conjunction with a small amount of labeled data, can produce considerable 

improvement in learning accuracy [1].  

Semi-supervised learning is often being compared to the way how children learn. 

For example, when children are learning about animals, they receive information from 

looking at pictures (this is unsupervised learning), but sometimes a parent sits with her 

child and points at animals and says “Dog” (this is supervised learning). Most of the 

time, a child learns in an unsupervised manner. However, when they get the “meaning” 

information from parents, they combine it with all previously obtained information. 

Some researchers say that semi-supervised learning can be a connection between 

machine learning and human learning [3] 

In our study, feature learning with techniques of semi-supervised learning will be 

the cornerstone for the designed ANN. Choice of a suitable ANN architecture is a 

difficult task and requires many observations and practice implementations. Our 

designed ANNs may not produce wanted results even though of there is a hope to 

discover something new and gain a new knowledge about the data. 
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Nowadays reuse of source code is an effective way to increase developers’ 

productivity. There are various open source code repositories on the Web. The 

repositories are often the initial source of information that developers use to solve their 

development tasks. Relevance of source code results according to the developer’s 

query is of course paramount but trustability in the results is just as important. Recent 

research indicates that developers use social cues over technical cues to evaluate source 

code candidates [1]. 

In our work we analyze current state of searching in source code. We propose a 

metric that considers both relevance of source code and developer’s reputation. We 

focus on evaluating the relationship between the relevance and the reputation. Giving 

more importance to reputation could obscure very relevant results, i.e., where is the 

best compromise? 

When developers search out the best source code they focused on various 

properties of code. Social code properties are: “review by other independent users,” 

“user feedback,”“reviews/ranking for the code,” “other people satisfaction level,” and 

“number of users actively using it.” [2]. 

Are these properties reliable and exact enough to describe real technical condition 

of the code?  Social properties are known in most cases, but technical conditions of 

source code are only poorly described. 

Different repositories offer the same or different information. That is why 

selection of open source code repository is very important for measurements and 

experiments, when we focus on social code properties. 

A website codeproject.com was chosen to be an open source code repository after 

long analyses. The site has both a large amount of social information about the code 

and interesting evaluation system for its users. We focused on articles form the site and 

computed only their reputation. In the first part several hypotheses were checked out 
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and the best one was chosen. The metric systems were made of hypotheses and will be 

used in our work. 

Fundaments of our experiments are articles of the search engine of code project 

standard output. Here we get authors, whose reputation is count by the metric system. 

The articles are sorted out by previous results. The situation is described in Figure 1.  

Figure 1. A workflow of our method. 

We analyse results of the metric system and information about used authors and 

articles. We analyse pros and cons of sorting articles on the output according to the 

metric systems. At the end the most convenient metric system was verified 

experimentally by users. 
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The aim of this work is to design and implement a system for personalized 
management of publication outputs. Researchers often have to deal with managing of a 
large number of their publications. Except of tracking their works, they also have to 
keep a list of papers in which these works are cited. They and the institution where 
they operate are evaluated on the basis of this number. And also researchers spend a lot 
of time by dealing with forms about their paperwork, if they want to save information 
about it into school’s database. 

To address these problems, we implemented a web based application, which can 
help by filling forms. Users upload a form, which they want to fill. The form must 
contains keys (placeholder), which will be replaced. There are two types of keys: 

 Primary, which can application get from the pdf, for example: author, title, 
keyword, etc.  

 Secondary placeholders: institute, category, etc. 

Every user can in profile define secondary placeholder and the value, which be always 
replaced in his form. Since, there is possible, that not every information, will be correct 
after extraction from the paper, user can update values and then they are saved in form. 
Every data confirmed by the user is saved into our database. This results in that by 
every confirm is our data model “smarter” and can offer other users better results. 

Other service which our application offer is tracking user's paper. There are three 
databases, which uses almost every researcher if he want tracking his work:   

 Google Scholar 

 Scopus  

 ISI Web of Knowledge  

Every of them has different philosophy. Scholar is only a quantity, which is not always 
bad thing, Scopus and WoS is a quality.  From this reason we decided combined result 
from all three databases and from is.stuba.sk too. We included is.stuba.sk, because this 
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application has to serve mainly for STU's researchers and it offers a good foundation 
for tracking these users’ publications.  
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Recommender systems became widely used in many different areas and on many web 

sites such as Amazon, Netflix, Pandora etc.. These systems are designed to learn from 

user’s behavior and help them find what they are looking for, or offer 

recommendations about information they might find useful [1].  

Despite its usefulness and popularity, there are various reasons, why users might 

find it uneasy to use these systems, or to trust and rely on recommendations they offer. 

The lack of knowledge about the process of recommendation tend to leave user unsafe. 

Privacy issues are often considered, about which information were kept, which were 

not and why. Hence, these systems are usually seen as black boxes in which there is no 

other choice for a user than to trust their recommendations. This leads users to 

discouragement and dubiousness in recommendations [1,2].  

One of many approaches to make these systems more transparent and more 

credible is to present recommendations with explanations. While recommendations tell 

users, what they might like, explanations reveal, why they might like them. 

Explanations such as the one offered by Amazon: Customers who bought this item also 

bought… are not even able to increase transparency and credibility, but can also help 

users make decision or find what they seek, even faster.  

These explanations fall into one of the three categories, namely item-based, user-

based and feature-based. In item-based approach, explanations are based on a set of 

items, with Netflix as an example, which shows users their past ratings for a set of 

related movies.. User-based approach use other users to created explanations, such as 

example from Amazon previously mentioned. Feature-based approaches use qualities 

or characteristics of the recommended item [4].  

Many researches have been done, which show that, presenting explanations of 

recommendations can be considered a valuable source of information for user [2,3]. 

Various researches have also shown, that different types of explanations have also 

different impact on each individual user's behavior. While some are more effective in 
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decision making, others lead to better transparency and satisfaction of users using the 

recommender system, some even in spite of their positive effect, lead to failure. 

Therefore, explanations are considered highly user-dependent, what is good for one 

user is not necessarily good for another [2].   

Nowadays, different explanation types exists in recommender system, each can be 

evaluated according to different criteria. In [1] seven different goals were identified for 

explanations, which serve mainly to evaluate how good given explanations to users 

are, namely [1,2]:  

 Transparency - explain how the system works 

 Scrutability - allow users to tell the system it is wrong 

 Trust - increase users’ confidence in the system 

 Effectiveness - help users make good decisions 

 Persuasiveness - convince users to try or buy 

 Efficiency - help users make decisions faster 

 Satisfaction - increase the ease of use or enjoyment 

However, creating explanations that do well on all criteria might be hard to achieve. In 

reality, it is a trade-off. As an example of a trade-off is creating explanations with high 

value of transparency, which eventually slows down efficiency, because user might 

spend more time to read these explanations, ending with longer search time [1]. 

In our work, we focus on different approaches in presentation and explanation of 

recommendations. Our aim is to create recommender system with different types of 

explanations, able to present these explanations to the users. By using common 

approaches and methods for evaluating, we determine if our proposed approaches 

enhance user's satisfaction and use of a system.     
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Information overload on the Web causes that users do not understand the information 
found or rather they are not able to search for proper information. Recommender 
systems were created to improve this situation. They recommend items based on user´s 
preferences or items each another. In this work we focus on domain of TV program.  

We know three types of recommender systems – content based filtering, 
collaborative filtering and mix of these two systems hybrid - filtering. Each of them 
has some problems. Our first step was to analyze problems in recommender systems. 
Diversity and cold-start belong among them. There are few cases to solve this problem, 
for example to use hybrid-filtering/recommendation.  

We decided to combine two methods to get best results. In our case we took 
content based filtering to find most similar items in between users. Main idea is to 
insert new ratings to matrix used by collaborative filtering to improve the 
recommendation. When a user rates some TV relation we try to find similar item to the 
rated relation. We insert new rating to the matrix after this step. After all we get two 
types of ratings: 

 Explicit rating (user rating) 

 Implicit rating (rating inputted to matrix automatically) 

Our main goal was to reduce diversity of data we work with and get better precision. 
After insertion we run the normal collaborative user based filtering method on the 
enriched matrix. We find top n most similar users with active one and at the end we 
recommend him relations which rated most similar users. The whole process is 
depicted on Figure 1. 

We currently test our method on running web application. On the beginning of 
our experiment is questionnaire to get some explicit information about his preferences 
in domain of TV program. For example, what channels he usually watches, what 
genres he prefers…After that user signs up and rates some relations. In the backend of 
this application we runs our recommender and we order our recommendations from the 
best to the worst. It should be list of 20 channels. Now when are relations ordered users 
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give us their opinion if they like relation or dislike, so after all we can say if users like 
first 5 items of recommendation our precision is good and we compare this result with 
recommender system implemented without our method.  

 

Figure. 1. Process of our recommender system. 
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Personalized recommendation is the main domain at bunch of systems, which are 
based on content, item’s attributes, properties and similarity between them. Factors that 
create a demand on recommender systems are influenced by the society and its desire 
for knowledge of news and one of the easiest ways for human to handle information is 
by audio-visual representation of data. Wherever we are, TV broadcast is the most 
common temptation as much for our sight as for our hearing. 

We aim towards a recommendation of items included in TV programme 
according to item’s attributes and similarity between users' ratings. According to our 
analysis of the domain, we decided to propose our recommendation algorithm as 
combination of collaborative filtering (i.e. we utilize user correlation and item 
similarity) with content-based. So we propose a hybrid recommendation system. Our 
content-based part focuses on combination of airtime of TV show and its duration in 
order to get better results than default collaborative recommendation.  

We have divided TV shows into groups according their duration by analyzing a 
sample of 1000 TV shows (gathered from TV programme for 2 days and 75 TV 
stations) and years of watching TV. 

After lots of various settings we ended up with four groups (see Table 1.): 

1. TV shows with duration less than 25 minutes (duration of the entertainment 
show) 

2. TV shows with duration less than 50 minutes (usually episode from TV series) 

3. TV shows with duration less than 75 minutes (news/documentary)  

4. TV shows with duration more than 75 minutes (most of the movies)  

Our hypothesis is that our recommendation method improves collaborative filtering 
based on utilizing duration of TV watching time. 
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Table 1. Division of the TV shows into groups by duration. 

 

We implemented our recommendation algorithm as a part of web application that we 
chose as the best method of proving our hypothesis. We plan to evaluate our algorithm 
in two sequential experiments. In the first experiment we gathered a group of 30 
people, mostly colleagues who will for two weeks creating our dataset by their ratings 
of TV shows in real-time setting. Our experiments were executed in controlled 
environment by team of professionals, who tried their best to give us relevant 
feedback. We also needed to decrease impact of the Cold Start Problem on our 
recommender, so we had chosen for users to fill in the forms (questionnaires), from 
which we could gather initial information about users.  Before the second experiment, 
we deployed our recommendation algorithms at dataset and customized parameters for 
recommendation. Second experiment was executed within the same web application 
but TV shows are sorted by result of our recommendation algorithm and by using 
metric Precision @5 we got the outcome of our experiment.  

Using the exemplary equation of :  @ 	
∗| |

 , where H stands for 

true hits and T for number of test ratings, this metric supposed to be exactly what we 
needed to conclude our research [1]. 

Our implementation of application were changed several times to satisfy needs of 
users and make system as simple as possible, while maintaining the whole needed 
functionality. 
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The current web systems use a variety of search engines to offer theirs users the ability 

to effectively identify and obtain valuable information. Despite the fact that search 

engines in the last decade have improved their efficiency and effectiveness, there are 

still some aspects that search engines cannot meet. Often it happens that search engines 

fail because the provided results are not sufficient and necessary information is 

fragmented among several sources and therefore obtaining the full answers can be very 

challenging. 

Web 2.0 offers an opportunity that helps to solve the mentioned problem. This 

option is to obtain necessary information by asking a community [1]. In the recent 

years, Community Questions Answering (CQA) more and more come to the fore. 

Popular CQA systems include Stack Overflow, Yahoo! Answers or Quora, to name a 

few. 

CQA systems have recently become an increasingly popular place not only for 

knowledge seeking, but also knowledge sharing. The user can insert a question into 

system and other users by answering this question can share their knowledge (e.g. [4]). 

Searching for information using wisdom of a crowd can provide the most accurate 

answers. Thereby CQA systems also use many social features (e.g. following users). 

The existing CQA systems, despite of their increasing popularity, fail to answer 

significant number of questions in required time. In some of current popular CQA 

systems, only 17,6% of the questions are answered sufficiently [2]. This critical 

problem was confirmed also in other studies, such as authors in [3] found out that only 

11.95% from questions were answered in one day and in two days, there were just 

19,95% of answered questions. 

In recent years, we can observe an increasing amount of research studies concern 

with various aspects of the collaboration support in the CQA systems. We focus on 

question routing. It refers to a recommendations of questions to a user which is a 

suitable candidate for providing the correct answer. We think that question routing is 
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probably the most important part of each CQA system and therefore we believe that 

question routing has the best chance to solve the problem of low number of answered 

questions. 

Based on results achieved in [5] we decided to focus on non-QA data in our work. 

By taking into account the results of these researches, we believe that the use of non-

QA data can help with the question routing issues (i.e. cold start problem, lurkers). 

One of the goal of our method is routing question to users which are not so 

actively involved in interaction with a system (asking or answering questions). Using 

of different sources of non-QA data may help to engage users who are new or totally 

passive in the system (lurkers). It means that we can reduce a cold start problem 

because users spread a lot of information about themselves. Except of the user non-QA 

context, we use also historical data from the previous question answering process. We 

use one of the state-of-the-art method based on LDA to create user profiles from 

obtained information. Each potential answerer in the system is represented by two 

profiles (non-QA and QA). For a newly posted question, we also create a question 

profile. Finally when all profiles are created, we rank all the answerers based on the 

similarity of their user profiles with the question profile of the question to be routed. 

We verify our proposed method on the dataset from existing CQA systems (e.g. 

Android Enthusiasts). We compare our method to a gold standard which consist of 

users who actually provided answers on questions in the system. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 157-162. 
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Web sites represent a repositories of huge amount of human knowledge. Early sites 
contained static content, which was represented mainly by texts. As the Web is 
becoming more dynamic nowadays [2], the text content was enrichted by other data 
formats, mostly by the multimedia ones as images, videos, music, but also the 
interactive elements changing with time and based on user actions. These ones are very 
difficult to represent when modelling users’ behaviour. 

With the Web 2.0, web sites got also the semantic concept with metadata used to 
describe elements’ content for needs of various machines, which use these information 
to increase the usefulness of interaction with the site for the user. 

Also many of web sites stop to offer the same content uniformly for every user 
and they become personalized. This means that content user actually gets from web site 
is adjusted individually for his/her preferences or actual needs. To be able to improve 
and potentially personalize the system content, we have to know as much information 
about users’ characteristics and browsing habits as possible and model user’s 
behaviour. 

Information about web browsing can be extracted from different sources [1], with 
various complexity and in dependency to actual source they often need to be pre-
processed. There exist three basic kinds of data describing user’s behaviour [2]: 

 Web-structure – web site can be represented as an oriented digraph consisting of 
vertexes (pages with unique URLs), oriented edges (hyperlinks between pages) 
and vertexes’ characteristics (actual content of pages). This notion however 
covers the web pages with static content and unique URLs, but it cannot fit to 
dynamical sites which are continuously updated. For dynamic content, there is 
needed to find out new ways of representing the web sites structure. 

 Page content – content of pages which the users interact with. Page semantic 
content is typically extracted by Natural Language Processing approaches and is 
used to mainly to estimation of similarities between pages. Similarities are in 
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static web sites based on text similarity measures, while in more dynamic sites 
they take into account the also time, because of content evolving in time. 

 User session – user visit (click stream) on a web site can be represented as a 
browsing trajectory called the session. It can be logged directly or additionally 
reconstructed from a logs. 

Based on all web site users’ sessions, we are able to identify general web browsing 
patterns and the session characteristic as the typical session range, duration or the 
average amount of pages seen. We can use them when modelling user’s behaviour and 
want to know the characteristics in which he/she differs from average. Based on them 
we are then able to describe the user and his/her expertise level, estimate probable 
future behaviour or to find the similar users or interesting content to recommend to 
him/her. 

Possibility to estimate user’s future behaviour can be very helpful in various 
situations, because it gives us the advantage to react to imminent consequences in 
advance. As example we can mention the situation when user leave the web site very 
soon. If we are able to predict this state, we can offer him/her an interesting content to 
keep him/her in system longer. In case of commercial systems as for example e-shop, 
this increases the chance that the user will buy something. 

Task of user behaviour prediction is based on identification of attributes that can 
have influence on behaviour prediction and consequently of learning the importance of 
them for the task. Identified attributes can be assigned into several classes based of 
their origin. As mentioned above, there are three basic kinds of data describing user’s 
behaviour. Web structure metadata can be used for example in sites with pages 
somehow logically ordered or grouped into hierarchies (topics in news, chapters in e-
learning, categories in e-commerce). For example when user finish reading some 
chapter in e-learning system, there is higher chance he will leave than if he read the 
middle of chapter. Information about page content can be also used as prediction 
attributes – most important words or the page topic tell us what user read on the site 
and we can say how many similar pages we are able to offer to him. The third source 
of information is the user session. The knowledge of how many pages user saw in the 
actual session, how much time he/she spent there or how much his/her actions vary 
from the average behaviour are very important and useful. 
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Each web application using personalized recommendation encounters problems when 
we do not have historical data about new user.  

If a new user comes to the page we have no information about it, only the basic 
information about him, and therefore we cannot adequately recommend relevant 
content. Of course we can extract data from extensive registration forms, but this 
approach usually transfers complexity to the new user. But it is not always possible to 
obtain data directly from the user during registration, and that is why it is necessary to 
identify the data dynamically. The aim is to facilitate work with application to user 

The very first users’ interaction within a personalized system is crucial from 
the recommender system and user modelling point of view.  This activity is critical 
because in these moments a user creates a relationship and opinion, which are 
important for user to the next use of the system.  

Personalized recommendation may be based on the recommendation of the 
content or the collaboration. Difference between them lies in the fact that the 
recommendations based on the content is the content itself, what is object of the 
analysis but the centre of analysis of collaborative recommendation is recommendation 
based on the activity or properties of other users. Mostly are used a combination of 
both approaches [1]. 

Content recommendation is based on the principle of the interests and 
preferences of the user, so if I know what the user likes to do than we can to select and 
assign recommendation according to the content of these data. But in this approach, we 
run into ambiguity various texts. 

Collaborative approach is recommended according to other users. Users are 
classified into groups based on similar preferences, activities and assessment content. 
Since this approach is quite simple is quite widespread. The problem with this 
approach is that it is necessary to have a large number of data of appropriate users. 
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Collaborative recommendation is more used in electronic trading against 
recommendations based on the content which is used in social networks. 

In collaborative recommendation are new users asked to evaluate a number of 
items that have no related link with interest new user. The aim of evaluation is finding 
the most appropriate items that will be shown the new user [2]. 

Some approaches seek to limit or completely eliminate participation of user. This 
means that the user not need fill questionnaires but system chooses the convenient data 
about user, such as age, location of the user and data allowing the grouping users into 
classes. In the "cold start" domain some of these attributes may be missing but it can be 
estimated by the induction, which counts positional vector according to other users in 
the same community [2]. 

There are also hybrid approaches, which combine collaborative and content-based 
recommendation approach.  This method is based on the principle of items aggregation 
according to matrix and then uses the clustered results and content of the items to 
obtain a decision tree for associating new items with existing [3]. 

In Our project we want to design recommendation method, which will be 
recommending related information for the new user according to user context from 
related and similar users. We want to test our approach on the faculty library system 
Annota. We use two matrix types. First type is document matrix, which contains 
similarity of documents according to documents context such as tags and titles. Next 
type is user matrix. This matrix contains similarity, which is computed by user time 
context and external data. External data are user publication and school thesis from our 
faculty information system. User similarity matrix is used to compute the prediction of 
recommendation according user’s neighbours [4] and theirs related documents in 
Annota application. We extend user neighbours documents by similarity of all 
documents from Annota.  
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Community Question Answering (CQA) sites, such as Yahoo! Answers or Stack 
Overflow, have become valuable platforms to create, share, and seek a massive volume 
of human knowledge. By posting questions for other participants to answer, 
information seekers can obtain specific answers to their questions. 

Archives of questions, provide a potential which has not yet been fully discovered 
– to recommend solved questions that may be useful for users – (e.g to expand their 
current knowledge or to provide topics they are interested in). In our work, we focus on 
this area.  

Knowledge sharing in community systems can be divided into two groups: from 
community and from archive of questions. The both approaches are based on 
recommendations. In the community-based approach, questions are recommended to 
the users (experts), who might know the answer – Question Routing [1]. In archive-
based approaches, similar questions are searched in the archives and then they are 
recommended to users – Question Retrieval (Figure 1). 

The main objective of CQA systems is to encourage users to answer questions 
which are not resolved yet. A huge number of solved issues are stored in the archives 
while these questions remain unused. CQA systems can search in archives for 
questions using different methods but they do not try to actively get (recommend) the 
data to the users.  

Recommendation of unanswered questions in this area is largely explored. On the 
other side, it has not been studied how to recommend already resolved questions to 
users in order to extend their current knowledge or gain insight into problems and 
solutions in the area. The aim of our work is therefore to join existing approaches: 
searching questions from archives and routing questions to users and thus recommend 
answered questions based on users interests derived from their previous activity in the 
system. Wherein the input would by the user and the archive of issues and output 
would be an ordered list of questions that he might be interested in. 
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More specifically, we propose a method that would recommend questions with 
their answers to users from archive of questions to improve their knowledge. It takes 
into account the interests of user: what questions he frequently views, answers, asks, 
comments and rates. This method should improve the knowledge of the user for the 
area he is interested in. 

 

Figure 1. Knowledge sharing in CQA. 

In the proposal of the methods, we plan to use Latent Dirichlet allocation (LDA) [2], 
which is a topic modelling approach that is widely used in CQA to model the topics of 
questions (e.g. [3]). Then we can find a match between latent topics of questions in the 
archive (only with right answers) and questions a particular user previously work with 
to perform the recommendation. 

We plan to implement and evaluate the method by the data from the system Stack 
Overflow - CQA system for professional programmers or in system Askalot, which is 
used by students at Faculty of Informatics and Information Technologies in Bratislava, 
which will allow us to perform not only an off-line verification but also a live 
experiment with students. 
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Recommender systems are software tools and techniques that try to provide 
(recommend) certain objects to the user that could help him in his activity in the 
system [1]. We can differentiate between personalized and non-personalized 
recommendations. 

In the context of personalized recommendations, the advantage is the possibility 
of response to the needs, goals or hobbies for some user. On the other hand, a relatively 
serious problem or disadvantage is the lack of trust of users, which massively prevents 
more widespread use or application of the concept of personalised recommendations. 

An interesting approach to reducing the problem of mistrust associated with the 
recommendations is various forms of recommendations presentation. The way the 
recommendations are presented affects the way a user interacts with the system [2]. 
Currently, there are several methods for presentation, e.g., different form of 
visualization or explanation of recommendations. Explanations try to describe the 
reasons why the recommendation could be useful to the users [3].  

Our goal is to reduce the mistrust of users in the context of recommendations. We 
want to achieve this by using different forms of presentation of recommendations such 
as visualizations and explanations. They can be very interesting and helpful in the 
context of our problem and they also can be combined to achieve better results. 

In the context of visualization, we will design a presentation of recommendations 
in terms of two basic attributes: 

1. Content of recommendation item. In this area, our aim is to find out how to 
provide information about the recommendations and how much information about 
the item (both recommendations and their explanations) is relevant and what 
impact has the amount of information on the suitability of the recommendations. 

2. Design of recommended items. In this case we want to compare several methods 
of different placement, colour or shape of the element, which contains 
recommendations or explanations. 
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Explanation is another area where we found a several interesting topics. Through these 
topics, our goal is to find a method to explain recommendations, which will be most 
appropriate from the perspective of the user. 

1. Context. In terms of the context there is an interesting idea of using the context of 
the user to explain recommendations. This means that we could explain the 
recommendations based on actual information about user activity in system. Thus, 
we would be independent of the recommendation technique and we could focus 
only on presentation of recommendations. 

2. Compensation of unsuitable recommendations. In this context, we would like to 
look at the use case where we recommend bad recommendation and find out how 
explanations can compensate the effect of these bad recommendations. In this 
case, it would be interesting to look at compensation in terms of revaluation (user 
visits object, which is uninteresting for him) as well as in terms of 
underestimation (user does not notice object that could be interesting for him). 

In order to evaluate our approach, we will perform several experiments in our system. 
This system will be a web page containing news articles from some Slovak news portal 
(e.g. SME). Within this system, we will implement one of the standard 
recommendations techniques (e.g. collaborative filtering). Then we will try to apply 
different approaches of visualization and explanation (mentioned above) to presenting 
the recommendations to users. 

We plan to perform uncontrolled long-term experiment as well as several smaller 
experiments using eye-tracker technology. Within the experiments we want to find out 
what are the user opinions about recommendations before the experiment and how they 
have changed their thoughts after the experiment. We plan also use eye-tracker and see 
how users respond to different approaches to presenting the recommendations. This 
means that one part of the information we gathered from interviews and questionnaires, 
and the second part we obtain by observing the behaviour of the user in the system. 

We see great potential that our approach can bring in the context of improving the 
transparency of recommendations. In the future work we can imagine explaining the 
recommendations using information from the area of psychology that can bring 
completely new insights into the problems associated with recommendations. 
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In situations when Internet users are not able to find required information by means of 

standard information retrieval systems (especially web search engines), they have a 

possibility to ask their questions in popular Community Question Answering systems 

(CQA), such as Yahoo! Answers or Stack Overflow. The main goal of CQA systems is 

to harness the collective intelligence of the whole community to provide the most 

suitable answers on the recently posted questions in the shortest possible time. There 

are several groups of approaches that adaptively support collaboration among students 

in order to achieve this goal.  

In our project, we tackle two open problems that are present in current CQA 

systems and state-of-the-art approaches to collaboration support. The first one is a 

proposal of a novel answerer-oriented question routing method. The second open 

problem is an employment of CQA concepts in the educational domain. 

The majority of approaches to collaboration support in CQA can be characterized 

as asker-oriented. It means that they take primarily asker goals and expectations into 

consideration. The most typical example of this kind of adaptive support is question 

routing which refers to a recommendation of new questions to potential answerers. 

Existing solutions to this task utilize mainly expert users with a high level of 

knowledge regardless the real difficulty of routed questions. As the results, experts can 

became overloaded very easily while the rest of the community remains unutilized [2]. 

Therefore, our first research goal is to propose a novel answerer-oriented adaptive 

support which focuses specifically on answerers and their preferences. In addition, we 

attempt to involve all relevant users in the question answering process as we 

recommend users who have sufficient level of expertise with regards to difficulty of 

question, however, not necessary the highest from all users in the particular 

community. 

In addition, we proposed a concept of organization-wide education CQA system 

to tackle the second open problem. In order to evaluate the feasibility of this concept, 
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we created CQA system Askalot [1], which is the first university-wide CQA system 

(see Figure 1) that takes into consideration educational (e.g. a presence of teacher) as 

well as organizational specifics (e.g. common familiarity of students). 
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Figure 1. Askalot in the context of existing CQA systems. By introducing Askalot, we fill the gap 

between educational CQA systems employed in open and too restricted class environments. 

Askalot, provides three groups of features: 1) essential features that are common with 

standard open CQA systems (e.g. posting questions and answers, voting, best answer 

selection); 2) educational-specific features (e.g. asking questions in real-time during 

lectures); and finally 3) organizational-specific features (e.g. content organization that 

corresponds to formal structure of courses, following classmates and teachers). Askalot 

is used as a supplementary tool to the formal educational process at Faculty of 

Informatics and Information Technologies, Slovak University of Technology in 

Bratislava, with more than 900 students and teachers.  

CQA systems can be characterized as a successful example of online community 

that builds on collective intelligence. For this reason, CQA became popular not only 

among Internet users but also as a subject of research. Nevertheless, there are still 

many open problems that represent possibilities for further research. In our project, we 

tackle two of them, particularly how to route questions to answerers while considering 

their preferences and utilizing the whole community; and how to apply successful 

concepts of CQA in the educational domain. 

Acknowledgement. This work was partially supported by the Cultural and Educational 

Grant Agency of the Slovak Republic, grant No. 009STU-4/2014. 

References 

[1] Srba, I., Bielikova, M.: Askalot: Community Question Answering as a Means for 

Knowledge Sharing in an Educational Organization. Proceedings of the 18th 

ACM Conference Companion on Computer Supported Cooperative Work & 

Social Computing - CSCW’15 Companion. pp. 179–182 (2015). 

[2] Szpektor, I., Maarek, Y., Pelleg, D.: When Relevance is not Enough: Promoting 

Diversity and Freshness in Personalized Question Recommendation. In: Proc. of 

the 22nd international conf. on World Wide Web, (2013), pp. 1249–1259. 



Spring 2015 PeWe Workshop, April 11, 2015, pp. 57–58. 

Implicit Feedback-based Estimation 
of Student’s Knowledge 

Veronika ŠTRBÁKOVÁ * 

Slovak University of Technology in Bratislava 
Faculty of Informatics and Information Technologies 

Ilkovičova 2, 842 16 Bratislava, Slovakia 
veronikastrbakova@gmail.com 

Nowadays, it is more common, that the learning process is being transferred from 
adaptive educational systems, where students have possibilities to study available 
materials in different courses in addition to the possibility of elaborating a variety of 
exercises and questions and, inter alia, collaborative work together to solve these tasks 
with their classmates or teachers. It is common for such systems to store information 
about users (students) - create a so-called user model for the purpose of estimating their 
interests, knowledge of such content and their future behavior, eventually in pursuance 
of gathered information to include them to the group of users with similar properties 
[1]. The user model is created based on a feedback from the user or a group of users. 
There is an explicit and implicit feedback. We deal with the implicit feedback.  

The goal of this work is to propose a method for the implicit feedback-based 
estimation of student's knowledge, therefore we monitor the student activity during the 
study of the learning objects. Despite the existing methods for user modelling that 
evaluate implicit feedback in form of various signals of user activity, which aim to 
explore its characteristics, there is still a room for improvement. Inaccurate information 
obtained by the evaluation of the implicit feedback based on the student’s behavior, 
have an impact on the accuracy of user modeling. With the increasing possibilities of 
monitoring users on the Web, like signals from eye tracking camera, blood pressure, 
body temperature and pulse sensors, we gain the ability to evaluate implicit feedback 
with great accuracy, and with that, gain the related interpretation of various signals of 
activity not only in the domain of education mentioned before.  

To determine the level of the user’s knowledge related to some concept included 
in a learning object, we propose to take a closer look at some of the learning object 
characteristics, more specifically: 

 understandability, the readability index (we use ARI and LIX metrics [2]) 

 concepts connected with the given learning object  
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 the average time of all students spent working with a learning object 

Various signals of user’s activity play an important role in determining the value of the 
knowledge level. We monitor these signals when users are working with the 
educational system while we focus mainly on those that help us detect time of active 
work with the learning object, e.g.: the display time of the learning object, the reading 
time of the learning object, mouse clicks, scrolling and pressing different keys. 

These characteristics of the learning object along with the student’s actions go to 
the input of our method. Subsequently, the method estimates the active time spent 
working with the learning object, the level of the student’s knowledge of the learning 
object and the level of the student’s knowledge of the concept connected to the given 
learning object. 

To estimate the level of a student’s knowledge we have to estimate the active time 
of working with the learning object. We monitor various signals of the student activity 
while working with the educational system. Therefore it is necessary to evaluate the 
weight of each signal based on how these signals are related to the active time of the 
user. Based on these activities we estimate the whole active time of student. We 
measure the time of performing these activities. 

Once we have estimated the active time of working with the learning object, on 
the basis of similarity of the learning objects in terms of readability, understandability 
and others metrics mentioned before, we can determine the increase of knowledge for 
the unread learning objects.  If the student reads a given number of learning objects, we 
can determine, for the unread learning objects, how long will it take on average to read 
each of them. Our goal is to find the dependence between the time of the active work 
with the learning object and the student’s knowledge which he acquired. We assume 
that the user acquires the highest value of knowledge in time close to the other times of 
reading the similar learning objects on the basis of the average time of reading by other 
students. 

Based on these we estimate the level of the student knowledge to the learning 
object and the level of the student knowledge to the concept contained in the given 
learning object. 
 
Extended version was published in Proc. of the 10th Student Research Conference in 
Informatics and Information Technologies (IIT.SRC 2014), STU Bratislava, 181-186. 
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Today we can find huge amounts of metadata for multimedia items published online in 
different forms. Currently main problem is that items are published online in different 
languages, and we are trying to map these items on Slovak entities. We see a big 
problem in how titles of items of TV program guide are translated, because many times 
some words are translated differently or whole local title is completely different than 
original title so then it is a problem to find adequate entity published on online sources. 
Our goal is to focus our work on TV program guide metadata enrichment aimed at 
mapping entities of Slovak TV program guide on entities published online for the 
purpose of improving quality of these services and also to enable personalized 
recommendation of TV program guide items [1]. 

It is very important to find relevant and high quality metadata to describe items of 
TV program guide. Thus as a source of metadata we use two big online movie 
databases, which can be considered reliable, because publishing of metadata is 
supervised by administrators. First is CSFD where data are published in Czech or 
Slovak language and also have good structure so it is easy to work with them and we 
are also using CSFD as a source for our TV program guide. Second database which we 
used as a source for metadata extraction is IMDB which is international movie 
database where data are published in English language. [2]. We employ Linked Data 
[3] as a next source for metadata. But we are extracting metadata only from two 
datasets Dbpedia [4] and Freebase. As a final source of metadata we take our own 
automatically generated metadata, obtained from documentary movies classification. 

Our method of metadata acquisition consists of three steps: 

 TV program guide extraction and basic metadata acquisition 

 mapping items on Linked Data space and metadata extraction 

 generating new metadata based on documentary movies classification 

First step of our method is parsing of TV program guide from CSFD database. During 
parsing of TV program, when an item is extracted, it is automatically mapped to its 

                                                      
* Supervisor: Mária Bieliková, Institute of Informatics and Software Engineering 



62 Semantics Acquisition and Domain Modeling (PeWe.DM) 

representing entity in the CSFD movie database. Second step is mapping extracted 
entities on its representing entities in the International Movie Database (IMDB).  

We also extract metadata from entities in Linked Data space. Process of mapping 
items on Linked Data space sends specified queries in SPARQL for DBpedia endpoint 
and in MQL for Freebase endpoint. These queries are constructed from item attributes, 
which we have available in English and on beginning these queries are very strict, what 
means they contains as many attributes as possible. When there is no match found, 
some attributes are deleted from query to make it more general and to increase 
possibility of finding match. 

Final step of our method is enriching TV program guide with our own 
automatically generated metadata and consists of following steps: 

 translate item description into English language 

 tag item with automatically generated keywords 

 divide items into subcategories based on generated keywords 

In our work we enrich Slovak TV program guide with metadata extracted from online 
movie databases CSFD, IMDB and also from Linked Data space. Moreover, we 
concentrate on one specific category of TV program items - documentary movies for 
which we acquire additional metadata based on documentary movies classification. 
This work is a part of larger project aimed at personalized recommendation of TV 
program for Slovak televiewers. This purpose primarily influenced our focus of 
metadata enrichment. 

 
Amended version was published in Proc. of the 11th Student Research Conference in 
Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 135-139. 
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The Web contains a huge amount of unstructured or semi-structured information of 

different qualities floating around. In order to search through them and use them 

effectively, the concept of Semantic Web comes to aid with transforming this chaos 

into structured machine-readable data. After creating these blocks of knowledge and 

finding the right relations in between them the cloud of Linked Data is growing, 

allowing to search for the data in more specific and precise way. 

One of the great resources of information on the Web nowadays is Wikipedia. 

Although it contains huge amounts of data, it comes in an unstructured form. One of 

the great ontologies that focuses on transforming the information from Wikipedia 

infoboxes (the boxes usually placed on the right side of the Wikipedia articles) to a 

structured form is DBpedia [1]. It uses metadata (mappings) to make sense of the data 

on Wikipedia. However, different mappings are needed for different language 

mutations of Wikipedia. Mappings for less spread languages such as Slovak are not 

available. By creating these mappings and using them to extract more information we 

could enrich the Web of Data with new (even language specific) information. 

We propose a method that tries to create the mappings automatically by using 

mappings of different languages that already exist. The foundations of our method are 

based on the work in [2] that covers the area of mapping a class of an infobox to a class 

in the DBpedia ontology. Similar work has also been done in [3] where they add more 

than 1 million entities with high precision and recall. 

In order to automatically create mappings, two part process takes place. The first 

part is to assign each infobox a class in the DBpedia ontology. Then, the second step is 

to map individual attributes of the infoboxes to the DBpedia predicates. 

For the mapping of infoboxes to classes, our method looks at all the possible 

classes to which a certain infobox could be mapped and decides which one it will pick 

for Slovak mapping. To decide the class of one infobox, all of the resources that use it 

need to be gathered. Then, for each Slovak resource, resources in different language 

mutations are obtained together with their class that was given to them. One of these 

classes may or may not be the class to which the Slovak infobox should be mapped. 
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Our method then uses different scoring metrics to find the right mapping. After this, 

the mapping for Slovak language is generated in a form used by DBpedia and can be 

used in extraction process of DBpedia. 

The mapping of attributes of infoboxes to the predicates in the DBpedia ontology 

is a harder task to perform. If a value is tied to a Slovak resource through a property 

(DBpedia extracts raw properties that have the same name as an attribute of the 

infobox and are in separate namespace), our method looks whether in other language 

mutations there also exists a property that ties it to the same value. Hopefully, this 

property will be a part of the DBpedia ontology which is what are we looking for. 

System of points is put to work to decide the right mapping. Again, after this process, 

the mapping is generated in the form used by DBpedia. 

We evaluate our method by building our own dataset of manually created 

mappings that cover wide range of different cases that could be problematic for our 

method such as infoboxes with small amount of articles using them, infoboxes with 

articles that use much richer hierarchy in different languages, infoboxes with small or 

big amount of attributes. We then compare results of our method with the built 

expected results. Except the exact matches we also take into account how close to the 

correct result our method is. 

Since we can bend our method and use it for whichever language mutation, we 

also evaluate by creating mappings for languages that already have their mappings 

created and compare the results with the already existing ones. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 140-145. 
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With the huge usage of the Web, information has become even more important part of 

people’s lives. Whether we are interested in a picture, a video, a document or a status 

on a social networking service (SNS), there is always an intention to discover 

something new. Generally, many researchers are trying to find the best way to 

characterize any information. In our study we are focusing on metadata in the domain 

of multimedia and television. 

The more content available, the more difficult task is to create corresponding 

metadata. Existing methods, which rely on static text-based descriptions and 

annotations, are suffering mainly because of two reasons [1]: 

 Annotating content manually is a time-consuming activity. 

 Descriptions made by a low number of annotators may result in higher level of 

subjectivity. 

There is also a large disadvantage resulting from the static content. Sometimes it may 

be really difficult to keep it updated. In addition, if we were dependent on this kind of 

information, our metadata would become quickly invalid. 

A better approach is to combine the static content with the dynamic one. A large 

potential in building the metadata database is hidden in the SNS. In the semantic Web 

area it is considered to be the one of the most researched phenomenon. Facebook and 

Twitter represent the top of the SNSs pyramid. Both services provide wide range of 

possibilities for people to share their everyday life, each of them having a slightly 

different approach to serve information. Although Twitter’s messages - called “tweets” 

- are strictly limited to maximum of 140 characters, they may still contain significant 

information. Their popular part - hashtags - has become an interesting area to study for 

many researchers. Hashtags actually incorporate categorization right into the tweets. 

On the other hand, Facebook does not limit the length of their statuses, though the 

popularity of hashtags is lower and the researchers have to rely on natural text 
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processing. However, according to [2] the popularity of Facebook in Slovakia is in 

comparison to Twitter markedly higher. 

Another area of interest is sentimental analysis, which has been already analysed 

and evaluated in many other works. Proposed methods were generally able to process 

content from Twitter and categorize it by its emotional and subjectivity polarization. In 

our work we would like to analyse whether a consideration of such a categorization 

would have any impact on quality of TV programmes and therefore produce new 

metadata. 

Besides emotions, activity on SNS might be linked with the level of popularity. 

There are many influences on programmes’ success, e.g. the number of followers of 

fan pages or relevant comments. To reveal the popularity correctly, it is necessary to 

include a dynamic aspect, since the popularity varies in time – especially in the domain 

of television. We can also go further and expect popularity to positively correlate with 

TV schedule’s viewing ratings. An example has been introduced in [3], where the 

users’ activity on Twitter was used to measure viewing rates of TV programmes in 

Japan. Authors had to face several problems of mapping tweets to Electronic program 

guide (EPG), geolocation and synchronization between TV schedule and tweets.  

Many television companies use SNSs to propagate their programmes with desired 

articles and backstage photographs and videos, which is also one of the most 

straightforward ways to get in touch with their audience. People’s activity on public 

statuses makes an opportunity to reveal other relevant content. Acquired information 

can be shared with the whole community afterwards and improve another processes 

related with spread of TV content (for example recommendations). 

In our work we are trying to propose an innovative method to interlink TV and 

SNSs. Our main goal is to extract and capture metadata from available content shared 

by the audience and TV companies. These metadata are supposed to enrich existing 

databases and give an attractive extension. As stated before, Facebook’s popularity in 

Slovakia is still growing. Therefore we have decided to focus our analysis on Facebook 

pages, which already provide natural categorization of public statuses similar to 

hashtags on Twitter. 
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There is a large amount of information stored in natural language on the Web and in 

electronic documents. To be able to process it better we need to transform it to a 

machine understandable form or add some additional information about the text that 

can help to understand the meaning of the text. Several layers of annotation serve to 

this purpose [1] – morphological, syntactic, morphemic, semantic, contextual. 

In our work we focus on obtaining annotations for syntactic layer (aiming at 

identifying sentence elements and relations between them), exploring the power of 

crowd in this field and the possible applications of a dataset annotated by employing 

our method.  

We propose a method for syntactic annotations acquisition based on 

crowdsourcing principles. In our method we harness crowd of elementary and high 

school students that need to perform these assignments as a part of school work 

anyway. Students from 5
th
 grade of elementary school start to learn basics of syntactic 

annotations, which means that even in the young age they are able to perform a very 

basic syntactic annotation and this knowledge only grows. This may result in a 

potentially numerous crowd. 

Method is set up in crowdsourcing dimensions as they are described in [3]. In the 

following paragraph we will describe the method in these dimensions. As a motivation 

factor we use points or grades that students get after completing their assignments in 

the best way they can. The quality control of user generated output is ensured by 

following the rule of majority. Data aggregation is covered in the process of 

annotations collection. We build a dataset of correctly annotated sentences that 

gradually grows. Human skill needed in order to participate in our method is native 

speakers’ basic knowledge of syntactic analysis in Slovak language. Task cardinality is 

many-to-many since one sentence is annotated by several students and each student 

gets many exercises with different sentences.  
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To verify the concept, we designed a proof-of-concept experiment in which we 

had a group of 20 students that participated in one 45 minutes session of annotations 

creation. During this experiment we obtained 186 annotations of sentences. 8 sentences 

had more than 12 different annotations. For evaluation purposes we also obtained one 

set of annotations from teacher that served as a golden standard.  

We evaluated the results correctness from several points of view: sentence 

elements, sentence elements relationships, complete sentence analysis, sentence 

elements in sentences. The results of the experiment are shown in Table 1. 

Based on the results, we can see that even with such a small group of students 

with relatively small number of annotations per sentence we can obtain valid syntactic 

annotations. We can see that this proof-of-concept experiment yields promising results. 

That encourages us to further work on this project in order to provide a better method 

validation and to set up the concepts even better. 

Table 1. Results of first experiment. 

 Correct solutions 

Sentence elements 92.68 % 

Sentence elements relations 90.00 % 

Sentences – complete 71.43 % 

Sentences – elements 85.71 % 

 

Our future work is to perform an extensive experiment in which we plan to collect 

more data and make further decisions on the project. We plan to obtain parameters for 

automated solution retrieval. We will also focus on identifying the possible usages of a 

corpus created by our method. To compare the quality of our corpus we can use the 

Slovak national corpus [2] which we have in possession from Ľ. Štúr Institute of 

Linguistics. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 33-38. 
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The idea of Semantic Web presumes structured, machine-readable data published 

freely on the Web using open standards so that new intelligent applications could 

emerge. Such data is being constantly created and linked together, thus forming the 

Linked Data cloud or the Web of Data. Currently, there are few hundreds of such 

datasets covering wide range of domains. However, only few works actually pursue the 

idea of wider adoption of such datasets. The aim of our work is to use Linked Data for 

various tasks of web personalization.  

In our research we focus on discovering relationships between various entities in 

the Linked Data cloud. Our method can also be used for automatic concept map 

construction which has applications in the knowledge management domain. For this 

purpose we use unstructured data from the Web, which we transform to concepts and 

discover links between them. 

Primarily, we create concept maps usable for recording the technical knowledge 

and skills of software engineers, and research fields of interest of scientists (especially 

in the domain of information technologies). 

We examine the utilization of such concept maps and Linked Data utilization in 

order to 1) improve the navigation in a digital library based on what the user has 

already visited [7], 2) find similarities between scientists and authors of research 

papers and recommend them to the readers browsing a digital library [2], 3) analyze 

Linked Data graphs and find identities and similarities between various entities [5], 4) 

enhance the displayed articles based on linking entities to DBpedia [4] and recommend 

additional interesting information to the reader within a digital library, 5) enable users 

to search for information using natural language queries in English [3]. 

In all of the problems mentioned above we were able to improve the results of 

current research methods. We also proved that using Linked Data and concept maps in 

such problems has potential to improve results in various Web personalization and 

adaptation tasks. 
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Linked Data are being used in various datasets forming a Linked Data Cloud. In 

the center of this cloud there are two main datasets: DBpedia [1] and YAGO [6]. Both 

use Wikipedia as their primary source of information. The goal of these datasets is to 

extract and define as many entities as possible, so that others can link to them. 

For the purpose of describing the knowledge of software developers we propose 

the creation of a concept map. The map is composed of a set of concepts representing 

various technologies and principles the developers are familiar with. 

Building an adaptive web-based application using a domain model based on 

linked data enables us to utilize the relationships to recommend related entities (e.g. in 

the domain of learning materials), or to help the user navigate in a large information 

space (e.g. in large digital libraries containing millions of authors, papers and 

conferences which may overwhelm the user). We can also use the relationships to help 

the user in the search process. Since the Linked Data cloud has the form of a large 

graph we are able to answer complex queries, which are difficult to solve using 

traditional keyword-based approach. 

We evaluate the models and methods of their creation directly by comparing them 

to existing ones or by evaluating facts from them using domain experts. Moreover, we 

evaluate the models indirectly by incorporating them in adaptive personalized web-

based systems and measure the improvement in the experience of users (i.e. they get 

better recommendations, search results, etc.). 
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Nowadays, we can see the Web as a huge repository of information. Quantity of 

information is such huge that we talk in general about the overload of information. In 

order to treat people to access information on the Web effectively, several approaches 

were created, including for example adaptation (content, presentation / forms, etc.). 

Adaptation is now almost everywhere on the Web, in email, in the web; in tablets, 

in mobile phones. Information relevant for adaptation is stored in adaptation and 

domain models, which are often represented by graphs. Manual creation of such 

models is a difficult task and one of the drawbacks of adaptive systems. The basic 

problems which may be encountered when working with models: 

 unfamiliarity with domain model,  

 unawareness of relationships in this model,  

 flooding the user with automatically generated entities,  

 navigation cumbersome, 

 non-intuitive user interface for working with models. 

These problems are also supported by empirical study [3], especially complexity of the 

ontology development process from the perspective of authors who are typically 

unaware of ontology existence and its relevancy altogether. 

The aim of our work is to propose a method for supporting domain model 

authoring. The output of our method should be infrastructure for model management 

and framework for user friendly interface supporting all above mentioned issues. In our 

work we are focusing on lightweight ontologies in form of terms, concepts and 

relations.  

There are several approaches to support domain model authoring. Most of them 

are focused on partial tasks such as identifying model changes, versioning, 

specification of transformation rules between different ontologies versions, merging, 

annotations and model partitioning [1]. We are primarily concerned with model 

generation and maintenance efforts consisting primarily of the following scenarios [2]: 
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 versioning of models with the respect to navigation in versions,  

 merging multiple models into one aggregate, 

 annotation and partition of models. 

All of these scenarios are observed to be essential not only to the ontology/model 

developers but also to software developers. Main subtask for versioning and merging 

of software codes as well as ontologies is to yield list of differences / steps required to 

be applied to source version in order to get target version. Software code is represented 

in form on texts, easy to differentiate – create lists of different lines. On the other hand, 

differentiation of two ontologies cannot be text based because two ontologies can be 

the same conceptually but have different text representation. This fact is also depicted 

in Figure 1.   

 

Figure 1. Conceptually same but lexically different models. 
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In our work we aim at keyword extraction from movie subtitles. Keywords and key 
phrases although missing the context can be found very helpful in finding, 
understanding, organising and recommending the content. Generally they are used by 
search engines to help find the relevant information. With the rising amount of 
information available on the Web, keywords are becoming more and more important, 
though it is even harder now to determine keywords for all content by person, so we 
target on automatic keyword retrieval. 

Movies and video content are becoming massively available and widespread. The 
ability to automatically describe and classify videos has a vast domain of application, 
which seems to be more efficient compared with video and audio analysis. The main 
goal of our work is to design a method able to use of specifics of subtitles. First part of 
method focuses on the pre-processing. Pre-processing tries to process timings, 
information for hearing impaired persons (closed captioning) and tags included in 
subtitles. Second part divides subtitles into conversations according to the speed of 
speech (words per minute) and the gaps detected between the conversations. Scored 
conversations are used for keyword extraction. 

The first idea to enrich the keywords extraction with metadata included in 
subtitles is to recognise individual parts of movie. We call them conversations. We 
suppose that we could divide dialogues in subtitles into conversations and get the 
scenes severally, approaching the natural distribution of scenes as it is seen by viewers. 
In the sense of when there are different characters talking in dialogues or scene is 
changed we would start a new conversation.  

We want to explore possibilities for rating these conversations according to 
relevance. The higher the relevance is, the higher the ratings of keywords extracted 
from the conversations become. These conversations could also possibly help us with 
joining subtitles created by different authors, assuming different authors use different 
sentences and on condition that it is not a transcript. 

                                                      
* Supervisor: Marián Šimko, Institute of Informatics and Software Engineering 
 



74 Semantics Acquisition and Domain Modeling (PeWe.DM) 

To split the subtitles into conversations, we use timings included in subtitles. 
Using timings we want to detect the gaps between individual subtitles, supposing that 
if there is a gap bigger than are the gaps in the surrounding titles the conversation has 
changed into next one. We also experiment with the speech rate (words per minute) in 
individual titles and conversations as way to differ the conversations and to rate them 
supposing there is a relation between the speed and the importance of conversation. 

Subtitles for hearing impaired viewers are a special category of subtitles created 
to help disabled people understand what is happening in the scenes. Based on our 
experience with various types of subtitles we concluded that subtitles for hearing 
impaired viewers contain descriptions of the most necessary sounds from scenes and 
backgrounds. We propose to use these metadata to substitute audio analysis. We 
assume precision increase of the results, because of a better representation of scenes 
and connecting the sounds with surrounding keywords is a sign of their importance [1]. 

We also experiment on speech rate (words per minute) and subtitles rate (titles 
showed per minute) as a helper tools for a stress, action or aggression detection in 
scenes. 

 

Figure 1.Evaluation overview of TextRank performance with subtitles. 

Extended version was published in Proceedings of the 11th Student Research 
Conference in Informatics and Information Technologies (IIT.SRC 2015), STU 
Bratislava, pp. 20-24. 
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Amount of information on the Web is growing rapidly every day, therefore it is 

important to have the information organized using metadata. Especially, when 

considering multimedia sharing services, it is desirable for the user to be able to search 

or browse through the media effectively. This is achieved by constructing metadata 

layer over the media.  

Metadata acquisition methods can be divided into 3 particular categories, which 

are expert work, crowd work and machine-based approaches [1]. Hired experts can 

produce metadata of high quality, but since they are mostly working in exchange for 

financial reward, this approach is limited by available financial resources. In contrast, 

machine-based methods can produce high quantities of results, while being low-cost, 

but there is lower guarantee of quality. 

In our work, we focus on crowdsourcing, which uses work of large groups of 

people motivated by means other than financial. Crowd work can produce large 

quantities of results that are in sufficient quality. Games with a purpose motivate 

player by providing relax and entertainment and whose mechanics are built in a way 

they can produce required results. 

Our game specializes in a field of video metadata acquisition. The reason for this 

is that many users do not provide satisfactory amount of relevant metadata, while 

uploading their videos, which then results in their videos being very hard to find or 

even lost amongst videos, which are better described. We chose video sharing service 

Vine
1
, where users upload six-seconds-long videos from mobile devices and they 

mostly want to do it as quickly as possible, so they provide only low amount of 

metadata in form of short description or a few keywords. 

Mechanics of our game are based on a search engine, which is inspired by Little 

Search Game [2], single-player game with a purpose for acquisition of lightweight 

semantics. In our method, search engine indexes the videos using the description 
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provided by users. As shown in Figure 1, player only sees the video in the left screen 

without any additional information displayed. His goal is then to type specific queries 

into the search box, so the video playing on the screen is returned on a position higher 

than threshold. The best strategy for the player is to type keywords, which best 

describe the video he sees. Player’s queries will be logged into database and after the 

game we will be able to extract the metadata from them. 

 

Figure 1. Graphical user interface of our game. 

To evaluate our method, we first plan to perform a closed experiment in a controlled 

environment. Small amount of players will play the game voluntarily and in their free 

time. The latter evaluation will be performed by experts familiar with the domain. 

In the next phase, we plan to perform a live experiment, where we deploy our 

game on the Web, where it can be publicly played. With this experiment, we can 

evaluate, whether our game is interesting and enjoyable enough to be played without 

any external motivation. After satisfactory amount of played games, we will perform 

data correctness evaluation as with the closed experiment. 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 152-157. 
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The emergence of Web 2.0 technologies and their wide adoption has transformed static 
internet into dynamic environment, which provides the means to not only access, but 
also create, share and modify existing content. Users now engage in a consumer-
producer model and produce large quantity of user-generated content - known for its 
heterogeneous nature, short-livedness and containing a lot of waste product. Despite 
the difficulties, it is important to be able to manage the content and related data. To 
enable this, it is critical to employ machines and automation to preprocess the content 
for human access. Machines must understand the content and its context. For this to be 
possible, a homogenous metadata layer must be first generated on top of the content, 
which identifies its properties and relationships. Acquiring metadata can be no easy 
task, as it paradoxically requires intricate knowledge and understanding of the very 
content in the first place. 

Metadata acquisition can be driven by experts, crowd or machines [1]. Expert 
driven approaches rely on knowledge of experts and produce limited amount of high 
quality metadata. Crowd driven approaches are more scalable as they harness 
knowledge of the ‘crowd’ – large number of people, but the quality of the output is 
lower. They can still provide significantly better results as machine driven approaches.  

Our aim is to use elements of gamification on crowd driven metadata acquisition 
in image domain. We attempt to create solution, capable of generating similarity index 
between any two images in provided dataset, with satisfactory correctness. For this we 
create a game with a purpose (GWAP), which has players play and indirectly solve the 
problem transformed into a game mechanics.  GWAPs are now acknowledged solution 
to metadata acquisition with Google Image Labeller, a revision of ESP Game [2], 
being widely adopted by Google Inc. to support its image search. 

We devise minimalistic multiplayer output agreement board game to gather 
semantics of the image content by having players move images across the board. By 
analysing the state of the board, we can draw conclusions about the relationships 
between the image resources. 
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Each player is given a 3x3 image board (see Figure 1) with the same images 
positioned differently. The game has players swap the images and rewards them for 
placing same images close to each other. Because the other players’ boards remain 
hidden to the player, he must come up with a heuristic to discover the ideal state of the 
board that other players would hopefully follow. With no other hints, the ideal state 
must reflect the relationships between the images, which can be extracted as metadata. 

Some of the comparable solutions include the image annotating ESP Game – 
where players write words to describe an image and are rewarded for matches,  
Peekaboom [3] – a modification which identifies location of the objects within an 
image or PexAce, derivation of Concentration, where a player can label the flipped 
image. Very similar game to our solution is Curator [4] which tasks players to make 
collection out of given images based on how well the objects in them go well together. 

Our game differentiates itself from existing solutions in several ways. It is 
interactive and does not strain players with repetitive or uninteresting actions like 
writing annotations as in case of ESP Game or PexAce. It is fast, evaluating board 
every 5 seconds, and dynamic, because in every cycle the player is hinted which 
images other player positioned similarly, and must revaluate his future and past moves. 
Swapping two images involves evaluating them in the context of both their neighbours. 
Thus, the player’s focus does not lie on a single image, rather the board as a whole. 
The board then becomes a puzzle for the player to solve. Our game also provides 
strong socialization aspects. Players both try to solve the board puzzle in unison and 
compete at the same time. 

We plan on carrying out closed and open experiment. We begin by manually 
creating initial game data in order to prevent cold start problems. Closed experiment 
will involve several people in a controlled environment to test the prototype of the 
game and fine-tune the game mechanics. The open experiment will make use of 
publicly accessible version. Each and all players’ actions will be logged and available 
to offline processing at the end of the experiment. We will construct a weighted graph 
based on image positions and juxtapose image similarity with expert data.  

The game is being implemented in Java as an RIA or an applet using AppWarp 
S2 game engine using authoritative server model to avoid malicious player behavior 
(http://appwarps2.shephertz.com/). Our GWAP is trying to appeal as a standalone 
game and at the same time generate metadata usable for image search and discovery.  
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Data mining from the content of the Web is a field of study that is gaining attention 

of researches around the world. Vast corpus of data in natural language there contains 

great bulk of the human knowledge. Texts there are written in virtually every human 

language and the structure of the Web is enriching them with contextual information. 

Processing of these texts is a task also known as natural language processing (NLP). Its 

goal is to understand the meaning of texts written by humans. Complete solution of this 

task presumably requires construction of so called strong AI – Artificial intelligence 

comparable to human intelligence with consciousness about itself and outer world. 

One of the approaches dealing with natural language processing and knowledge 

storing is creation of contextual maps, also known as ontologies. Ontologies are 

knowledge based structures consisting of concepts and relations between them. Process 

of creating ontologies is also known as ontology learning and as such is a subject 

of intensive research. In our work we focus on unsupervised, fully automatic ontology 

learning from unstructured data, which is corpus of texts written in natural language. 

Ontology learning is usually done in several steps on several layers with 

increasing complexity and level of abstraction. Each of these layers has output and 

several tasks that are essential for achieving it. Traditionally there are four basic layers, 

but some of them can be further subdivided: terms extraction, concepts acquisition, 

relations construction, axioms construction [1,3]. 

In our work we focus on the relations’ layer of the ontology learning process. 

There are several approaches to relations extraction. Good results were achieved using 

structured data containing information about texts and their subject. We are primarily 

concerned with statistical analysis. This analysis can be used for finding both 

taxonomic and non-taxonomic relations between terms and then also concepts. This 

direction of research is based on so called distributional hypothesis, which says that 

words that tend to occur in similar contexts tend to have similar meaning. Tracking co-

occurrence of words in their respective contexts is a basis for so-called word-context 

matrices, which can be leveraged for finding new relations between words [2]. 
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Approach we are primarily pursuing in our research is based on pair-pattern 

matrices. These matrices are most suited for measuring semantic similarity between 

relations. Semantic similarity is for example similarity between relation of Rome an 

Italy and relation of Paris and France. Both are pair of countries and their respective 

capital cities. State-of-the-art continuous space language models created from data in 

natural language can be utilized in working with these relations. Possible applications 

for pair-pattern matrices in ontology learning are for example relational classifying, 

relational search, analogical mapping or measuring relational similarity [4]. 

Continuous space language models represent every word as a vector of various 

words. Operation with these vectors can be utilized in finding new relations. Following 

our example with countries and cities we can say that “Rome” minus “Italy” plus 

“France” is equal to “Paris”. This equation is also depicted in Figure 1. In our scenario 

we have known there is a relation between Rome and Italy. We have then applied this 

relation on France and found its capital Paris and therefore we have found new relation 

between France and Paris. 

 

Figure 1. Finding new relations based on latent semantic similarity. 
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Information tags are a subset of descriptive metadata that assign some structured 

information to other information artefacts (e.g., to a webpage paragraph or to a source 

code line) [1]. In general, informal tags have been proposed to model properties of 

tagged information (e.g., webpages). Additionally the information tags model is based 

on the standardized Open Annotation Data Model
1
 so information tags can be shared 

among software systems. Due to these properties of information tags, we utilize them 

for modelling source code files and to provide first basic tools which utilize source 

code model based on information tags. 

For modelling source code files and supporting tools we utilize all categories of 

information tags: 

 User information tags – information tags created by users. These information tags 

contains users’ knowledge about a source code. We use these tags in the system 

CodeReview
2
, in which users tag a source code during code review process. For 

purpose of code review process we proposed information tags: 

o TODO – part of a source code should be implemented; 

o Fix me – tagged source code contains a bug which has to be fixed; 

o Nice to have – tagged source code will be updated/reimplemented; 

o To be done – a work on the source code is in the progress; 

o Sample – tagged source code is ideal solution of the problem and should be 

used as the sample code for similar problems; 

o Review request – the source code should be reviewed; 

o Refactor – the source code has to be refactored; 

o Code review – tagged source code contains a coding violation. 
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 Content-based information tags – information tags obtained by analysis of a 

source code. To source code analysis we use SonarQube
3
 and we anchor results of 

the analysis straight to affected artefacts of the source code; 

 User activity information tags – information tags can be create also by analysis of 

developers’ activities. Here we use our method of generating information tags 

from stream of user activities [2] and we create information tags which models 

implicit dependencies between source code files [3]. 

 Aggregating information tags – information tags created by aggregation of other 

information tags. Similarly to user activities of information tags, we create 

aggregations from stream of changes in an information tags space. We use 

information tags to support users search in faceted browsers by aggregating data 

from selected information tags to facet tag. 

Now we are finalizing last implementations of prototypes used for support of software 

development by utilization of information tag. In future work we plan to provide a set 

of experiments that prove usability of information tags in software engineering. 
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In digital libraries there are several types of information, which can be suitable as an 

input source for extracting relevant words. In our work we propose a method for 

extracting keywords and determining their relevancy for research articles in digital 

libraries using citations and co-citations. 

Citations highlight different aspects of research articles [1], which authors of 

citations consider as relevant. Based on this behavior citations can have similar 

character as abstracts, but they include more specific information. The positive effect 

of citation analysis on the relevancy of extracted keywords has been already evaluated 

in [2]. Authors tried several keyword extraction methods on the text of research articles 

combined with citations' contexts. The proper size of the citations contexts is also 

evaluated in [3]. While setting the size of the citation contexts to at least one sentence 

can be beneficial already, using 100 words before and 100 words after the reference 

string is the best choice. We use this exact value in our method while we parse citation 

contexts. 

Our proposed method analyses three separate sources of text during the keyword 

extraction for each research article. These sources are: text of the research article, 

citations' contexts and co-citations. 

Our method of keyword extraction is innovative due to the usage of co-citations. The 

third source of text is constructed from the text of co-cited articles with weight of co-

citation at least two, which means that articles are co-cited at least two times. After 

these sources are prepared, we compute the relevancy of each word in each source 

using statistical method tf-idf. This step is followed by weight normalization in each 

source and the computation of the final relevancy of each word. For this calculation we 

use a simple linear combination.  

The evaluation of the proposed method will take place in a domain of digital 

libraries in a web-based bookmarking system Annota
1
, where we will calculate the 
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precision of the proposed method based on the users’ explicit feedback. For the draft of 

the evaluative graphical user interface see Figure 1. 

 

Figure 1. Draft of the evaluative graphical user interface. 

Amended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 50-51. 
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Natural language as one of the most common means of expression is also used for 

storing information on the Web. To work with them effectively and fast, we need to 

process text in a way understandable to computers. Natural language processing is, 

however, a difficult and problematic process, because of the informality and not very 

good structuring of the natural language. Syntactic analysis, as a part of the natural 

language processing, discovers formal relations between syntagms in a sentence and 

assigns them syntactic roles. That can be very helpful during later semantics 

acquisition and information extraction. 

There are many approaches to automatic syntactic analysis and their accuracy 

depends on complexity of a chosen language. For example, Slavic languages are very 

difficult to parse, as they are flective, with free words order in sentences. There are 

many researches focused on parsing Slavic languages, like Czech or Russian, however 

parsing of Slovak language still falls behind. One of the few existing solutions for 

parsing Slovak, presented by Čižmár et. al [1], uses a rule-based approach. Their parser 

can recognize five syntactic roles in a sentence with 72-98 % accuracy. A high 

precision is an advantage, but it is important to recognize also relations between 

syntagms. To recognize whole sentence structure we need more complex approach. 
Machine learning appears to be useful in this domain. With enough training data – e.g. 

corpus of pre-annotated sentences for specific language – it is possible to train a parser 

to recognize syntactic structure with state-of-the-art accuracy. With this approach we 

can also use one parser to parse any language we have a corpus for, like Zeman et 

al. [2]. However, every language has its own specific features that need to be taken into 

account to reach the best accuracy.  

We propose a hybrid method for Slovak language parsing. It consists of two 

classifiers, one existing parser, that uses machine learning and one additional classifier, 

called oracle. A schema of our method can be seen in the Figure 1.  
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Figure 1. A schema of hybrid method for Slovak language parsing. 

Both classifiers predict syntactic roles and relations based on morphological 

information (such as POS-tags or lemmas). The base classifier parses all sentences 

given. The additional classifier, oracle, is developed and trained specially for Slovak 

language problematic cases. By experimenting with the base parser and data from 

Slovak dependency corpus, we managed to find sentences, that are problematic for the 

base parser in Slovak (the base parser classifies their syntactic features wrong). By 

training our oracle on this dataset we are able to recognize critical sentence and then 

correct the classification from the base parser. So, in the parsing process, after every 

sentence goes through the base parser, our oracle looks at it and predicts whether the 

base classification was wrong or correct. If it was wrongly classified, the oracle does 

another prediction, based on decision tree model, trained on the “problematic” dataset, 

and changes the types of syntactic relations between tokens. This helps to improve 

classifications from the base parser and to achieve higher accuracy of Slovak language 

parsing. 

To evaluate our method, we use manually annotated data of Slovak dependency 

corpus created at Ľudovít Štúr Institute of Linguistics. A part of this dataset will be 

used for training the base parser as well as our method in a form of a software 

prototype. Another part of the corpus data will be used as a testing set and we will 

compare results from our solution and the results from the base parser alone.  
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Although the text is one of the oldest ways of information preservation and information 

interchange, it still plays the key role in these tasks. In the present times thanks to the 

Internet however there are far easier ways for publishing and spreading textual works 

all over the globe. The only problem of this easy way of information spread is that we 

are often overloaded by information, hence it is almost impossible for us to get only 

the information we are currently looking for. 

Natural language processing (NLP) is the field where we can look up the help. 

There are a lot of issues the NLP can help us with, one of which, little explored, but 

still interesting, is automatic detection and attribution of quotations. Those processes 

can be very useful in many domains since outputted data can be used for additional 

post-processing in a range of various ways. 

The aim of our work is to propose a method for automatic detection and 

attribution of a direct or possibly even an indirect quotations in Slovak texts coming 

from the Internet sources such as newspaper articles. The output of our method should 

consist of a list of quotations extracted from the unstructured input text as well as 

names of their attributed originators. 

We can divide our goal into three smaller parts. First and most important part of 

our goal is to detect quotations in an unstructured input text written in Slovak language 

with as high accuracy as possible. Although this can be seen as a relatively simple task 

to achieve, we have to take into account variability of punctuation semantics as well as 

possible improper use of punctuation characters by author of the text. There has 

already been published several studies about how to accomplish this task with 

relatively high accuracy [2].  Despite related studies are mostly dedicated to English 

languages, they still can be very helpful in several ways for our purpose. 

Because quotation itself is almost meaningless without knowing its actual 

originator, our second "sub-goal" is to attribute detected quote to its proper originator. 

Generally, there are multiple approaches on how to achieve this. The character of the 

                                                      
*
  Supervisor: Marián Šimko, Institute of Informatics and Software Engineering 



90 Text Processing and Search (PeWe.Text) 

input text plays very important goal here, as every method has different accuracy of 

attribution for different genres, e.g. a newspaper article or a novel [1]. 

The last and probably the hardest problem we would like to struggle with is 

detection of indirect quotations – paraphrases. Since there is currently almost no 

related research even for any non-Slovak language on this task, we take this as our 

secondary objective, however, we would like to make at least some progress on it. 
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Unifying various word forms is the first step in understanding the natural language. 

Lemmatization is the process of transforming the word into its root form – lemma. 

Understanding of each individual word is followed by understanding the whole 

sentence and the context of given document. Current approaches in this area are limited 

to knowing either full grammar rules or building the translation matrix from the word 

to its basic form [2]. 

While the former approach is impossible to fully support the fusional languages 

such as Slavic ones, the latter is hard to maintain and needs to be manually updated 

every time new word is introduced into the language. It requires a lot of human input 

and is error prone. 

We have realized that these linguistic rules must be are already captured in the 

natural text. Vector models are capable of extracting these linguistic regularities from 

the text into mathematical vectors. The operation such as vector('king') - vector('man') 

+ vector('woman') results in vector that is close to vector('queen'). Recently the 

word2vec has been introduced [1]. It is capable of training the model using continuous 

bag-of-words and skip-gram architectures even more effective. The input is some 

meaningful text in natural language and the output is list of words and their latent 

vectors. 

Based on the results of word2vec tool we have discovered that not only semantic 

but also morphologic relations are stored in vectors. This allows us to make a query 

‘dogs’ to ‘dog’ is the same as ‘cats’ to which results in the word cat. These regularities 

are shown in Figure 1. 

We propose new algorithm that utilizes vector model of words. The above 

example shows how our algorithm works. We take two reference words, for example 

‘vodníkom’ and ‘vodník’ and try to find similar shift from the input word ‘rybníkom’. 

As the result we are given several words around the word ‘rybník’ which is the root 

form. 
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Figure 1. Relationship between vodníkom and vodník is the same as between rybníkom and 

rybník. 

Our algorithm expects to have small set of those reference pairs to choose from. Then 

we propose several methods of choosing the correct pair. The longest suffix seems to 

be the most reasonable. However we will test also random choosing or choosing the 

semantic related words first. Doing several iterations we end up with many words 

probably around the root form. 

Then we need to filter the correct word.  The words usually differ only in suffix 

and the prefix should remain the same. Although this is not necessary true for all 

languages, it can be applied in many cases for Slovak language. We calculate the 

common prefix divided by average length of the input and each output word. The result 

is multiplied by the distance. This number should represent output accuracy. 

We have tested the algorithm on corpus from SME.sk and Wikipedia. The results 

were not impressive and are heavily dependent on how well the corpus is trained. 

Recently we were given the access to much larger Slovak national corpus which 

outputs much better results. Our next work will include final testing and comparison of 

different methods of evaluation that we propose. 

 

Amended version was published in Proc. of the 11th Student Research Conference in  

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 89-90. 
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There are a lot of Slovak texts on the Web written without diacritic. This complicates 

various tasks related with intelligent information processing such as texts 

categorization or metadata extraction. Text categorization is less effective when 

working with text without diacritics. Extracted metadata from text without diacritics 

may be different than extracted metadata from reconstructed text. Reading text with 

diacritics is more comfortable for users and they miss support tools for diacritics 

reconstruction on the Web. 

The aim of our work is automatic diacritic reconstruction in Slovak texts written 

without it. We assume that words in the text are written correctly and they are missing 

diacritic only. 

The problem of diacritic reconstruction was tackled in [1], where Czech texts 

were reconstructed. Author proposed a method using context. Using n-grams and 

Viterbi algorithm, he is looking the most likely sequence of words. Ľudovít Štúr 

Institute of Linguistics at Slovak Academy of Sciences also proposed method of 

reconstruction for Slovak texts based on context [2]. 

Our method of diacritic reconstruction works in the following steps. At first, for 

each token we will find all its potential ways of diacritic reconstruction. The token is 

first converted to lowercase. We pass the input text after the tuple of tokens and create 

all possible n-grams of n-tuple tokens. All of these n-grams are evaluated using the 

language model. Language model is a model of language that assigns a probability to 

a sequence of tuple words [3]. Language model for Slovak language was created by 

Slovak Academy of Sciences. Finally, we redesign the case of the characters from the 

original text. 

In order to bring advantages of diacritics reconstruction to user of the Web, the 

algorithm will be available as an extension for web browser that its use is quick and 

easy to use. User is able to reconstruct arbitrary selected text. User will select the text 
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that he wishes to reconstruct. The architecture of our application is shown below in 

Figure 1. 

Web Browser

Language 

model

Web server

Diacritic reconstruction application Log file

Figure 1. Architectural design of our application. 

Users who will use our web service as an extension for web browser can be helpful in 

further improving of our web service. When they are not satisfied with any 

reconstructed text they can correct it and send us a log. From provided text we will 

extract new words that are not contained in vocabulary and at the same time we can 

increment language model. 

We hope that our application in the form of web browser extension will be useful 

for users when writing emails or reading some text without diacritic on the Internet. 

Text with diacritic looks more professionally and is more comfortable for reading. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 9-13. 
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In last few years, machine learning has made big progress and majority of approaches 

moved from manually created rule-based systems to data-driven approaches. That is 

also the case for part-of-speech tagging. In this work, we focus on part-of-speech 

tagging in Slovak language. We try to adapt the current state-of-the-art approaches in 

English language, which are based on conditional random fields and achieve 97.3% 

accuracy. We evaluate our approach on annotated dataset obtained from Slovak 

Academy of Sciences. 

The annotated dataset [1] consists of texts divided into documents and sentences, 

which allows us to train a model using the retained context. Sentences are formed from 

tokens - combinations of words and tags, from which we use only the word itself and 

part of speech, and partially their grammatical categories. 

Conditional random fields (CRF) [2] can be used to categorize words into parts of 

speech based on their unique features, context and probability based on weight, which 

represents the chance that a word belongs to a certain pool. These features can be 

created form the word before determining part of speech itself and they help the model 

to decide, which part of speech label to use. They also have the highest impact on the 

accuracy of correct categorization and therefore they deserve our focus. 

The model is working with words and features as mere unique strings. That is 

why, by preprocessing a single word, we can generate additional valuable features. In 

this work we use combinations of following features: 

 Prefixes and suffixes 

These are substrings from the beginning and end of the word respectively, ranging 

from length of 1 character up to 3, because further they have little or no effect on 

the tagging accuracy. Suffixes have greater impact on determining the part of 

speech, because in Slovak language there are many examples where we can 

assume part of speech based on the ending, such as a word ending with character 

"ť" is most likely a verb. 
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 Words in lowercase 

Because uppercase characters are not equal to lowercase characters in string 

matching, we transform words into their lowercase equivalents and use additional 

feature, which represents whether the first character of word is uppercase, the 

word is assembled fully or partially with uppercase characters, or using purely 

lowercase characters. 

 Vectors of words 

We also want to include feature vector representation of words to find words, 

which have closest relationship with the labelled word. This may greatly improve 

chances to correctly categorize individual words. 

In this project, we evaluated the current state-of-the-art method commonly used for 

English language and adapted it for Slovak language. So far we have shown, that with 

correctly trained CRF model with simple features, we can achieve almost 93% 

accuracy for Slovak language. This accuracy is showing, that a non-dictionary method 

is usable also for Slovak language and also that the accuracy is high enough 

considering the simplicity of features used, which may be improved in the future by 

tweaking the features or bringing more complex solution alongside the CRF. 

Presented POS tagger has tendency to be expanded with new methods, which 

would help in understanding new features. This work mainly focused at verification of 

fact that CRF model may be effectively used for Slovak language, while using simple 

features. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 83-88. 
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The novice researchers often conduct an exploration of a new domain and search for 

the state-of-the-art which is a prime example of the exploratory search [3], because it is 

an open-ended search task that starts with ill-defined information needs which can 

change over time as the novice researchers get more acquainted with the domain.  

We have proposed a method of exploratory navigation using the navigation leads 

in the abstract or a summary of a document (see Figure 1) that help the novice 

researchers to filter the information space. For the term to be selected as a navigation 

lead, it should be relevant for the document in which it is identified as well as reflect 

the information subspace that is covered by the lead. We denote the latter as 

navigational value of the term. In the process of its computation, we employ clustering 

using LDA (Latent Dirichlet Allocation) [1]; the information subspace is thus 

represented by a cluster that the document, for which we identify the lead, belongs to. 

 

Figure 1. Visualization of navigation leads directly under the text of the abstract of a document. 

We have conducted an experiment with the data from a web-based bookmarking 

system Annota [2], which is currently used as a personal digital library by 275 users, 

out of which there are 248 students and 27 research and teaching staff. We have 

compared the resulting clusters when using different sources of keywords (document 
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content, abstract, author-added and user-added keywords) by a standard measure of 

perplexity. We have found out that the keywords from the whole content as well as the 

user-added tags are the best; the author-added keywords, on the other hand, the worst. 

The results also suggest that the clustering approach can be used to assess the 

navigational value of the terms (lead candidates), since the resulting clusters are able to 

cover different topics in the documents and the terms representing the topics are 

descriptive and relevant for the topics (after removing the domain-specific stop words). 

We have designed a user study in Annota in order to evaluate the proposed 

method of exploratory navigation and the leads selection during real search sessions. 

The task of the participants will be to get themselves acquainted with a new domain 

using our proposed method of exploratory navigation with and without considering the 

navigational value of the terms. In order to compare the results, we will use the metrics 

proposed in [4], namely coverage of the documents, likelihood of their discovery by 

the users as well as their perceived relevancy. We hypothesise that the participants will 

be able to cover more documents when considering the navigational value of the terms 

and will find more relevant documents with higher probability. 

We also plan to analyse the number of read documents and abstracts. For this 

purpose, we want to use an eye-tracker which will provide us with additional valuable 

insights how the participants interacted with the tested interface (with the help of the 

metrics, such as time to first fixation, fixation duration, time to first click after the 

fixation, etc.). It will allow us to analyse the cognitive load of the participants when 

working on the task as well, based on their pupil dilation and other measurable 

physiological responses. 

The main contribution of the proposed approach of exploratory navigation is in 

consideration of the navigational value of the term when computing its relevancy. In 

addition, it combines the depth-first navigation with wider exploration, because it 

considers also less relevant topics (clusters) that are associated with the documents. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 195-202. 
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Extraction of pure text from web pages is the first step for successful analysis and next 

processing of web page content. Pure text of web page can be useful for 

recommendation or search systems. It can be displayed on mobile devices, which 

haven’t enough space on display for extensive information. These days, extraction of 

pure text from web pages is a nontrivial task. Each web page can have different 

structure and content. Web page developers insert to their web pages elements, e.g., 

advertisement, navigation bars, header or footer, which aren’t from the information 

value point of view necessary useful for users. 

Our work is based on the approach Content Extraction from Web Pages Based on 

Chinese Punctuation Number [1]. This approach is based on observation that large 

number of punctuation is in main content, especially full-stops. Nodes of web page 

(node is some HTML tag) are evaluated by full-stops count and ratio of ASCII text and 

anchor text of node content. Method can extract only text in Chinese.  

We extended this approach by using punctuation, which is used in Latin 

languages (as Slovak, English etc.). Because of this, we computed statistics of 

punctuation occurrence in these languages, to confirm the punctuation location on web 

pages. Compared to referenced method, we found that intensity of full-stops 

occurrence in main content isn’t so high. The most frequent punctuation char in main 

content in Latin languages is comma. Because of this, we switched from full-stop to 

comma in our approach. Our first improvement of referenced method is the usage of 

punctuation, which mostly isn’t in main content. Based on our experiments and 

statistics, we found, that anchor full-stops and anchor commas meets the requirements. 

For node evaluation we use the following equation: 

 

where CS refers to Commas Sum, CL is Content Length (of node and without HTML 

tags), ACL is Anchor Content Length and ACFL is Anchor Commas and Full-stops 

Length. Power of parameters indicates importance of the parameter. After evaluation 
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of all web page parts, any part of the web page, which has score above the average is 

preliminary extracted as main content.  

In proposed approach, the part of webpage represents HTML tag DIV. For DIV 

evaluation and text extraction, we take only text, which is directly in the DIV (no in 

child DIVs). In this way of evaluation DIVs we obtain better results. 

The second improvement of referenced method is position control of preliminary 

extracted DIVs in web page tree hierarchy. Key part of this process is direct parent of 

DIV with best score. If some other preliminary extracted DIV isn’t anywhere in direct 

parent tree hierarchy, then is ruled out of final text extraction. Otherwise content of 

DIV is extracted as the main content. Process of searching direct parent of best 

evaluated can fail due to difficult string comparing. In this case, all parts of web page 

with score above of average are selected as main content. This, second part of our 

method is helpful, when the web page has a lot of not anchor advertisements or 

copyrights around main content. 

Proposed approach focuses on web pages with some coherent text (news etc.). We 

expect comparable and better results than referenced method in Chinese. Among other 

datasets, for experimental testing we will use part of dataset, which has been used by 

authors of CETR [2] method. 
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User modelling includes modelling various different characteristics like user goals, 

interests, knowledge, background and much more [1]. However, evaluation of each of 

these characteristics can be very difficult, since every user is unique and objective 

evaluation of each modelled feature often requires huge amount of training data. That 

requirement cannot be easily satisfied in public research environment, where personal 

information is too confidential to be publicly accessible. In a common research 

environment, we are confronted with training the model on only a small sample of 

data. It mostly requires humans to evaluate the model manually, which is often very 

subjective and time-consuming. 

We liken the problem of personalised keyword extraction problem to document 

categorisation. We consider users as being different category labels and web pages 

visited by user as documents labelled by the respective label. By extracting 

personalised (discriminative) keywords for each document, we can easily infer user 

interests by aggregating document keywords contained within the web browsing 

history of the respective user. We examine a novel approach to quantitatively evaluate 

user interests by formulating an objective function on quality of the model. To 

accomplish that, we make several assumptions: 

 User is interested in all visited web pages in their web browsing history. 

 We can represent each such visited web page by a set of extracted keywords to 

represent user interests that made user to visit that particular page. 

Since every user tends to be unique in their interests, we focus on user interests as a 

discriminative factor between different users. We formulate our objective function to 

propagate more discriminative (possibly unique) interests, which are supposed to be 

more informative than the generic ones. Another view on this formulation is that given 
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a particular domain of interest, we are interested only in such user interests that can be 

used effectively to provide the user with personalised content or services. 

Our keyword extraction method [3] does not rely on any externally supplied 

human-labelled semantics. Instead, it uses distributed representation of words, where 

each word is represented by a vector of latent features that contain semantic and lexical 

information [2]. Word feature vectors have been already proven to improve results of 

many NLP tasks. They are assumed to possess an important property that regardless of 

the task we want to use them for, we can learn them in advance without any prior 

knowledge of the task. We want to broaden the spectrum of application tasks and 

propose to use the feature vectors to extract keywords. Our goal is to obtain highly 

discriminative representation of each document. Our assumption while doing so is that 

we care only about the descriptive words that discriminate categories or topics within 

our working domain. We are not interested in generic words that define the domain as 

a whole, since we know we are working in that particular domain and therefore it does 

not have any real information value for us. Since the extracted keywords are 

personalised (discriminative) and thus reflect user interests local to given web page, 

using the distributed representation we can easily aggregate these words and calculate 

global user interests. 

We also take advantage of having feature vectors for each word and simplify the 

representation of a document from a list of keywords to a single feature vector. This 

helps classifiers, since it transforms variable-sized list of keywords into the feature 

vector of fixed size, so we always have a reasonable number of input features to be 

used in training. It helps mostly in cases when the number of keywords is very small. 

By developing an automated evaluation method, we can assess the quality of user 

models on much larger scale, since we are no more dependent on leveraging manual 

assessment. The proposed quantitative evaluation method may have a big impact on 

user modelling research. By automating evaluation, the development of new methods 

and models can progress at much higher speed. That means that researchers can make 

more iterations to improve both their user modelling methods and the user models, 

which may result in bigger and faster research improvements in the field of user 

modelling. 

 

Extended version was published in Proc. of the 11th Student Research Conference in 
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As a part of the development and testing phase of game development, different 

prototypes of the game are being produced and subsequently tested for various 

qualities that the developers aim for – general usability of the game interface, 

performance, or just the plain entertainment value of the game. Playtesting[1] is a 

popular methodology used to evaluate certain properties of a game. During playtests, 

the object of evaluation is the experience of the players itself. With a particular 

gameplay feature in mind, the playtesting players are let to interact with the game as 

naturally as possible. However, playtesting does have shortcomings. It is disruptive to 

the player, so we can no longer tell, if we are measuring the exact experience real 

players are going to have with our game, and it is also incapable of collecting all of the 

information about the player experience. 

The objective of our method is to provide an additional source of feedback from 

playtesting, which diminishes the aforementioned shortcomings when integrated into 

the playtest. Our method is based on implicit feedback, namely gaze tracking, thus, it is 

less disruptive for the player and uses a different source of information about the player 

than just the observation and the explicit feedback. 

We propose Learning Case Mining as a method to be used for evaluation of the 

gameplay learnability. Learnability is especially crucial for games, because in order for 

games to be entertaining for the player, the player will have to be able to get a quick 

grasp of the basic game mechanics a dynamics. Learning Case Mining is to be used 

during the development and testing phase, simultaneously with common playtesting. It 

requires a testing device equipped with gaze tracking equipment and software.  

Learning Case Mining is based on the principle, that each playtest has a 

hypothesis in the form of one or more game mechanics or dynamics, which need to be 

tested for whether the players get the grasp of them while the play. Therefore, game 

designers are capable of describing the interaction, in which they plan the player to 

learn a certain game mechanic/dynamic. This type interaction is called a learning case. 
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To use our method, the game designer creates a model of the learning case 

describing the expected player behavior. We formally model learning cases as activity 

diagrams (see Figure 1). 

 

Figure 1. Sample learning case for a platforming game. 

In the next step, the learning case is compared with the playtest data describing the 

actual behavior of the players during the playtest. Our method finds a behavior that 

was the most similar to the learning case prescribed in advance, finds the differences 

and aggregates the results with other players.  

As the metric for comparing learning cases with playtest data, we transform 

learning cases into a set of possible pass sequences and use the number of operations of 

a modified version of the Damerau-Levenshtein distance[2]. 
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In our research, we propose a method for reading detection from gaze data. Eye 

tracking devices provide irreplaceable information about a user's gaze. An important 

part when working with web educational system is the information about the extent 

with which the user is interacting with the environment. We can distinguish the 

following conditions: whether the user is present; whether the user is watching; 

whether the user is reading; whether the user is learning. These tasks relate to each 

other and are gradually shifting the level of complexity to the problem of detecting 

reading and determine the status of learning. Our algorithm takes into account user’s 

fixation data and maps their coordinates onto single word elements. These are then 

processed with respect to their relative word distance. Rule-based solution works by 

considering the sequences in the order of their occurrence. Unlike studies that calculate 

distance in points that eyes moved around the screen, we consider the distance of 

words in the vector. 

Whilst existing solutions are based on tracking user behavior using peripheral 

devices such as mouse and keyboard [1], actual options offer us direct tracking of user 

gaze and focus block of content on the website. Thus, it can improve the accuracy of 

the information in the user model.  

One of the first uses of reading detection was tracking the reader's interest in 

levels [3]. Number of readings of the word suggests its importance in understanding 

the text. Tokens that correspond to individual actions were defined. Due to gaze 

movement and direction, the performed actions were rated and the amount of the 

accumulated points determined whether it is read or only scrolled through the text.  

A newer method is reading detection method independent on content [2]. The 

detection is performed on the basis of the characteristics observed saccades of the eye. 

It compares the information about the speed and direction of eye saccade. It determines 

whether it is a reading comprehension, or passing the text by using SVM classifier.  

Along with information of interaction with the words we create a vector model for 

user content within a domain. Document Reading Model represents all instances of 

scanned words with records of properties and characteristics of the current session. 

                                                      
*
  Supervisor: Marián Šimko, Institute of Informatics and Software Engineering 



108 User Experience and Implicit Feedback (PeWe.UX) 

These contain the calculated value of the reading interest for single words along with 

the total number of fixations and length of viewing words. The obtained information is 

used to analyze user's reading and possible adaptation. 

By viewing the text as a continuous vector of words, which the reader is trying to 

understand, we can still analyze fixation, eye saccades and their derivatives, and it 

allows us to separate from the spatial information.  

Each word is stored in its original sequence in the list with attributes for each 

word, creating a model. Since reading is a sequence of successive fixations, the 

proposed algorithm is based on increasing the variable of user interest. 

We consider the following variable of reading interests (RI), which maintain the 

current state of reading intensity. The sequence of fixation determines the variable 

growth, or penalty. While reading nearby words, RI is increasing and marking passed 

words with actual RI value. Variable storing Updating value (UV) indicates how the RI 

will change due to activity among words. The base value will be further selected 

according to results from experiments, but it is based on the level of words approach, 

so it is subtracting the position index of the current word and the previous word in the 

vector, to determine the specific distance between words. 

In order to evaluate our detection method, a user study with volunteers was made. 

To obtain a dataset of user sessions we chose eight articles written in popular science 

style, containing 313 words in average. Articles are drawn in paragraphs, where from 

each we deduce issue mapping the content of paragraph. We use Tobii TX300 Eye 

Tracker with Tobii Studio software for collecting gaze data. This device provides us 

with approx. 850 000 gaze data rows per user session. 

Detecting genuine reading is a challenge and a prerequisite for accurate modelling 

of the user, e.g. in adaptive systems. This paper provides insight into the current state 

of research and using of the eye tracker to detect reading.  

 

Extended version was published in Proc. of the 11th Student Research Conference in 

Informatics and Information Technologies (IIT.SRC 2015), STU Bratislava, 163-168. 
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The process of teaching new knowledge, whether in social sciences, natural sciences or 

engineering, meets regularly with many pitfalls that must be overcome to successfully 

adopt new information. Among one of the main problems with absorption of new 

knowledge, we can include insufficient student motivation to learn. Therefore, except 

the classic ways to motivate students to learn the new material (reward and 

punishment), we can use the method that encapsulates the learning process in a more 

attractive and especially more entertaining form – in games. 

For a long time games have been used in the learning process. This can be seen in 

the kindergartens and primary schools, where games take the form of different musical 

and kinetic activities. In recent years, computer games have been promoted in the 

educational process. This is mainly due to the advent of computerization of schools, as 

well as by increasing the public awareness of the need to familiarize children from an 

early age with commonly used technologies. In this way the new education sector 

opens up new opportunities to teach students new and old learning material anew in 

interactive form. 

Poor motivation of students can be also seen at colleges and universities. The 

technically-oriented of these, e.g. FIIT STU, try to prioritize programming courses in 

the early years of study. Teaching programming languages at FIIT STU in the first 

years of undergraduate study has received increased attention. During the first three 

semesters, students meet with five compulsory courses, whose main task is to learn and 

improve student’s skills in selected programming language such as C and Java. 

Because C language is the first programming language with which students at bachelor 

level study meet (and which will be used throughout the entire study), it is extremely 

important to overcome to successful continuation of the study mastered at least its 

syntax, basic commands and good programming practices. Due to recent statistics of 

success in programming courses, more than one-third of enrolled students fail to pass 

the course Procedural programming and a quarter of the remaining students fail the 
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subsequent course on Data structures and algorithms. It shows that approximately half 

of the accepted students for undergraduate study do not acquire the essential basics of 

the C language during the first three semesters of study. 

In our project, we try to answer the question how to support and enrich teaching 

of C language in order to increase completion rates in the above-mentioned 

programming courses and thus the knowledge and skills of students to create programs 

in C language. Researchers in recent years examine options to make the process of 

online learning of programming languages more attractive to students. Insufficient 

level of student’s motivation, which stands for their poor academic results, can be 

according to undertaken research successfully increased by the enrichment process of 

learning by games and game features [1, 2, 3]. 

In our work we explore the area of existing solutions using games as a tool to 

support online learning in educational systems. We analyze the effectiveness of online 

learning and games compared to traditional teaching methods. We are working on a 

method to support online learning using games and improve the current process of 

teaching programming at the faculty. The proposed solution will be evaluated using a 

software prototype – a game developed to encourage the learning process in the basic 

programming in C. 
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Evaluating expertise of developers is critical in software engineering, in particular for 

effective code reuse [2]. In a software company, technical and expert knowledge of 

employees is usually not represented in a unified manner and it is difficult to measure 

or observe directly. The level of developer’s expertise is problematic to 

determine/estimate automatically. For example, in order for the developer to 

demonstrate expertise with a particular technology (e.g. software library) we need to 

administer a test. However, there is often a problem to motivate developers to 

participate in a test, and additional different developers often have different standards 

for judging the degree of expertise. Therefore, our steps are based on the automatic 

estimation of the relative expertise with the consideration of other developers and to 

compare them with each other in the company. 

Our new idea is to estimate developer’s expertise automatically based on 

monitoring his or her working activities during coding in integrated development 

environment (IDE), analyzing and evaluating the (resultant) source code he or she 

creates and commits to local repository. By applying our approach we are able to 

observe and evaluate different indicators. For example, we can distinguish a developer 

who often copies and pastes source code from an external source (Web). Source code 

contributions of such developer can be relative to the software project, moreover, it can 

reveal a reason of his frequent mistakes or low productivity in comparison with other 

developers. 

The heart of our approach to developer’s expertise modelling is a structured 

domain model. A software system can be viewed as a body of knowledge decomposed 

into a set of fragments called conceptual concerns. In software domain conceptual 

concerns of a software system refer to main technical concepts that reflect business 

logic or domain of the system [1].  

Our developer's model overlays a domain model of the software system. It stores 

information for estimating his or her expertise related to particular concerns. In other 

words, we say that developer's familiarity (expertise) with a software system or its part 
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is related, layer to layer, to the concerns of the software system (part), producing the 

developer's expertise model. 

The developer's model is gradually modified when the overlay model receives 

information on developer's interaction captured in an interaction model. The 

interaction model represents and defines the interactions between a developer and 

concerns at a level of source code entities. The data stored in the interaction model are 

used to infer developer's characteristics. Concerns can be automatically extracted using 

statistical topic modelling techniques adapted to software. Such techniques can be used 

to approximate software concerns as (latent) topics.  

The domain model of a software system consists of metadata layer and topics 

layer. It represents conceptualization of resources that are modified, created and 

(re)solved by developers. The proposed developer's model overlays the domain model. 

That is, developer's characteristics are related to domain model elements that are in our 

case metadata elements and topics, respectively. The characteristics are gathered at two 

levels, namely, developer's personal and inferred characteristics, and relationships 

characteristics.  

The developer’s model is gradually modified through an interaction model. 

Relationships between the developer and the domain model elements are created based 

on developer's interactions with corresponding resource elements. Data stored in the 

interaction model are used to infer developer’s relationships characteristics. Separate 

developer's model is instantiated for each particular developer of a software system. 

The model is used to estimate developer’s expertise at the level of topics [3, 4]. 
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Everyone’s daily activity is gradually more and more being supported on the Web, if 

not entirely performed through its means – it includes everything from grocery 

shopping, through education, employment, communication, learning, to entertainment. 

An adaptive system is a system “which can alter aspects of its structure, functionality 

or interface in order to accommodate the differing needs of individuals or groups of 

users and the changing needs of users over time” [1] and in fact, such aforementioned 

systems supporting each and every aspect of human daily activity are starting to 

become adaptive or becoming even more adaptive than before. 

Any web system firstly needs knowing the individual users through their actions 

in order to facilitate the adaptation. In our work, we focus on observing, logging, 

analysing and utilizing both implicit and explicit user feedback both within the 

boundaries of a web based system, e.g. an adaptive learning system, and on the open 

Web across heterogeneous systems. Apart from explicit feedback questions presented 

to the user at the appropriate moments during his or her work as a means for obtaining 

better and more extensive explicit evaluations, and apart from focusing on the lowest 

level of implicit interactions – individual fragments of web documents, one particular 

area of our research lies in observing user’s movement across web pages – the parallel 

browsing. 

The parallel browsing is also called tabbed browsing or simply tabbing based on 

the mechanism most commonly used for having multiple web pages opened at once – 

the tabs, which prevail over using multiple windows – and as such, it represents user 

actions on the Web more accurately than simpler, linear browsing models, where each 

page visit is considered to replace any previously visited (most recent) page. Users 

actually perform tabbed browsing in a multitude of scenarios, including [2]: keeping 

bookmarks of pages opened in tabs to read later, comparing multiple pages, looking for 

information amending those presented on the current page, pre-loading multiple pages 

(e.g. search results), or even using tabs as to-do lists. 
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Before we can analyse and model this behaviour [3] and use it for means such as 

modelling the user, improving domain models, or recommending resources to users, 

we need to observe and capture it. There is an important trade-off between using a 

script embedded in web pages served by a single web application (or a group of web 

applications) and observing users’ web browsers seeing their every move across any 

web application, not only those application that we control. 

In the former approach, using the tracking script, such as those we described in 

[3], we can easily observe every user of our web application without any additional 

engagement from their side, but only the visits to, and switches between, those pages 

stemming from a limited set of sites is observed. Nevertheless, it can still provide 

valuable information about user’s movement within the observed web application and 

we previously used this approach to recommend learning objects relevant to questions 

or exercises being currently visited in an ALEF adaptive learning system
1
. 

The latter approach, observing the user’s browser, for example through an 

extension
2
 in a way we described in [4], we see user’s every step across various web 

applications, even when the user leaves our web application to look for additional 

information in other web systems, but we see only actions of a limited group of users 

who choose to participate in the study by installing a browser extension or installing 

modified network settings to route their traffic through logging proxy. However, a web 

application which we control, such as the aforementioned learning system, can be used 

as a primer for user base to voluntarily participate in a browsing study [4] by 

motivating its user base to install a tracking extension. We previously used such data 

for automatically enriching learning content with links to external resources. 
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An important part of software development is properly designed user interface, because 

poor usability is not tolerated by users who simply choose another application, 

especially in web applications. Users should be able to interact with application with 

ease, regardless of level of complexity of the application logic [1]. The best way how 

to determine level of usability in an application is user testing with real users, because 

it provides direct information about how people use application and it shows to us 

problems with the specific interface being tested. There are several usability methods 

that can be used to obtain data from testing. We can use this data to identify usability 

problems in interface design and then developers can perform the necessary changes in 

interface design [3]. 

On the other hand user testing is time and money consuming, therefore our effort 

is to obtain as much information as possible from users. Now we can use eye tracking 

to obtain more information on what draws the attention of users or where the users 

search for information in application. Eye tracking is technique which record eye 

movements while user is looking at stimulus. The eye tracking is an appropriate 

usability testing tool because of eye-mind hypothesis, which infers the link between 

what a person is looking at and their cognitive activities [2]. 

We can obtain a large set of data from eye tracking during usability user testing, 

but an analysis of these data is extremely time consuming, because there has not been 

established correlation scheme to link eye tracking patterns to specific usability 

problems [1]. At the present time analysis of patterns is based on subjective opinion 

and interpretation of individual evaluator. There exist a few studies which try to map 

eye tracking metrics or patterns to specific usability problems, but at the end they still 

need experts to analyze results [4]. 

In our approach, we are trying to design method which will automate process of 

evaluating data from users testing with eye tracker. We will aim our research on web 

applications and if it will be successful we can extend our method on other 
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applications. We will probably combine eye tracking metrics with other metrics like 

key or mouse events etc. By this time we do not have chosen a specific type of method, 

but we cogitate about several potential methods how to automate process of evaluating 

data from eye tracking. One way is to use eye tracking patterns, which are collected in 

literature. We will search these patterns in eye tracking data combined with other 

metrics and then map on specific usability problems. Other approach  is to use machine 

learning to analysis data and extract information about usability problems.  

The forthcoming step in our research is to conduct usability test with real users. 

We will focus on learnability of websites which are daily use by many users like 

websites of telecommunications operators. We will try to cover users with different 

characteristics which are relevant to our research. The data will consists of eye tracking 

data and mouse events or key press events and complemented by post test 

questionnaire. The design of experiment is only initially and we are working on details 

of experiment now. The main reason of conducting this experiment is to obtain big set 

of data on which we can test our theories and methods of automatic evaluation of data 

from usability tests with eye tracking. Furthermore this data can be useful in other 

related researches. 
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Implicit feedback can provide us with information that we can use to help us evaluate 
online questionnaires. Using this information, we could eliminate number of necessary 
explicit feedback and we can better evaluate the results. This would allow us to 
simplify the questionnaires and also improve the result quality. Explicit information 
from the user may be incomplete or misleading. This is currently being dealt with 
using complicated questionnaires and forms asking the same question multiple times 
differently, to avoid getting misleading information. 

 

Figure 1. Example of how is pupil dilation measured. 

Using implicit measures as pupil dilation, eye-tracking, galvanic skin response or skin 
temperature, we could predict if user is trying to deceive us or is lying to us. Using 
these implicit measures from the users when filling out online questionnaires would 
allow us to eliminate the number of the questions needed to ensure the needed quality 
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of the results and also would significantly improve the results of the questionnaires by 
eliminating deceptive and false answers from our result set. 

Deceptive behavior cam be cognitively difficult. Therefore using implicit 
measures to measure cognitive load can be useful for our work. One of the measures 
that can indicate cognitive load is pupil dilation (shown in Figure 1) [2,3] It has been 
shown, that pupils of a sender when sending deceptive message dilate and they dilate 
more with bigger deception. [1] However, pupil dilation can be affected by many 
factors, such as temperature, light or stress and it cannot differentiate between visually 
and cognitively demanding tasks [3]. Therefore there is need to apply other measures, 
that can help us with user state specification. 

One of these can be blink rate. Blinking can be also indicator of increased 
cognitive effort [4,5]. Another measure is gaze tracking, but it is not so easily classified 
and is highly dependent on the situation of the experiment [5]. It is not only dependent 
on how are the question asked, but also on the situation that the subject is put in. 

We will be collecting mentioned implicit feedback from users, while they will be 
filling out online questionnaires, like big five or others. These questionnaires will be 
setup according to available research, so that the external factors will affect the 
collected data as little as possible. 

Collecting implicit measures mentioned sooner we can accumulate data from 
users. These data than can be used as input to our method, that will try to classify it and 
determine if user is trying to be deceptive. 

We will also try to classify the effectiveness of individual measures, so that they 
can be used separately if needed. 
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Interactive problem solving or playing interactive games is as old as computers 

themselves. In past few decades, computer games rooted themselves into the modern 

culture so deep, that it is hard to imagine world without them. 

For years, games were considered to be only means to waste our time that do not 

enrich our lives, not unlike a lot of 'reality' shows nowadays in television. But research 

shows us now, that computer games can be more than that. Desire to play games we all 

know from our childhood were evolved as means to improve our skills, gain 

experiences and prepare us for life in fun and harmless way. Computer games can do 

the same. In 2007, a study demonstrated that surgeons who play video games at least 3 

hours per week do fewer mistakes during laparoscopic surgery. 

In our work, we aim to get better understanding of game-play and strategies 

player can develop during playing a video game. For this purpose we chose puzzle 

game called 2048. This game was created in 2014 by Gabriele Cirulli and became very 

popular almost instantly. 

2048 is played on a 4×4 grid (Figure 1), with numbered tiles that slide to four 

sides when a player moves them. When player makes a move in a direction, every tile 

on the grid slides as far as possible in the chosen direction until they are stopped by 

either another tile or the edge of the grid. If two tiles of the same number collide while 

moving, they will merge into a tile with a new value that is the sum of the two tiles that 

collided. The resulting tile cannot merge with another tile again in the same move. 

Every turn, a new tile will randomly appear in an empty spot on the board with a value 

of either 2 or 4. 

For this study, we created version of this game that captures every players’ move 

and grid layout at every moment during game-play. This data allow us to analyze 

game-play itself and discover patterns player developed during multiple sessions. 

The latest version of the game is now available for general public at 

http://2048.stibila.eu. 
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Figure 1. 2048 example game. 

Our next step is to include eye-tracking system into our game, so we can capture not 

only the game state at any given time, but also coordinates of player’s gaze focus on 

the game board. This can help us better understand what is going on in players’ minds 

when they play the game. 

We will also examine correlations between player behavior and personal 

characteristic, such as age, gender and preferred video game genres. 
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In concrete situations, the behavior of people is quite similar [1]. The context, which is 
very important, is composed from different characteristics of the being and the 
environment. The being behavior is based on this context. If we focus only on some 
aspects of people’s behavior, we can split people into groups, in which we are able to 
predict user’s behavior and user’s next steps.  

In this thesis we discuss behavior of people in web application and also the most 
important metrics and characteristics of the behavior. We discuss possibilities in 
measurement of user behavior in web application, the best metrics and their 
information value. We put to use advanced artificial intelligence algorithms. 

In former work there are discussed patterns in sequence of visited pages [2]. We 
think than in current situation, with better data and algorithms, we can find much more 
than that.  

User behavior in application is measured by scripts. We measured visited pages, 
time spent on page, interest in products, exit page, hour of the day, channel by which 
visitor came to our application and lots of other metrics about every visit. The 
application is bank information site and internet banking. We measured behavior of 
~250 000 people.  

These data are then joined with data from internal database, which contains age 
and sex of the registered visitor. This approach can make final model more precise [3]. 
After cleaning and depth understanding statistics about data, we proposed to use 
singular value decomposition (SVD) for finding the correlation between metrics and 
their information value.  

After cleaning and reducing amount of data through SVD, we try to use support 
vector machines (SVM) to cluster data. After clustering and finding the best amount of 
clusters, we want to build model through association rules. 

The goal is to predict user’s behavior. First step to this is to find what the 
common use of the application is. Then we can explore behavior of the users, which 
use our application often. Finally, we want to be able predict characteristics of new 
user and his behavior in application in future.  
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Figure 1. Process of building model of user behaviour. 
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Focusing on a single task is very difficult. We are surrounded by all kinds of 
distractions and we seek for distractions to run away from task that are boring, 
unpleasant or too hard to accomplish [5]. The distractions are though rapidly lowering 
user’s effectivity. The user just occasionally return to his work immediately after the 
distraction occurs. It is also hard to him to recover his workspace and continue where 
he stops [2]. 

Act of running away from work is called procrastination. Among specific self-
defeating behaviors, decisional procrastination was related to failing to complete 
crucial tasks, inciting anger in others, and rejecting good-spirited others. Behavioral 
procrastination was related to failing task completion, rejecting well-minded others, 
feeling guilty after a positive event, and choosing handicapping situations [3]. 

There are many possible ways to lower procrastination. Procrastination may be 
caused by low self-esteem [3], therefore motivating user to complete task by raising his 
belief in his abilities may be very effective. Research showed that also a simple image 
reflecting amount of wasted time raises user’s productivity and self-control [4]. 

Giving proper feedback to user is however a difficult task. We need to not distract 
user and also to give him the best personalized advice to bring him back to productive 
activity. Inappropriate way would lead to either distracting user even more, annoying 
him or disabling the recommendations. Studies showed that when users are confused or 
frustrated, high-interruptive feedback is more effective. The cost of not viewing the 
feedback is likely to be a negative affective state. On the other hand, when users are in 
flow, non-interruptive feedback might be preferred. 

To monitor amount of user’s procrastination we need firstly to evaluate which 
actions are related to work and which are not. Many applications are using black-list 
and white-list to classify the applications. However, it is impossible to specify all the 
applications in a list, therefore use of white-regexes and black-regexes improves the 
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classification. This classification is still not sufficient. In the experiment [1] use of text 
mining approach raised significantly success-rate of identifying applications. 

The same applications may have a different purpose for the different users. If 
someone is working in an application, the other one may be just wasting his time in the 
same application. Because of this fact, another approach that evaluates user’s flow may 
give more precise and personalized results. We can evaluate user’s flow by analyzing 
his click-rate, scroll-rate and other implicit indicators. However, research demonstrated 
that flow is highly correlated with procrastination only if it is connected through 
problematic internet use [5].  

Last, but not least technique is user’s eye analysis. Using eye-tracker we may find 
out changes in user’s saccade and also speed of change of location user is looking at. 
Combining with posture analysis we may be able to tell if user is focusing on a task 
and with high precision we may tell if user is distracted. However, this analysis 
requires annotating of high amount of captured data. These annotated data may be also 
used for machine learning. We may try to learn meaning of captured user’s actions 
(e.g. click-rate, scroll-rate) and tell which actions are related to procrastination and 
which are related to work. 
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Knowledge of programmers expertise in a software house environment is usually 

utilized to effective task resolving (by identifying experts suitable for specific tasks), 

better forming of teams, effective communication between programmers, personalized 

recommendation or search in source code, and thus indirectly improves overall 

software quality. The process of modeling programmer’s expertise (building the 

knowledge base) usually expects on its input some information about programmer’s 

activities during software development such as interactions with source code (typically 

fine grained actions performed in an IDE – integrated development environment), 

interactions with issue tracking systems and revision control systems, activities on the 

Web or any other interaction with external documents. 

In our research, we focus on modeling programmer’s expertise using software 

metrics such as source code complexity and authorship. We assume that programmer’s 

expertise is related to complexity of the source code she is interacting with as well as to 

a degree of authorship of that code. By considering both metrics we intend to find 

answers for these questions: 

 What is the programmer’s familiarity of a software component? Is it affected 

more by programmer’s degree of authorship or her readonly interactions (like 

trying to understand desired code, hence complexity) with it?  

 Who works on common library APIs and who just uses them, i.e. are we able to 

distinguish software architects from business logic programmers? 

There are several approaches to model programmer’s expertise of which most are 

based on a simple heuristic – Line 10 Rule [1]. On the other hand, more sophisticated 

models exist such as Expertise profile [1]. Expertise profile is designed to distinguish 

between programmers who create methods and who call them, it is a composition of 

Implementation expertise (i.e. programmer’s authorship degree) and Usage expertise 

(i.e. programmer knows which method to call and how to call it). Degree of knowledge 
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model [2] is a similar solution which takes degree of authorship and degree of interest 

into account. The degree of authorship is a combination of “first authorships” (first 

emergence of code by original author), deliveries (changes to the code by the original 

author) and acceptances (changes by others) and represents long term knowledge of the 

component. The degree of interest reflects component selections and edits, and 

represents short term knowledge. In case of source code complexity we have not fully 

explored the possibilities of its utilization and measurement. We believe that 

approaches based just on LOC (lines of code) metric or its variations can be further 

improved, e.g. by static analysis of the source code. Our idea is to explore alternative 

approaches like weighting AST (abstract syntax tree) nodes or call graph based 

metrics. 

In comparison to the existing approaches we intend to focus more on modeling 

programmer’s knowledge from her interactions in an IDE. An extended analysis [3] 

shows us that programmers interact with source code in many different ways and hence 

we may improve our expertise model by taking interaction types or patterns into 

account (e.g., who uses advanced refactoring tools on some code probably has 

significant knowledge of it). However, the foundation of our expertise model will be a 

combination of source code complexity and authorship degree primarily derived from 

programmer’s interactions in the IDE. 

We are continually implementing our solution as an extension to Eclipse IDE 

since the Eclipse platform is easily extensible and has rich possibilities for user 

interaction tracking. We plan to evaluate our research on data from academic 

environment or (preferably) real software house environment. 
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1 Motivation 

Experimental evaluation represents one of the most important phases of our research 
projects as it confirms (or sometimes unfortunately also rejects) the proposed methods or 
solutions. All members of our PeWe research group realize how important is to design 
and conduct a good experiment. It is not, however, always easy, especially in cases when 
a larger group of human evaluators is necessary to participate in the experiment.  

Encouraged by the enthusiasm, great results and positive feedback from 
experimenters during the experimentation sessions at the Spring 2013 PeWe 
Workshop [1] and Spring 2014 PeWe Workshop [2], we decided to continue in this 
tradition and organize another experimental session also this year. The aim was to 
connect the experimenters with potential participants (other PeWe members) and create 
conditions for the experiments to be successfully carried out. This way, the experimenters 
could have gained preliminary results and useful feedback that will hopefully help them 
to prepare larger experiments and finish their theses with outstanding research results. 

2 Experiments 

The third experimentation session during the Spring 2015 PeWe Workshop consisted of 7 
experiments that together resulted in hours of active participation of many workshop 
attendees. The experiments were very diverse and we are glad that some of them already 
utilized the newest eye-tracking devices which are already available for all members of 
our research group. In particular, participants during the experimental session classified 
documentary movies, evaluated TV program’s relations, helped to collect a dataset of 
correct sitting postures, annotated pictures with their emotions, tried a diacritic 
reconstruction tool, evaluated keywords for movies extracted from subtitles or were 
examined for their honesty during filling in a questionnaire. 

Results of this experimentation session will contribute to the successful bachelor and 
master theses finalization. We believe that it will help the students not only finalize their 
work on theses, but also to prepare their main research contributions in form of research 



130 Accompanying Events 

papers and submit them to the international conferences or peer reviewed scientific 
international journals. 

2.1 Documentary movies classification  

Experimenters: Peter Dubec, Jakub Šimko, Experiment supervisor: Mária Bieliková 

Since this experiment was composed of two smaller experiments, it had also two goals. 
First goal was to create a training dataset for the purpose of automatic documentary 
movies classification. Second goal was to create a dataset consisting of collected data 
captured with an eye-tracking device and also logs created with a classification 
application, which later will be used for analysis of user's level of confidence during 
classification tasks. Input dataset included more than 14 000 unique movies and was 
created from CSFD movie database while movies for classification were randomly 
chosen from this dataset. 

Altogether 18 users participated in the experiment and each participant spent from 
15 to 20 minutes with classification of 15 documentary movies. The task for the 
participant was to read a movie title and a description and according to these metadata 
choose a corresponding category from the list of available categories. The list of 
categories consisted from 30 categories and a user had to select one primary category and 
optionally could select one secondary category (see Figure 1). During the classification 
process, we also wanted to collect information about user's level of confidence and we 
gained it with implementing small betting into our application. When a user chose 
categories for a movie, he/she had to select one of three values (100/200/300) which 
represented how confident he/she was with the choice. 

The result of the experiment are two datasets. The first one is a dataset of 135 
unique documentary movies classified into categories and the second dataset consists of 
logs collected from the application and data collected with the eye-tracking device. 

 

Figure 1. Documentary movies classification interface with eye-tracking output. 
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2.2 Evaluating TV program´s relations 

Experimenters: Jakub Ďaďo, Erik Dzurňák, Experiment supervisor: Mária Bieliková 

The main purpose of our experiment was to create a dataset of users’ ratings on TV 
relations in the actual TV program. The experiment was set up as a web application (see 
Figure 2; the application is available at http://www.myserial.eu:8080). We determined 3 
different days in one week and in each day, we chose 3 different periods of TV program. 
These determined periods was displayed to a user after login to the web application. After 
that, a user got instructions to evaluate as much relations as possible in the displayed 
period. The range of rating was from 1 to 5 stars (1 is minimum). 

We had 45 participants in our experiment and we obtained 1 911 ratings. From all 
participants, 33 users participated during PeWe Workshop and other 12 were our friends 
from the public. Only 7 out of 45 users evaluated less than 7 relations while an average 
number of rated relations per one user was over 47. It took from 10–15 min to evaluate 40 
relations. In addition, each participant was welcome to express his opinion on our app and 
tell which changes he would appreciate as our application is used also by the public. We 
obtained enough data to work with as well as valuable feedback on our application. 

 

Figure 2. TV program evaluation interface. 

2.3 Dataset sampling for sitting posture classification  

Experimenters: Jozef Gáborík, Matej Leško, Jakub Mačina, Jozef Staňo, Experiment 
supervisor: Jakub Šimko 

We observed a sitting posture of participants while working on a computer or laptop. 
Participants was free to do any task on a computer. Time for the experiment was 15-20 
minutes for each participant in average to let participants naturally change their sitting 
posture. We collected data from 15 participants and, in total, 910 captures were collected. 
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During the experiment, we observed the sitting posture of participants and we 
manually evaluated it into correct and wrong categories by capturing a photo (see Figure 
4). We were using Kinect depth camera to capture depth maps and RGB photos. The 
camera was placed above the computer screen. 

The aim of our experiment was to collect the largest amount of data as possible. It is 
needed for our machine learning algorithms that learn to classify user sitting posture 
binary into correct and wrong categories. We needed data from participants of various 
body proportions and camera placements, therefore the experiment fulfilled our 
objectives. 

 

Figure 3. Comparison of previous (left) and next (right) sitting posture of participant. 

2.4 Emotion detection as an approach to picture annotation  

Experimenter: Peter Gašpar, Experiment supervisor: Mária Bieliková 

There are already many possibilities and tools for detection of emotions. Many of them 
rely on software solutions that process streamed or recorded video of participants’ face. 
Another approach is to record their physiological status, especially an eye’s pupil or 
a skin conductance. By conducting our experiment, we try to reveal pros and cons of each 
of these tools in order to offer the most suitable settings for other user-experience 
experiments. Another goal is to distinguish the accuracy of detected emotion in 
comparison to the available annotated datasets. 

In our experiment, we used a set of pictures to evoke an emotion in participant. The 
pictures were chosen mainly from datasets, which were annotated according to the 
emotion that they caused. Participant’s task was to provide a simple explicit positive or 
negative feedback about his/her feeling, once a picture appeared on the screen (see Figure 
4). Furthermore, we used an eye-tracker device (to obtain information about eye’s pupil), 
screen recording, camera recording, and a sensor of skin conductance. 

Totally 9 people have participated in our experiment. Each session took 
approximately 6 minutes – including the setup and explanation of the instructions. The 
obtained data were used in further analysis of emotion detection tools and also represent 
a starting point for additional research. 



 Ivan Srba, Marián Šimko: Experimentation Session Report 133 

 

Figure 4. Example of participant’s feedback. 

2.5 Automatic diacritics reconstruction for user while web browsing  

Experimenter: Jakub Gedera, Experiment supervisor: Marián Šimko 

In our work, we solve a problem of diacritics reconstruction in Slovak texts. We focus on 
a user by providing a support when he/she writes or reads a text without diacritics on the 
web. 

The aim of the experiment was to find out how successful is our application of 
diacritics reconstruction on texts that are created on a discussion forum. We simulated 
a situation in which a user cannot solve some kind of problem so he asks a question on 
a forum. Every participant was asked to create four relevant questions. At the same time, 
we have monitored how many participants type with diacritics in order to find out how 
often our application is necessary. We also monitored how the participants are satisfied 
with reconstructed text and in which domains they can imagine our application. 

11 people participated in the experiment. Average time spent completing this task 
was 25 minutes. The participants were not told the goal of the experiment. We found out 
that approximately half of the participants started to type with diacritics. When 
submitting a question they were asked if they wish to reconstruct diacritics in the text. 
They tried to type next three questions without diacritics. Average accuracy of our 
application was 97.5 %. This means one out of forty words was reconstructed incorrectly. 
In addition, participants rated our application between three and four in average on a 4-
point scale (the higher number means better rating). We found out that the participants 
did not consider incorrectly reconstructed words as a serious problem and they can 
imagine this support tool not only on forums but when writing emails too. 
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2.6 Describing movies by subtitle-based selection of keywords  

Experimenter: Matúš Košút, Experiment supervisor: Marián Šimko 

We proposed a method to enrich the standard extraction of keywords from movie 
subtitles by using a conversation detection as a way to split movies into units according to 
the gaps between individual subtitles. We also experiment with a speech rate (words per 
minute) in individual titles and conversations as a way to differ between the 
conversations and to rate them supposing there is a relation between the speed and the 
importance of conversation.  

The purpose of our experiment was to evaluate the keywords extracted by our 
methods. We used three standard keyword extraction techniques with our method to 
extract three sets of keywords, which we ordered randomly also with 5 keywords from 
dataset to avoid the preference of certain words. Participants were then asked to choose 
which of keywords provided for movies they found relevant according to the movie using 
their understanding of the movie and they also were asked to skip the movie they had not 
seen. Experiment was attended by 17 participants. It took them 15-20 minutes to rate 
approximately 20 keywords for 20 movies. By conducting the experiment, we assessed 
the method performance and obtained interesting preliminary results (see Figure 5). 

 

Figure 5. Evaluation of our methods according to the number of words extracted (Precision). 

2.7 Deception detection  

Experimenter: Metod Rybár, Experiment supervisor: Mária Bieliková 

For our experiment we used Big Five personality questionnaire. This questionnaire was 
implemented as an online website. Users were 8 university students from Faculty of 
Informatics and Information Technology of Slovak University of Technology. They 
consisted from people of age from 19 to 26; 7 males and 1 female. They were given 2 
tasks to fulfill, while being monitored by an eye-tracker device. Measures like mouse 
movements and mouse-clicks were also monitored. All users were aware of this. The 
tasks given to them were as follows: 
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1. Imagine, that you are trying to get a new job and this questionnaire is a part of the 
job interview. Answer following questions such that according to your opinion you 
would be the best employee. 

2. Please, answer following questions as truthfully as possible. 

Half of the participants were given these tasks in this order, other half were given these 
tasks in the switched order. After reading the instructions, they were presented with Big 
Five questionnaire consisting of 60 questions.  

We found out that users were more likely to answer the questions in most positive 
way if they were trying to look as good employee as possible (Figure 6). The results have 
also shown that the order in which the users were answering the questionnaires is 
influencing the results. If they were instructed to answer honestly first, they were more 
likely to select the most positive option more frequently and the most negative option less 
frequently. If the instructions were in the reverse order, they were more likely to select 
the most negative option more frequently and the most positive option least frequently 
(Figure 7). 

 

Figure 6. Distribution of answers if answering honestly (1) or dishonestly (2). 

 

Figure 7. Distribution of answers if answering honestly first (1) or dishonestly first (2). 
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We also observed that the number of fixations, visits and the duration of fixation were 
much higher on most negative answer, if the users were answering honestly in contrast 
with the case they were instructed to answer dishonestly (Figure 8).  

 

Figure 8. Distribution of fixations if answering honestly (1) or dishonestly (2). 

This was mostly influenced by the group of participants, which were instructed to first 
answer the questionnaire dishonestly (Figure 3.). This shows that users were evaluating 
themselves more harshly if they were describing with their answers an ideal employee 
first. 

There are certain trends that can serve as indicators that users are answering 
dishonestly. Most significant so far are the number of most positive answers and low 
number of most negative answers. The experiment also showed the importance of 
instructions given, because these can significantly influence the results. The interesting 
effect of more harsh evaluation by users themselves in the case when they were first 
describing an ideal employee could be explored further. In particular, we can setup an 
experiment, in which users would describe the worst possible employee instead of an 
ideal employee, and watch if the effect would be reverse, so that users would describe 
themselves than more positively. 

3 Summary 

We are happy to conclude that the third experimentation session followed its successful 
preceding years. We were able to witness a high involvement of all PeWe members in the 
conducted experiments as many of them participated even in several experiments in 
a row. This was surely due to the experimenters, who came up with well-prepared 
experiments that were fun and interesting to attend. We hope that the session helped all 
the experimenters to gain valuable feedback or preliminary data. We are looking forward 
to the next year in which, probably, the most of current participants will change their role 
to experimenters and we will have an opportunity to reciprocally return their help back. 
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1 Motivation and Expected Outcomes 

Sensory signals offer a precise information about a wide spectrum of user activities. 
Thanks to them, it is possible to describe user actions in detail, even in situations, 
where we were in past dependent only on indirect descriptions. An example of a 
sensory input is eye tracking which can be used to track user behaviour on the Web. 
Without eye-tracking it was possible to estimate user decisions and reconstruct his or 
her behaviour only from server logs or from client-side logs of mouse events, such as 
clicking or scrolling. However, it was impossible to say, which parts of web page users 
had seen before they selected an element (e.g. clicked on a link), or whether they even 
noticed the element or in which parts of a page they were interested in the most. The 
eye-tracker makes it possible to answer these questions. 

This year, a new UX (User eXperience) Lab has been opened at Faculty of 
Informatics and Information Technologies. We organized this workshop for the 
members of PeWe in order to gain practical experience with sensors present in the lab. 
We believe that if students learn how to work with sensory data, they will be able to 
use them in future in bigger and more difficult projects (e.g. in their bachelor or master 
theses). 

2 Team Reports 

The workshop attended 39 participants, who were divided into 7 group of 5-6 
members. Every group could chose the workshop specialization from three available 
options: 

 Internet banking demos analysis with eye-tracker sensors usage 

 Application development with usage of Arduino sensors 

 Interactive game recognizing user’s emotions via eye-tracker sensors and Web 
camera 
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Internet banking specialization interested the most of workshop participants, who 
formed four groups. Their task was to find the usability issues of internet banking 
systems used by banks in Slovakia. We chose three examples (demos) of internet 
banking systems – Tatra banka, VUB and mBank systems. We recorded six 
participants conducting two tasks with these three systems (presented in randomized 
order); their first task was to make a payment to a given account, the second task was 
to find the last payment from the account. 

Two other groups chose the application development for Arduino platform. These 
teams focused on possibilities of obtaining various signals from external environment. 
This can be used, e.g., for better description of user’s environmental context. 

The last group focused on the usage of sensor signals from eye-tracker and also 
from Web camera as a new human-computer interface. Their goal was to develop an 
interactive game using these signals as game controls in order for the users to be able 
to control the game by their gaze and face expressions. 

2.1 User Mental Load Evaluation 
Team leader: Marián Šimko 
Team members: Martin Labaj, Peter Truchan, Veronika Štrbáková, Erik Dzurňak, 
Jakub Senko 
 
The group focused on user mental load during his or her interaction with web-based 
applications. High mental load while working with a website can lead to many adverse 
effects resulting not only in failing to accomplish the original task at hand and leaving 
the user in worse emotional state, but it can even lead to a complete breakdown.  

We proposed User Mental BREakdown Latent LAbeler (UMBRELLA), an 
approach for evaluating user mental half-life remaining to failing. Using a gaze tracker 
to closely monitor the user, a mental breakdown indicator is based on total distance 
travelled on the screen using user’s eyes, average distance between gaze fixations, 
average fixation length and a variance in pupil size. All these factors play important 
roles in the indicator, since uncomfortable user interfaces facilitate user experience 
consisting only of jumping around with the gaze when the user tries to find appropriate 
elements of the interface. With the mental indicator, we evaluated demo versions of 
online internet banking systems finding the distance-time relationships reflecting users’ 
mental loads (Figure 1). 

2.2 User Interface Complexity Comparison 
Team leader: Michal Barla 
Team members: Ivan Srba, Miroslav Šimek, Peter Uherek, Peter Demčák, Jakub Ďaďo 
 
In our group, we wanted to focus on comparing complexity of different user interfaces 
when performing the same task. We grouped related intervals of recordings into 
segments and scenes in Tobii Studio and defined areas of interests for each scene. 
Subsequently we compared metrics such as time-to-first-fixation and time-between-
first-fixation-and-action among different interfaces. 
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Figure 1. Distance-time relationship of user activity in a web-based application. 

When comparing landing page complexity, we observed quite a difference. In the 
application of bank A (VUB), the participants needed 14.9 seconds in average to spot 
the right place to click, compared to 7.81 seconds in bank B (Tatra banka). Moreover, 
in bank A, our participants took additional 10 seconds to actually click on the link 
(compared to 6 seconds in bank B). 

One would think, that once a user finds a correct form, there would be no more 
problems. We were surprised that one serious UI fail emerged when analysing 
behaviour of our six participants. One of them did spot the “hint” on filling the account 
number too late, when he already tried to fill in that number. However, the hint 
changed in the meantime and was perceived more like an error instead of a hint or 
help. This led the participant to confusion, resulting in spending 45 seconds just on the 
account number field, with 32 separate visits of this area (Figure 2). 

We also observed importance of the right design of a form field. Spending 12.15 
seconds on a BIC field in bank A form where the same in bank B took 2.42 seconds 
does not need any further comments. 

2.3 Analysis of Built-in Help Banner 
Team leader: Peter Krátky 
Team members: Metod Rybár, Peter Dubec, Martin Borák, Matúš Salát 
 
In our group we focused on user interface design of internet banking system of Tatra 
banka. We analysed gaze data gathered from six users who performed a simple task in 
the application - making a payment to a predefined bank account. As a first research 
issue we examined if visitors look at the tutorial banner located at the top of the page 
providing three short hints. We calculated time spent looking at the banner for each 
participant ranging from zero to 5 seconds. Rather than looking at the banner, users 
started to complete the task searching in the side menu (Figure 3). So we assume that 
the banner probably got confused with a commercial message. 
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Figure 2. Example of participant confusion caused by inadequate hint. 

 

Figure 3. Example of advertisement-like-looking help menu ignorance. 
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As a second research issue we analysed difficulty of finding payment since the start of 
the interaction.  It took almost 10 seconds to find a payment form despite the fact that 
it was located in the top menu of the page. When participants entered the page, they 
followed mostly the same pattern (Figure 4). Firstly, centre of the page was examined. 
Then side menu was explored. Thirdly, top menu was glanced what led to finding the 
payment button. During the analysis we faced several problems ranging from 
systematic offsets of gaze data to strange behaviour of individuals. 

  

Figure 4. Typical pattern of the beginning of the page browsing. 

2.4 Comparison of Payment Tasks Difficulty in Internet Banking Systems 
Team leader: Jakub Šimko 
Team members: Karol Rástočný, Peter Gašpar, Roman Roštár, Matúš Košút 
 
Our group worked with pre-recorded internet banking sessions, where users were asked 
to perform two tasks: (1) sending a payment and (2) acquiring information on last 
payment in an account. They done this task in three different internet banking 
applications of three different Slovak banks.  

We aimed to compare internet banking applications by measuring the number of 
redundant or otherwise unnecessary actions performed by users during their task 
assignment. Through this we wanted to assess: (1) how many actions are actually 
needed to fulfil the same task in different applications and (2) how clear and self-
explanatory were the features of the user interfaces.  

Through Tobii Studio, we isolated scenes (sections of the sessions) where users 
were interacting with payment forms. Then, we marked every interactive feature 
(button, text-field, combo-box) with a separate area of interest and measured number of 
mouse actions performed upon them. Then we split those actions into two groups: they 
were either necessary or unnecessary to fulfil the payment task. Our findings, also 
summarized in Figure 5, indicate, that each of the forms had some usability issues. In 
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case of one bank (Tatra banka), the number of necessary actions was high. In another 
case, the relative count of misleading interface features was higher (VUB). The third 
bank (MBank), appeared to be least misleading, however, only 3 users out of 6 reached 
the correct form to fill. The reaching of the correct forms, as we informally found out, 
was perhaps a harder task in all task cases than interaction with the target forms 
themselves. 

  

Figure 5. Comparison of payment tasks according to number of actions taken by users during 
payment form interaction. The percentage shows number of unnecessary actions and indicates, 

how the interfaces did confused their users. 

2.5 Using Arduino to Read Sensory Data 
Team leader: Jakub Ševcech 
Team members: Michal Holub, Robert Kocian, Matej Leško, Matúš Cimerman, 
Monika Filipčiková 
 
Microcontroller boards such as Arduino are often used as a simple prototyping 
hardware to build various sensors and its applications. In our group we tried to use the 
Arduino Uno board in combination with LED panel and accelerometer to build 
physical alternative to the popular on-line game “2048” as a demonstration of the 
sensor application. However as the first prototype showed, the used method for LED 
panel control did not allow reliable control of the LED brightness. As this was a crucial 
requirement for the intended application, we chose to use different sensors to control 
simple RGB LED. To control the LED, we used in turn potentiometers, thermometer, 
ultrasonic distance measuring sensor and accelerometer. The final application we 
created using these sensors was a parking sensor showing the distance by shifting the 
colour of RGB led from green to red with decreasing distance from the obstacle. 

2.6 Playing (with) Arduino 
Team leader: Márius Šajgalík 
Team members: Dušan Zeleník, Dominika Červeňová, Jozef Staňo, Jakub Mačina, 

Andrej Švec 
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Arduino microcontroller boards can be viewed as low-cost and low-performance 
computers, which are suitable for prototyping resource non-demanding computation 
systems such as embedded systems usually equipped with various sensors. Besides the 
hardware platform Arduino also provides easy-to-use software to program the boards. 

In our work group, we got down to hands-on session to learn some basics, try out 
multiple sensors and controls and ultimately create a prototype of musical instrument 
similar to theremin. We learned how to read data from photocell (light-controlled 
resistor), which was used to control sound frequency produced by piezo sounder. A 
button was used to activate piezo sounder. The distinctive feature of our theremin 
musical instrument was represented by 2x16 16-pin LCD display, which interactively 
displayed currently played note along with the actual frequency. We programmed our 
musical instrument to calibrate during first five seconds to limit the playable 
frequencies to single octave according to actual light conditions. After that, one could 
practice to play clear notes and eventually be able to play any melody within the 
octave. 

2.7 Gaze Controlled Web-based Emotion Game 
Team leader: Jozef Tvarožek 
Team members: Eduard Kuric, Jakub Gedera, Ján Stibila, Peter Zimen 
 
The introduction of cost-efficient eye trackers has spun interest in games controlled by 
eyes. The eye gaze provides immediate feedback on user’s interest, while in games it 
can enhance player’s experiences by a certain degree of realism, such as adapting the 
scene to player’s head movement and eye gazes. Web-based games introduce 
additional barriers that arise out of the technology limitations of being run within 
browser’s sandbox. Additionally, progress in image processing algorithms resulted in 
peripheral technology that is able to recognize user’s facial features and seven basic 
emotions (joy, sadness, surprise, fear, anger, disgust and contempt). 

In our workgroup, we explored the possibility of building a web-based gaze-
controlled game with a salt of emotions using off-the-shelf eye tracker hardware and 
camera peripherals. We used Tobii EyeX, Tobii X2-60, and Creative Senz3D depth 
camera for prototyping. We chose to modify a web-based racing game that involved 
overcoming rotating gates with holes via passing through holes within the gates. The 
player is controlling a dot on the screen with computer mouse, while in our 
modification of the game the player is controlling the dot with eye gaze. The gates 
approach the player at ever increasing rate. Additionally, when hitting a gate instead of 
decreasing health/lives we prompted user to mimic a random face expression (see 
Figure 6a). If the user succeeded in mimicking the requested facial expression, the 
player could continue on with the game, even though it would have ended in the 
original game (see Figure 6b). 

Implementing the game prototype involved both software and hardware 
challenges. The sensor data from eye tracker and the emotion-detection camera were 
published using a local webserver that called the hardware SDKs. The webserver 
provided a “Cross-origin resource sharing”-friendly endpoint for the Javascript-based 
web game to access the live data from the sensors. The game rapidly (60Hz) polled the 
server for new data and updated the game state. Due to eye trackers’ hardware 
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inaccuracies we implemented a 20–frames-long smoothing (running average) on the 
raw eye tracker’s data. Also, considering the accuracy of the emotion-detection 
camera, we enforced a two second limit for detecting the requested emotion on the 
user’s face. 

The game was then tested with tens of workshop participants, and was well 
accepted. At the later stages, players were mostly exercising facial gymnastics in order 
to keep playing at the ever increasing speed of approaching gates. 

 

  (A)       (B) 

Figure 6. (A) Player’s dot is trying to overcome a rotating gate through a hole. (B) In the event 
of player crashing into a gate, player is prompted to mimic a random emotion. 

3 Summary 

Each edition of our workshop, we try to come up with an activity that would be useful 
as well as engaging for PeWe members. All our work is then rewarded, when we see 
them working and having fun during the workshop; they never fail to amaze us with 
their enthusiasm and hard work; they can learn to work with new technology or tool 
and within few hours produce interesting results. 

This was the case also this edition of PeWe workshop. The groups that analysed 
different Internet banking systems found multiple usability issues in these systems, 
compared their usability with respect to different user tasks and even came up with 
novel metrics of measuring the user mental workload. Other groups created novel 
applications combining inputs from different sensors and showed us, what lies in the 
near future of human-computer interaction. We believe that the knowledge that the 
participants gained during the workshop will inspire them to work with the sensory 
data in the future and possibly to begin their own research in this area. 

Acknowledgement. The authors would like to thank all the workshop participants for 
their excellent work and ideas as well as the volunteers that participated in the 
recording of their usage of Internet banking systems. Lastly, we would like to thank 
our professor Mária Bieliková for organizing this whole event; it would not be possible 
without her support and motivation.  
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Academia SeBeana opened its gates in the spring beermester of its second year by 

following the last academic’s year success [1]. The academy aims at spreading 

knowledge about such noble topics as Beer Driven Research (BDR) or Game with 

a Beer (GWAB). This year, in addition to bachelor degree (programmes Beerformatics, 

Tapping systems and piping networks) and master degree (programmes Beergeneering, 

Hop systems, Tapping systems and piping networks), Academia SeBeana opened its 

first year of doctoral studies in the programme Bottling systems. 

At the beginning of summer semester, the historically first professor titles were 

granted to two of Academia founding fathers – (Cerevisiae) Dr. Michal Barla and 

(Cerevisiae) Dr. Marián Šimko. This ceremony underlined the importance of creation 

of such important institution as Academia SeBeana truly is. In addition, there were 

honourable doctorates granted to deserving pioneers of BDR in Slovakia – to Laco 

Gažo and Peter Šimún, for their outstanding evangelistic work and contribution to 

practical Beergineering, which they spread absolutely and unconditionally through 

events such as GTUG Slovakia. This award followed the conferring of an honourable 

doctorate upon Peter Vojtek in recognition of his outstanding pioneering and 

innovative academic work in Beergineering. This act begins to be a tradition, which in 

consequence establishes the connection between academy and praxis. This dimension 

is very important because it ensures that students of Academia see actual trends outside 

the academy and thus they are able to prepare for real world challenges. 

After official ceremonies, the regular education began. Daily students, who, after 

fulfilling all requirements, were enrolled to study, were allowed to enter various 

courses, which helped them to improve their research skills. As the Academia SeBeana 

keeps pace with leading world research institutions, available courses were focused 

mainly on topics, which are intensively researched in the world, such as ETADB (Eye 

Tracking After Drunk Beer), ESM (Enrichment of Sensory Metadata), CSAB’o’c 

(Correct Sitting AFTER Beer’o’clock). Within courses, practical experiments were 
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also included. Students, who had passed experiments, gained (not mentioning the 

valuable knowledge and skills) also the credits, which could then be used for final 

exams. Another benefit, which is maybe even more valuable, is that these students 

helped other researchers who led experiments, by collecting datasets or evaluating 

proposed methods related more or less to BDR. 

Final exams were marked, similarly to opening ceremony, by spirit of connecting 

Academia with the praxis. Fresh honourable doctors were invited to final exam 

committees lead by Academia professors and brought balance to the academic 

questions. While Academia professors are more focused on theoretical knowledge of 

Beer in all of its formats, the people of praxis offered more practical questions, which 

beergineers are often forced to solve in their everyday work routine. 

Ten students were able to pass all dangers of bachelor studies and successfully 

defended their bachelor theses and became the Bachelors of Beergineering. The 

promising reinforcements are listed in Appendix A. In addition, two brave bachelors 

reached so much skill and credits that they were admitted to take master exams. Both 

of these brave men successfully passed through and proved that Academia SeBeana 

knows its “everyday bread” and does prepare its students really well. These brave men 

were Metod Rybár and Jakub Mačina. As hot news, the Academia started to offer also 

the third degree of education and both professors took their first doctoral students. 

These frivolous fools were Márius Šajgalík and Ondrej Kaššák (see Appendix B). 

Extraordinary study results were achieved by Dominka Červeňová, who earned 

Most Valuable Experiment Contributor prize, and Martin Borák, who joined the group 

of prior winners of the Award of Learning Excellence (ALE) in autumn beermester: 

Ondrej Kaššák, Metod Rybár, Jakub Mačina, and Veronika Štrbáková. 

Particularly interesting research work was performed by Jakub Gedera, who 

included the option of SeBe research questions to be asked by participants in his 

diacritics tool evaluation. SeBe community has collected valuable information about 

junior SeBe researchers’ interests (questions such as “What is the difference between 

lager and unpasteurised beer?”; the whole – growing – dataset can be viewed here
1
. 

Jakub has significantly contributed to building first BDR-related dataset in the world. 

We can conclude that Academia SeBeana in all its activities offers results helpful 

for Beergineering, BDR and thus indirectly also for whole society. Society is in need 

of moving forward and pushing the boundaries of known. And that is fulfilled mostly 

by researchers who are as rare as a saffron. Academia which is able to look after these 

shy creatures and offer them the optimal conditions, makes it priceless. Hail to the 

Academy! 

 

Extended version of this paper is published in every bottle and every keg. It is born 

with each young barley sprout; it grows in every hop flower, within the each cell of 

yeast. It is present in the heart of each fellow SeBe researcher. 

Acknowledgement. This work was partially supported by the SeBe secret sponsors and 

the SeBe coin initiative. 
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Appendix A: List of Graduates 

Master’s degree  

(Study programmes: Beergeneering, Hop systems, Draft systems and pipes) 

MBeng. Metod Rybár 

MBeng. Jakub Mačina 

 

Bachelor’s degree  

(Study programmes: Beerformatics, Draft systems and pipes) 

BBeng. Veronika Štrbáková 

BBeng. Roman Roštár 

BBeng. Metod Rybár 

BBeng. Peter Truchan 

BBeng. Martin Borák 

BBeng. Erik Dzurňák 

BBeng. Jakub Gedera 

BBeng. Matúš Košút 

BBeng. Jozef Staňo 

BBeng. Peter Zimen 

Appendix B: List of Doctoral Students 

Started in April 2015: 

MBeng. Márius Šajgalík (supervisor: Prof. Michal Barla, CeD.) 

MBeng. Ondrej Kaššák (supervisor: Prof. Marián Šimko, CeD.) 
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