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Abstract 
Big data is often presented as an iceberg most of which is hidden underwater. The purpose of this 
article is to search a way to reveal as much as possible from the hidden part through data 
visualization. A review of existing Learning Analytics methods for data analysis like click-stream 
analytics and natural language processing and their corresponding tools for data presentation is 
proposed. Visual component and applications in help to understand and optimize learning process and 
eLearning environment are discussed. Data collection standards for interoperability between systems 
and tools are commented. Authors’ experience and challenges in using some of the presented 
methods and tools are shared, recommendations for performance tips are suggested. 
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1 INTRODUCTION  
The modern world is inconceivable without information technologies. The biggest part of our work, 
entertainment, social communications and education takes place in Internet and is driven by smart 
management systems. Each activity and sentiment, each progress and challenge are tracked and 
stored in a database. BIG DATA are collected and the BIG question that arises is how to analyse and 
use them in a proper way to improve our life style. 

Big data concerning education is of utmost importance in our striving to make student-centred learning 
more effective. We collect and study data about individual learner in order to meet his/her specific 
needs. This process is called Learning Analytics (LA) and is defined as “the measurement, collection, 
analysis and reporting of data about learners and their contexts, for purposes of understanding and 
optimizing learning and the environments in which it occurs“ [1]. 

This article is a part of a larger research that aims to explore how these data can assist education and 
improve learners’ achievements. It starts with an overview of the existing methods for LA. We discuss 
the power of data visualization and present different types, tools and application for its implementation. 
Existing standards for data collection and possible interoperability between learning systems are 
observed. Finally challenges and recommendations for better performance are summarized. 

2 LEARNING ANALYTICS METHODS  
LA implies the use of a wide range of methods for data analysis based on different disciplines, like 
statistics, psychology, computer science, education [2]. These methods are described in details and 
overviewed in many articles. In general all approaches can be grouped in two categories: click-stream 
analysis and Natural Language Processing (NLP). 

2.1 Click-stream analysis 
TechTarget defined click-stream analysis (also called click-stream analytics) as “the process of 
collecting, analysing and reporting aggregate data about which pages a website visitor visits - and in 
what order” [3]. Modern Learning Management Systems (LMS) gather and process data about 
students’ activity in all course components available in the e-Learning environment. These include the 
average time that learners spend on viewing html pages, the number of pages he/she reviews, how 
often he/she visits, posts and answers in forums, completes assignments or uploads task 
submissions, etc. By analysing the collected click-stream data teacher has on-time information about 
students’ activity, progress and success. In Fig. 1 are shown diagrams from the course analytics 
section available through Cisco Networking Academy Instructor Canvas for course “Routing 
Essentials” conducted in Faculty of Mathematics and Informatics of Sofia University from October, 
2016 to January, 2017. It could be seen that students’ activity is highest around the exam dates and 
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very week between the two exam dates. About 25 trainees have been preparing regularly, following 
the course schedule. The remaining 50 participants used system actively just before taking the exam. 
Teacher can see at a glance the average result for each test exam, done on time or late. This 
analytics method can highlight the most visited pages by learners. Further analysis is needed 
afterward to reveal the real cause for their interest. Whether the curriculum itself and they are curious 
to learn more or the learning material is more difficult to understand and they need additional 
clarification. 

 
Figure 1. “Routing and Switching Essentials” course analytics. 

2.2 Natural language processing 
“Natural language processing (NLP) refers to computer systems that analyse, attempt to understand, 
or produce one or more human languages, such as English, Japanese, Italian, or Russian” [4]. 

Concerning education NLP methods could be used to analyse the words, phrases and sentiments a 
student uses to express himself/herself in communications with mates. Here are some examples. 

In 2014 Elouazizi aimed to research the cognitive presence of students applying linguistic analysis on 
learners’ ”point of view“ [5]. He compared forum datasets from three Massive Open Online Courses 
(MOOC) with totally 3000 attenders and one online university course with 300 participants. Using a 
mixture of two approaches: polarity–based and gradability-based classification he concluded that 
“learners within the context of MOOCs exhibit less cognitive presence than their counter part learners 
in a non-MOOC online course” [5]. 

The same year Moon, Potdar and Martin from Language Technology Institute in Pittsburgh used NLP 
to identify student leaders and to understand their motivations by analysing the impact they have on 
other trainees’ language and course engagement. For the study they used forum conversations 
datasets from two MOOC courses with total learners 5491. Based on the assertion of Niederhoffer and 
Pennebaker that “people are  highly  likely  to  talk  in  the  same  way  and  mimic  each other’s 
nonverbal behaviours” [6] Moon et al. measured students’ language coordination toward leaders and 
concluded that “students coordinate more towards student leaders than towards nonstudent leaders 
and student leaders coordinate towards other students less than nonstudent leaders coordinate 
towards other students” [7]. 

Another interesting NLP research was presented in 2014 by Wen, Yang and Rose from Carnegie 
Mellon University. Using collective sentiment analysis over learners’ social communications through 
MOOC course forums they study the relation between cognitive engagement and successful course 
completion. The analysis of linguistic variables led to outcome that positive attitude and motivation 
increase success and reduce the risk of dropping out. The same time expression of too positive 
opinions also leads to fall away [8]. 

Finally, there is no doubt that the mix of click-stream analytics and NLP will be the most effective and 
“can predict with substantial accuracy (78%) whether students complete the MOOC” [9]. 

3 THE POWER OF DATA VISUALIZATION 
Regardless of how data is collected, by any of the methods described above or someone else it is 
useless until it is visualized in a proper way to assist trainers and learners. According to DNCapital 
[10] in 2015 everyday people generate 2.5 quintillion bytes of data. A considerable part of them 
originates precisely from the training systems. All this data is collected and stored in databases. To 
draw information efficiently and to make the right decisions from it, there is needed “a new set of 
languages you can use to communicate” [11] - the language of data visualization. There are many 
reasons for data visualization to be so significant, especially nowadays, some of them are discussed 
below. 
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First of all, it displays complex abstract information through graphical components and thus data 
perception is faster and easier. For example, let ask a teacher to find the minimum and maximum test 
exam results (in percentage) from a database table visualized in three different ways as shown in Fig. 
2. The first way displays data in a text table without any marks (A), in the second table both values are 
highlighted (B), the third way is by a chart (C). Teacher will notice immediately the values in (B) but the 
diagram in (C) will help him/her to see not only the rates but also the difference between them at a 
glance. 

 
(A) Table without visualization 

 
(B) Table with highlighted cells 

 
(C) Diagram 

Figure 2. Finding minimum and maximum price in different visualizations. 

Another reason for using visualization is so called phenomenon “picture superiority effect”. 
Psychologists have experimentally demonstrated that images are memorized with a higher probability 
than words, because “human memory is extremely sensitive to the symbolic modality of presentation 
of event information” [12]. The third reason is that visualization makes it possible to discover patterns, 
correlations, and trends that would hardly be found in traditional text reports and tables.  

When data becomes large in Volume, Various in structure (structured, semi-structured or 
unstructured), coming in real time at high Velocity, and its Veracity needs to be checked and 
guaranteed, its Visualization in plain text is impossible. This kind of data is called “Big data” and it 
implies a new generation of visualization. 

The next section reviews different types of visualization that can be used. 

4 TYPES OF DATA VISUALIZATION 
In 1996 Shneiderman divided the reality into 7 categories of data types for visualization: 1-dimensional 
for list of data items ordered in a sequential manner; 2-dimensional for geographic maps where each 
element covers a part of the total area; 3-dimensional for real world object models and surfaces; 
Temporal for visualizing time objects; Multi-dimensional for relational and statistical databases; Tree 
for hierarchal structures and Network for items linked to an arbitrary number of other items [13]. 

In 2009 Abela suggested the extreme presentation method [14] with 10 steps to impact the audience. 
He proposed a chart selection diagram in which he defined four guiding principles to choose the 
correct diagram type based on data variables to show: comparison, composition, distribution and 
relationship. Each principle is further divided in sub-categories and leading questions until reach the 
right chart. The comparison is considered among items or over the time, displaying one or many 
variables per item, few or many time periods. So recommended graphics for this principle are column, 
bar and line carts, circular area and table. The composition is intended to show how data covers the 
whole stating or changing over the time. Depending on periods, simple of compound components the 
proposed charts could be staked column of area, pie, waterfall, and stack with sub-components. The 
distribution, depending on the number of variables propose column or line histograms, scatter or 3D 
area charts. Relationship, according to the number of variables could be visualized by scatter or 
bubble chart.  

In 2015 Edo Van Dijk added two more principles to this model - deviation and trend [15]. The purpose 
of deviation is to show which values deviate from the norm by column, bar, line and area charts 
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whereas the trend goals to display the tendency of some variables by line, column, scatter or area 
charts. 

LA suggests using more compound and modern tools for data visualization. Some of them are 
described below. 

Concept map (Fig. 3, A) is a kind of graph which represents new “concepts” (words, ideas, phrases) 
by putting them into boxes and drawing the relations in the form of connections. Developed first in 
1972 by Novak and his research team as a tool to present new scientific knowledge to students [16], 
nowadays this kind of maps are used widely in education for summarizing key concepts, for new 
knowledge creation, for collaborating and transfer expert knowledge, for exchanging complex ideas 
and arguments. 

Word cloud (Fig. 3, B), also known as “tag cloud” or “weighted list”, is an effective data visualization 
tool oriented to social analytics. By writing a set of words in a spatial chart it highlights the frequency of 
the words used in a text through varying parameters like font size, weight, colour and position. In 2007 
Rivadeneira et al. [17] experimentally proved that the largest visual effect has the font size, the second 
place remains for the position. And the key positions against the expectations are not those, closer to 
the big letters but those in the upper left corner for the people reading from top to bottom and from left 
to right. 

Speedometer (Fig. 3, C) is a chart that presents the measured variables (usually speed) in real time 
in the form of gauge. This type of chart has as many supporters as critics. Generally it is used for 
visualizing one parameter. Loading more data makes it difficult to read. The same time it can be a 
successful tool to display certain activity in a course. 

 
http://deconceptmaps.weebly.com  

(A) Concept map 

 
(B) Word cloud 

 
 

Highcharts.com 

(C) Speedometer 

Figure 3. Tools for data visualization. 

Heatmap is a two-dimensional matrix representation of real-time data where values are presented by 
colours. The idea of shaded matrix visualization started in the 19th century when Loua used an 
overflow coloured table to present social statistics like national origin, professions, age, social classes, 
etc. in 20 districts around Paris [18]. In 1994 software designer Cormac Kinney and his company 
NeoVision Hypersystems, Inc. invented the modern version of heatmap to illustrate 2D financial 
information, and it remained trademark until 2003. Nowadays heatmaps can be used for real-time web 
analytics to highlight the frequently visited pages on site-map, for mosaic plots to display the 
relationship among two or more categorical variables, for distribution density visualized on geographic 
maps by processing BIG data with Hadoop stack [19]. In education heatmap is a useful instrument to 
present student activity [20], “to examine the patterns of student activity as they relate to overall 
student’s outcomes” [21], to explore education performance across the world. In Fig. 4 (A) is shown a 
heatmap diagram visualizing learners’ activity in uploading practical case-studies to Moodle system 
within the course “Scaling Networks”, held from February to April, 2017 in the Faculty of Mathematics 
and Informatics of Sofia University. For privacy reasons, students’ names are marked as S1 to S15. 

Treemap is a compact hierarchical structure which visualizes data via nested rectangles proportional 
in size to the amount of data they present. Colours can be added to the tree leaves for faster 
perception of data distribution and outlining relationship between colour and size or between colour 
and place at different levels in the hierarchy.  Treemaping is a useful method for easy pattern 
discovery. This kind of diagrams can depict hard disk partitioning and usage, people groups and 
categories, students’ activities and exam results by grades etc. In Fig. 4 (B) is displayed a treemap 
diagram showing the distribution of correct answers on questions of a theoretical test conducted within 
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the National competition in IT in Bulgaria, May, 2017. It could be marked that questions like Q4, Q16, 
and Q12 did not trouble the competitors whereas questions Q11 and Q14 are better to be discussed in 
details. 

 

 
(A) Heatmap  

(B) Treemap 
Figure 4 Using colours for data visualization. 

Once we know the methods to collect data in eLearning system and what are the general types of 
visualization the next step is to think about tools for data presentation. 

5 TOOLS FOR DATA ANALYSIS AND VISUALIZATION 
Modern e-Learning systems collect, store and process data in practice for everything that happens in 
the educational process. We can get detailed information about every aspect of the training, but the 
greatest advantage of the visualization is that everything can be displayed in one single screen as a 
data snapshot for the moment. Such a visual tool is the dashboard defined by Stephen Few as “a 
visual display of the most important information needed to achieve one or more objectives; 
consolidated and arranged on a single screen so the information can be monitored at a glance” [22]. 
The original idea came from the dashboard of vehicles or airplanes which summarize the status of all 
engine systems in a small panel. Pauewls et al. [23] defined its purpose to enforce (1) consistency in 
measures and measurement procedures between departments, (2) monitoring for efficiency and early 
prediction of potential problems, (3) planning future goals and strategies and (4) communicating to 
important stakeholders as well as to values of organization by the choice of metrics. Buttler pointed 10 
main benefits that dashboard provides for partnership between board members and staff in business 
[24]. A research carried out within the framework of European project “My Lifelong Learning 
Management (MyLK)” [25] specified a long list with dashboard benefits for education divided into four 
categories: (1) general like increasing awareness and reflection about learning, easier identification of 
the learning objectives etc., (2) benefits for learner like recording achievement from formal education, 
guiding researches for content etc., (3) benefits for educational institutions like developing 
assessments, recognition, certification etc. and (4) benefits for employer in matching between job-
seeker and specific position. 

Dashboard can be developed as a standalone application or a web-based analytics tool as a part of 
LMS. Application design and performance metrics depend on the particular objectives. In Fig. 5 is 
shown LA dashboard, developed in the frame of European project weSPOT [26] which consider the 
inquiry-based learning as a six-phase educational process. Each learner has a dedicated row and 
according to the phase of study all his/her activities are marked in the corresponding cell as circles. 
Additional activity details can be displayed on request. Colours and stars are used to emphasize the 
importance of student’s work and results. 
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Figure 5. weSPOT project Dashboard. 

A typical visualization tool for LA is a skill meter. Developed as a stand-alone service or as a 
component of dashboard it shows students’ skills at any time. It can be designed as a collection of 
different types of diagrams like bar-chart, line of circles or stars, gauge meter as it is shown in Fig. 6. 
By varying the length and width of bars or the number and size of circles the evaluated skills can be 
compared. Through the use of colours different levels of success can be highlighted. 

Skill-meter is pointed as the most preferred visualization tool compared to tables, stars, smiles, 
gauges, histogram, network, radar plot, word cloud and treemap when it comes to Open Learning 
Models. [27] 

http://demos.artbees.net/jupiter5 

http://www.htmlpanda.com/skills-
meter.php 

 
Gauge spill meter 

Figure 6. Types of skill-meters. 

Modern LA provides a more complete picture of students’ level and how they cope with curriculum 
because it is based not only on the amount of the activities but also on their quality. New analytics 
tools are available to draw individual reports from social communications, forum posts and the text 
quality of natural language. A lot of kind of semantic analytics tools are developed, some of them are 
freely available, for example the Suit of Linguistic Analysis Tools (SALAT) [28]. It is intended for 
automatic analysis of local and global cohesion (TAACO [29]) measuring 150 indicators, including 
type-token ratio, adjacent overlap and connectives indices; lexical sophistication (TAALES [30]), 
reporting over 400 classic indices, along with those related to a wide range of sub-constructs; 
syntactic sophistication and complexity (TAASSC [31]), including classical, phrasal and clausal 
complexity; for sentiment analysis and cognition (SEANCE [32]) which along with the core indices 
includes customized ones for filtering particular part of speech. All of these tools take plain text as 
input and produce comma separated spreadsheet (.csv) which needs additional visualization software.   

6 SOLUTIONS/APPLICATIONS FOR ANALYSIS AND VISUALIZATION 
Using the described methods for analysis and tools for visualization software applications are 
developed to be installed and linked with LMS. 

Gismo is a graphical interactive system tracking and monitoring students’ data from a course 
management system like Moodle. It transforms this data “into a form convenient for processing, and 
generates graphical representations that can be explored and manipulated by course instructors to 

1618



examine social, cognitive, and behavioural aspects of distance students” [33]. Using click-stream LA 
method Gismo collects any possible data about students’ activities, put them into MySQL database 
and generates visual reports by students, resources or activities (Fig. 7). Thanks to these reports 
teacher receives feedback at any time about learners’ visits to the course, reading materials, 
assessments submission etc. 

 
 

https://moodle.org/plugins/block_gismo 
Figure 7. Gismo Tool for Visualization. 

With the widespread penetration and popularity of MOOC courses a new type of analytics came out 
on the agenda studying learning behaviour by using video click-stream data. A visual analytic system 
VisMOOC was introduced combining “huge amounts of data, such as student profiles, video viewing 
histories, click streams within the lecture videos (e.g., playing, seeking, and pausing), posts in the 
course forum, surveys, and even the video content” [34]. Product screen is divided into three main 
views showing different information: (1) List View is an index of course videos sorted by weeks, (2) 
Content-based View displays details about the selected video and (3) Dashboard View with statistical 
diagrams about course, video, forum and peak (Fig. 8). For each second of the video six events are 
analysed and statistics about them is visualized: play, pause, seek, rate change, stall and error. 

 
Figure 8. VisMOOC, http://vis.cse.ust.hk/vismooc 

Information Technologies has contributed the promotion of huge amount of learning content generated 
by teachers through the creation of course materials or by students completing assessment, filling 
surveys, posting in forums. Knowledge mining from this content is crucial for the quality of education. 
In 2016 ReaderBench framework was published online including NLP services for “analysis of 
unstructured learning materials, automated essay grading, sentiment analysis, concept map 
elaboration or identification of reading strategies” [35]. All these services visualize in a proper way the 
result data using diagrams, concept maps, word clouds and tree structures. 

7 STANDARDS FOR DATA COLLECTION  
The development of new visualization tools to be integrated into LMS raises the issue of standardizing 
the way data is collected. The following section discusses the existing standards for eLearning 
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content. There are a lot of LMS on the market today each one with specific IT infrastructure and 
server-side support. To make a flexible interoperability, reusability, portability and sequencing in 2000 
Advanced Distributed Learning (ADL) [36] initiative developed the first version of Sharable Content 
Object Reference Model (SCORM). It consists of a set of interrelated technical specifications and 
guidelines for design high quality e-learning content. After a decade of successful work and results the 
advances in technology required new generation model and in 2013 Tin Can API v1.0 was introduced. 
It has a number of improvement compared to SCORM like reliability (resistant to errors); tracking 
mobile e-Learning data; recognition of more varied data types in a stable way; evolution [37]. Today 
Tin Can API has more than 180 adopters including over 70 LMSs like Moodle, Blackboard, eLearning 
[38] etc. 

In 2016 an enhancement of xAPI - CMI-5 was introduced as a brand new standard combining the 
benefits of both SCORM and Thin Can API. It supports offline mobile learning, records all kinds of 
activities, enables studying outside the LMS, is easy to implement and provides better user 
experience. 
Parallel in 2015 IMS Global Learning Consortium Inc. promoted Caliper 1.0, “the world’s first 
interoperability standard for educational click stream data” as pointed Griffiths and Hoel [39]. There 
are several key differences between xApi and Caliper in licensing (Caliper is closed, xAPI is open 
standard), in governance – by consortium or following open source model, in core vocabulary and 
data protection.  
There is an initiative for convergence between Caliper and xAPI. 

8 CHALENGES AND CONCLUSIONS 
To get the most accurate picture of learner’s progress, attitude and problems, to anticipate intentions 
and guarantee the successful completion of training as much data as possible is needed. 
Contemporary learning is supported by more than one eLearning systems attending to different 
aspects of education. All these data need to be joined into one application in order to have more 
efficient LA. Hence the first main challenge is how to merge data from various sources and various 
structures and to present them in real-time.  

As could be seen from the above review excellent free tools have been developed and continue to be 
upgraded for different types of analytics. The second challenge is how to bring together the valuable 
results from these tools to obtain the complete ultimate analysis and to visualize it in appropriate way.  

To automate data collection from different systems a service-oriented approach may be applied [40]. 
For example different data collection/visualization/analysis tools may be wrapped as services and 
published by user oriented service composition platform [41]. This way users would be significantly 
facilitated when applying LA methods. 

The next step of this study is such kind of services to be featured and their prototypes to be 
developed. 
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