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Abstract. Web analytics in the learning environment is the use of intelligent da-
ta, learner-produced data, and analysis models to discover information and so-
cial connections. This paper describes a web analytics and visualization tool 
which collects, analyses and visually represents the data collected in an  
e-learning environment. The goal of this tool is allow the teacher to better un-
derstand his students’ behavior in front of the environment and support the de-
cision making related to the pedagogical content adapted to the students’ need. 
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1 Introduction 

Web Analytics is the measurement, collection, analysis and reporting of internet data 
for purposes of understanding and optimizing web usage [5]. It helps to identify popu-
larity trends, to estimate how traffic to a website changes and also provides informa-
tion about the numbers of visitors and the number of page views. 

In the context of e-learning, it is usually named learning analytics, and it helps the 
measurement, collection, analysis and reporting of data about learners and their con-
texts, for purposes of understanding and optimizing learning and the environments in 
which it occurs. Web analytics in the learning environment is the use of intelligent 
data, learner-produced data, and analysis models to discover information and social 
connections. These gathered data can help teachers in discovery and understand stu-
dents’ behavior in their courses, in the collaborative tools provided by the system, and 
the system could predict and advise people's learning [10]. 

One problem faced by teachers who use e-learning environments is to understand 
the students’ needs. One way to deal with this issue is to collect data about the stu-
dents’ actions and interactions with the e-learning environment and analyze it to gath-
er useful information and to present the best contents adapted to students’ needs and 
profile. 

Although web analytics tools can help teachers discovering students’ behaviors and 
trails, some tools are difficult to understand and to extract information, because their 
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diversity of the metrics or their poor usability. Visualization information techniques 
can be applied in these tools, helping user to understand the data generated. Informa-
tion visualization (InfoVis) produces visual representations of abstract data to rein-
force human cognition; thus enabling the viewer to gain knowledge about the internal 
structure of the data and causal relationships in it [6]. 

In this work, we describe a tool for mining and visualizing student’s interaction to 
an adaptive web-based educational system that we have developed in order to help 
teachers/instructors to discover student’s behavior.   

This paper is structured as follows. In the section 2 we present the related works. 
Section 3 introduces the adaptive e-learning system where the tool was integrated. 
Section 4 presents the functionality of the tool to mine and analyze student´s interac-
tion and behavior, how the students' data is collected and the defined metrics. Section 
5 describes the visualization tool, how the defined metrics are converted into a graph-
ical and interactive visualization tool and how teachers can benefit from it. In section 
6 experimental results obtained are then discussed, showing how the experiment was 
planned and conducted and also the interpreted results. Finally, in Section 7, conclu-
sions and future work are presented.  

2 Related Work 

Learning Analytics intends to collect data about and produced by learners in order to 
use it to enhance education and learners’ success. These data can be used in several 
ways and with several different reasons. The Open Learning Analytics platform [11], 
for example, is focused in four groups: learners, educators, administrators and re-
searchers. While learners view data regarding their progress in the course, educators 
view information that can help them to know what has impacted on the learners’ en-
gagement; administrators view statistics about the courses and researchers can use this 
data to discover new information. 

While the Open Learning Analytics platform has focus on four distinctive groups, 
the Student Activity Meter (SAM) [4] focuses only at the learner and the teacher. The 
tool aids learners to see how they spent their time and also recommend materials to 
them. In the other hand, teachers can see what and how students are doing, where they 
are spending more time and which are the most popular materials. 

There are also tools as eLAT [1] that focuses only on the teachers and aims to 
process all the data quickly considering privacy aspects and individual interests. This 
tool enables teachers to explore and correlate the learning object usage, user charac-
ter, user behavior and assessment results using a graphical interface and, by doing 
this, they can reflect and identify opportunities for improvement. 

Our proposal has similarities with these works, since we focus on helping teachers 
to better understand their students’ behavior in the system. In the future, we also in-
tend to recommend some action to the teachers (e.g. improve their communication  
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with the students, changes in his navigational paths, etc.) and to the students (e.g. 
recommendations about their engagement, works and tasks, etc.) based on the learn-
ing styles, patterns and behaviors discovered. 

3 AdaptWeb 

AdaptWeb (Adaptive Web-based learning Environment) is an adaptive e-learning 
environment whose purpose is to adapt the content, presentation and navigation in an 
educational Web course, according to the student’s profile. Currently, it is an open 
source environment in operation in different universities. This adaptation is based in 
the student's profile, such as his knowledge about a certain concept, his navigational 
preferences and his background. Another feature of the environment is the ability to 
offer a discipline to more than one course. For example, the same Calculus discipline 
can be offered to the courses of Computer Science, Electrical Engineering and Civil 
Engineering with its content properly adapted.  

In AdaptWeb, the student has access to three sections: Class Environment, Mes-
sages Board and Discussion Forums. Each one of these three sections is part of an 
offered discipline in a certain course. In other words, the system make available  par-
ticular content to each profile, e.g., a Calculus student from Computer Science can 
see, in all the three sections, only the content available for Computer Science stu-
dents', while an Electrical Engineering student will see only the content available to 
Electrical Engineering students'. 

The discipline's content can be seen in the Class Environment. From this section, 
the student can obtain access to the concepts, examples, exercises and complementary 
materials. The student can access this section by two different ways: Tutorial mode or 
Free mode. 

In the Tutorial mode (guided tour), prerequisites criteria among concepts determine 
the student’s navigation, and navigation adaptation is based on the register of con-
cepts studied: every time the same student accesses the web course, the colors of the 
menu links are restored. In the Free mode, the student can study any concept available 
in the navigation menu. The colors used follow the usability rules by Nielsen [9], that 
is, we adopted blue for links that were not accessed (but they are accessible to click), 
and purple for the accessed ones. For concepts that the student is not allowed to see 
(tutorial mode) the color of the link is black, and the mouse cannot click on them [2].  

In the Messages Board section, the student can see the messages of his 
course/discipline from the last 30 days. These messages can be from another student or 
from the teacher, and they can be public or private. Beyond sending a message to the 
class (students and teacher), the student can also send a message only to the teacher. 

Finally, the Discussion Forum section allows students to interact with each other. 
They can create discussions (topics) about some subject of their interest and get aid to 
accomplish the exercises or to understand a concept.  
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The module collects data from different sources. First it collects data from the 
AdaptWeb environment, where it reuses the existing logs of the database and then it 
includes an embodiment of Piwik, an open-source web analytics tool. Piwik helps the 
capture and storage through page tagging with a JavaScript code embedded in the 
source code of AdaptWeb' pages. Based on the data collected, the data analysis mod-
ule was developed considering the metrics defined in Table 1: 

Table 1. Metrics of the web analytics tool 

Group Metric Derived metrics 

General use Total number of students visiting the e-
learning system 

Total Visits per student 

Individual access time in each discipline Students' Average Access time 

Frequency of student access Frequency of access 

Technological user data Browsers 

Operation Systems 

Screen Resolutions 

Access time in each section Total Hits to each section 

Class 
environment 

Access time in each section Navigation Mode 

Concepts Total Hits to Concepts 

Examples Total Hits to Examples 

Complementary Materials Total Hits to Complementary 
Materials 

Performance of tasks Total Hits to Exercises 

Internal search Total Use of The Search Engine 

Keywords searched 

Discussion 
Forum 

Participation in the discussion forums Total Hits to Topics  

Total Topics Created 

Total Answers 

Messages Board Interaction via messages Total Sent Messages 

Types of Sent Messages 

Total Views 

 
The goal of the data analysis module was to provide metrics for the visualization 

module and also being flexible and extensible to future work. Its structure can easily 
be incorporated into other modules of the environment, delivering information in a 
standardized manner. The metrics are related to data from the environment where they 
were captured, which can be parameterized by student, teacher, discipline and course. 
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After a month, we had sufficient data to support different analysis. We invited the 
teachers to participate in our first usability test. An experiment of observation and 
analysis with one of the teachers was conducted. In this experiment the developers 
presented the tool to the teacher and asked him to use it. The teacher could express 
himself anytime while he was interacting to the tool (beyond the observation, we had 
used the thinking aloud protocol). After the observation section, the developers dis-
cussed the tool with the teacher and understood the challenges and details of the visu-
alization tool. 

As the first results, the graphical representations of the metrics were easily unders-
tood by the teacher; however he had some difficulties while selecting the metrics 
because he could not visually distinguish which metrics could be analyzed together 
and which could not. The teacher needed to be guided to try features such as changing 
the type of frequency of the Frequency of Access (e.g. grouped by month,  by week, 
by day) and the features of the detailed information table, however, after he used it for 
the first time, he considered it very useful. 

Concerning to the mapped metrics, the teacher missed the option to analyze the 
metric Frequency of Access with others such as Total Hits to Concepts, Total Hits to 
Examples, Total Hits to Exercises and Total Hits to Complementary Materials. He 
also mentioned that a new metric, Student’s Path, could also be interesting, to visually 
identify students trails and, perhaps, to change some of his discipline structure.  

7 Conclusion and Future Works 

In this paper we presented a web analytics and visualization tool to help teachers to 
understand student´s behavior in an adaptive e-learning environment. This tool con-
sists of three modules: i) data collection module, ii) data analysis module, and iii) data 
visualization tool, which enables the teacher to visualize and interact to the generated 
analyzes. Our tool was integrated in the AdaptWeb environment, an adaptive e-
learning system used in our university.  

We have conducted a case study, tested with data collected from two courses —
Computer Science and Information Technology, aiming to identify the prior usability 
problems related to the visualization tool, and to discover whether the metrics satisfy 
teacher’s needs. The preliminary results demonstrated the importance of well de-
scribed metrics and filters. Currently we are conducting other experiments, in order to 
improve our tool.     

Future work will include the integration of our web analytic tool with more discip-
lines from different courses and areas of knowledge. We also plan to enhance our tool 
with intelligent recommendation support and evaluate its usefulness and usability. 
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