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Abstract. To develop an effective teaching-learning process for a group of stu-
dents respecting their individual learning pace is a challenging task for teachers.
To assist students individually, it is necessary to identify each student’s difficul-
ty and take appropriate teaching action. This paper presents an assisted learning
tool based on the web that monitors and reports the student’s learning behavior
for the teacher. This tool, called eTutor, also performs preconfigured actions
(i.e., displays a video or text) according to the current state of student learning.
We tested this tool in two different topics for two groups of students. The eval-
uation showed that this tool promotes student assistance, helping the teachers to
be closer to their students.

1 Introduction

Learning is a fundamental and challenging activity for human beings, providing satis-
faction for all, especially when students take ownership of knowledge and apply it in
different contexts [1]. Each student has a different learning pace [2, 3], so persistence
is necessary to create situations that allow the students to achieve mastery of a prac-
tice or understanding of a subject [4]. Generally, students who actively participate in
classes (i.e., exposing doubts, trying to complete exercises, not being absent, and
not giving up) reach the learning goal at some point. Teachers can maximize the stu-
dents’ ability to learn by assisting them directly, regardless of their physical proximity
(either through distance learning or classroom teaching). This is one of the assump-
tions emphasized by authors who discuss the student’s zone of proximal development
[5, 6].

Due to the disparity of the learning pace of each student, it is essential that teach-
ers be aware of students’ learning behavior (i.e., when students are using a learning
web tool, it is important to know whether they are interacting with the environment).
Teachers can carry out several actions in order to enhance learning when they know
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the students’ learning behavior. For example, they can resolve questions, adapting
their strategies to the context, taking individual questions and sharing with everyone;
most student questions are common to all. However, monitoring the students’ learn-
ing behavior is a challenging task for teachers, because it is influenced by several
variables, such as the number of students per class and the differences in the learning
pace of each one [2, 7].

This paper presents the assisted learning tool, eTutor, which aims to promote in-
dividual assistance to students, whether reporting their learning behavior to the teach-
er in real time or not (either in distance or classroom learning). This web-based tool
also helps the development of learning situations, tailoring content to the students
(i.e., offering a video or text). The eTutor tool was designed to allow the teacher to
provide private assistance to each student during a course with small groups of stu-
dents (10-30). We maintain that students who work with private assistance can learn
more quickly than those in a typical classroom. Reiser, Anderson, and Farrell [8]
show that students with private human tutoring could learn approximately four times
more than students attending traditional classroom lectures.

Technological tools can monitor students’ learning and offer some help to them,
for instance, providing texts, multimedia, and simulations. Several intelligent tutoring
systems have been proposed [9, 10, 11, 12, 13, 14, 15, 16], which are computer appli-
cations to assist human teaching. Commonly, these tools do not aim to provide details
about students’ learning behavior to teachers; they try to adapt the material content to
each student. In our system, information about the students’ learning behavior is col-
lected, interpreted, and delivered to the teacher. This can help not only to highlight
problems during the teaching-learning process but can also hint at complementary
content. Information analyzed by eTutor allows teachers to be closer to their students.
This approach allows the teacher to act at the moment when a student experiences
difficulty in working on an exercise. It also helps the student to become confident.

The eTutor tool has a Student Modeling Module that uses fuzzy logic [17, 18, 19]
to trigger actions according to the actual student’s learning behavior and the status of
the Interactive Learning Objects (ILOs). ILOs are a set of items created, having a
clear educational purpose and including the following features: reusability (can be
adapted), interoperability (can be supported by any system), accessibility (can easily
be stored and retrieved), manageability (can be updated over time) and interactivity
(can provide the items’ status and automatically generate actions). These objects are
an extension of the Sharable Content Object Reference Model (SCORM) [20] of a
traditional learning object. The eTutor tool provides a web interface to create, man-
age, and distribute ILOs among the students.

The paper is organized as follows: the introduction explains the motivation and
idea behind eTutor; section 2 presents eTutor’s architecture and the details of its im-
plementation; section 3 shows the methodology used to test our tool; Section 4 shows
tests performed with this tool, as well as the results obtained; and finally, the implica-
tions of this work are discussed in section 5.
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2 The eTutor Architecture

The purpose of eTutor is to bring teachers closer to their students, allowing each stu-
dent to follow his or her own learning pace. Figure 1 depicts the architecture overview
of eTutor:

e  Teacher Web Interface, which allows teachers to create and/or modify ILOs
and teach distance learning or present courses;

o  Student Web Interface, which allows students to attend the classes;

e Student Modeling Module, which uses the following, to monitor the stu-
dent’s learning behavior:

o Interactive Learning Objects (ILOs), which consist of educational
content that reports its current status and engages in preconfigured
actions;

o Fuzzy logic, which analyzes the ILO status to trigger preconfigured
actions (for example, by sending an alert to the teacher and/or sug-
gesting a video to the student);

e  Web technologies, which are the back-end solution implemented.

Fig. 1. eTutor - Architecture overview

2.1  Web Technologies

Recent advances in web technologies have allowed sophisticated applications to be
written. Major browsers currently support HTML 5 [21], which makes it the de facto
markup language for developing complex web applications. This made it the chosen
language in which to develop the eTutor. Currently, it is possible to run complex ap-
plications on the web and even on mobile devices, high quality image and video and
which are highly responsive, with immediate feedback. With HTML 5 and hardware
improvement (portable and desktop devices), a whole range of new applications can
be created.
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All ILOs and eTutor information (i.e., information about students, teachers, and
courses) is stored in an internet server and is accessed through an HTTP REST proto-
col. Both the website and the applications (student and teacher interface) use this
same protocol, keeping the back end simple. The response is sent in the JavaScript
Object Notation (JSON) standard, which is a way to store information in an organized
way, completely language independent, and in a lightweight data-interchange format.

2.2 Student Modeling Module

This module reflects the actions of the teacher and student interface, generated from
the analysis of the students’ learning behavior. The two independent components
work together to monitor the environment.

2.2.1 Interactive Learning Objects

The advancement of the Internet has driven several mechanisms capable of providing
learning and knowledge through sets of didactic educational materials that are reusa-
ble and shareable, such as the Learning Objects [22]. According to L’Allier [23], a
Learning Object is defined as “the smallest independent instructional structure that
contains a target, i.e. a learning activity,” which consists of a digital component, the
basis of a course, unit, or lesson that can be reused to create other unique instructional
structures. A Learning Object’s main features are as follows: 1) flexibility; it is de-
signed to be reused; 2) personalization; customization of content allows Learning
Objects’ recombination; 3) interoperability; it allows the definition of design specifi-
cations’ development and presentation, based on organizational needs; and 4) it in-
creases the significance of knowledge; through reuse many times and in different
situations, the contents of Learning Objects are consolidated naturally as timed steps.

M

Fig. 2. Operation of an Interactive Learning Object
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A Learning Object in this paper is also considered as a unit able to report its cur-
rent status, which allows a learning tool to trigger preconfigured actions. For our pur-
pose, we expanded the SCORM standard, adding 26 new elements (e.g., period with
no interaction, level of difficulty, and help: text, video, and audio). Thus, we propose
the Interactive Learning Objects (ILOs) that are focused on interaction. The compati-
bility between SCORM and ILOs was kept to allow the export/import of objects along
with the tools that support them. Kemezinski et al. [24] have already described a me-
thodology for building interactive learning objects; however, they did not provide
details about the construction of these objects or whether they follow a standard such
as the SCORM [20]. Figure 2 depicts the concept of an ILO. In eTutor, this object is
preconfigured by the teacher with some parameters, for example, when the teacher
will be alerted that the student is not interacting with the object or when tips such as
texts and videos will be offered to the student. The teacher can inspect the student
ILO and contact the student at any time.

The created ILOs and their current status are stored on a server. When a class
starts, the teacher can select an ILO and send a copy of it to the student’s computer, or
the students can access the previous ILO.

2.2.2 Fuzzy Logic
The Student Modeling Module uses fuzzy logic to trigger actions, according to the
ILO status, that were preconfigured by the teacher. For example, if the student does
not add any information within five minutes in a descriptive exercise, then the eTutor
offers some tips and how-to videos; if the situation persists, the teacher is alerted.
This module is similar to the adaptive model described by Seters, Ossevoort, Tram-
per, and Goedhart [25], which integrates previous information (such as downtime and
tips already used) in order to select appropriate learning content to be presented to the
student or which even carries out actions such as alerting the teacher.

This module is based on input and output variables, which represent the final out-
come of the student's performance (and the intervention, or not, in the learning
process). The following input variable values were used to trigger actions:

e Period of time with no interaction: period during which an ILO goes without
receiving interaction from the student;

e Number of characters entered for descriptive answers: percentage of charac-
ters that the user typed in terms of the average number of characters per ex-
ercise. The number of characters may be low, medium, or high;

e Requests for assistance: number of requests already made by the student,
which can be low, medium, or high;

e Exercise difficulty: can be easy, intermediate, or difficult.

Considering these input variables (Table 1), eTutor determines the level of assis-
tance to be offered to the students (Table 2):

e Level 0: no assistance is required;
e Level 1: audio, text, or video are offered;
e Level 2: a similar exercise commented on by the teacher is offered;
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e Level 3: the tutor (teacher-designated person who provides help in learning)
is alerted about the current status of the student’s learning behavior;
e Level 4: the teacher is required to contact the student directly.

There are also penalty factors associated with the levels of assistance used. These
penalties are optionally configured by the teacher. Each penalty is associated with a
value to be deducted from the grade. The pertinence function used was the trapezoid-
al, depicted in Equation 1. Tables 1 and 2 present the values for the degree of perti-
nence, where a, b, ¢, and d are the edges of the trapezoid. The degree of pertinence is
a real value in the interval [0,1]. This pertinence function is fundamental to enable the
use of fuzzy logic [17, 18, 19].

Table 1. Fuzzy input variables

Input variables
Variable Linguistic terms | Relevance degree (range)
small [0,60]
Period of time with no interaction medium [58,180]
high [170,300]
low [0,10%]
Number of characters entered medium [9%,30%]
high [28%]
low [0,1]
Amount of assistance medium [1,3]
high [2,5]
low [0,5]
Exercise difficulty medium [5,7.5]
high [7.10]

Table 2. Fuzzy output variables

Output variables
Variable Linguistic terms Degree of relevance (range)
Level 0 — no assistance [0,1]
Level 1 — audio, video, and text [1,2]
Level of aid Level 2 — review exercise [2,3]
Level 3 — tutor assistance [3,4]
Level 4 — teacher assistance [4,5]

trapmf (x:a,b.c.d) = max ( min( rod J, d-x }Oj

b—a d-c¢

Equation 1. Trapezoidal pertinence function
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2.3  Teacher and Student Web Interface

Each ILO consists of some attributes such as name, internet links, and multimedia
objects (audio, video, and text). When an ILO does not receive interactions, eTutor
alerts the teacher and offers assistance to the student. Figure 3 depicts the main stu-
dent interface that allows the students to answer a descriptive question.

eTutor smoenren

Disciplina [ARTIFICIAL INTELLIGENCE]  [BoSEYatsl[1) 1)
vt - —
e e— Activity description

Respostx,

Fig. 3. eTutor: Main student interface
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Os periféricos que $30 apenas saida, $30 aqueles emque a o 0.50 Files
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mesmos.

Os periféricos de entrada e saida a0 mesmo tempo s&o aqueles em 0,50 Files
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para se comunicar com o computador. Nestes €asos as

comunicag@es podem ser, por exemplo, ao digitar um lexto estamos

dando uma entrada no computador.

‘You have requested help for a teacher for this activity

Wait for the teacher interaction . .

View archives of discipline

View activity files

Files, tips and chat [ i

Student chat

Fig. 4. eTutor: Current status of a student ILO
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In order to discourage students from asking for tips when they don’t need them,
eTutor keeps score and deducts points (optional) for each help request. Figure 4 de-
picts the current status of a student ILO with the penalties applied, tips requested, and
other information, for instance, attached files and chat history.

The teacher uses a specific interface (Figure 5) to monitor the students. In this in-
terface, the teacher can request a copy of a student ILO, which allows verification of
the current status. If an intervention is needed, the teacher can contact the student. The
teacher interface also has a color system that is associated with the state of student
learning.

eTutor

ACTVITIES DISCIPLINES  ANNOUNCEMENTS  REPORTS Menu Bar

Students Class

OPERADOR DE COMPUTADOR

Student Profile

Student chat Activity details

Student asking for help

Fig. 5. Teacher’s dashboard monitor

One eTutor challenge is to detect the ILO state and trigger the action associated
with it. The behavior parameters of each object are set by the teacher at the time of
the creation of an ILO. The teacher can also configure the ILO to determine which
task the student should do next, linking to the next ILO. This allows the students to
start a new activity at their own pace.

While a student attempts to complete an activity that is part of an ILO, the follow-
ing interactions can occur:

e The teacher can copy the student ILO to his or her interface, which allows
inspection of the status. If the teacher decides to intercede, he/she can contact
the student (face-to-face in the case of classroom teaching, or via chat/voice,
in the case of distance learning);

e The teacher can receive an alert message, notifying him or her that a student
is not interacting with an ILO because the student may be facing some diffi-
culty;

e The eTutor can offer some help to the student. The teacher may have precon-
figured the ILO, for example, to offer three tips (text content messages)
while the activity is being worked on;
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e The teacher can share an ILO instance with all students, which allows the
start of a discussion about an activity. This can be a new ILO instance or a
previous one from a student;

e The students can share their own instances among the other students, pro-
moting collaborative activity, although the teacher should approve;

e Students can request a video or chat session with the teacher/tutor, which
may or may not be private. The system manages the requests using a FIFO.

3 Methodology

The eTutor tool was validated in two topics: “Introduction to Information Security”
and “Introduction to Hardware and Computation.” Both classes were given in differ-
ent courses and universities. The first course (Class A) had five students enrolled,
while the second had twenty (Class B). Before the tests started, the teachers and stu-
dents were registered on eTutor. Each teacher received training in using eTutor and
creating ILOs, including how to follow up the activities. Additionally, we showed the
interaction options available to the students.

The teachers were free to create their ILOs as needed to meet their educational
goals. In class A, the teacher created one ILO with five questions. In group B, the
teacher created one ILO with six questions. Each ILO had at least three tips that were
available to students, which were preconfigured to be presented automatically accord-
ing to input data defined by the teacher and shown by the Student Modeling Module.
At the end of the course, both groups answered a questionnaire to analyze the eTutor
as an assisted learning tool and with respect to its usability.

4 Results and Discussion

The analysis of the results was performed per class. However, the discussion involves
both.

4.1 Introduction to Information Security Class

One teacher and five students participated in the “Introduction to Information Securi-
ty” class. Answers to the questions given to them after the class were tabulated and
are presented in Tables 3 and 4. In all cases, the students received automatic tips from
the eTutor environment according to their learning behavior and the preconfiguration
done in the ILOs. Only one student felt that the tips had little influence on the out-
come; others regarded as great/excellent the interaction provided by the ILOs. All of
them had already used other virtual learning environments such as Moodle [26].
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Table 3. Student and teacher behavior

Question Yes No | Idid not request
1- Have you ever used any virtual learning envi- 100% 0% Does not apply
ronment?
2- Did you feel accompanied by the professor
during the activity? 80% 20% Does not apply
3- Did you request tips during the activities? 100% 0% Does not apply
ila-n\cxil(l)en needed, did the teacher offer some assis- 60% 20% 20%

All students requested tips, and 80% of them judged these tips as excellent. Only
20% of them did not request direct assistance form the teacher during the activities;
the other 80% judged the assistance as satisfactory. In total, as shown in Table 4,
100% of the students considered the eTutor tool and the ILOs as Excellent (60%) and

Great (40%).

Table 4. eTutor evaluation

Question Regular Great Excellent
5- Hovy do you classify the interaction offered in 0% 30% 20%
the activities?
6- How do you classify the eTutor? 0% 40% 60%

4.2  Introduction to Hardware and Computation Class

Three tips were configured for each question of the ILO created. They were to be
offered after a period of one minute without student interaction and could also be
requested at any time. When the activity was completed, an evaluation questionnaire

was given. Tables 5 and 6 present the results.

Table 5. Student and teacher behavior

Question Yes No I did not request
1- Have you ever used any virtual learning envi- 15% | 85% Does not apply
ronment?
2- Did you feel accompanied by professor during
the activity? 85% | 15% Does not apply
3- Did you request tips during the activities? 55% | 45% Does not apply
4- When needed, did the teacher offer some assis- 65% | 5% 30%
tance?
Table 6. eTutor evaluation

Question Regular Great Excellent
5- Hovy do you classify the interaction offered in 25% 30% 45%
the activities?
6- How do you classify the eTutor? 15% 30% 55%
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Considering the results from both classes, the proposal presented in this work had a
positive rating of 85% (Great and Excellent). Similarly, the interaction achieved with
ILO received a positive approval of 75%. It is noteworthy that only 15% of students
had used other Learning Objects in other virtual learning environments. Students who
already knew other learning environments reported that using the ILO in eTutor made
them feel accompanied by the teacher, and they evaluated the possibilities of interac-
tion as excellent. Of the students, 67% were assisted by the teacher when they re-
quested it, while 33% did not request any assistance. Students who felt accompanied
(85%) considered the evaluation of the interaction model offered as great or excellent
(83%).

4.3 Discussion

Combining both tests applied to the classes, it is possible to trace a single scenario
with respect to eTutor. The results were positive. Although there were significant
differences when comparing questions 1 and 3 in both classes, the questions that real-
ly aimed to measure the student assistance were 2 and 4, which showed positive re-
sults. The direct teaching assistance occurred, on average, in 80% of the activities.
Figure 6 depicts the final results.

Class A and B - Final Scores

7.8 8.5

=
ONPOOO

Average

H Class A Class B

Fig. 6. Final scores, Class A and B

5 Conclusions

This paper presented a tool to assist students based on their learning behavior. This
web environment aims to alert the teacher when the students are facing difficulties. It
also offers preconfigured help (video, text, and audio). As result, we expected to bring
the teachers closer to their students, helping the students to become confident and
allowing each one to follow his or her own learning pace, regardless of physical prox-
imity (i.e., whether in distance learning or classroom teaching).

This environment was based on ILOs, which are learning units able to store content
as well as their status. We projected the ILOs to be reusable, interoperable, accessible,
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manageable, and interactive. These objects are an expansion of the SCORM standard
to which we added 26 new elements. These new elements allowed the eTutor to report
the ILO status to the teacher. The ILOs were created and managed by the teacher,
who distributed and monitored them using the teacher interface.

We also presented a case study that used the eTutor in the teaching of two topics,
“Introduction to Information Security” and “Introduction to Hardware and Computa-
tion.” From the observation results, we can conclude that the students felt assisted by
the teachers.

As future work, we intend to improve the teacher interface to support other options
for multimedia content (i.e., PowerPoint, Flash, augmented reality) for the ILOs. We
also intend to investigate how to deal with eTutor usability issues and test this tool
with more teachers and groups of students.
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