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Abstract. Learning activities using technologies is one of the common educa-

tion methods. Its advantages allow that students can learn with concepts more 

practical’s. However in this environment not all the students can be attentive. In 

this research an Ambient Intelligent System has been designed using biometrics 

behaviors for detecting learner inattentiveness. The learning attentiveness of a 

student can be determined precisely and the teacher has access to these results 

and might improve news strategies. 

Keywords: Level of Attention, Technology in Learning, and Ambient Intelli-

gent Systems. 

1 Introduction 

In a traditional learning environment student and teacher are the key elements in the 

classroom. In environments in which technologies exist, the teacher plays an essential 

role in providing an engaging learning and teaching environment. Together, they take 

a set of physical, social, emotional, mental characteristics, and needs to the classroom. 

These influence the way one relates with the other and consequently affect the way 

the learning process will progress. Teacher is able to learn about the necessities and 

the educational philosophy as well the nature of his/her students; this will improve 

teacher’s position in order to facilitate student’s learning. 

For these reasons, education, training, skills development, and learning are pro-

cesses that are continuously performed since we are born. These characteristics and 

the ability to learn and teach, allow us to grow as a person. The learning concept is 

described as the act of acquiring knowledge, behaviors, abilities, standards or prefer-

ences and the study of learning has been closely linked to the development of psy-

chology as a science [1].  

The school must create systems that are capable of involving students and capture 

their attention. Advances in computers and wireless technologies have also had an 

impact on the educational setting, thus generating a new approach for Ambient Intel-

ligent (AmI) systems. The rapid development of these technologies combined with 
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access to content in a wide variety of settings, allows learners to experience new 

learning situations beyond the school’s wall. 

In the last years, school has introduced news technology with a set of computers, 

networks and access to the Internet in order to improve learning. These systems have 

implemented two important features: context awareness and adaptively. Context 

awareness denotes that the pedagogical progress and the context that are provided to 

the learning environment should be aware of the situations in which the learner actu-

ally is. Context of adaptively refers to the idea that different learning context should 

be adaptable to the particular setting in which the learner is situated [2]. 

Being a cognitive process, attention is strongly connected with learning [3]. When 

it comes to acquiring new knowledge, attention can be considered one of the most 

important mechanisms [4], where the level of the learner’s attention affects learning 

results, and the lack of attention can define the success of a student.  

Teaching should be solidly grounded to the absolute understanding of how the pro-

cess of learning occurs, so that instructional strategies could be efficient and lead to 

persistent knowledge. This is especially true when learning activities involve the use 

of technologies, as they are more likely to be inattentive due to exposure to other 

sources of distraction. This may affect the acquisition of knowledge [5]. 

This paper deals with the issue of attention monitoring, with the aim of proving a 

non-intrusive and non-invasive system, reliable and easy tool that can be used freely 

in schools, without changing or interfering with the established working routines. 

This paper is organized as follows. In the next Section the state of art of technology 

in learning and ambient intelligent where scientific literature is reviewed. Section 3 

contains the proposed architecture, section 4 presented the methodology applied with 

data acquisition and in section 5 preliminary results are presented. Finally, in Section 

6 some conclusions of this work are presented and future directions are suggested.  

2 State of Art 

Learning is a skill used in all of the human’s lifetime, and it can be defined as the art 

or process of acquiring knowledge or skill. It is very linked with attention as without 

attention the learning ability is severally impaired. Another theory associated is: less 

attention causes less information retained by the brain [6]. 

2.1 Technology in Learning 

Technology is shown to help low performing students to increase their results and 

attitudes towards the classroom [6]. The stimulus provided by the technology is more 

advantageous than disadvantageous [5]. 

Although the difficulties of having technology in classroom are disappearing some 

strongest factors can proved that they can still be felt. This is especially true when we 

consider the lack of training and disbelief in the role of technology, the necessary time 

spent, and the costs of equipment. 



The classroom contains not only students but also teachers, so the use of technolo-

gy in learning also changes the role of these teachers. It is required that the teacher 

have more training, time available to study and explain the technology that will be 

used in the classroom. 

There are many technologies that can be used to learning like online collaboration 

tools, presentation software, tablet, course management tools, clickers and 

smartphones, lecture-capture tools, and audio tools. These technologies have many 

advantages to help students to learn faster and better, by allowing teacher to adapt the 

students learning style. However, there are many distractions that can disrupt attention 

present in these technologies. With the emergence of social networks and games, it 

can be very difficult for the teacher to know if the students are really working on the 

pre-defined tasks or if they are wasting their time and attention on other tasks [7]. 

2.2 Ambient Intelligent 

The collection, storage, management, and anticipation of contextual information 

about the user to support decision-making constitute some of the key operations in 

most AmI systems.  

An AmI system is an environment in which technology is embedded, hidden in the 

background, sensitive, adaptive and responsive to the presence of people and objects. 

This system also preserves security and privacy while using information when needed 

and with an appropriate context [8].  

In the case of this work, adaptive systems aim at supporting and enhancing a stu-

dent’s learning process [9]. In their supply of adaptability, adaptive systems generally 

consider the student’s knowledge, background, interest, goals, targets and/or choices 

[10]. 

3 The Proposed Architecture 

In this section it will be presented the proposed architecture approach. The modules 

will be developed following the notions of encapsulation, inheritance, polymorphism, 

association, and abstract classes. The technologies applied for this system are JavaFX, 

SQL, and REST. The architecture is presented in Figure 1. 

 

Fig. 1. The proposed architecture of the AmI system. 



The proposed architecture contains a rest service (REST) that receives data in real 

time from computer student´s. This data contains the peripheral behaviors biometrics 

student’s features. This rest service (REST) sends the data received to the core mod-

ule  (CORE) of the application.  In this field, all processing will be made and compare 

with previous data stored in database (DB). Finally, the database (DB) will be updat-

ed. 

Then there are some graphical modules that allow showing the information in an 

intuitive way to the user. These graphical modules stand out the user interface (UI) 

that allows the teacher to control the application. This graphical module user interface 

(UI) is composed by a module that allow the creation of charts (CHART) and the 

layer that allows the creation of virtual classrooms (ROOM) so that the teacher may 

view intuitively the students behavior. 

3.1 REST 

As previously mentioned, this module will deal with the transportation of the data of 

the peripheral behaviors biometrics student’s features. The requests have a defined 

Json format that allows exchanging information with the classifier. 

This application will be send information about what should be considered as a 

task and which students it will be applied to. Then it’ll receive the attention data about 

the global class and each student. The technology used in the making of this layer is 

REST and Java. 

3.2 CORE 

This is the module where all the business logic will be located, so all the required 

processing will be done in this layer. This module provides powerful tools for per-

forming analytics and statically analysis in real-time. This layer simplifies the code 

and limits resources requirements. It is important that in this process some values are 

filtered to eliminate possible negative effects on the analysis. The system calculates, 

at regular intervals, an estimation of the general level of performance and attention of 

each student. 

Here it will be tested for input errors from the application users and received errors 

from the received data, it will be also the module responsible for managing the sync 

time with the REST layer. This module it will be a Java based module. 

3.3 DB 

In this module the raw data received from the data generating devices is stored in a 

data store engine. Here it is acknowledged the supporting database and it will store 

the students’ attention profiles, the class attention profiles and the previous made 

classroom tasks, it will also store the information linking the students to the correct 

class and the possible classrooms plants. 



The classifier will also interact directly with the database, this is helpful to reduce 

the needed quantity of data to pass through rest and speed up that process. For the 

construction of this module it will be used MySQL for this module. 

3.4 UI 

The system will need to interact with the teacher, so this module will provide that. It 

will contain the window to order: introduction of the classroom tasks; ordering to 

starting collect data; button to authorization to create news classrooms; and button to 

choses students, and tasks. 

This module needs to follows the known aspect of usual applications so that it 

would be easy for the teacher to use. For the construction of this module it will be 

made using JavaFX. 

3.5 CHART 

This module will allow the teacher to see the data into charts that help him to concen-

trate information and study the student’s behavior in classroom, instead of the atten-

tion, and other reference indicator being displayed in a non-intuitive and non-invasive 

way. 

This layer allows the teachers to make all the charts that they feel the need to, so it 

would have to be highly adaptive to every user and it is built with JavaFX. 

3.6 ROOM 

Here it will be made a classroom designer, to allow teacher to display the student’s 

attention so that he can see in little time what students or sectors of the classroom are 

not attentive.  

This module needs to allow the teacher to design where the seat students of the 

room where in the classroom. This system has some pre-designed room, which the 

teachers can use. If the design room proposed didn’t exist the teacher can created or 

adopted a notation to persist the created rooms, and it is built with JavaFX. 

4 Methodology 

In this work we compare the class from the sciences and technology course while 

performing an activity based on Microsoft Excel at the High School of Caldas das 

Taipas, Guimarães, Portugal. We want to determine how the class reacts during the 

lesson and the effect on mouse and keyboard dynamics, and attention level.  

For this purpose one group of 28 (19 girls and 9 boys) students were selected to 

participate in this experience.  Their average age is seventeen years old. In the lesson, 

they have access to an individual computer and 100 minutes to complete a task. Stu-

dents received, at the beginning of the lesson, a document with the goals of the task.  



4.1 Data Acquisition 

The first stage of the proposed system is the collection of the relevant data. The da-

ta collected by the logger application characterizing the students’ interaction patterns 

is aggregated in a server to which the logger application connects after the student 

logs in. The privacy of the students is ensured, since the necessary data that is collect-

ed to perform the login and the registration are an ID that does not personally identify 

of the student. They also need a password, and specify the gender.  

This application runs in the background, which makes the data acquisition process, 

a completely transparent one from the point of view of the student. The system was 

developed to acquire data from normal working routines, compiling information from 

the students’ activities through the mouse and the keyboard, which act as sensors. The 

Mouse and Keyboard Sensing layers are responsible for capturing information de-

scribing the behavioral patterns of the students, and receiving data from the events 

generated by their mouse and keyboard [11]. These data are further processed, stored 

and then used to calculate the values of the behavioral biometrics. 

As previously mentioned [11], the early version of this system acquired data describ-

ing the interaction of the user with the computer in terms of the mouse and the key-

board.  

This raw data includes all the important interaction events: when keys were pressed 

down or released, when the mouse moved (and where to), when clicks started or end-

ed and when the user switched to a given application. This data is then transformed by 

the server as described in [11], to generate 15 features that describe the performance 

of the interaction with the computer. 

5 Preliminary Results 

During the lesson with the class, the monitoring system was used to assess the interac-

tion of the students with the computer and to quantify their level of attentiveness as 

well. To quantify attentiveness the following methodology was followed. Asides from 

capturing the interaction of the students with the computer, the AmI system also reg-

isters the applications with which students are interacting.  

Attention is calculated at regular intervals, as configured by the teacher. The teach-

er may also want to assess, in real-time or a posteriori, the evolution of attention of 

the whole class. If necessary, the teacher may also click on a student to analyze the 

temporal evolution of the attention for that specific student during the class. Figure 2 

presents the evolution of attention for four students in the lesson.  

Theoretically, the lesson began at 8:15 a.m. and finished at 9:55 a.m. However, the 

students need to set down and the teacher must explain the content of the lesson. After 

that the student need to turn on the computer, open the session, and run the applica-

tion.  

In case of Figure 2 we have four students that were monitoring the level of atten-

tion. In these cases, the background application received data after 24 minutes of the 

lesson had begun. This mean that students only begin to open the application task at 

8:39 a.m., although there are a student that only begun after 32 minutes, at 8:47a.m.. 



After finished the task, the student turn off the computer, before the lesson had fin-

ished. Some students have finished the task in 50 minutes after the lesson begun at 

9:05 a.m., and other after 66 minutes at 9:21 a.m..  

In term of attentiveness, we can see that each one reacts differently and had differ-

ent evolution of the level of attention during the lesson. For example the student 

12421000, has a good level of attention until the minute 41, after that his level of 

attention in the task as decrease continuous until a lower level of attentiveness 

(around 30%). 

 

Fig. 2. Evolution of the level of attention for four students. 

6 Conclusions and Future Directions 

The work developed so far resulted in a very useful system for the teachers, which 

can monitor, in real-time, the level of attention of their students. However, in this 

moment, the architecture of the proposed AmI system can only analyze the student’s 

level of attention from the percentage of time spent interacting with work-related 

applications and don’t compared with the biometrics behaviors captured of the stu-

dents. It also necessary having a larger amount of data in order to analyze the profile 

of students and predict how they react in different types of lessons. 

With the proposed system it is possible to detect potentially negative factors dy-

namically and non-intrusively, making it possible to foresee negative situations, and 

to take actions to mitigate them. This may, in turn, minimize issues such as stress and 

anxiety, which can negatively influence the students’ results and are closely related to 

the occurrence of conflicts.   

In future work we will implement a tighter integration between the monitoring of 

the interaction of the users with the keyboard and the mouse (biometrics behaviors) 

and the performed tasks. With the data of biometrics behaviors it’ll be possible to 

know all the actions that each user performed both with the mouse or the keyboard, 



and at what time. We will thus generate a new feature that will quantify the level of 

activity of each user throughout time. This new feature will allow a more contextual-

ized analysis of attention, improving the performance of its classification and quanti-

fication. 
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