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Abstract—Mobile learning is a learning modality characterized by ubiqui-

tously allowing the learning monitoring and customization of students. In this 

context, several works have proposed software tools; however, these works lack 

learning monitoring and customization services based on the student’s learning 

styles and context. This paper presents the analysis, design, development, and 

preliminary usability assessment of a mobile learning platform (Kaanbal), 

which considers learning styles and context information to provide the professor 

and student with services for learning monitoring and personalization. Kaanbal 

is composed of three main components: (1) A mobile learning object generator 

system, (2) A learning object repository, and (3) A student-oriented mobile ap-

plication. The integration of these three components allows and facilitates the 

professor to implement strategies for learning monitoring and customization 

systematically. We carried out a usability assessment of the learning object gen-

erator system through a field study with five graduate-level professors. Accord-

ing to the obtained results, the learning object generator system presents a good 

acceptance, satisfaction, and applicability from the professors’ perspective. 

Keywords—Mobile learning objects, learning styles, learning customization, 

learning monitoring 

1 Introduction 

The technological progress related to telecommunications and mobile devices gave 

rise to a new teaching model known as m-learning [1]. M-learning or mobile learning 

is a learning modality supported by mobile technology to improve and reinforce learn-

ing processes [1], [2]. A property of M-learning is the capability for learning customi-

zation, which seeks the individualization of education based on the competences, 

aptitudes, and preferences of the students [3]. Therefore, the learning customization is 

based on the idea that students learn in different ways, at different speeds, and consid-
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ers the knowledge, needs, abilities, and perceptions of the student in the learning  

process.  

In the new educational models, learning customization and monitoring are consid-

ered essential in the teaching-learning processes since both allow to have a student-

centered education, promoting the learning performance [4], [5]. Learning monitoring 

refers to any procedure that offers feedback and information about the progress of 

student learning, guiding the student to make their self-assessment or reflection of the 

learning process. Furthermore, the learning monitoring helps to identify students’ 

competencies, what they know, and what they apply [6]. Therefore, the purpose of the 

learning monitoring is to guide students, offer guidance, correct errors, and help them 

overcome difficulties during the learning process, as well as control the process  

followed by the students [6].  

Among the existing alternatives to implement the learning monitoring and custom-

ization is the use of mobile learning objects (MLOs) in the teaching-learning process. 

An MLO is any digital entity that can be used through mobile devices during the 

learning for the generation or reinforcement of knowledge [7]. MLOs can be a great 

help in learning strategies since they offer the opportunity to reuse activities,  

resources, and content [7]. In this regard, it is necessary to store and classify each 

MLO within a learning object repository (LOR), in order to be incorporated into the 

learning processes and guarantee its reuse. A LOR is a container of learning objects 

that provides facilities for cataloging, managing, consulting, viewing, and download-

ing learning objects [8]. 

Nevertheless, there are several challenges for professors to carry out the implemen-

tation of strategies that achieve the learning monitoring and customization, such as 

[3], [5], [9]–[12]: detection of the specific strengths and needs of each student in order 

to individualize their education; generation of quality MLOs that allow students to 

explore a specific area of knowledge independently; and the distribution of massively 

constructed MLOs among students through specialized LOR for this type of digital 

resources.  

In this context, different works [13]–[27] have proposed software tools to carry out 

learning monitoring and customization based on the use of MLOs and LOR. We clas-

sify these works into three groups. The first group comprises works focused just on 

the learning customization [13]–[19], while in the second group we classify those 

works focused specifically on the learning monitoring [20]–[24], and the third group 

is composed of the works centered to the learning monitoring and customization [25]–

[27]. Only the work proposed in [27] considers a repository where these learning 

objects are stored and retrieved automatically. On the other hand, a limited number of 

studies [25]–[27] have proposed solutions that provide the professor with monitoring 

services or learning customization. However, these studies did not consider the rec-

ommendation of those learning objects that were useful for other students with similar 

learning styles, and lack services that allow identifying the time that students invested 

in learning objects, and the times the student consulted a learning object. 

In this paper, we present the analysis, design, development, and preliminary usabil-

ity assessment of a mobile learning platform, which considers learning styles (active, 

reflective, theoretical and pragmatic) [28] and context information to provide the 
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professor and student with various services for learning monitoring and personaliza-

tion. Our platform, which we have called Kaanbal, consists of three main compo-

nents: 

1) A mobile learning object generator system (SiGOAM) 

2) A mobile learning object repository (M-LOR) 

3) A mobile application (AppMo) focused on the student 

The main learning monitoring services provided to the professor by the platform 

proposed in this work are: 

a) Building mobile learning objects based on the student’s learning styles and con-

text 

b) Monitoring of the learning objects utilized by the students, as well as the total 

time invested and the times the student consulted a learning object 

c) Suggest new learning objects by the professor to reinforce a particular subject 

difficult for the student 

On the other hand, the main learning customization services offered by the plat-

form are: 

a) Identify student learning styles by applying the Honey - Alonso questionnaire 

(CHAEA) [28] 

b) btain the context of the student based on the data collected by the sensors of 

the mobile device to determine the activity that the student is doing, which 

can be at rest or in motion 

c) Recommendation of learning objects based on the learning styles and physi-

cal activity of the students 

d) Recommendation of learning objects evaluated by other students with the 

same learning styles 

To ensure the proper functioning of our platform, unit, and integration tests were 

performed, the results obtained in these tests indicate that the monitoring and custom-

ization services developed, achieve the requirements established in the analysis phase. 

In this work, we also carry out a usability evaluation of the mobile learning object 

generator system based on a field study with 5 graduate-level professors. According 

to the ISO/IEC 25010 usability standard [29], the satisfaction aspect of the users was 

assessed by applying the QUIS 7.0 questionnaire [30]. Based on the results obtained, 

the learning object generator system has full acceptance, satisfaction, and applicability 

from the professors’ perspective. Therefore, our proposal is characterized by the relat-

ed works proposed in the specialty literature by the following aspects: 

a) Consider learning styles while incorporating mechanisms to obtain students’ 

physical activity to provide recommendations of learning objects related to 

student preferences and conditions 

b) Provide recommendations of learning objects that were useful to other stu-

dents with equal or similar learning styles 
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c) Allow monitoring of the studied learning objects by students 

d) Integrate three tools in a single platform: 

• a mobile learning object generator system 

• a mobile learning object repository 

• a mobile application 

Which allows carrying a complete flow from when the professor designs and cre-

ates a mobile learning object, until the student consults it from a mobile device, and 

subsequently obtains feedback and self-assessment.  

The paper is organized as follows: Section 2 presents state‐of‐the‐art software tools 

that carry out learning monitoring and customization. Section 3 describes the platform 

overview, use case diagram, and relational data model of our proposal. Section 4 

describes the services of our mobile learning platform. Section 5 contains the platform 

assessment and discussion. Section 6 presents the limitations of our work. Finally, 

conclusions and future work are presented in Section 7. 

2 State-of-the-Art 

Several works [13]–[27] have proposed software tools (applications, systems, or 

platforms) to carry out learning monitoring and customization. We classify these 

works into three groups. The first group comprises works focused just on learning 

customization. In contrast, in the second group, we classify those works focused spe-

cifically on learning monitoring. The third group is composed of the works oriented to 

the learning monitoring and customization. 

2.1 Works focused on learning customization 

In [13], an intelligent tutoring system was introduced, which detects the students’ 

learning curve to provide recommendations on relevant and engaging topics. On the 

other hand, EduAdapt, introduced in [14] the adaptation of learning objects according 

to the device’s features, learning styles, and context information of the student.  

Students must participate in a learning management system (LMS) and use a specific 

community related to a course. Another system proposed in [15] integrates an LMS to 

provide customized learning objects based on learning styles, prior knowledge, expe-

rience level, and student performance. Another work, COPAL, presented in [16] 

makes use of cognitive computing, data mining, and natural language processing to 

provide relevant information to the student. Moreover, it develops a customized learn-

ing route based on the student’s learning styles. Another context-sensitive system 

proposed in [17] provides educational content referring to the English language  

according to the environmental characteristics of the student using GPS. A mobile 

application is presented in [18], which provides personalized mobile educational con-

tent, considering the student learning styles while incorporating context sensitivity to 

determine the appropriate learning format to be presented to the student. Another 
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system proposed in [19] creates groups of students considering their preferences and 

interests to provide them with learning material that best suits the student’s needs. 

2.2 Works focused on learning monitoring 

MobileEdu, introduced in [20], uses mobile devices to provide the following ser-

vices: sending of notices, notification about tasks performed, discussion forums, as 

well as tests to assess the performance. A mobile learning platform presented in [21] 

is based on multi-agent systems and cloud computing, which is implemented as an 

LMS that allows to collect, store, and manage data and information about student 

activities. MLO is presented in [22] as a learning organizer with metacognitive sup-

port that offers students tools to plan, monitor, and evaluate their learning. Another 

system proposed in [23] provides information on the materials studied, the evaluations 

performed, and the evaluation results. Furthermore, it monitors the student’s progress 

to interfere with the student’s needs. Another system proposed in [24] offers personal-

ized feedback in real-time in response to student characteristics to improve the stu-

dent’s learning ability. 

2.3 Works focused on monitoring and customization of learning 

MobiLearn, proposed in [25], is a context-aware learning system that offers the fol-

lowing monitoring services: notices of new activities, reminders, and evaluation re-

sults using SMS and social networks such as Facebook and Twitter. Concerning the 

customization side, the system suggests downloading mobile learning objects based 

on each student’s learning style and context. Another electronic learning system,  

proposed in [26], suggests educational concepts and learning materials considering 

student performance, learning style, and progress; in this system, the professor has 

access to see performance, progress, objectives, and playlists from the student. On the 

other hand, the mobile application presented in [27] based on multiple questions, 

determines the initial set of learning objects that will be downloaded locally for Eng-

lish language learning and identifies the student’s progress and comparing it with that 

of others classmates. 

3 Materials and Methods  

We develop the proposed platform following the ICONIX methodology [31]. In 

this regard, the work was divided into three main stages: 

• Stage 1: Development of services for learning monitoring and reinforcement. 

• Stage 2: Development of services for learning customization.  

• Stage 3: Platform assessment based on two approaches. 

In the first evaluation approach, we performed a qualitative comparison between 

the platform proposed in this work and the solutions offered in the specialized litera-

ture. On the other hand, in the second evaluation approach, usability assessment of the 
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SiGOAM was carried out to measure the satisfaction criterion from the professor’s 

point of view and obtain feedback that would improve the services offered by 

SiGOAM. According to the guidelines of the ISO/IEC 25010 usability standard [29], 

the satisfaction aspect of the teaching users was assessed by applying the QUIS 7.0 

questionnaire [30]. 

In stages 1 and 2, four steps were carried out and are described below:  

• Step 1: Requirements analysis: the initial specification of functional requirements 

that are part of our platform was generated, and the use case diagrams were devel-

oped. 

• Step 2: Analysis and design: the use case specification, a relational diagram, a 

prototype of the non-functional GUI (user interface), and the component diagram 

were developed. 

• Step 3: Implementation: In this step, the programming of the services was carried 

out. 

• Step 4: Integration and unit tests: In this last step, the integration and unit tests 

were carried out to validate the correct performance of all components of the pro-

posed platform. 

Below, the general description of the platform is given, also the use case diagram, 

and the relational data model. 

3.1 Platform overview 

The platform proposed in this work is composed of three components, which pro-

vide different services for the learning monitoring and customization: 

1) A mobile learning object generator system (SiGOAM) 

2) A mobile learning object repository (MLOR) 

3) A mobile application (AppMo), see Figure 1. 

 

Fig. 1. Platform components  

SiGOAM offers the professor multiple services grouped into four modules to gen-

erate quality MLOs: Analysis, design, development, and product-oriented tests. The 

analysis module allows the professor to obtain a guide for the acquisition of  

information and the production of the activities composing the MLO. In the design 

module, the professor can esthetically build the educational content obtained in the 

analysis module. On the other hand, the development module allows the professor to 

generate a functional MLO prototype. Finally, in the module of product-oriented tests, 
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the professor can assess the technological, pedagogical, and usability aspects of the 

MLO to obtain feedback from the students and improve it. The learning objects gen-

erated by SiGOAM have the following general structure: Introduction, lessons, exam-

ples, exercises, and evaluations. The MLOR component allows us to store, catalog, 

consult, and visualize MLOs generated by SiGOAM, as well as classifying MLOs 

according to the learning style and context defined by the professor when built them. 

The MLOR also allows the professor to monitor every mobile learning object consult-

ed by students, including the time invested in each of them. Finally, the mobile appli-

cation (AppMo) allows the student to consult, view, interact, and recommend MLOs 

based on their learning style and specific context. In the following subsections, the 

learning monitoring and customization services of our platform are detailed. 

3.2 Case uses diagram 

The use case diagram models the functions of the platform in terms of learning 

monitoring and customization services. Two types of actors are involved in these 

services:  

Professor: This type of user oversees providing learning objects, based on the 

learning styles and context of the students; monitors the learning progress of students; 

and reviews the learning objects studied and the time invested by students. 

Student: The central services of this type of user comprise answer the CHAEA 

questionnaire [28] to define their predominant learning style, consult, visualize, eval-

uate, and recommend learning objects added to each group that the student belongs. 

Services offered by the proposed platform are depicted in two use case diagrams: 

one displays the services offered by the mobile learning objects repository (Figure 2), 

and another presents the services provided by the mobile application to students (see 

Figure 3). The use cases of the MLOR describe the system operation to allow profes-

sors to monitor the learning of students: 

• UC01-01 Register new group: Describes the process to add a new group. 

• UC01-02 Add student to group: Establishes the process to assign students to a 

previously created group. 

• UC01-03 Add category to group: Defines the process to assign a category to a 

previously created group. 

• UC01-04 Add MLOs to categories: Describes the steps to add learning objects to 

a category. 

• UC01-05 Consult studied MLOs: Describes the process of consulting the learn-

ing objects studied by students. 

• UC01-06 Suggest MLO for reinforcement: Describes the steps to recommend a 

learning object to a specific student to reinforce a studied topic. 

• UC01-07 Complete MLO publication: Describes the process to complete the 

publication of learning objects uploaded through the SiGOAM. 
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Fig. 2. Use case diagram of MLOR 

Figure 3 shows the use case diagram, which presents different functionalities of the 

mobile application, in order to customize student learning, based on their learning 

style and context (referring to whether the student mobile device is in motion or at 

rest). In this regard, the use cases of the mobile application are listed and described 

below: 

• UC02-01 Answer CHAEA questionnaire: Describes the steps to define the stu-

dent learning style on the platform. 

• UC02-02 View groups and categories: Defines the process to visualize the groups 

in which the student is enrolled, as well as the categories belonging to each group. 

• UC02-03 Consult studied MLO: Establishes the process to be followed by the 

student to consult the list of learning objects he/she has previously studied.  

• UC02-04 Consult added MLOs: Describes the process for the student to consult 

the list of learning objects that the professor has uploaded to a group. 

• UC02-05 Consult reinforcement MLOs: Establishes the steps that the student 

must follow to consult the learning objects recommended by the professor to rein-

force a topic. 

• UC02-06 Consult recommended MLOs: Describes the process of recommending 

learning objects based on the student’s context and learning style. 
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• UC02-07 View learning object: Describes the process of viewing learning ob-

jects, where the student can interact and navigate through the sections of the MLO. 

• UC02-08 Assess MLOs: Describes the process of evaluation of learning objects by 

students. 

• UC02-09 Consult professors: Describes the process to check the list of professors 

of the student. 

• UC02-10 Send email: Describes the process for students sends an email to profes-

sors through the platform. 

• UC02-11 Consult learning styles: Describes the process to check the score ob-

tained in the learning styles questionnaire. 

• UC02-12 Create user account: Describes the student functionality to create a user 

account on the platform. 

• UC02-13 Modify user account: Describes the process to modify the student’s user 

account data. 

• UC02-14 Set preferences: Describes the process to set student preferences con-

cerning recommendations of learning objects based on his/her learning style and 

context. 

 

Fig. 3. Use case diagram of mobile application  
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3.3 Relational data model 

The relational data model presented in this section describes the structure of our 

platform’s database and the type of data that will be stored in tables and their relation-

ships. The data model corresponds to the MLOR (Figure 4) in which information 

regarding the learning monitoring and customization (groups, categories, learning 

styles, etcetera) is stored, as well as the information about learning objects. The data 

model possesses a total of 16 tables which are listed below: 

• Learning_objects: Stores the metadata of learning objects 

• Categories: Allows classifying learning objects 

• Learning_objects_categories: Relationship table between learning objects and 

categories. 

• Formats: This table stores formats of learning objects 

• Key_words: Stores keywords that allow identifying learning objects 

• Key_words_learning_objects: Relationship table between learning objects and 

keywords 

• Comments: Stores students’ comments about learning objects 

• Users: This table stores the registered users on the platform 

• Roles: It stores user roles for access to the platform (administrator, student, and 

professor) 

• Downloads_users: This table records the downloads of learning objects performed 

by students 

• Learning_objects_recommended: This table stores the learning objects recom-

mended by professors to students 

• Learning_objects_assessment: This table stores the score assigned by students to 

learning objects regarding how useful the learning object was to understand the 

studied topic 

• Score: It stores the number of views that the learning object has per student, as 

well as the total time invested. The table includes the score field in order to devel-

op a future service 

• Student_learning_profile: Stores the results of the learning styles questionnaire 

answered by students 

• Groups: It stores data concerning the groups created by professors 

• Groups_users: This table is used to manage the relationship between groups and 

users 
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Fig. 4. Relational data model 

4 Results 

This section describes the platform services development based on a formal archi-

tecture. The following elements are described in detail below: Component diagram, 

SiGOAM services, monitoring and learning customization services.  

4.1 Component diagram 

The component diagram presented in Figure 5 shows the interconnections among 

SiGOAM, MLOR, and the Android application; moreover, it depicts all the systems 

components and their relationship. SiGOAM and MLOR were designed based on the 

Model-View-Controller (MVC), which is a pattern for web applications development 

[32]. MVC separates the business logic from the user interface, promoting its evolu-

tion separately to increase the reuse and flexibility. As shown in Figure 5, the tech-

nologies adopted for the View were HTML, JQuery, and Angular, which makes re-

quests to the Spring MVC controller [33]. These requests are executed through Web 

services (RESTful) connected through objects to the Spring entities, which apply Data 

Access Objects (DAO) connection entities. DAOs are connected to the database mod-

el in PostgreSQL by means of the Java Persistence API (JPA). Spring is a Java enter-

prise application development framework designed to make development more agile 

and fast, with a minimal initial configuration, whose main features include: Depend-

ency injection, data access, transaction management, batch data processing, and secu-

rity. 

dm Logical Model

key_words_learning_objects 

«column»
* key_word_learning_object_id: integer
 key_word_id: integer
 learning_object_id: integer

key_words

«column»
* key_word_id: integer
* key_word: varchar(100)

formats

«column»
 format_id: integer

comments 

«column»
* comment_id: integer
 user_id: integer
 learning_object_id: integer

roles

«column»
* role_id: integer
* role: varchar(250)
 user_id: integer

wownloads_users 

«column»
* download_id: integer
 user_id: integer
 learning_object_id: integer

learning_objects

«column»
* learning_object_id: integer
 format_id: integer
 user_id: integer

users 

«column»
 user_id: integer

student_learning_profile 

«column»
* learning_profile_id: integer
* user_id: integer

groups 

«column»
* group_id: integer
* name: varchar(250)
 user_id: integer

groups_users 

«column»
* user_group_id: integer
 group_id: integer
 user_id: integer

score 

«column»
* score_id: integer
 learning_object_id: integer
 user_id: integer

categories

«column»
* category_id: integer
 group_id: integer
 parent_category: integer

learning_objects_categories 

«column»
* category_object_id: integer
 category_id: integer
 learning_object_id: integer

learning_objects_recommended 

«column»
* recommendation_id: integer
 user_id: integer
 category_id: integer
 learning_object_id: integer

learning_objects_assessment 

«column»
* evaluation_id: integer
 learning_object_id: integer
 user_group_id: integer
 user_id: integer
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Fig. 5. Component diagram 

The component diagram for the mobile application is based on the architectural 

pattern Model View ViewModel (MVVM), which is recommended in the Android 

developer documentation [34]. The advantages of the MVVM include: 

• Reuse of code and functionalities 

• Simplification of tests 

• Separation of responsibilities 

• Decoupling the behavior of the model with the view 

4.2 SiGOAM services 

The services for the creating of mobile learning objects provided by SiGOAM to 

the professor are distributed in four modules: analysis, design, development, and 

product-oriented tests. In the analysis module, the professor adds the content and 

resources (images and videos) to be used during the learning object’s construction 

process, which is structured in lessons, examples, exercises, and evaluation. Figure 6 

shows one of the interfaces that allow the professor to consult and add the content and 

resources that integrate the mobile learning object. 
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Fig. 6. Interface to consult and add resources 

On the other hand, in the design module, the professor is provided with different 

services that allow him/her to structure, visualize, format, among others, the content 

added to the MLO in the analysis module. Figure 7 shows an example of the interface 

that allows formatting (such as learning type, color, and alignment) to the lesson’s 

information concerning the learning object. 

 

Fig. 7. Interface of the design lesson service 

In the development module, SiGOAM allows the professor to automatically build 

their mobile learning object with the contents registered and designed in previous 

modules to finally download or publish it in a mobile learning objects repository, see 

Figure 8.  
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Fig. 8. Interface of the development stage 

Finally, once the learning object is published in the repository, the student can view 

it from the mobile application (Figure 9), either through a recommendation of the 

application or through a student search. Each time a student visualizes a learning 

object, the time invested is stored. Furthermore, the application records the number of 

times a student studies a learning object. 

 

Fig. 9. Learning object from the mobile application 
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4.3 Services focused on the learning monitoring 

Learning monitoring services allow the professor to consult learning objects stud-

ied by their students, as well as the time they invested and the times they consulted a 

learning object. Moreover, our platform allows the professor to recommend learning 

objects to reinforce a topic that could be difficult for students. The visualization of 

learning objects studied by students is accessed from the mobile learning objects re-

pository, see Figure 10. 

 

Fig. 10.  Learning objects studied 

Figure 11 shows the interface that allows the professor to visualize the list of stu-

dents who studied a specific learning object, as well as the total time students have 

invested in the learning object, and the number of times they have accessed it. 

 

Fig. 11.  Detail of learning objects studied 

Concerning the recommendation of MLO by the professor for the reinforcement of 

a topic that could be difficult for students, a service was developed that allows the 

professor selecting a learning object, as well as the list of students to whom the MLO 

would recommend, see Figure 12. 
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Fig. 12.  Learning objects for reinforcement 

4.4 Services focused on the learning customization  

Learning customization services are provided to students through the mobile appli-

cation and include: Obtain the physical activity of students, define learning styles, 

visualize learning styles, recommend learning objects according to the learning style 

and physical activity of students, as well as the recommendation of learning objects 

evaluated by other students with similar learning styles. The sensors of the mobile 

device are used to obtain the physical activity of students. The Application obtains the 

following activities: Static, standing, walking, running, cycling, vehicle, and lying 

down, then classifies them at rest or in motion. Additionally, in order to identify the 

student’s learning styles, the Honey-Alonso questionnaire [28] was implemented, 

which considers the following styles: active, reflective, theoretical and pragmatic. The 

application allows visualizing the predominant learning styles in students at any time. 

Based on the physical activity and the predominant learning styles of the student, the 

application recommends the learning objects related to the student (Figure 13). For 

example, if a student is moving, ideally, the application recommends learning objects 

that do not involve lessons in which the student has to read text on the screen. There-

fore, the application will recommend learning objects that include videos and audios. 

The application also allows students to evaluate learning objects, considering how 

useful it was for them to understand the studied topic. For the learning object assess-

ment, a scale of 1 to 5 was taken, where extreme values (1 and 5) denote a very bad, 

and very good usefulness, respectively. Based on the assessment performed by stu-

dents, the application recommends learning objects to other students with similar 

learning styles, see Figure 14. This type of recommendation supports the student since 

they only receive recommendations regarding student’s perceptions who learn in the 

same way. For example, suppose a student positively assesses a learning object that is 

designed for an active learning style. In this case, the learning object is more likely to 

be more useful for students who have an active learning style than those with a theo-

retical, pragmatic or reflexive learning style. 
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Fig. 13.  Recommended learning objects by application 

 

Fig. 14.  Recommended learning objects by students  
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Tests carried out had the aim to verify the expected behavior of services provided 

by the platform. Various iterations were carried out to ensure that the monitoring and 

customization services work correctly. The errors found during the testing process 

were solved, and new iterations were performed to confirm the correct operation. 

5 Platform Assessment and Discussion  

This section describes two evaluations carried out on our platform. In the first 

evaluation approach, we performed a qualitative comparison between the platform 

proposed in this work and the solutions offered in the specialized literature. On the 

other hand, in the second evaluation approach, usability assessment of the SiGOAM 

was carried out to measure the satisfaction criterion from the professor’s point of view 

and obtain feedback that would improve the services offered by SiGOAM. 

5.1 First evaluation approach: Qualitative comparison  

Based on a review of the state-of-the-art presented in Table 1, some works have 

features that allow learning monitoring; others support learning customization based 

on student’s preferences and abilities, and a reduced group of works presents ap-

proaches that enable both, learning monitoring and customization, see Table 1. 

Table 1.  Qualitative comparison of related works 

Services of learning customization 

Related works 

 

Services 

[13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 

Consider student performance. ✓ ✓ ✓  ✓  ✓       ✓ ✓ 

Consider student preferences. ✓  ✓ ✓ ✓  ✓       ✓ ✓ 

Consider learning styles.  ✓ ✓ ✓  ✓       ✓ ✓ ✓ 

Consider the context of the student.  ✓   ✓ ✓       ✓   

Suggest content that was useful for other 

students. 
  ✓    ✓        ✓ 

Services of learning monitoring 

It lets demonstrating what has been learned.        ✓   ✓ ✓ ✓ ✓ ✓ 

It monitors on the activities carried out.        ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

It provides student progress information.         ✓  ✓   ✓ ✓ 

It provides feedback.          ✓ ✓ ✓    

It has services that reinforce the learning of 

a topic. 
            ✓ ✓  

 

Most studies that provide learning customization services use some mechanism to 

obtain student learning styles, except for the work presented in [13], [17], [27]. In 

these works, students answer some questions where they indicate what type of content 

they want to receive. Nevertheless, none of the works that consider learning styles, 

contemplate the fact that the predominance towards a learning style can change 
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throughout the student’s learning process, this could cause the systems at some point 

to stop providing appropriate content to the student. 

Moreover, the implementation of contextual data acquisition of the student is only 

carried out by systems proposed in [14], [17], [18], [25], which use the GPS sensors 

and accelerometer. However, these works only focus on checking if the device detects 

any movement or if the user is moving, but the possible activity performed by the 

student is not determined, such as: At static, walking, by car; which is essential to 

specify the type of content that must be provided to the student. 

Concerning learning monitoring services, all reported systems allow users to con-

sult the activities carried out by the students, as well as their performance. Only in the 

system proposed in [26] suggest new content if the student’s performance is low. On 

the other hand, none of the reviewed works store a history of the times the student 

made use of the learning object, and the time spent; this information is required for 

estimating the progress of student learning. 

According to the review of the related works, there is a marked separation of ser-

vices to which the proposed systems were focused, for example, some works include 

in their architecture tools for creating educational resources, others consider reposito-

ries for storage, and in general, all the reviewed works include an application that 

allows the visualization of the contents. However, none of the works have an architec-

ture that considers the three components integrated within a single platform. There-

fore, our platform has a set of advantages, including:  

• It considers learning styles while incorporating mechanisms to obtain students’ 

physical activity to provide recommendations of learning objects related to student 

preferences and conditions. 

• It provides recommendations of learning objects that were useful to other students 

with equal or similar learning styles. 

• It allows the monitoring of the studied learning objects by students. 

• It integrates three tools in a single platform: a mobile learning object generator 

system, a mobile learning object repository and a mobile application; which allows 

carrying a complete flow from when the professor designs and creates a mobile 

learning object, until the student consults it from a mobile device, and subsequently 

obtains feedback and self-assessment. 

5.2 Second evaluation approach: SiGOAM usability assessment 

We carried out a usability assessment of SiGOAM proposed in this work based on 

a field study with 5 graduate-level professors. To achieve evaluation, first, professors 

were trained in the use of the different services of SiGOAM. Subsequently, they were 

asked to perform an MLO individually related to their course. Finally, according to 

the guidelines of the ISO/IEC 25010 usability standard [29], the aspect of user satis-

faction was assessed by applying the QUIS 7.0 questionnaire [30]. This section pre-

sents the instrument’s description, a description of the field study, and the obtained 

results.  
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Description of the instrument. QUIS questionnaire version 7.0, developed by the 

University of Maryland [30], was used to measure the satisfaction of the participating 

professors. The questionnaire consists of thirty-two questions grouped into six evalu-

ated categories:  

• Global reaction to the system: It includes questions to know the user’s perception 

regarding utility, flexibility, ease of use, among others. 

• Screen: These questions are aimed at evaluating screen features such as 

typography, design, distribution, and sequence. 

• System terminology and information: It assesses whether the terms used by the 

system help the user reach his/her goal and if there is consistency in the positioning 

and content of messages. 

• Learning: It collects information related to the ease with which the user learns to 

use the software. 

• System capabilities: It allows knowing the performance and recovery before 

committed errors by the user. 

• Ease of use and user interface: It assesses general aspects of the software 

interface design. 

In this instrument, the Likert scale selected for each question consists of 9 concep-

tual levels of satisfaction: 0-9 where 0 is the lowest grade and 9 the highest. The an-

swers obtained by this instrument are analyzed by the average per category and the 

overall average. The acceptability ranges are defined as follows: 

0 ≤ satisfaction ≤ 3: Unsatisfactory 

4 ≤ satisfaction ≤ 6: Acceptable 

7 ≤ satisfaction ≤ 9: Satisfactory 

Based on these ranges, if the overall average achieved is between 0 and 3, it means 

that professor satisfaction with the mobile object generating system (SiGOAM) is 

unsatisfactory. Otherwise, if the general average obtained is between 7 and 9, it means 

that the satisfaction of professors concerning SiGOAM is satisfactory. 

Description of the field study. The experiment was carried out at the National La-

boratory of Advanced Informatics (LANIA), Mexico, with the participation of five 

research professors of different disciplines, three of them with doctoral-level studies 

and two with a master’s degree. Before the experiment began, the participant profes-

sors received training in the use of SiGOAM with a duration of approximately one 

hour. In this span of time, we worked on guided practices for the construction of an 

MLO. The experiment lasted nearly two months, where professors worked individual-

ly in the creation of an MLO. At the end of the construction of the MLO, the ques-

tionnaire for user satisfaction (QUIS 7.0) was applied to register professors’ opinion 

regarding their overall reaction to the system, the screen, the terminology and infor-

mation of the system, learning, system capabilities, and usability, as well as graphical 

user interface. 

Satisfaction results. Based on the QUIS 7.0 answers, the satisfaction score aver-

age per professor and category were calculated. Finally, the overall average of the 

instrument was determined to measure the satisfaction level of all participating pro-

fessors. In this regard, the means for each category were summed and divided by the 
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number of categories, see Table 2. The results obtained by each category are present-

ed below. 

Global reaction to the system: In this category, two users obtained an average 

greater than six, while three had a result less than four. Based on the acceptability 

scale defined for instrument QUIS 7.0, this category is rated as acceptable. Therefore, 

it is concluded that the teachers in general had an acceptable reaction in this category. 

Screen: The overall average for this category was 5.7, which is classified as ac-

ceptable. Taking into account the feedback of the users, points of improvement were 

identified in the representation of characters since in some screens there were prob-

lems with the display of punctuation marks; multimedia content such as images and 

video were overflowing, and the content of some sections was confusing. 

Table 2.  Results of QUIS 7.0 

Category User 1 User 2 User 3 User 4 User 5 Average 

Global reaction to the system 6.2 6.0 3.8 2.5 5.5 4.8 

Screen 7.0 7.0 5.0 2.5 7.0 5.7 

Terminology and system information 6.5 7.3 5.0 1.3 6.7 5.4 

Learning 6.7 5.3 2.2 3.0 6.5 4.7 

System capabilities 6.8 7.0 3.6 1.2 6.6 5.0 

Usability and user interface 5.6 6.6 5.6 1.4 6.8 5.2 

Total 5.1 

 

Terminology and system information: Based on the results obtained in this catego-

ry, the participants considered that the terminology and information provided by the 

system regarding the task performed are acceptable. Points for improvement were also 

identified, such as the terms used in the exercises and evaluation sections, since the 

abbreviations that define the type of exercise were neither descriptive nor clear. 

Learning: The overall average obtained for this category was 4.7, which is classi-

fied as acceptable. In this category, it was identified that the navigation menus had to 

be improved since their design was confusing to the user. 

System capabilities: According to the results obtained in this category, users per-

ceived that aspects such as response speed, error correction, and ease of reaching their 

goals with the system are acceptable. Regarding the improvement points, it was iden-

tified that the file upload was slow. 

Usability and user interface: In this category, four users obtained an average great-

er than five, the highest being 6.8 while only one user obtained 1.4. Based on this, 

points of improvement were identified in all the interfaces of the system, since they 

presented inconsistencies in the design of forms, buttons, distribution, and presenta-

tion of content, among others. The overall average for this category was 5.2, which is 

classified as acceptable. 

Based on the described results, the overall average is calculated to measure the lev-

el of satisfaction of all users:  

 𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖o𝑛 =
4.8+5.7+5.4+4.7+5.04+5.2

6
= 5.1  
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Therefore, user satisfaction is considered acceptable. Finally, and according to the 

analysis carried out in [35], the number of users who participated in our study allowed 

us to identify probably around 80% of the usability problems of SiGOAM. The usa-

bility problems identified in our study were corrected. 

6 Limitations 

Our work has some limitations in terms of validity concerns. The main limitations 

are that only our mobile learning object generator system (SiGOAM) has been as-

sessed in a real work environment with 5 graduate-level professors; eventually, we 

will carry out a complete usability assessment of the platform considering the MLOR 

and AppMo, and our study lacks pedagogical data that allow us to determine the im-

pact of the mobile learning platform in the teaching-learning process. It should be 

emphasized that the assessment of the pedagogical dimension implies a more complex 

analysis; which is subject to different variants, so it was not within the purpose of this 

work. Nevertheless, considering the three-level evaluation framework proposed by 

Vavoula and Sharples [36], the usability features of mobile learning systems, being at 

the lowest level, influence at higher levels within which they are found aspects related 

to the learning experience.  

7 Conclusions and Future Work 

This paper presented the analysis, design, and development of a mobile learning 

platform aimed at learning monitoring and customizing of university students through 

mobile learning objects (MLOs). Our platform differs from other proposed by inte-

grates a mobile learning object generator system (SiGOAM), a mobile learning object 

repository (MLOR), and a mobile application, which recommends and presents learn-

ing objects to students. The integration of these three elements in a single platform 

supports the professor to implement various strategies for learning monitoring and 

customizing systematically. From our point of view, the most important platform’s 

advantages are the following: 

1) Provide various services to the professors to construct high quality MLOs 

2) Distribution of massively constructed MLOs among students through special-

ized MLOR for this type of digital resources 

3) Considers student learning styles while incorporating mechanisms to obtain the 

possible activity carried out by students (at rest or on the move), to provide rec-

ommendations of mobile learning objects suitable to students’ circumstances, 

skills, and preferences 

4) Provide recommendations of learning objects that were useful to other students 

with equal or similar learning styles 

5) Allow the professor to monitor the student learning concerning the consulted 

MLOs, visualize the times the student accessed it, and the total time spent 
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On the other hand, in this work, a preliminary usability assessment of SiGOAM 

was carried out to measure satisfaction in six categories based on a field study with 5 

graduate-level professors. In our work, the aspect of user satisfaction was assessed by 

applying the QUIS 7.0 questionnaire. According to the obtained results, the learning 

object generator system presents a good acceptance, satisfaction, and applicability 

from the professors’ perspective. Both QUIS results and the professors’ feedback 

were considered to generate an enhanced SiGOAM version. In this regard, the most 

significant changes were performed in the user-interfaces features, such as: Naviga-

tion menus, messages displayed, the terminology used in the system, special charac-

ters encoding, the preview of multimedia resources, visualization of the MLO con-

struction stages, and design of the created MLO. Finally, the metadata register form 

was enriched with indications about the information that the user should capture. 

Considering the results and products obtained from this work, several lines of  

research are open allowing the continuity of different future work, including: 

1) Extending the monitoring services of the platform to show statistics of the stu-

dent’s progress or evolution in the different groups to those that belong 

2) Add a recommendation service, which considers the student’s performance to 

suggest learning objects that help reinforce the studied topics 

3) Add the offline functionality in the mobile application that allows saving the da-

ta locally if the user does not have access to the Internet, and when a connection 

is detected, the system updates the information on the server automatically 

4) Carry out a usability assessment of the MLOR and the student-oriented mobile 

application based on a field study. 
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