Tpyowt ICIT PAH, mom 34, evin.32, 2022 2. // Trudy ISP RAN/Proc. ISP RAS, vol. 34, issue 3, 2022

DOI: 10.15514/ISPRAS-2022-34(3)-7

Mobile Learning Platform focused on Learning Monitoring
and Customization: Usability Evaluation Based on a
Laboratory Study

VH. del Angel-Flores, ORCID: 0000-0001-8035-9301 <hdelangel. mcal9@Ilania.edu.mx>
2E. Lépez-Dominguez, ORCID: 0000-0002-6167-6309 <eduardo.lopez.dom@cinvestav.mx>
3Y. Herndndez-Veldzquez, ORCID: 0000-0002-5767-532X <yeseniahv@gmail.com>
'S. Dominguez-Isidro, ORCID: 0000-0002-9546-8233 <saul.dominguez@lania.edu.mx>
4 M.A. Medina-Nieto, ORCID: 0000-0001-6391-4799 <maria.medina@uppuebla.edu.mx>
4J. de la Calleja, ORCID: 0000-0002-6846-3162 <jorge.delacalleja@uppuebla.edu.mx>

! Laboratorio Nacional de Informdtica Avanzada,
Veracruz, México
2 Center for Research and Advanced Studies of the National Polytechnic Institute,
CDMX, Mexico
3 Universidad Veracruzana,
Veracruz, México
4 Polytechnic University of Puebla,

Puebla, México

Abstract. The learning customization and monitoring are considered key aspects of the teaching-learning
processes. Some works have proposed mobile learning systems that provide teachers and students learning
monitoring and personalization services. One of the main requirements of these kinds of systems in terms of
software quality is usability; however, few works have addressed the usability issues using laboratory studies
with users in real domains. In this work, we present a usability evaluation of the learning monitoring and
personalization services of a mobile learning platform based on a laboratory study in which nine teachers and
ten students participated. In our usability evaluation, the aspects evaluated were effectiveness, efficiency, and
level of user satisfaction as proposed by the ISO/IEC 25000 family of standards. The results show that the
teachers presented effectiveness, efficiency, and satisfaction considered satisfactory, while the students
presented effectiveness and satisfaction classified as satisfactory and acceptable efficiency. The usability
evaluation described in this work can serve as a reference for developers seeking to improve learning
monitoring and personalization services development.
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Annoranus. VunuBunyanusanus oOydeHHs 1 MOHHTOPHHI CUMTAIOTCS KIIOYEBBIMH ACIEKTaMH IIPOLIECCOB
npenojaBaHus 1 o0y4eHus. B HeKOTOpbIX paboTax mpeanaraiuch MOOHIbHBIE CUCTEMBI 00yUYEHHS, KOTOPbIE
NPEAOCTABIAOT YUYUTCIISIM U y4YallMMCs YCJIYIrM MOHHUTOPHHIa U IEPCOHAIM3aLNN O6yL{eHl/lﬂ. OI[HI/IM u3
OCHOBHBIX TpeOOBaHMII K TAKOrO poOja CHCTEMaM C TOUKH 3pPEHUsS KadecTBa IPOrPaMMHOTO obecIedeHHs
SBIISIETCSl yAOOCTBO HCIONIB30BAHMA; OJHAKO JIMIIb B HECKONBKMX PaboTax pacCMaTPUBAIHMCh BOIPOCHI
ya00CTBa HCHOIb30BAHHS C HCIIONB30BAHUEM J1a00PATOPHBIX UCCIEIOBAHUN C TONB30BATESIMU B PEAIbHBIX
JoMeHax. B aToif paboTe MBI IpeiCTaBIseM OLEHKY yHOOCTBAa HCIIONB30BAHUS CEPBHCOB MOHHTOPUHTA U
MepCOHAIN3ANNN 00yYeHUsI MOOMIBHOM 00ydaromieil maThopMsl Ha OCHOBE JIAOOPATOPHOTO UCCIEIOBAHNS, B
KOTOPOM NIPHHSIN yJacTHe AeBATh yuuTesnei 1 JecaTh CTyIeHTOB. B Hameii orjeHKe y1006cTBa HCIIOIB30BaHUS
OLICHHBATNCh TAaKHE AaCTeKThl, Kak 3(G{EeKTHBHOCTh, Pe3ylIbTaTUBHOCTb U YPOBEHb yIOBIETBOPEHHOCTU
oJIb30BaTeNel, Kak 3To mpejaraercs B cemeiicte crannaproB ISO/IEC 25000. Pe3ynbpraThl OKa3bIBAIOT,
YTO YYHTENS OLEHIIH 3G ()eKTHBHOCTD, Pe3yIbTaTHBHOCTD H yIOBICTBOPEHHOCTh KaK YIOBJICTBOPUTEIILHEIE,
B TO BpeMsl KaK ydalluecsl OHeHWIH ((eKTHBHOCTb M YAOBIETBOPEHHOCTh KaK YJOBJIETBOPHTENbHBIE U
s¢pdexTrBHOCTh Kak npuemiieMyro. OueHKa yqo0CTBa MCIONIBb30BaHMUS, OIKMCAHHAS B 9TO paboTe, MOXET
CIIY’KUTb CIHPABOYHBIM MaTEPHAJIOM U Pa3paOOTUHKOB, CTPEMSIIUXCS yIydIINTh MOHHTOPHHT O0Y4CHUS U
Pa3pabOoTKy CEpBHCOB IE€PCOHATU3ALMH.

KiroueBsble ciioBa: MoOHIbHOE 00yUYeHUE; HHANBUyaIn3aus 00y4eHNs; MOHUTOPUHT 00y4eHHST; Ka4eCTBO
HMPOrpaMMHOT0 00ECIEYECHHS; OLIEHKA y100CTBA UCIIOIBb30BAHUS

T uutupoBanusi: aens Auxenb-®nopec X., Jlonec-omunrec D., Dpuanaec-Benackec E., JlomuHrec-
Hcunpo C., Menuna-Husto M.A., ne na Kaiexa X. Ilnarpopma MoOHiIbHOTO 00yueHUst, OpUCHTHPOBAHHAS
Ha MOHHTOPHHI U HACTPOUKY OOy4YeHHUs: OIeHKa yIOoOCTBa HCIONIB30BaHUS HA OCHOBE J1a0OPaTOPHOrO
uccnenosanus. Tpynst UICIT PAH, Tom 34, Bem. 3, 2022 1., ctp. 89-110. DOI: 10.15514/ISPRAS-2022-34(3)—
7.

1. Introduction

Currently, learning monitoring and customization are considered essential aspects of the teaching-
learning processes [1], [2]. Learning monitoring is any procedure that provides feedback and
information on student progress, which leads to their self-assessment or reflection of the learning
process. Furthermore, learning monitoring helps identify students' competencies, what they know,
and what they do [2]. The purpose of learning monitoring is to advise students, offer guidance,
correct mistakes, help them overcome difficulties in the learning process, and keep track of the
process followed by students [2].
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On the other hand, learning customization is based on the idea that students learn in different ways
and at different rates. It considers the student's knowledge, needs, abilities, and perceptions in the
learning process. Therefore, it is considered learner-centered learning training [1]. Both learning
monitoring and personalizing complement the teaching-learning process.

However, in practice, it is difficult to carry them out within the framework of traditional education
since it is difficult for a teacher to keep track of each of his students and even more difficult to
personalize his education based on his skills and abilities. In this context, some works have proposed
mobile learning systems [3] - [18]. Nevertheless, the mobile learning platform presented in [18] is
characterized by providing the teachers and students with various learning monitoring and
personalization services that include mobile learning objects, considering the students' learning
styles and context information. This platform comprises three main components: a mobile learning
object generator system (SiGOAM), a mobile learning object repository (MLOR), and a mobile
application (MoApp) focused on the student. The integration of these three components allows and
facilitates the teacher the systematized implementation of various strategies for learning monitoring
and customization. In terms of software quality, one of the main requirements that this type of system
must consider is usability, which refers to the degree to which a software product can be used by a
certain group of users to achieve clearly defined objectives with effectiveness, efficiency, and
satisfaction [19], [20].

However, there is limited research work [7], [21]-[27] focused on the usability evaluation of mobile
learning systems that identify and address usability issues using laboratory studies with students and
teachers in a real domain. Some of the possible problems derived from a lack of usability evaluation
in these types of systems are potential errors in the interface design, unacceptable ease of use, errors
that the user makes when interacting with the software in a real environment, among others [28].
This work presents a usability evaluation of the learning monitoring and personalization services of
the mobile learning platform proposed in [18] based on a laboratory study in which nine teachers
and ten students participated. In our usability evaluation, the aspects evaluated were effectiveness,
efficiency, and level of user satisfaction as proposed by the standards ISO/IEC 25010 and ISO/IEC
25022 [19], [20]. Based on the results obtained, it was determined that users with a teacher profile
presented 87.11% effectiveness, 80.08% efficiency, and 7.53 satisfaction concerning SiIGOAM and
MLOR. These three results are considered satisfactory.

On the other hand, users with a student profile presented 80.00% effectiveness, 77.30% efficiency,
and 7.37 satisfaction regarding the mobile application (MoApp). Therefore, the efficiency and
satisfaction scores are classified as satisfactory, and the efficiency as acceptable. Based on the
feedback from users who participated in the usability evaluation, improvements and extensions were
carried out to achieve a higher degree of usability of the mobile learning platform. The usability
evaluation described in this work can serve as a reference for developers seeking to improve learning
monitoring and personalization services development.

This paper is organized as follows: Section 2 presents the state-of-the-art usability evaluations
applied to mobile learning tools focused on learning monitoring and/or customization. Section 3
describes the usability evaluation carried out, and the description of the evaluation instruments used
in the said evaluation. Section 4 presents the analysis of the results obtained by the usability
evaluation. Section 5 describes the improvements and extensions made to the platform, considering
the results obtained from the usability evaluation. Finally, the conclusions and future work are
presented in section 6.

2. Related Work

Some works proposed in the specialized literature have carried out usability evaluations of mobile
learning systems [7], [21]-[27]. These works used diverse evaluation approaches and aspects,
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including different evaluation instruments. A comparative analysis shown in Table 1 is presented
below.

Table 1. Comparative table of related works to usability evaluations.

(71| [217][22] | [23] | [24] |[25]|[26]| [27]

[Web 4 v
Mobile v v v v | Vv v
Lear.ning monitoring v v v v
services
Learping reinforcement vl s v v
services
Learping customization v v v
services
Field study v
Laboratory study v |V v v |V

(General characteristics

Show system status v v

Maintain consistency
between system and reality|

Give the user full control

Stick to standards and be|
consistent
IPrevent errors

Let the user choose instead|
of requiring them to|
remember things

Ensure  flexibility and
efficiency

Take care of aesthetics and|
imoderation

Ensure effective error|
handling

[Provide  support  and
documentation
Effectiveness v
Efficiency
Satisfaction 4
[Freedom from risk
Context coverage
Questionnaire proposed at vl v v
work
Observation v
Usability Scaling System| , | v
(SUS)
IUSE questionnaire v
Video recording v v
Group interview v
Based on the works reviewed, Table 1 shows a comparative analysis in three aspects: learning
services evaluated, usability aspects/characteristics evaluated, and evaluation instruments used. The
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target systems of the usability evaluations proposed in the works reviewed offer different services
that were grouped into learning monitoring, reinforcement, and customization services. In this
aspect, we identified three works [7], [23-24] that carry out usability evaluations of learning
customization services; however, two works only assess the characteristics of effectiveness and
satisfaction proposed by the ISO/IEC 25010 standard.

On the other hand, the usability aspects evaluated in the studies reviewed were grouped into the
characteristics mentioned in the Nielsen decalogue proposed in [29-30] and those suggested by the
ISO/IEC 25010 standard [19]. Although the ISO / IEC 25010 standard proposes five characteristics
to be evaluated, it was found that for usability evaluations of mobile learning systems, it is frequent
to evaluate the characteristics of effectiveness and satisfaction, and only [21] and [26] evaluate three
characteristics: effectiveness, efficiency, and satisfaction. Regarding the evaluation instruments
used, the works proposed in [21], [22], and [25]-[26] used questionnaires that allow the evaluation
of characteristics proposed in the ISO/IEC 25010 standard.

On the other hand, the works proposed in [7], [21], and [26] used the instrument called the usability
scale system proposed in [29] that allows calculating the degree of user satisfaction with the
evaluated software. Other evaluation instruments identified in the works are the observation by the
evaluators making notes [27], video recording of the test carried out [26], and group interview [22].
Finally, we note that there is a lack of works that carry out a usability evaluation of learning
monitoring and customization services based on a laboratory study with users to evaluate the
characteristics of effectiveness, efficiency, and satisfaction proposed by ISO/IEC 25010.

3. Usability Evaluation Description

In this work, we carry out a usability evaluation of the learning monitoring and personalization
services of the mobile learning platform proposed in [18] based on a laboratory study in which nine
teachers and ten students participated. In the subsequent sections, we present the details of the
usability evaluation carried out, starting with the description of the mobile learning platform, the
definition of the laboratory studies, the description of the instruments generated for the evaluation,
and ending with the details on the execution of the evaluation.

3.1 Mobile Learning Platform
The mobile learning platform presented in [18] is characterized by the related 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 students with equal or
similar learning styles;

¢) Allow monitoring of the studied learning objects by students; and

@ w = *3l
avy vy A i
Tascher Teacher  Student Student
' m R g
SIGOAM Cuality MLOR ety MoApp
MLOs MLOs
Feodback Feodback

Fig. 1. Mobile Learning Platform components: SiGOAM, MLOR, and MoApp
d) Integrate three tools in a single platform: a mobile learning object generator system (SiIGOAM),
a mobile learning object repository (MLOR), and a mobile application (MoApp); which allows
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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, see Fig. 1.
The integration of these three components allows and facilitates the professor to implement
strategies for learning monitoring and customization systematically.

3.1.1 SiGOAM Description

SiGOAM offers the professor multiple services grouped into four modules to generate quality
MLOs: analysis, design, development, and product-oriented tests. The analysis module allows the
professor to obtain a guide for acquiring information and the production of the activities composing
the MLO, see Fig. 2. 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 on product-oriented tests,
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 generated by SIGOAM have the
following general structure: introduction, lessons, examples, exercises, and evaluations.

Fig. 2. Interface to consult and add resources [18]

3.1.2. MLOR Description

The MLOR component allows teachers to store, catalog, consult, and visualize MLOs generated by
SiGOAM, as well as classify MLOs according to the learning style and context defined by the
professor when building them. The MLOR also allows the professor to monitor every mobile
learning object consulted by students, including the time invested in each of them; see Fig. 3.

Fig. 3. Detail of learning objects studied [18]

3.1.3. AppMo Description

Finally, the mobile application (AppMo) allows the student to consult, view, interact and
recommend MLOs based on their learning style and specific context. 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. Therefore, the application will recommend learning objects
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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 (see Fig. 4).
L} OV aony

e

kR

* W

< O [m

Fig. 4. Recommended learning objects by students [18]

3.1.4. Learning Monitoring and Customization Services

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

a) Building mobile learning objects based on the student's learning styles and context;

b) Monitoring the learning objects utilized by the students, as well as the total time invested and
the times the student consulted a learning object; and

¢) 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 platform are:

a) Identify student learning styles by applying the Honey — Alonso questionnaire (CHAEA) [31];

b) Obtain 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;

¢) Recommendation of learning objects based on the learning styles and physical activity of the
students, and

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

3.2 Laboratory Studies

In this work the laboratory studies were designed to evaluate the usability of SIGOAM, MLOR, and
MoApp from the point of view of their respective end-users. Usability evaluations based on
laboratory studies have the following advantages:

e Identification of problems to improve the design of the software.

e Confirm or question assumptions made during the design process.

e Collection of quantitative data, for example, how long it takes users to complete a task and the
number, type and severity of errors they make.

Feedback from target users.

Detection of usability problems before the launch of a software product.

Time and cost savings when dealing with concerns.

Obtain information on user satisfaction regarding the software before its general launch.
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e Validate usability requirements.

e Impartial evaluation of the software.

In our case, we carry out a laboratory study to evaluate the usability of the SIGOAM and MLOR
services, and another laboratory study to evaluate the usability of the MoApp services. Details are
described in the following subsections.

3.2.1 Laboratory Study of the Usability Evaluation Applied to SiIGOAM and MLOR

This section describes the scenario of the laboratory study that frames the usability evaluations of
SiGAOM and MLOR. In the SIGOAM authoring tool, the teacher user builds an MLO using the
services provided by SIGOAM in four phases: analysis, design, development, and product-oriented
testing. Afterward, the teacher user publishes and distributes in the MLOR the MLOs generated
from SIGOAM.

3.2.1.1 Case Study Definition

This section addresses the main aspects of the case study designed to evaluate the SIGOAM and
MLOR.

The object of study: The objects of study were the SIGOAM and MLOR. SiGOAM can be accessed
through the link: http://sigoam.lania.mx/login and MLOR can be accessed through the link:
http://roa.lania.mx. With this, the accessibility and availability of the platform were remotely
guaranteed.

Purpose: To evaluate the characteristics of effectiveness, efficiency, and level of satisfaction
proposed in the ISO / IEC 25010 [19] and ISO / IEC 25022 [20] standards, through a laboratory
study with a teacher profile.

Quality approach: The aspects evaluated were effectiveness, efficiency, and level of the user
satisfaction of the SIGOAM and MLOR.

Perspective: Obtain users' point of view with a teacher profile through comments and suggestions
Context: The experiment was carried out virtually through individual video calls with each
participant and with the support of a total of nine teachers: seven from the Teaching Center of the
National Laboratory of Advanced Informatics (LANIA), located in the city of Xalapa, Veracruz -
Mexico, and two from the faculty of the Polytechnic University of Puebla, located in the city of
Puebla, Puebla-Mexico.

The objective of the laboratory study definition was to analyze the flow that the construction,
publication, and distribution of the MLOs entails to evaluate the usability in terms of effectiveness,
efficiency, and user satisfaction with respect to the SIGOAM and MLOR from the point of view of
the professor users from LANIA and the Polytechnic University of Puebla.

3.2.1.2 Planning

This section details the activities carried out for applying the usability evaluation.

Selection of subjects: we select seven professors from the LANIA Teaching Center, representing
70% of the staff, with intermediate and advanced knowledge in using computers and mobile devices.
In addition, two professors from the Polytechnic University of Puebla participated. Two participants
expressed being MLO users with a teacher profile. The participants were selected to gather their
perspectives regarding SIGOAM and MLOR to identify and address elements for improvement.
Table 2 presents the main characteristics of the participants in the usability evaluation with a teacher
profile. Four participants are male (44.44%), and the remaining five are female (55.56%). Most of
the participants (55.56%) are between 36 and 45 years old. Two participants have master's degrees
(22.22%), and seven with doctoral studies (77.78%).
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Table 2. Characteristics of the participants with a teacher profile

Characteristics | Number of participants

Gender

Man

Woman 5

Age
2635 1
3645 5
46 — 55 3

Level of studies
Master’s degree | 2
Doctorate 7

3.2.1.3 Design of the Experiment

The general elements regarding the design of the experiment are presented below.

Randomization: The tasks to be carried out by the teachers were not assigned randomly. For the
construction of the MLO during the evaluation test, it was necessary to ask each participant to have
on hand a topic of their choice with an introduction, examples, exercises, and a brief evaluation. For
the distribution of the MLOs, the same ones generated in the SIGOAM usability evaluation were
used. For the evaluation, it was necessary to previously register test students in the MLOR so that
the teachers could carry out the requested tasks. The details of the tasks performed by the teachers
are those described in instrument I section.

3.2.2 Laboratory Study of the Usability Evaluation Applied to MoApp

This section describes the scenario of the laboratory study under which the usability evaluation of
the mobile application (MoApp) was carried out with student-profile users using MLOs generated
according to their context, i.e., if the student is at rest or in motion, and their predominant learning
styles.

3.2.2.1 Case Study Definition

This section addresses the main aspects of the case study designed to evaluate the MoApp.

The object of study: The object of study is the MoApp developed on Android. Each user was asked
to install the application on their mobile device.

Purpose: To evaluate the characteristics of effectiveness, efficiency, and level of satisfaction
proposed in the ISO / IEC 25010 [19] and ISO / IEC 25022 [20] standards, through a laboratory
study with real users playing the role of students.

Quality approach: The evaluated aspects are effectiveness, efficiency, and level of user satisfaction
concerning the MoApp.

Perspective: Obtain the users' point of view with the student role through comments and suggestions.
Context: The experiment was carried out virtually through individual video calls with each
participant. It supported ten students with a master’s degree in Applied Computing from the
Teaching Center of the National Laboratory for Advanced Informatics, located in Xalapa Veracruz-
Mexico.

Therefore, the definition of the laboratory study is to analyze the use of MLOs by students to
evaluate usability in terms of effectiveness, efficiency, and satisfaction.
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3.2.2.2 Planning

This section details the activities carried out to apply the usability evaluation.
Selection of subjects: For the evaluation of the mobile application (MoApp), an open invitation was
launched using an email to which ten students of the master’s in applied computing of the Teaching
Center of the National Laboratory of Advanced Informatics responded. The only requirement to
participate was to have a mobile device with an Android operating system. Their participation was
voluntary and was not conditioned on any type of benefit for their subjects. Table 3 shows the main
characteristics of the participants in the usability evaluation with the student profile. Nine men (90%)
and one woman (10%) participated in the evaluation. Most of them are between 18 and 25 years old
(60%). They all have a bachelor's degree.
Regarding the Android versions of the mobile devices, they used for the usability test; two were
Android 9 (20%), five were Android 10 (50%), and three with Android 11 (30%).
Table 3. Characteristics of the participants with a student profile

Characteristics Number of participants

Gender

Man 9
‘Woman 1
Age

18 -25 6
26 -35 3
36 —45

Level of studies
Bachelor’s degree | 10
Android version
9

10

11

[SSARV 1)

3.2.2.3 Design of the Experiment

The general elements regarding the design of the experiment are presented below.

Randomization: The tasks that the students had to perform for the usability evaluation were not
assigned randomly. The tasks that the students carried out are described in instrument I1I. The OAMs

used by the students were the same that the teachers constructed and published in the laboratory
study described for SIGOAM and MLOR.

3.2.2.4 Operation

Teachers and students were not informed about the usability characteristics to be evaluated, they
were only announced that the purpose of the study was to analyze and assess the quality in use of
the mobile learning platform. Afterward, teachers and students signed an informed consent
document. Therefore, no platform training was carried out for the execution of the usability test.

3.3 Evaluation Instruments

Based on the characteristics and metrics proposed in the ISO / IEC 25010 [19] and ISO / IEC 25022
[20] standards, three evaluation instruments were made. The instruments generated to carry out the
usability evaluation can be classified into:

e Instrument to collect data to evaluate the effectiveness and efficiency of SIGOAM and MLOR
from the teachers' perspective, hereinafter Instrument I.
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e Instrument to collect data to evaluate the effectiveness and efficiency of MoApp of the mobile
learning platform from the perspective of the students, hereinafter Instrument I1.

e Instrument to collect data that allows obtaining the degree of satisfaction of the users of the
mobile learning platform and identifying the characteristics to be improved on the platform,
hereinafter Instrument II1.

3.3.1 Instrument | Description

This instrument was used to measure the effectiveness and efficiency of users with a teacher profile
to the Mobile Learning Object Generator System and the Learning Object Repository, specifically
evaluating the learning monitoring and personalization services. Table 4 shows the breakdown of
the services included in the instrument I grouped by tasks.

Table 4. The instrument I task breakdown

Task Subtask
Create a new MLO
Register the student’s profile

Add content

Add examples

Add exercises
Record metadata
Design content
Design examples
Design exercises
Design evaluation
Build MLO

Publish MLO
Usability assessment

Analysis module

Design module

Development module

Product-oriented assessment Assessment of technological and pedagogical
module
aspects
Publish MLO Complete MLO publication
Register new group
Add category to group
Manage group Add student to group
Add MLO to category
Consult studied MLO
Reinforcement Suggest MLO for reinforcement

3.3.2 Instrument Il Description

This instrument was used to evaluate the effectiveness and efficiency of the students concerning the
platform's mobile application (MoApp). In addition, learning monitoring and personalization
services were specifically evaluated. Table 5 shows the breakdown of the services included in
instrument 11, grouped by tasks.

Table 5. The instrument Il task breakdown

Task Subtask

Answer the CHAEA questionnaire
Set learning style Consult learning style

Set preferences

Consult added MLO
Consult MLO Consult reinforcement MLO

Consult recommended MLO
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View detail of MLO

View of MLO

Evaluate MLO

Consult best evaluated MLO
Consult teachers

Send mail to teacher

Interact with the MLO

Support

3.3.3 Instrument Ill Description

This instrument was used to evaluate the degree of satisfaction of users with the teacher and student
profile. An adaptation of the user satisfaction questionnaire (QUIS) was carried out in version 7.0
proposed in [32]. This consists of thirty-two questions grouped into six categories, which are:

e  Global reaction to the system. It presents the user with questions about his perception regarding
utility, flexibility, ease, and other general aspects of the system.

e  General reactions on the screen. It collects information to evaluate screen characteristics such
as typography, design, distribution, and sequence between windows.

e System information and terminology. It contains questions that seek to evaluate the concepts
used to determine if they are useful for the user to complete the tasks within the system.
Learning capacity. Question the user regarding the ease of learning to use the software.

e System capabilities. It collects information that allows knowing the performance and recovery
between errors made by the user.

e Ease of use and user interface. Question the user about general aspects of the software interface
design.

3.4 Execution of the Evaluation

This section details the activities to carry out the usability evaluation.

3.4.1 Execution of Usability Evaluation with Teachers

For the evaluation with teachers, the experiment lasted approximately an hour and a half, framed in
a video call, where the teachers carried out the tasks described in instruments I and II. For each task
carried out, a note was made of the start and end time of the task or abandonment in case of not
completing it. After the usability test, the user satisfaction questionnaire was applied (QUIS 7.0)
[32]. Participants were asked to comment out loud on the problems they encountered, their
impressions, and what they were trying to do on the platform, to obtain a video recording of each of
their comments regarding their experience with the platform.

3.4.2 Execution of Usability Evaluation with Students

For the usability evaluation from the students' perspective, the experiment lasted forty-five minutes
through a video call, where the students performed the tasks described in instrument II. The start
time of each task was controlled, as well as the completion time of the task or abandonment in case
of not completing it. After the usability test, the user satisfaction questionnaire (QUIS 7.0) proposed
in [32] was applied. Previously, each participant was asked to install MoApp of the learning platform
on their mobile device with the Android operating system. The test was videotaped to analyze each
of the comments that the participants were making at the time of carrying out the requested tasks.

4. Analisys of Results

This section describes the results obtained after conducting the usability evaluation in terms of
effectiveness, efficiency, and satisfaction.
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4.1. Results of Instrument |

The instrument I was applied to users with a teacher profile, who were asked to perform seven tasks
distributed between the SIGOAM and MLOR applications. Each participant was asked to fill out
this instrument to determine their effectiveness and efficiency for the platform. The results obtained
indicate that users present 87.11% average effectiveness and 84.08% average efficiency for
SiGOAM and MLOR, respectively. Here is a detailed description of the results.

4.1.1 Effectiveness Results

The instrument I allowed to obtain the effectiveness value of the users for SIGOAM and MLOR.
Therefore, the results obtained for each one are described in detail below.

4.1.1.1 Results of SiGOAM

In Table 6 it is indicated with a 1 in case the user has completed the task successfully and with a 0
otherwise. To obtain the efficiency value per user, the tasks that were completed were counted and
the value obtained was divided by the total number of attempted tasks. In SIGOAM, monitoring and
customization services were evaluated in tasks grouped by analysis, design, development, and
product-oriented testing modules. Only five of the nine participants (55.56%) completed all the tasks
successfully, while the others failed one of the tasks (44.44%).

Table 6. Results of completion of task in SIGOAM of users with a teacher profile

Task Task completion

Ul U2 |U3 |U4 |U5S |U6 [U7 |U8 |U9
Analysis module 0 1 0 1 1 1 1 1 1
Design module 1 1 1 1 1 1 1 0
Development module |1 0 1 1 1 1 1 1 1
Product-oriented I I | | 1 1 1 | |
assessment module
Efficiency value 0.75 10.75 10.75 (1.00 {1.00 {1.00 {1.00 |1.00 [0.75

Considering the task completion values in Table 6 and substituting these values in the effectiveness
formula, we have:
0.75+0.75 + 0.75 + 1.00 + 1.00 + 1.00
+1.004+1.00 4+ 0.75

SiGOAM Effectiveness = 9 X 100,

SiGOAM Effectiveness = (g) x 100 = 88.89.

4.1.1.2 Results of MLOR

Table 7 presents the tasks corresponding to the MLOR and indicates with 1 those that users could
complete and with 0 those that users did not complete successfully. In this regard, the effectiveness
value is obtained by dividing the number of completed tasks by the total number of attempted tasks.
The activities evaluated in the MLOR were grouped into the tasks: publish MLO, group
management, and reinforcement. Five of the participants managed to complete all these tasks
without problems (55.56%), while the others had difficulty completing any of the tasks (44.44%).
Table 7. Result of completion of task MLOR of users with a teacher profile

Task completion
U1 |U2 [U3 |[U4 |US |U6 U7 U8 [U9
PublishMLO 1 {1 I I I |1 |1 1 [

Task
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Manage group 0 0 |1 0 |1 0 |1 1 |1

Reinforce-ment |1 I |1 (I |1 I |1 I |1

[Efficiency value|0.67/0.67(1.000.67(1.00/0.67(1.00]|1.00/1.00

Considering the task completion values in Table 7, and substituting these values in the effectiveness
formula, we have:

0.67+0.67+1.00+0.67+1.00
5 x 100,

MLOR Effectiveness — ( +0.67+1.00+1.00+1.00

MLOR Effectiveness = (%) x 100 = 85.33.

4.1.1.3 Average Effectiveness Result

We obtained the final effectiveness result through the average of the effectiveness values in both
SiGOAM and MLOR. The value obtained indicates that users with a teacher profile managed to
complete the tasks in SIGOAM and MLOR with 87.11% effectiveness, which is considered a
satisfactory value according to the ranges of acceptability for effectiveness reported in [33].

4.1.2 Efficiency Results

The instrument I allowed obtaining the efficiency value of users regarding SIGOAM and MLOR.
Therefore, the results obtained for each one is described in detail below.

4.1.2.1 Results of SiGOAM

Table 8 shows the times in minutes that each user with a teacher profile took to complete each task
of the SIGOAM described in instrument I. For the case of users who could not complete the task,
the time in which they abandoned the task is indicated.
Table 8. Results of times of users with teacher profiles in SIGOAM
Task Total time in minutes

Ul |U2 |U3 U4 |US |U6 |U7 |U8 |U9
Analysis module 29 29 |45 |60 39 |31 34 147 |22
Design module 9 11 |6 6 6 6 6 15
Development module |3 9 2 2 2 3 2 3 2
Product-oriented 5 5 6 5 3 5 4 3
assessment module
The user efficiency value for SiIGOAM considers the task completion rate, in addition to the
completion times shown in Table 8. For this, the efficiency value per task was calculated. In this
concern, we averaged the efficiency values of the tasks: T1, T2, T3, and T4. Obtaining that user with
a teacher profile completed the SIGOAM tasks with 84.34% efficiency. Data for the calculation are
the next:

N

Efficiency T1:77.98

Efficiency T2:91.55

Efficiency T3: 67.86

Efficiency T4:100.00

77.98 + 91.55 + 67.86 + 100
7 )

SiGAOM Efficiency =
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34.42

4
SiGOAM Ef ficiency = =8434%

4.1.2.2 Results of MLOR

Table 9 shows the times, expressed in minutes, that each user with a teacher profile took to perform
the MLOR tasks described in instrument I. For the case of users who could not complete the task,
the time in which they abandoned the task is indicated.

Table 9. Results of users with teacher profiles in MLOR

Total time in minutes

Task
U1 (U2 |U3 |U4 |US |Ue |U7 |U8 |U9

Publish MLO |4 3 3 4 2 3 1 6 3

Manage group |8 10 |5 8 8 8 5 9 9

Reinforce-ment |4 2 1 7 2 5 4 10 |4

To obtain the efficiency value of the users concerning the MLOR, in addition to considering the task
completion rate, the completion times are shown in Table 9. For this, the efficiency value per task
was calculated. The average of the efficiency values of the tasks was obtained: T5, T6, and T7.
Obtaining those users with a teacher profile completed the MLOR tasks with 83.81% efficiency.
Data for the calculation are the following:
Efficiency T5:100.00
Efficiency T6:51.42
Efficiency T7:100.00
. 100 + 51.42 + 100
MLOR Ef ficiency = ————

3 ,
25142 _ 83.81%.

MLOR Ef ficiency = 3

4.1.2.3 Final Efficiency Result

Finally, to obtain the efficiency value of the users for the SIGOAM and MLOR applications, the
average of the efficiency values in SIGOAM and efficiency in MLOR was obtained. The value
obtained indicates that the users with a teacher profile completed the tasks in SIGOAM and MLOR
with 84.08% of average efficiency, which is considered satisfactory according to the acceptability
ranges for efficiency presented in [33].

4.2. Results of Instrument Il

Instrument II was applied to users with a student profile, who were asked to perform four tasks in
MoApp of the mobile learning platform focused on learning on monitoring and customization
services. The students filled out instrument II to collect information to determine the effectiveness
and efficiency of MoApp. The results obtained indicate that the users present 80.00% effectiveness
and 77.30% efticiency for the evaluated mobile application.

4.2.1 Effectiveness Results

Table 10 indicates with a 1 if the user completed the task and with 0 otherwise. To obtain the
efficiency value per user, the tasks that were completed were counted, and the value obtained was
divided by the total number of attempted tasks. Only five users completed (50%) the four tasks in
instrument I, while the remaining five users had problems completing at least one task (50%).
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Table 10. Task completion results for users with a student profile

Task completion

U1 (U2 (U3 (U4 |US |U6 |U7 (U8 (U9 |U10

Task

Set learning style 1 1 1 1 1 1 1 1 1 1

Consult MLO 1 1 1 1 1 0 0 0 0 1

Interact with the MLO|1 1 0 1 1 1 0 0 0 1

Support 1 1 1 1 1 1 1 1 1 1

Effectiveness value [1.00 [1.00 |0.75 |1.00 |1.00 |0.75 |0.50 [0.50 [0.50 |1.00

Considering the task completion values in Table 10, and substituting these values in the effectiveness
formula, we have:

1.00 + 1.00 + 0.75 + 1.00 + 1.00
+0.75 4+ 0.50 + 0.50 + 0.50 + 1.00

E ti =
ffectiveness 10

X 100,

. 8.00
Effectiveness = (W) x 100 = 80.00.

The result obtained indicates that users with a student profile were able to complete the tasks in the
mobile application with an effectiveness of 80.00%, which is considered satisfactory according to
the acceptability ranges for effectiveness shown in [33].

4.2.2 Efficiency Results

Table 11 shows the times in minutes that each user with a student profile took to complete each task
described in instrument II. For the case of users who could not complete the task, the time in which
they abandoned the task is indicated.

Table 11. Results of times of users with student’s profile

Total time in minutes

Task

Ul |U2 |U3 |U4 [U5 (U6 |U7 |US |U9 U10
Set learning style 12 |11 |12 |11 (8 |12 |18 |12 (13 |14
Consult MLO 9 |4 |6 |4 (4 [3 |11 |5 |7 |5

Interact with the MLO |12 (8 (12 |8 (4 (5 (13 |6 (9 [10

Support 2t 22223

The efficiency value of the users for MoApp considers the task completion rate indicated in Table
10 and the completion times in Table 11. For this, the efficiency value per task was calculated. The
formula used to obtain the efficiency per task is described in [33].

In this concern, the efficiency values per task were averaged. Data for the calculation are the
following:

Efficiency T1:100.00
Efficiency T2:55.17
Efficiency T3: 54.02

Efficiency T4:100.00
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To obtain the result for efficiency, we have the following:

. 100.00 + 55.17 + 54.02 + 100.00
Efficiency = 7 ,

309.19

Efficiency = =77.30 %.

The efficiency result obtained is 77.30%, which is considered satisfactory according to the
acceptability ranges for efficiency shown in [32].

4.3. Results of Instrument lli

Instrument 111, which is based on the QUIS 7.0 proposed in [32], allowed us to determine the degree
of satisfaction of teachers and students. It was obtained that the teachers achieved satisfaction of
7.53, while the student's satisfaction of 7.37. The degree of satisfaction is given from 0 to 9 as
proposed in [32]. According to the acceptability ranges presented in [32], both scores are considered
satisfactory.

The degree of satisfaction of the teachers for the SIGOAM and MLOR resulted from calculating the
final average of instrument III from the perspective of the teacher user. The final average was
obtained by adding each of the averages obtained by category and dividing the result among the total
of categories. Data for the calculation are the following:

Overall reaction to the software: 7.41

Screen: 7.75

Terminology and system information: 7.44
Learning: 7.24

System capabilities: 7.78

Usability and UI: 7.56

To obtain the result for satisfaction, we have the following:

. . 741+ 775+ 744+ 7.24+7.78+7.56
Satisfaction = 3 = 7.53.

The category with the highest score was the one that has to do with aspects of system capabilities.
In contrast, the one with the lowest score is the category of learning capabilities.

We calculated the final average of instrument III to obtain the degree of satisfaction of the students
for MoApp. The averages for each category were summed and divided by the total categories. Data
for the calculation are the following:

Overall reaction to the software: 6.97

Screen: 7.35

Terminology and system information: 7.83
Learning: 6.95

System capabilities: 7.32

Usability and Ul: 7.80

To obtain the result for satisfaction, we have the following:

. . 6.97 +7.35+4+7.83+6.95+7.32+7.80
Satisfaction = 3 =7.37.
The category with the highest score is that of technology and information of the system, and the one

that obtained the lowest score is the one that has to do with aspects of learning capacity.
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5. Conclusions and Future

In this work, the usability evaluation of the mobile learning platform focused on learning monitoring
and customization proposed in [18] was carried out based on a laboratory study to determine and
improve its quality in use. Learning monitoring and customization services were specifically
evaluated. The platform was evaluated under the characteristics and metrics proposed in the ISO/IEC
25010 and ISO/IEC 25022 standards. The evaluated characteristics were effectiveness, efficiency,
and satisfaction from the users’ perspective (teacher and student). For the evaluation, a laboratory
study was designed for each platform element: SIGOAM, MLOR, and MoApp. Nine teachers and
ten students participated in the laboratory study, with their comments and suggestions allowing us
to identify usability issues that were corrected in their entirety. Based on the results obtained, it was
determined that users with a teacher profile presented 87.11% effectiveness, 80.08% efficiency, and
7.53 satisfaction concerning SIGOAM and MLOR. These three results are considered satisfactory.

On the other hand, users with a student profile presented 80.00% effectiveness, 77.30% efficiency,
and 7.37 satisfaction regarding the mobile application (MoApp). Therefore, the efficiency and
satisfaction scores are classified as satisfactory, and the efficiency as acceptable.

In future work, we propose the integration of an adaptability engine [34] in terms of content, format,
route, feedback, and evaluations.
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