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Abstract: This article explores teachers’ perceptions of a self-assessment tool designed to guide the
integration of mobile devices into teaching and learning processes. Using the Educational Design
Research (EDR) methodology with a quantitative analysis approach, the study sampled 228 teachers
across 60 educational institutions at varying levels of education. Participants used the self-assessment
tool to gauge their own competencies and identify areas for improvement. They then completed the
“System Usability Scale” (SUS) questionnaire, a reliable metric with a 0.96 reliability score commonly
used for evaluating educational tools. The results indicate moderate to high acceptance of the self-
assessment tool, with an average SUS score of 70.65. The study also reports a Net Promoter Score
(NPS) of 22.4, with approximately 43% of teachers as promoters of the tool. Interestingly, usability
scores displayed variability among teachers in the early stages of primary education (6-8 years),
ranging from 47.50 to 77.50. However, scores improved in more advanced stages, showing an increase
of over 40%. The findings suggest that the tool is generally effective and useful for teachers, providing
valuable insights for its wider application.
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1. Introduction

In an increasingly interconnected and technology-dependent world, where a large
proportion of the population has mobile devices that they use for their daily lives, education
faces the challenge of adapting to new teaching modalities that incorporate digital tools.
The Education 2030 Framework, Sustainable Development Goal 4, and the 2017 Qingdao
Declaration emphasise the importance of Information and Communication Technologies
(ICT) in education. Mobile technology, in particular, offers opportunities to improve
educational processes, enabling more interactive, personalised, and accessible learning.
The adoption of digital technologies in education does not solely represent the digital
transformation; it entails a significant shift in both mentality and pedagogical practices.
The strategic role of digital technologies, specifically mobile devices, is an element that is
discussed in most of the reports of major international organisations such as UNESCO [1,2],
which consider: (1) promoting equal access to technology; (2) developing inclusive policies
and strategies; (3) training teachers in the use of mobile technologies; (4) promoting the
pedagogical use of mobiles; (5) guaranteeing security and privacy; and (6) promoting
collaboration and the exchange of best practices.

This task involves addressing key issues such as equity in access to technology [3,4],
teaching training in the pedagogical use of devices [5-7], and protecting the privacy and
security of students [8,9]. These aspects are essential to ensuring that technology integration
into education is sustainable, scalable, and ethically responsible [10,11].

Integration of mobile devices in education has been a growing trend in recent years [12-14],
but many teachers still face challenges in trying to effectively incorporate these digital
technologies into their teaching practices [15,16]. Despite technological advances and the
availability of a wide range of educational applications, the adoption of mobile devices
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in the classroom remains a complex issue involving multiple factors, such as teacher
preparation [17,18], technological infrastructure, and educational policies [19-22].

To address these challenges and facilitate more effective integration, a self-assessment
tool has been developed to help teachers design, implement, and evaluate the use of mobile
devices in the classroom [23]. This tool seeks not only to improve efficiency in teaching with
mobile devices through reflection and analysis but also to enrich the learning experience
of students with meaningful and integrating activities of digital technologies through
pedagogical strategies [23,24].

Therefore, the aim of this article is to examine the perception of teachers about the
usability of this self-assessment tool and to answer the research question: how do teachers
perceive the usefulness of the self-evaluation tool in the context of mobile learning? To this
end, some 228 teachers completed the evaluation questionnaire to evaluate their experience
with the tool. By better understanding teachers’ perceptions of the usability of this tool,
areas for future improvements and adjustments can be identified, thus contributing to the
body of knowledge in the field of mobile learning but also providing a comprehensive
evaluation to enable future improvements to the tool. This comprehensive evaluation is
crucial, as usability is a determining factor in the adoption and impact of any educational
technology. Understanding how teachers perceive efficiency in performing tasks, effective-
ness in results, and their overall satisfaction with the tool enables it not only to be adopted
but also to have a significant impact on learning and teaching performance.

2. Evaluating and Ensuring Usability in Educational Technology

Usability is a key factor for the success of any educational technology, including
teacher self-assessment tools [25-27]. The ease of use and effectiveness of a self-assessment
tool can influence its adoption and its impact on teachers’ learning and performance.
It is therefore important to evaluate the usability of these tools to ensure their success.
According to [27], usability can be measured by three key aspects: efficiency, effectiveness,
and satisfaction. Efficiency refers to the speed with which a user can perform specific tasks
with a tool. Effectiveness refers to the accuracy and quality of the results obtained with a
tool, and satisfaction refers to the user’s perception of the tool and its ability to meet their
needs [27-29].

To evaluate the usability of a teacher self-assessment tool, different methods can be
used, such as surveys, interviews, and direct observation [30,31]. Furthermore, usability
can also be assessed by applying usability standards such as ISO 9241 and the usability
assessment methodology [26]. These standards and methodologies provide a framework
for evaluating the usability of a tool and comparing it with other similar tools.

Some of the main actions to incorporate usability tests into the development of educa-
tional tools are:

e Involving users: involve users, such as students and educators, in the design and
testing process to ensure that the tool meets their needs and is easy to use [26,27].

e  Set goals: defining clear goals and targets for the tool and ensuring that they align
with learning goals and curriculum [30,31].

o  Test early and often: test the tool early and frequently to identify usability problems
and make improvements throughout the development process [26-30].

o  Use standardized measurements: use standardized measures, such as the System
Usability Scale (SUS), to evaluate the usability of the tool and compare it with other
tools [26,32].

e  Consider accessibility: ensure that the tool is accessible to all students, including those
with disabilities or those without access to technology [27,30,31].

e  Iterate and refine (EDR phases): continuously iterate and refine the tool based on user
reviews and test results [27-29].

e  Provide training and support: provide training and support to educators and students
to ensure that they can use the tool effectively [29].
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e Consider the context: consider where the tool will be used, such as the learning
environment and available technology, and design the tool accordingly [30,31].

In general, incorporating usability evidence into the development of educational
tools involves involving teachers, setting goals, using standardized measures, considering
accessibility, iterating and refining (EDR phases), providing training and support, and
considering context [33,34]. By following these practical actions, researchers or teachers can
ensure that the educational tool is effective, efficient, and easy to use, leading to improved
student learning outcomes.

The proposed System Usability Scale (SUS) is a widely used tool for evaluating the
usability of educational tools. It consists of a 10-item questionnaire that measures the
perceived usability of a system or tool on a scale of 0 to 100. SUS is a reliable and valid
measure of usability that has been used in a variety of educational settings [27]. For
example, in a study by [35], SUS was used to evaluate the perceived usability of the
learning management system during the COVID-19 pandemic, integrating the scale with
other models to identify areas for improvement. Similarly, [36] used the SUS to evaluate
the user experience on a digital learning platform called Pijar Mahir, providing valuable
data on the platform’s effectiveness in terms of design and functionality. These studies
demonstrate how SUS can be a valuable tool not only for evaluating usability but also for
guiding the process of developing and continuously improving educational tools [34,36].

The application of the System Usability Scale (SUS) in the educational field highlights
the importance of user-centered research into educational tools in real-world learning
contexts [37,38]. In addition, it also has direct implications for the quality and effectiveness
of the evaluated tool, as it guides the design and implementation of technological solutions
that really solve the needs of teachers and students.

3. Mobile Learning: Learning and Methodology

Mobile learning (m-learning) is a teaching and learning methodology that uses mobile
devices with wireless connectivity, allowing students to access information and learn any-
time and anywhere [39-41]. Using mobile devices in education offers several advantages,
including convenience, flexibility, participation, interactivity, and ease of use, making it
more attractive to students [42]. However, there are also some challenges and limitations
to the use of mobile devices in education, such as barriers to technology acceptance and
problems related to student participation.

Several studies have been conducted to explore the effectiveness of using mobile
learning techniques to improve learning outcomes in higher education [43]. Studies have
shown that mobile learning can be an effective way to improve students’ skills such as
positive thinking, collaboration, and communication. Mobile learning can also provide
new learning environments and improve the quality of teaching and learning [44]. Despite
the benefits of mobile learning, there are still challenges to be addressed for successful
implementation, such as technology adoption, transition to new technologies, and prob-
lems related to student participation [42]. Educators and students must select the right
technology according to the lesson taught [43,45].

Mobile learning has become even more important during the COVID-19 pandemic, as
many educational institutions have closed to reduce the spread of the virus. Mobile learn-
ing has been used as a remote learning strategy to maintain student-centered learning [34].
Mobile learning has the potential to improve teaching and learning outcomes in education.
However, there are challenges that must be addressed for successful implementation. Edu-
cators and students must select the right technology according to the lesson taught. Mobile
learning has become even more important during the COVID-19 pandemic, as it has been
used as a remote learning strategy to keep learning centered on the student as it provides
the opportunity to learn anytime and anywhere. The use of mobile devices in education
has become increasingly common, but there are both advantages and disadvantages to this
digital technology [39-42,46,47].
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Advantages:

e  Flexibility: mobile learning allows students to learn at their own pace and according
to their own schedule, which can be useful for students who need more time or who
have other commitments outside of school.

e  Accessibility: with mobile learning, students can access educational materials from
anywhere, which can be useful for students who live in remote areas or who have
limited access to traditional educational resources.

e  Motivation: mobile devices can be used to create interactive and attractive learning
experiences, which can help keep students interested and motivated.

e  Meaningful learning: mobile devices can be used to provide authentic, contextualized
learning experiences, which can help students apply what they have learned in real-
world contexts.

Challenges:

e  Technical problems: mobile devices can be prone to technical problems, such as
connectivity problems or software failures, which can interrupt the learning process.

e  Distraction: mobile devices can be a source of distraction for students, especially if not
used properly.

e  Cognitive load: mobile learning can be cognitively demanding if students are required
to perform multiple tasks or switch between different applications or activities.

o  Teacher confidence: teachers may lack confidence in their ability to use mobile devices
effectively in the classroom, which may limit the potential benefits of this technology.

In short, mobile learning represents and offers a methodology that leverages digital
technologies in various formats to facilitate access and participation in the learning process.
Through flexibility, accessibility, and authentic learning opportunities, m-learning can be a
valuable methodology. However, as with any emerging technology, it comes with its own
set of challenges and limitations that need to be carefully considered and addressed.

4. Self-Evaluation Tool for Design Activities with Mobile Devices

The self-assessment tool for teachers provided direct information on their perceptions
and experiences, making it a valuable tool for educational research. Self-evaluation tools
can help teachers assess their own effectiveness and identify areas for improvement [47].
This can lead to more effective and efficient teaching practices [48-51].

The self-evaluation tool was composed of seven elements grouped into a community
taxonomy that seeks to answer what pedagogical factors should be considered for the design,
implementation, and evaluation of activities with mobile devices. This seven-element self-
evaluation tool was articulated through 67 items that sought to facilitate the evaluation
and improve teaching practice in terms of mobile learning, offering personalised feedback
according to the score obtained in the tool so that teachers could know their level as regards
the design of activities using mobile devices and the key aspects to improve [38-52].

The following are the details of these seven elements of the self-assessment tool:

e  The content: Refers to what students will learn and how the teacher can transform the
content into techno-pedagogical knowledge. Related questions include knowledge of
the educational framework, availability of educational resources of scientific value,
and mastery of the content by the teacher.

e  Methodological strategies: Focuses on strategies that promote meaningful learning
and the incorporation of mobile devices. This includes the selection of strategies that
encourage the acquisition and production of knowledge with mobile devices and the
proposal of productive and experiential activities.

e  Activities: Deals with the selection and design of appropriate activities to work with
the content in a meaningful way. This includes consideration of realistic applicability,
rationality in the type of activities, student diversity, and design based on taxonomies
of cognitive, procedural, and attitude domains.
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e  Evaluation: Reviews the type of evaluation that respects the student’s learning process
based on the use of mobile devices. This includes questions such as when, what, why,
how, with what, and who to evaluate, and evaluation of both the creation process and
the final product.

e  Mobile resources: Focuses on the selection of optimal technology and resources for
pedagogical usability. This includes consideration of technological functionality, moti-
vation, and accessibility.

e  Technological learning spaces: Refers to the characteristics of spaces that enhance
learning with mobile devices. This includes the analysis, design, and preparation of
the spaces, the organizational function of the technological space, and the proposal of
activities that can be carried out in different places.

e  The teacher: Focuses on the teacher’s level of digital competence and the role he or
she must play to enhance learning with mobile devices.

Figure 1 below shows the community taxonomy and the relationship between these
seven elements, considering that the student is always at the center of any educational
proposal. Taking all of these into account will ensure that your mobile learning activities
are more effective and meaningful.

METHODOLOGICAL 1
THE CONTENT (1) STRATEGIES (2)

The core Curriculum ICT integration strategies. M

Techno-pedagogical Productive, experiential or 0

content knowledge communicative learning B
(TPACK) ! L
L E
TEACHERS . g
) L .
High level of Digital Related to Bloom's E |
competence in teaching taxonomies, Lats and A N
and training continues TPACK. Activities R G

in digital technologies nvolving nature and the N
and their application. mmediate environment | - 0
N u

G
T
E Cc
TECHNOLOGIES X 0
LEARNING SPACES o M
(6) E E
wh R s

for usability native and

ation mgy TECHNOLOGY e assessments, EI

the environment. RESOURCES (5) self-reflection, and N

Multimedia, simulations feedback from peers c

and interactive elements and instructors E

Consider ccessibility
of these resources and
functionality. ———

Figure 1. Didactic elements of mobile learning.

5. Methodology

This study is part of Educational Design Research (EDR), an educational adaptation of
the well-known Design-Based Research (DBR) methodology with a quantitative analysis
approach. The EDR [39] methodology is based on the same fundamental principles as
the DBR methodology: iterative design, collaboration with experts, and empirical data
analysis [53,54]. Iterative design involves prototyping and testing in repeated cycles to
gradually improve the proposed solution. Collaboration with experts, including teachers,
is necessary to ensure the validity and relevance of the solution. Empirical data analysis
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is used to evaluate the effectiveness of the solution and provide feedback for continuous
improvement. In Figure 2 below, you can see the stages that have been applied following
the methodological model for the research. For this article, the data from Iteration 3 of
Phase 2, “Pedagogical Usability”, from the “Usability Questionnaire SUS” are treated and
analysed as phase closure.

Phase 1 Phase 2 Phase 3
Context analysis: Iterative design phase

Literature review and

systematic review Iteration 1 Iteration 2: Iteration 3
Expert Judgement  Self-Assessment tool for teachers  Usability questionnaire SUS

00

Final phase

Final version

Preliminary phase Iterative design phase

Figure 2. Phases and general process of the research based on Educational Design Research (EDR).

This investigation consists of several phases and iterations (Figure 2): Phase 1: Us-
ing the literature review and systematic review (relevance criteria) of key elements of
pedagogical interventions based on the use of mobile devices, find the educational prob-
lem that needs to be solved. A preliminary design (self-assessment questionnaire) was
also carried out that included the specification of learning objectives and the selection of
pedagogical elements that support teaching and learning on mobile devices. Phase 2: In
Iteration 1, teachers and experts validated the prototype self-assessment questionnaire
(consistency criteria). The respondent’s self-assessment tool dealt with the 7 key elements
(shown in Figure 1): (1) content, (2) methodological strategies, (3) activities, (4) evaluation,
(5) technological resources, (6) technological learning spaces, and (7) teachers. In the second
iteration, the validation suggestions were used to improve the formative self-evaluation
tool for teachers who will design, implement, and evaluate activities with mobile devices.
Teachers in this iteration, after completing the self-assessment, received a score based on
their knowledge of how mobile devices can help them plan, conduct, and evaluate teaching
and learning processes, as well as feedback based on their scores. This feedback, tailored
to their score and level, provided them with specific educational resources to improve
their pedagogical skills: (a) Beginner = 0 < 20% “Level 17, (b) Average = 20 < 40% “Level
2”7, (c) Advanced = 40 < 70% “Level 3”, and (d) Expert = 70 < 100% “Level 4”. In the
last iteration, Iteration 3, the present phase in which the results are presented, teachers
evaluated the usability of the self-assessment tool through the “System Usability Scale”
(SUS) questionnaire (el criterio de usabilidad). The data from this last iteration are therefore
presented as the conclusion of Phase 2 of the investigation.

5.1. Participants

The study participants are teachers who participated in the pedagogical innovation
project called “Pla Mobils.edu” (Edu/1464/2019, 27 May), promoted by the Education
Department of the Government of Catalonia (Spain). The group was composed of 60 educa-
tional institutions, among them 327 teachers from Catalonia in different educational stages.
Out of these, 228 teachers voluntarily continued in Iteration 3 of Phase 2 of the research,
distributed across different educational stages as shown in Figure 3.
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Participants by Educational Stage
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Figure 3. Participants by educational stages.

The sample of teachers participating in the research encompasses various educational
stages and a wide range of ages. The distribution of teachers by educational stage reveals
a predisposition to participation in the use of mobile devices in compulsory secondary
education, primary education opportunities, challenges in early childhood education, and
a diversity of perspectives that can enrich the implementation and impact of research. The
stage with the highest representation is compulsory secondary education (12-16 years),
with 162 participants, whose ages range from 25 to 60, and the highest attendance at the
age of 43. Following it are the Lower Cycle of Childhood Education (3-6 years old) with
2 participants, the Middle Cycle of Primary Education (6-12 years old) with 21 participants,
the Primary Cycle (6-12 years old) with 6 participants, and, finally, the Higher Cycle
of Primary Education (6-12 years old) with 37 participants. The age distribution of the
228 teachers who participated in this phase of the study and their percentages, spread from
26 to 58 years of age, are shown in Figure 4 below.

Teachers' age distribution

10% 17.50% 17.50% 42.508 : > 7.50% . 17.50%

Figure 4. Teachers’ age distribution.

The participating sample in the research is a diverse and representative group of
teachers from a wide range of ages. A significant concentration of participants in the
age range of 36 to 43 years is highlighted, representing 70.20% and 87.70%, respectively,
suggesting an active and relevant involvement of teachers in the middle stage of their
careers. Furthermore, other ages were observed with rates of 35.10% or 52.60%, reflecting a
more equitable distribution in the age groups from 28 to 58.

5.2. Instruments and Process of Collecting the Information

The process of implementing and collecting the data for the evaluation of the ped-
agogical usability of the self-evaluation tool entailed that previously (condition without
equanimity), the teachers of the project “pla Mobils.edu” would perform the self-evaluation
questionnaire (Cronbach’s alpha = 1.0046) on their self-knowledge about the use of mobile
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devices in the classroom to be able to access this other tool of validation of usability. These
questionnaires were designed and programmed with a series of restrictions that gave
access to teachers according to their interactions in the virtual classroom “Moodle” of the
Department of Education of the Government of Catalonia (Spain) to ensure the iterative
phases of research, security, and data management. The design of the process can be seen
in Scheme 1 below.

Y
i Project i
1 "Pla Mobils.edu”promoted by the:
i Government of Catalonia !

458 Teacher's project

327 teachers 228 teachers
l participants
Questionnaire: SUS questionnaire: Usability
Self-Assessment tool "Self-A t tool" Results
(Cronbach's alpha = 1.0046) (Colbranch’s alfa: 0.96)

Practicality criteria Usability criteria

Moodle Learning Managment System (LMS)

Scheme 1. Summary of the instrument implementation process.

The questionnaire consists of two blocks: the first block is a set of 8 items (see below
Table 1 that refer to the usability of educational content evaluated through the Likert
scale [53], and the second block refers to the validation of the perception of usability from
10 items extracted from the System Usability Scale (SUS) positive version, with a reliability
of 0.96 [55], which are also evaluated with a Likert five-point scale, ranging between 1 and
5. None of the questions express positive attitudes, while couples are negative.

In addition, the presented items (SUS) were based on the definition of usability shown
in ISO 9441-11 [54], defined as the degree to which a product can be used by specific users
to achieve a specific goal with effectiveness, efficiency, and satisfaction in a specific context
of use. Therefore, the SUS scale has two functions: the first is to obtain a measurement
of the perception of the usability of a system, and the second is that it does not require
much time for its implementation [54]. Thus, this instrument provides an assessment of the
perception of the usability of a system in a short time. The authors [55] pointed out that the
positive version of the SUS can be used with confidence since, on the positive scale, the user
is less likely to make errors when answering and facilitates encoding, but most importantly,
the scores of the negative version are similar to the norms of the original version.

For the generation of each of the 10 statements, the SUS program was used, which
incorporated the keyword “self-evaluation tool” and is generated automatically to preserve
style and validity. The following are the items generated for the second block that were
evaluated by the teachers:

1. Ithink I would use this self-assessment tool frequently.

I find this self-assessment tool unnecessarily complex.

I think the self-assessment tool was easy to use.

I think I would need the help of a person with technical knowledge to use this
self-assessment tool.

The functions of this self-evaluation tool are well integrated.

I think the self-evaluation tool is very inconsistent.

I imagine that most people would learn to use this self-assessment tool very quickly.
I find the self-assessment tool very difficult to use.

It gives me confidence when I use this self-assessment tool.

10. Ineeded to learn a lot before I could use this self-assessment tool.

Ll

O XN G

6. Results

In this section, the results of the usability assessment of the self-assessment tool are
shown from two different angles: first, the results from Block 1, which look at how well
the content can be used in a classroom setting, and second, the results from Block 2, which
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use the System Usability Scale (SUS) to look at how well the tool’s functions work together.
These two dimensions provide a holistic view of the strengths and areas for improvement
in the experience of teachers using the self-assessment tool.

6.1. Block 1: Usability of the Pedagogic Content

As shown in Table 1, the facility rates range from 75.25% to 81.69%, indicating that, in
general, teachers find the self-assessment tool easy to use. For example, item 8, “I think it
would be beneficial to have the self-assessment tool so that I can use it whenever necessary”,
has an ease rate of 81.69%, which shows that most teachers consider the tool to be accessible
and easy to use. The self-assessment tool may have been perceived by teachers as a useful
tool for evaluating their own knowledge and skills in the use of mobile devices in education.
By having access to the self-assessment tool at any time, teachers could use it to identify
their strengths and weaknesses and ultimately improve their teaching practice. It may
also have been seen as a way of accessing additional learning resources, as teachers may
have discovered new ways of teaching and learning on mobile devices from the specific
feedback received, which may have generated greater curiosity and a desire to learn more
about the subject.

Table 1. Usability of the pedagogic content: Block 1.

Analysis of the Questionnaire Structure

Items Block 1. Facility Standard Discrimination  Discrimination
Index Deviation Index Efficiency

1.- I consider that the charac.tetnsncs prese.nta.ed in the 81.02% 15.50% 47.979% 56.53%

self-assessment tool are sufficiently descriptive.

2.- I think the list of Ch:’:ll'a.CteI'ISthS of each element of the 80.34% 12.59% 40.54% 53.00%

self-assessment checklist is adequate.

3.- As a teacher registered in the “Pla Mobils.edu” I have

increased the number of activities that I propose in the 75.25% 19.06% 43.49% 45.85%

classroom with mobile devices.

4.- Utilizing the self-assessment tool has encouraged me to
examine educational issues that I had not previously 78.31% 12.48% 55.64% 64.90%
considered when designing mobile activities.

5.- I consider that using the self-assessment tool has helped me

to improve my mobile activities.

6.- The feedback provided by the self-assessment tool has

helped me to identify training needs.
7.- I believe that the feedback from the self-assessment

questionnaire has provided me with the necessary training

resources to improve my level in the use of mobile devices

in education.

8.- I think it would be beneficial to have the self-assessment
tool so that I can utilise it whenever necessary.

76.61% 10.60% 62.36% 76.39%
78.31% 14.99% 59.98% 66.31%
80.00% 14.38% 54.82% 60.44%
81.69% 14.04% 48.42% 53.60%

Furthermore, discrimination rates range from 40.54% to 62.36%, suggesting that some
items have a greater capacity to discriminate between teachers who use the tool more
effectively and those who use it less effectively. For example, item 5, “I think using the
self-evaluation tool has helped me improve my activities with mobile devices”, shows a
discrimination rate of 62.36%, indicating that this item is effective in differentiating teachers
who have experienced significant improvements in their mobile activities from those who
have not. In addition, discriminatory efficiency rates are between 45.85% and 76.39%,
implying that some items are more efficient in identifying teachers who obtain better
results with the tool. For example, item 6, “The feedback provided by the self-assessment
tool has helped me detect training needs”, has a discriminatory efficiency of 76.39%, which
means that this item is especially effective in identifying teachers who have used feedback
to improve their professional development.
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In general, teachers perceive the tool as useful and facilitate their activities with mobile
devices, and most report that it has contributed to their professional development. However,
there is some variability in responses, suggesting that some aspects of the tool could be
improved to optimize its usefulness and effectiveness for different teachers. For example,
items 3 and 6 have relatively high standard deviations, indicating that there are more
diverse opinions on these claims, suggesting that these items could be revised to clarify
their wording or to make them more specific for more consistent answers. It should be
noted that item 3, “As a teacher registered in the project “Pla Mobils.edu” I have increased
the number of activities that I propose in the classroom with mobile devices”, received
a more diverse response compared to the other elements, as 19.06% of teachers showed
a certain level of variability in their responses. What it suggests is that some teachers
may not have experienced a significant increase in the integration of mobile devices into
their classroom activities, and one possible reason is that they may feel insecure or not
fully familiar with using mobile devices in the classroom. In addition, it may reflect the
availability of mobile devices in their work environment or that they do not have access to
the technology necessary to design and carry out activities with mobile devices.

Figure 5 shows the distribution of the teachers’ responses to the 8 items on a 5-point
Likert scale, where 1 represents a “Strongly disagree” response and 5 represents “Totally
in agreement”.

Figure 5. Scores of the items in Block 1 on a 5-point Likert scale.

Most of the teachers agreed or were totally in agreement with the items evaluated.
In particular, items 1 and 2, which relate to the description and representation of the
characteristics in the self-assessment tool, respectively, received high positive ratings
(around 80% of responses were “in agreement” or “totally in agreement”).

Item 3, referring to the increase in the proposed activities in the classroom with mobile
devices, received a more diverse response, with a considerable proportion of neutral replies
(26.32%) and replies of “totally in agreement” (24.56%) and “disagree” (8.77%). Items
4,5, and 6 refer to the usefulness of the self-assessment tool for improving educational
activities with mobile devices. The results indicate that the self-assessment tool is useful for
improving the quality of mobile activities, with responses ranging from 73.68% to 59.65%
in the “in agreement” or “totally in agreement” category.

Finally, item 7 on the convenience of having the self-assessment tool available at
any time: the results show that the majority of teachers agree or strongly agree that it
would be beneficial to have access to the self-assessment tool at any time (85.96% in the “in
agreement” or “totally in agreement” category).

6.2. Block 2: System Usability Scale (SUS)

In this block, the results obtained from the application of the System Usability Scale
(SUS) test in Block 2 of the questionnaire consisting of 10 items are presented and analysed.
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The data collected through this test provide essential information about the perception
of teachers regarding the usability of the self-assessment tool, allowing them to identify
patterns, trends, and areas for improvement. For the measurement of SUS scores, the scores
of individual items are first normalized to be converted to a range from 0 to 4, then each
teacher is added to the standard scores for the impartial items (1, 3, 5, 7, and 9), and the
normalized scores from the peer items are subtracted. (2, 4, 6, 8, and 10). Then this sum
is multiplied by 2.5 to obtain the individual SUS score of the user. Finally, the total scores
of the group are averaged with the individual scores to calculate a group median score.
This score, expressed on a scale of 0 to 100, represents the perceived usability of the tool
by teachers but also allows us to quantify and rate user perception of usability through
adjectives, acceptability scores, and school scales, as shown in Figure 6 below.

NOT ACCEPTABLE MARGINAL ACCEPTABLE
1 1] tow JHIGH |
F D (o] B A

IMAGINABLE POOR oK GOOD  EXCELLENT  NABLE
| T NN S S A SN NN S AN S S NN I
| | | | | | | | | 100
10 20 30 40 50 60 70 80 20

SUS SCORE

Figure 6. A comparison of the adjective ratings, acceptability scores, and school grading scales in
relation to the average SUS score.

When comparing these different metrics with the average score on the SUS scale
(Figure 6), it is crucial to know that they all seek to evaluate similar aspects of the user
experience in terms of usability and satisfaction. However, each metric brings a unique
nuance. For example, if the average SUS score is high, it suggests good usability. In
addition, “excellent” ratings and acceptability scores strengthen the perception of high
utility among teachers. This convergence of metrics provides a more comprehensive and
holistic view of the teacher’s experience.

The following are presented in Figure 7 of the results: a quantitative score and scale of
the SUS test through the Pareto chart that highlights the hierarchy of the score categories in
terms of their frequency of occurrence, along with the cumulative line of percentage of the
total representing the distribution of the scores.

SUS Scores of a Self-assessment tool
90.00 100%

75.90 90%
67.50 80%

V 58.88 70%
47.14 60%
50%
40%
30%
20%
10%

0%

Ok

Poor Horrible

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00
Excellent Good

Pareto Diagram with a cumulative line

Figure 7. Evaluation of the usability of a self-assessment tool for mobile device integration in
the classroom.
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The data indicate that, in general, the score is good, as the categories “Excellent
and “Good” with 84.62% and 75.90%, are the ones with the highest scores compared to
the others. The overall median score is 70.65, setting a generally reasonable usability
framework, although with discernible areas for improvement. This could reflect the variety
of teachers’ experiences, from those who faced initial challenges but adapted to those
who found the tool easy to use from the outset. For example, Figure 7 shows a discernible
evolution from an unfavorable usability perception to an “Excellent” level of approval when
crossing the different categories: “Horrible” (47.14%) is perceived as a deeply unsatisfactory
experience, while “Poor” (58.875%) shows early improvements but with notable challenges.
The rating “OK” (67.5%) shows acceptable interaction, “Good” (75.9%) denotes comfort
with enhanced areas, and “Excellent” (84.62%) illustrates an exceptional experience.

After arranging the general data of the SUS usability test of the tool by percentages
and adjective categories, it is interesting to analyse the specific scores of each item to obtain
more information and thus understand what has been the perception of the teachers and
propose improvements in concrete actions (see Table 2).

Table 2. SUS test item scores: Block 2.

Results 5-Point Likert Scale

Items Block 2 SUS Item Scores Total Items (M)
1 2 3 4 5
1. (+) I think I would use this self-assessment tool frequently. 368 370 371 371 371 3.70
2. (—) I consider this self-assessment tool to be unnecessarily complex. 221 222 222 221 224 222
3. (+) I think the self-assessment tool was easy to use. 3.85 - 389 389 391 3.11
4. (—) I think I wouh;l need help from a person with technical 210 211 212 210 211 211
knowledge to use this self-assessment tool.
5. (+) The functionality of this self-assessment tool is highly integrated. - 379 378 381 3.80 3.04
6. (—) I think the self-assessment tool is very inconsistent. 2 2 2.01 2 - 1.60
7. (+) I imagine that most pe'ople would learn to use this ) 367 370 370 376 297
self-assessment tool very quickly.
8. (—) I consider this self-assessment tool very difficult to use. 1.96 1.96 1.98 1.97 - 1.57
9. (+) It gives me confidence when I use this self-assessment tool. 0 373 372 372 375 2.98
10. (=) I needed to learn many things before I was able to use this 222 222 223 224 229 204

self-assessment tool.

The analysis of the results of the items (Table 2) presents the scores and averages of
the SUS questionnaire questions using a Likert scale of 5 points, divided into positive (+)
and negative (—) questions. Low scores (1 and 2) are found in items 2, 4, 6, 8, and 10. These
items are mainly related to the complexity and difficulty of the tool’s use. On the other
hand, high scores (4 and 5) are observed in items 1, 3, 5, 7, and 9, which deal with frequent
use, ease of use, function integration, confidence, and speed of learning.

When comparing the positive and negative question averages, it is observed that the
positive questions have higher averages (Median Positive: 3.76 vs. Median Negative: 2.11).
Averages of positive questions indicate that teachers generally agree with positive state-
ments about the self-assessment tool. Items with the highest averages are item 1 (3.70 M) on
“usage frequency”, item 3 (3.11 M) on “user friendliness”, and item 5 (3.04 M) on “function
integration”. In other words, these data suggest that teachers perceive that the tool is easy
to use, that its functions are well integrated, and that the various functions of the tool are
well embedded and work together effectively.

As for the scores of the negative items, although they may not be as predominant as the
positive ones, their importance should not be underestimated, as they can highlight critical
aspects that require attention and improvement. First, item 10 (2.24 M) on “pre-learning” to
master the tool. Item 2 follows, with a median of 2.22, on “the complexity of the tool”, and
finally, item 4 (2.11 M) reflects a concern about “technical difficulty”. While elements related
to perceived complexity and the need for pre-learning need to be addressed to improve
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the user experience, positive attributes, such as ease of use and confidence generated,
can be exploited to enhance their usefulness and transfer to future educational contexts.
Nevertheless, the generally favorable aspects of the tool outweigh possible concerns.

The results of the descriptive statistics showed that the Male group had lower values
for the dependent variable SUS Final Score (Mdn = 72.5) than the Female group (Mdn = 75).
A Mann-Whitney U test was conducted to compare scores between Male and Female. For
the given data, a Mann—-Whitney U test showed that the difference between Male and
Female with respect to the dependent variable SUS Final Score was statistically significant,
U = 47425, nl = 83, n2 = 145 p = 0.008. In addition, a point-biserial correlation was
run to determine the relationship between SUS Final Score and Gender. There was a
positive correlation between SUS Final Score and Gender, which was statistically significant
(rpb = 0.15, n = 228, p = 0.023).

The average scores in each adjective category of the SUS questionnaire results for
each educational stage are presented below in Figure 8. In the early stages, such as the
Primary Cycle of Primary Education (6-8 years), there is a variability in scores, ranging
from 47.50 (M) to 77.50 (M). These figures reflect a more heterogeneous usability experience,
where some users find the most challenging tool. In contrast, the intermediate stages, such
as the Middle Cycle of Primary Education (8-10 years), show a more stable trend, and as
we move towards more advanced educational stages such as the Higher Cycle of Primary
Education (10-12 years) and Compulsory Secondary Education (12-16 years), there is a
gradual improvement (more than 40%) in scores.

Comparison of SUS Usability in Educational Stages
72.26
7157
65.00
67.84

59.17

SUS Grade Score

Figure 8. Comparison of SUS usability in educational stages.

The variability of scores in the early stages, for example, in the Primary Cycle of Primary
Education, shows a minimum score of 47.50 of the median, indicating a negative usage
experience. On the other hand, other teachers at the same stage gave a slightly more favorable
score of 52.50 of the median, demonstrating a contrasting perception. This variability could be
attributed to differences in teachers’ prior exposure to mobile technology and digitisation in
the classroom. Teachers with a higher background in this field may be influenced towards a
more optimistic appreciation of usability, while those with less familiarity may find themselves
more cautious in evaluating the usefulness of the tool.

Table 3 shows the results of a one-way ANOVA, which is used to compare the means
of educational stages to see if there is a statistically significant difference between them.
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Table 3. ANOVA results of educational stages by SUS scores.
Sum of Squares df Mean Squares F p
Educational Stage 1340.55 4 335.14 3.65 0.007
Residual 20,470.28 223 91.79
Total 21,810.83 227

Median Sus Grade Score

76.67

25 26 27 28

| 72'.'5 7

It is called ‘one-way’ because it analyses the effect of a single independent variable
(factor), in this case, Educational Stage, on a dependent variable, in this case, SUS Final
Score. The variable SUS Final Score F = 3.65, p-value of 0.007 is smaller than the common
significance level of 0.05. This indicates that there is a statistically significant difference
between the different groups.

Figure 9 details the SUS results in relation to the age of the teachers involved in the
study and how a significant dispersion in SUS scores can be observed across the different
teachers’ ages. A Kruskal-Wallis test showed that there was a significant difference between
the categories of the independent variable Age with respect to the dependent variable
SUS Final Score, p < 0.001. The Kruskal-Wallis test showed that there was a significant
difference. A Dunn—Bonferroni test was used to compare the groups in pairs to find out
which was significantly different. The Dunn—-Bonferroni test revealed that the pairwise
group comparisons of 35-47, 3447, 5042, 3947, 42-47, and 47-41 have an adjusted p-value
less than 0.05 and thus, based on the available data, it can be assumed that these groups
were significantly different in pairs.

Comparison of SUS Usability in relation of teacher's age

75
7114 79 72 s g 70 B 2
I TR

AT 7250 74 7250
el R 68,08 g OO
&2z
57,5

30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 S0 52 53 54 56 57 58 60

mSUS Median 76.6 725 75 72.2 75 69.1 69.5 78.3 53.3 65.9 71.1 70 75.3 68.2 72 62.0 575713 75 64 70 80 70.2 74.7 76.7 70.4 72.5 68.0 72.0 69 74 725

Teacher's age
Figure 9. Comparison of SUS usability in relation of teacher’s age.

This suggests that the usability of the self-assessment tool for mobile device imple-
mentation in the classroom is not perceived homogeneously across different age groups.

The youngest teachers, in the age range of 25 to 33, have relatively high scores in the
SUS, with a median score of 75.83. This suggests a positive appreciation of the usability
of the tool among this younger cohort. On the other hand, 34-year-old teachers show the
lowest score of 53.33, along with teachers 42 with a score of 57.5 (M). As age increases,
scores tend to gradually recover, with a boost in scores for 47-year-old teachers with a
median of 80. It is noteworthy to note that there are two age groups with the highest scores:
young people between 25 and 33 years old and adults who are or are approaching the
final stage of their professional career, from 47 to 60 years old. These have a more positive
perception of the usability of the tool compared to the age range of 34 to 42 years. These
results suggest the great importance of considering generational diversity when designing
digital tools that will be used autonomously.

On the other hand, for evaluating the usability of the self-assessment tool for mobile
device implementation in education, the Net Promoter Score (NPS) [43] was calculated
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as a complementary test to the SUS Usability System. The implementation of the NPS
(Figure 10) in conjunction with the SUS sought to obtain a more comprehensive view of
the usability of teachers and their intention to recommend the use of the self-assessment
tool. The NPS is calculated by subtracting the percentage of detractors from the percentage
of promoters. The result can be a positive, negative, or neutral number. A positive NPS
suggests a greater propensity for recommendation and, thus, a base of satisfied teachers.

120 50%

42.98% 45%

100 %
o8 36.40%

35%
80

& 30%

60 20.61% 25%
20%

Teachers (N)
NPS %

40
&z 15%

10%
20

5%
Promoters Passives Detractors

Figure 10. Results of Net Promoter Score.

The NPS score is 22.4, which suggests that there is a good score of teachers who are
“promoters” representing 42.98% of the total sample. They may be willing to recommend
the use of the self-assessment tool to other teachers, although the data also show that there
are detractors. The presence of “detractors” (20.6% of the sample) indicates that there
are areas of improvement that could be addressed to further increase the satisfaction and
usability of the questionnaire. It should also be borne in mind that 36.4% are “passive”
teachers, suggesting that a significant segment of respondents have neutral perceptions to-
wards the self-assessment tool. Although they do not express extreme enthusiasm or major
concern, there is room for improvement, increasing their likelihood of becoming promoters.

7. Discussion

With the aim of analysing the perception of teachers as to the usability of the self-
assessment tool for the design, implementation, and evaluation of mobile device activities
in education, the results obtained in connection with this goal allow a deeper understanding
of how teachers perceive the tool’s usability in two key dimensions. It is also crucial to em-
phasize that the less positive results should not be interpreted in isolation but in conjunction
with the positive results and with the aim of providing a balanced approach to continuous
improvement. The combination of the positive aspects and areas of improvement identified
in this analysis will contribute to a stronger and more effective self-assessment tool that
can meet the diverse needs of teachers and promote the successful integration of mobile
devices into the educational environment. In this context, the findings from the analysis of
Blocks 1 and 2 are presented, providing the strengths and areas of improvement identified
through the application of the System Usability Scale (SUS).

In relation to Block 1 data, as reflected in Table 1, a number of significant results were
found in relation to teachers’ perceptions of:

e  Description and appropriateness of the self-assessment tool: Items 1 and 2 show high
acceptance of the description and suitability of the self-assessment tool, with ease
rates of 81.02% and 80.34%, respectively. This suggests that teachers find the tool
understandable and suitable for their purposes.

e Increased use of mobile devices: Item 3 reflects that 75.25% of teachers have increased
the number of mobile activities in the classroom. The standard deviation of 19.06% in-
dicates variability in responses, which could reflect differences in technology adoption
among teachers due to a complex combination of social, technological, political, and
pedagogical factors. For example, implementation and support strategies should be
developed that are sensitive to contextual and personal differences, ensuring effective
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integration of technology in various educational environments through the flexibility
of the tool to be used, taking this variability into account.

Reflection and improvement in education: Items 4 and 5 highlight how the self-
assessment tool has encouraged reflection on educational topics (78.31%) and helped
improve mobile activities (76.61%). The discriminatory efficiency of these items (64.90%
and 76.39%) suggests that teachers using the self-assessment tool tend to be more
aware of effective pedagogical practices and are more inclined to adapt and improve
their teaching methods.

Feedback and training needs: Items 6 and 7 show that the feedback provided has
been useful in identifying training needs (78.31%) and providing necessary training
resources (80.00%). This underlines the importance of the personalized feedback
provided in the tool for teachers, as they have had the option to improve in the weaker
areas identified.

Perception of the tool’s continuous utility: Item 8, with an easy-to-use rate of 81.69%,
indicates a strong belief in the continuous usefulness of the self-assessment tool. This
suggests a positive perception of its long-term value in teaching practice. This is
positive because the purpose of the tool is that it can be used when the teacher needs
it, either to get started in the design of activities with mobile devices or to improve
and review their proposals.

In general, it is important to note that the use of mobile devices in education for
teaching is still relatively new and may require a learning curve for some teachers [56].
Effective deployment of mobile devices in the classroom requires a clear understanding
of how technology can enhance the learning experience [57] and a capacity to design
and carry out effective activities that make use of digital technologies [58].

In relation to the results of Block 2, as reflected in Table 2 on the SUS test and its

analysis of the item scores, various actions are proposed to consider and develop:

Addressing generational and experience diversity: research revealed significant vari-
ability in usability scores according to teachers’ ages and educational stages. Younger
and more experienced teachers showed a more positive perception of the tool’s usabil-
ity compared to the age range of 34 to 42. In addition, the early stages of education
showed a more heterogeneous usability experience. This variability could be attributed
to differences in teachers’ prior exposure to mobile technology and digitization in
the classroom. It is therefore crucial to consider these differences in the design and
implementation of the tool, offering guidance and support tailored to the needs and
experiences of different age groups and educational stages.

Enhance items with positive scores: The study results highlighted several positive
attributes of the tool, such as ease of use, trust generated, and function integration.
These positive aspects not only reflect the effectiveness of the tool but can also be used
to enhance its usefulness. For example, ease of use, reflected in item 3, “I think the
self-assessment tool was easy to use”, with a median of 3.11, could be promoted as a key
feature in the promotion and adoption of the tool among teachers [50,51]. Furthermore,
the confidence generated by the tool could be used to encourage greater experimentation
and creativity in the application of mobile technologies in the classroom.

Develop strategies to turn “passive” teachers into “promoters”. The Net Promoter
Score (NPS) revealed that 36.4% of teachers were “passive”, suggesting neutral percep-
tions towards the self-assessment tool. Although these teachers expressed no major
concerns, their neutrality indicates room for improvement. Developing strategies
for this group could include identifying their specific needs and concerns, offering
personalized training and support, and highlighting the benefits and successes of the
tool in similar contexts. The conversion of these “passive” teachers into “promoters”
could have a significant impact on the adoption and success of the tool in a broader
educational context.

Promoting training and technical support: Some items on the SUS scale highlighted
the perception of complexity and the need for technical assistance in the use of the
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tool. These findings underline the importance of providing continuous training and
support to teachers. Training could include practical workshops, online tutorials, and
self-directed learning resources. Technical support could be offered through the same
project, “Pla Mobils.Edu” through training and follow-up mentors. The combination
of training and technical support could not only address concerns related to perceived
complexity but would also enhance the confidence and competence of teachers in the
use of the tool.

e Inaddition, the integration of mobile devices into education is a complex and dynamic
process that requires a deep understanding of how technology, content, and pedagogy
interact. As reflected in the usability of the evaluated self-assessment tool, the teacher
requires continuous training and support in the integration of mobile devices, aligning
the technology with educational and curricular objectives [59,60]. Furthermore, the
diversity in the perception and adoption of the self-assessment tool, especially in terms
of age and experience, reflects a complexity in integrating technology into education
as it can be influenced by factors such as confidence in technology, attitude towards
innovation, prior exposure to technology, and a need for differentiated training and
support to meet the needs and expectations of different groups of teachers.

e  Finally, the validity of the proposed self-evaluation tool in research in terms of us-
ability has been positively demonstrated through the SUS test and can be used in
the classroom as a valuable strategy to enhance the integration of mobile devices in
education, offering teachers an effective guide and support on their way to teaching
enriched with digital technologies [61,62].
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