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Abstract. This article presents an experience report regarding the application of an Inclusive 
Model of Development of Accessible Learning Objects, in the Mathematics discipline, to help 
8th year Elementary School children, to perform calculations with natural numbers. The Learning 
Object was developed using Scratch and accessibility guidelines to include students with disabili-
ties. The model evaluated the learning, teaching, usability, and accessibility of objects. The results 
demonstrate the efficiency, interaction and improvement in students’ performance in Mathematics, 
through the use of objects in the teaching and learning process.

Keywords: accessible learning object, disabilities, learning, mathematics.

1. Introduction

The training of professionals in the area of Informatics in Education requires teaching 
based on theories and educational epistemologies, and in the key disciplines of the com-
puting area. Allowing to acquire: competencies and skills in the performance of their 
professional activities. 

Inclusive Models are actions that have been generating significant contributions in 
the educational scenario. International and national human rights agreements, covenants 
and legislation provide definitions that focus on equity, access, opportunity and rights 
(Forlin and Chambers, 2013). It is important to realize that all students can learn in dif-
ferent ways, the teachers need to identify the different learning styles and the way that 
students learn (Mourão and Netto, 2018a).

Based on the conceptions of the Brazil National Curricular Guidelines for Under-
graduate Courses in Computer Science (Brazil, 2016), one of the objectives is develop 
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into students their capacity to act as teachers, stimulating the investigative attitude 
with a critical and reflective view. In this way, the educators are motivated to apply 
the computation and its technologies in the processes of planning and management of 
teaching, contributing with the learning in schools and in organizations, getting experi-
ence during the supervised internship. According to Modeste (2016) the development 
and interaction of Mathematics and Informatics are from the didactic point of view very 
important for the students.

Mathematics is one of the areas in which children present a greater learning dif-
ficulty. According to Kuřina (2008), solving mathematical tasks and problems using 
mathematical tools and techniques is the foundation of good school Mathematics. The 
students must be able to solve problems because solving problems are important for the 
development of human competencies (Tambychik and Subahan, 2010). For authors, in 
real life, students need to solve problems because that is a basic way to survive in our 
daily life and Mathematics is seen as a language. 

Promoting and investing in digital media for basic, fundamental and average edu-
cation can help achieve educational goals. Freire (1996) points out that the didactic 
approach must take into account students’ realities, encouraging them to appropriate 
knowledge and develop epistemological curiosity. Learning Object (LO) is one of the 
main research topics in the learning community in recent years, publications about 
LO and Accessible Learning Object (ALO) has been gaining repercussion (Borges 
et al., 2016) and (Mourão and Netto, 2016). Learning Objects fit into this scenario, 
corresponding to any digital resources that can be used to support teaching (Wi-
ley, 2001).

This article aims to present an Experience Report regarding the application of the 
Inclusive Model proposed by (Mourão and Netto, 2016). The development and applica-
tion of the object were accomplished by a finalist student of the University Degree in 
Computer Science during her period of Supervised Internship. 

The Accessible Learning Object was applied in the Mathematics discipline to work 
with natural numbers, 40 students participated, of these one Students with Disabilities 
(SwD), between the age 12 and 14 years old, from the 8th year of the afternoon period. 
We applied the objects in Elementary course and public school in the city of Manaus/
Amazonas in Brazil. Through the Inclusive Model, it was possible to collect data 
about students’ motivation, experience, and learning. By means of the study, hoped 
to encourage initiatives for the insertion of Accessible Learning Objects in primary, 
elementary, secondary and higher education, in order to meet the recent demands of 
Students with Disabilities. However, the proposed methodology can be extended to 
other learning areas.

This article discusses in section 1 a brief background on Informatics in Education 
and Inclusive Model of ALO. The following sections present the proposed scientific 
methodology. Subsequently, we present some information about the production and 
practical experience, including illustrating them. 

Further, section 5 presents the results obtained with of the ALO developed. Finally, 
the conclusions are presented.
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2. Methodology

The methodology used for the construction (Fig. 1), accomplished and application of the 
Accessible Learning Object was specified in three phases, as described below:

Planning1. : in this phase, the lesson plan was elaborated together with the Math-
ematics teacher. Where was defined and developed the following items: Pedagogi-
cal Approach, Lesson Plan, Schedule and Pedagogical Design.
Development2. : in this stage, the Accessible Learning Object was developed, based 
on the Model defined by (Mourão and Netto, 2016). Thus, was defined as a param-
eter the Accessibility Guidelines proposed by Macedo and Ulbricht (2012), and we 
used the Scratch tool for the construction of the Mathematics OAA. The Scratch 
tool is excellent for teaching Mathematics (Shimohara and Sobreira, 2015).
Student Performance Evaluation3. : this phase presents the performance results 
obtained by the students, based on the activities developed with the Learning Ob-
jects. In this sense, intended to help the teacher to obtain an assessment of student 
performance. For validation of ALO, was used the evaluation model proposed by 
(Mourão and Netto, 2018b). The model consists of a questionnaire and the evalu-
ation of specialists to highlight the level of teaching and learning achieved by the 
students, as well the accessibility and usability items of ALO.

Fig. 1. Methodology for the ALO construction.
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2.1. Methodology Application 

This section describes how the methodology was applied to get the expected results that 
can be visualized by means of the experience report shown in section 3.

2.1.1. Planning 

In this phase, the Accessible Learning Object developed followed the methodology that 
suggests four steps proposed by (Mourão and Netto, 2018b). Fig. 2 depicts the devel-
oped model to attend students with disabilities.

After that was started planning the learning object. In this sense, were defined: in-
structional unit, educational objectives, resources and media. However, for the design 
of the ALO was using the Storyboard technique and considering the guidelines defined 
by Macedo and Ulbricht (2012), which emphasizes that all content of an Accessible 
Learning Object must present at least: an equivalent media, in a different format or an 
alternative media; and an equivalent or alternative textual access media.

2.1.2. Development 

Development phase consisted of the ALO implementation as described in the pedagogi-
cal approach analysis from (Mourão and Netto, 2018b), shown in Fig. 2.

The ALO was design and developed by the student of the course of degree in Com-
puter in its period of supervised internship in parallel with the professor of the discipline 
of Mathematics, using the authoring software. The tool chosen was Scratch (Resnick, 
2009), for meeting the objectives and requirements defined by the project and the famil-
iarization of team members with their use. The Scratch Environment is a visual program-
ming language that allows the creation of games, animations, and stories in a playful and 
interactive way.

Fig. 2. Inclusive Model proposed by (Mourão and Netto, 2018b).
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2.1.3. Student Performance Evaluation

Performance Evaluation phase, the students were evaluated in relation to content, teach-
ing and learning items, and finally, the objects were evaluated in relation to usability and 
accessibility items. 

Student’s performance and the evaluation of learning objects occurred in the last two 
weeks, as shown in Fig. 4. Specialists of areas of Pedagogy and Informatics in Educa-
tion, participated in the application of the model. A questionnaire was applied to obtain 
significant quantitative data based on expert opinion as suggested by (Mourão and Netto, 
2018b). The discipline´s teacher applied a test with the students before and after the use 
of the ALO, with the objective to get an evaluation note and a concept about the use of 
this model in his classroom.

3. Experience Report 

Based on the methodology in Section 2, Accessible Learning Object for the teaching 
of Mathematics (calculations with natural numbers) was planned and developed for to 
teach students of the 8th grade, of the municipal school. The development of the ALO 
and the application of the Inclusive Model was the result of the experience acquired by 
one student in the supervised internship, matriculate in 7th (seventh semester), of De-
gree in Computing course, in the Advanced Topics discipline.

For Bianchi et al. (2005), the Supervised Internship is an experience, which the 
student demonstrates his creativity, independence, and character. The supervised in-
ternship is a necessary process for undergraduate courses. In this way, it enables the 
practice through the experience in the school environment, where students develop 
their professional skills and competencies based on theories and practices obtained in 
the classroom.

According to Nagyivá (2018), Mathematics and Informatics are extremely similar, 
considering their historical development. For the author, both are sciences focused on 
solving problems, especially considering the instruction of Mathematics and Informat-
ics, respectively. Wolfram (2010) related in your paper, which Mathematics education, 
can be conducted through Informatics and Computers.

The student of the Degree in Computer Science developed her practice with the sup-
port of the Mathematics teacher and the teacher responsible for the Inclusive Model. Thus, 
the steps necessary to achieve the learning objectives specified with the selected class 
have been started. The process began during the teachers’ planning period, where meet-
ings were accomplished to define the methodology of teaching, content, and practice. 

The instructional unit to be worked was defined by the teacher of the discipline, aim-
ing to attend the first part of the program shown in Table 1.

In this way, the program was divided: 
Preliminary notions, 1. 
Functions, 2. 
Limits Theory, 3. 
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Continuity and 4. 
Limitation of functions and derivatives. 5. 

Thus, the programmatic contents of preliminary notions were defined, as can be seen 
in Table 2.

At the same time, the pedagogical approach was defined, the conditions (physical, 
hardware and software) Computer laboratory provided by the school were analyzed and 
evaluated. The laboratory consisted of fifteen Computers, air conditioner, a multimedia 
projector, and a large meeting table. In this way, as the infrastructure met the needs of 
the project, it advanced to the next stage.

In the planning meetings, the scope of the lesson plan and learning objectives regard-
ing the contents were defined as can be observed in Table 3.

Learning objects were developed considering the subject of natural numbers. The 
implementation of other objects, considering the other subjects would be developed if 
there were time and interest of the teacher of the discipline. 

After preparation of the lesson plan, the student made the production of didactic 
material (Accessible Learning Objects), considering the students profile and the content. 
It is important to note that the classroom chosen for the development and application of 
the objects had a student with a hearing impairment.

Table 2
Lesson plan of classes (stretch) #1- Preliminary Notions

Content (defined by the Professor)

Fundamentals1. 
1.1  Natural, Integer, Rational, and Real Numbers
1.2   Potentiation
1.3  Radiation
1.4  Equations and Inequities
1.5  Resolution of Equations Systems
1.6  Rationale and Proportion
1.7  Three simple and compound rules

Table 1
The Mathematics Discipline Program

Program (defined by the School)

Mathematics1. 
1.1  Numbers 
1.2   Rules of Three Simple and Compound 
1.3  Functions
1.4  Real Function Theory
1.5  Limits
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The discipline teacher made available to the student her material and reviewed the 
whole matter during the making of the materials and exercises. In this way, the guide-
lines of Section 2 for the production of Accessible Learning Objects were followed and 
made the choice of the Computerized educational tool for the teaching of Mathematics. 

In the planning phase it was defined that the discipline teacher would first administer 
the content and in a second moment, the students would practice in the laboratory using 
the objects of learning. The professor of the discipline applied an evaluative test before 
and after the use of the objects to measure the knowledge and level of learning obtained 
by students. The main objective of the evaluation was to evaluate the impact, to do peda-
gogical interventions and measure the contribution of the ALO.

Preparation of the lessons plan was carried out by the teacher of the Mathematics 
discipline in conjunction with the student responsible for the ALO elaboration. At this 
moment, was defined the content (calculations with natural numbers: mathematical op-
erations) to be implemented in objects. As well, the duration (one hour per week), local 
(Computer lab), methodology (Interactionism) and shift (afternoon). The practice was 
accomplished in 6 (six) lesson, where four lesson were related to content teaching and 
two revisions, according to the schedule presented in Table 3. 

Fig. 3 illustrates an example of the Accessible Learning Object developed to attend 
the lesson of Unit 1 (according to Table 3), referring to the basic operations (addition) 
on the natural set, to add two numbers, developed in the Scratch program. Fig. 3 presents 
one of the simple and intuitive interfaces of the ALO that aims to emphasize mathemati-
cal operations. For more dynamism, there was the insertion of a guide character to inter-
act with the students. In the operations screen, feedback is presented to the student, with 
information regarding their errors and correctness, and the value of their partial grade.

Fig. 3 (in Portuguese). Example of ALO1 – Basic Operations – Addition (Question: 
Enter Result: – Students enter with the result and send, then the field’s error or correct 
are filled, according to the answer informed. And the value field is informed so that the 
result is confirmed).

Learning Objects presents a clear title, the textual description theme and the content 
in sources that afford the user visibility, the alternative media (Macedo and Ulbricht, 
2012), Thus as, the complete transcription: textual and audio, that describes the scene 

Table 3
Sequence of the programmatic content – Preliminary Notions

Instructional Unit (defined by the Professor) Natural Numbers
General Goal Perform Operations with Natural Numbers
Unit/Subject Goals Time

Fundamentals1. 
1.1  Addition of natural numbers.
1.2  Subtraction of natural numbers
1.3  Multiplication of natural numbers
1.4  Division of natural numbers

Allow understanding of basic opera-
tions concerning the categorization 
of numbers in natural sets.

45 minutes

Review and self-evaluative activity Review concepts and generate 
evaluation of each unit.

1:30 (one hour and 
thirty minutes)
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and speeches that occur in the environment (sounds and movements), relevant factors to 
understanding of the content.

Mathematics teacher and the trainee in teaching had the responsibility to conduct 
students in the practice of their activities. They applied teaching methods so that the 
students to overcome the fear of Mathematics and learning, which often prevails in the 
children and adolescents’ population. In this way, it was possible to accomplished im-
provements in the objects after its application, aiming to adapt the objects with the ex-
pectations and needs of the students. Constant orientations and observations were made 
in relation to use of the object.

Fig. 4, it is possible to visualize the students in the Computer Laboratory, accom-
plished the activities and using the ALO.

Fig. 4. Students in the Laboratory: Inclusive Model Application.

Fig. 3. Accessible Learning Object – Interface: Operation Addition.
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4. Results and Discussion 

As result obtained, we can observe that in all the lesson, the students studied the sub-
jects, presented in table 3, from the accessible learning objects and they could have the 
Professor’s support to solve any questions. In this sense, was possible to observe the 
great acceptance of the objects not only by the students but also by the discipline teacher, 
who participated effectively in the activity and felt motivated to develop more learning 
objects to attend the other instructional contents that would be taught.

Accessible Learning Objects developed in 92% of the cases, corresponded to expecta-
tions and attended the requirements and objectives defined in the planning. Therefore, it 
is important to emphasize the importance of developing digital educational resources.

ALO validations were accomplished through of the Evaluation: Learning, Teaching, 
Usability, and Accessibility with help the specialists. 

We used the same criteria described by (Mourão and Netto, 2018b), generating four 
types of questionnaires. The evaluations lasted approximately 25 to 30 minutes, where 
the evaluators interacted with the students and made observations to obtain the data.

Learning Evaluation suggests that the student has already seen the content before 
applying ALO and that the teacher may be active during the process (Mourão and Netto, 
2018a). In this sense, this evaluation has as a goal, to measure the performance and 
knowledge obtained by students, in relation to content applied. Fig. 5 shows the results 
obtained in the learning evaluation.

Learning Evaluation analysis, verified that there was 98% of learning development 
and that the objects show feedback of the activities accomplished, characterizing a teach-
ing strategy, defined in the planning. Therefore, the results also showed that there were 

Fig. 5. Learning Evaluation Result.
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adequate encouragement and support to the students and effective feedback provided by 
the teachers. Thus, 99% affirmed that the exercises are adequate, 100% that the object 
presents challenges. About 97% of the object is appropriate to the target audience, 96% 
that the objects have a clear presentation, and also 98% reported that the language used 
favored students’ understanding.

Teaching Evaluation refers to the adequacy of the objectives and contents, reuse and 
quality of the material developed, and defined in the planning stage. Fig. 6 below shows 
the results obtained in this evaluation.

Teaching Evaluation analysis, the results showed that 98% of the objects were adapt-
ed to the defined learning objectives, 89% also presented adequacy of the contents min-
istered in the room considering the profile of the students. However, it is important to 
note that 78% of the objects were actually able of possibility of being reused in other 
pedagogical contexts. In this sense, Benitti (2018) affirmed that reuse is the reason why 
much of Learning Object Technologies exists. The ALO also can be used for a diversity 
of students, adapting content or adding items. Regarding the quality of objects, 90% 
expressed that there is quality regarding the presentation of ideas, the accuracy, and 
precision of the content, to the level of detail and significant ideas.

Usability Evaluation corresponds to the quality of software or educational resource 
with regard to veracity, precision and balanced presentation of ideas. The items used in 
evaluation are based on the Nielsen Heuristics and were cited by Preece et al. (2002).

Fig. 7 shows the results obtained in this evaluation.
Accessibility Evaluation, thereabout 60% of interviewed affirmed that the interface 

of the object is simple and intuitive and that there is tolerance of errors. Also 64% related 
that information is perceptible, 80% reported that there is a low physical effort, that there 
is room for use and interaction, and that there is the efficiency of use, productivity, and 
flexibility. Another 75% affirmed that learning was easy, 100% reported that objects 
were useful, 82% reported communicability, and 50% reported safety in use. The object 
was well evaluated in this criterion, of use with medium-high quality, in relation to the 
presentation of its writing and editing, with respect to individuality and ease of use and 

Fig. 6. Teaching Evaluation Result.
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learning. In this criterion the ALO presented clear instructions, was motivating and en-
gaging, its appearance was defined as attractive, with flexible and interactive style.

As shown in Fig. 8, Accessibility Evaluation allows evaluating best practices for 
educators involved in the creation of learning resources.

Fig. 7. Usability Evaluation Result.

Fig. 8. Accessibility Evaluation Result.
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Accessibility Learning analysis 100% of the evaluators report that the images help 
in understanding the content and that they have explanatory text. However, 85% said 
that ALO have a description for non-text content, 80% that objects use colors and fonts 
appropriately, and report that images are good qualities. Although, it is important to 
note that only 58% said they were compatible with assistive technologies and only 16% 
presented visual pollution and information overload.

In addition to the evaluative questionnaires made by the specialists, the group 
accomplished summative evaluations through the pre and after test. In the first one, 
about Mathematics issues, especially in relation to the same instructional unit, where the 
class presented an average of 4.5 in the pre-test, and after the application and use of the 
Accessible Learning Object the class average increased to 8.4.

When comparing the initial with the final average, a positive evolution is observed, 
which represents improvements in learning and the maximum assimilation of the con-
tent. Thus, after the use of ALO, the students presented an above diagnosed perfor-
mance, interacted more with each other, and helped the student with hearing impaired, 
providing a collaborative and cooperative educational environment. In this sense, the 
class presented positive points in relation to performance and interaction.

Descriptive analyzes of data show that the use of technological resources in the 
classroom generates positive impacts on student learning. Thus, its allow, which social 
and digital inclusion, be reflected in the educational aspects, mainly in the construction 
of knowledge.

5. Conclusion

This paper presented the student experience during her period of Supervised Internship. 
The application happened in a class of 8th year, of the afternoon shift, composed of 40 
students in the age group of 12 to 14 years, where one student had a hearing impairment. 
The object was developed to work calculations with natural numbers of the Mathemat-
ics discipline. In this sense, the development of language in children with hearing loss 
occurred in a heterogeneous way.

The student in supervised internship concluding undergraduate Computer education 
developed an Accessible Learning Object following the Inclusive Model proposed by 
(Mourão and Netto, 2016). Thus, contributing to the teaching and learning process, de-
veloping their skills and competencies. The methodology used was precise and objec-
tive. The steps defined were important to: comply with the schedule; accomplish peda-
gogical interventions; and measure student performance.

Students who are deaf or hard-of-hearing present difficulty, because the loss or re-
duction of the sense of hearing impairs children’s ability to hear speech, and conse-
quently to learn the uncertainties of the spoken language of their environment. In this 
sense, the children hard-of-hearing present difficulty, interacted with their colleagues 
and solve the issues presented to them through the learning object. Consequently, they 
were encouraged to solve the exercises and develop their mathematical skills. In this 
sense, the proposed methodology supports the application of Inclusive Model in class-
room by means of ALO developed. The viability of the methodology was obtained 
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through of writing tests to measure student learning, before and after the application of 
learning objects. Besides, most students considered motivating to study through learn-
ing objects, as well as considered that the objects presented a practical view of the 
concepts studied.

The results obtained by this work contribute to support cooperation and collaboration 
in teaching and learning processes, through the dynamic, collaborative, and inclusive 
computational environment. This way, encourage other teachers and academics to build 
learning mechanisms or use educational tools that will collaborate with improvements in 
the teaching and learning process of the various curricular contents, promoting diversity 
and stimulating the adoption of inclusive education. 

As future work, we intend to reapply the methodology with students’ present other 
disabilities, and with other disciplines.
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