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Abstract—Providing proper education for visually impaired 

students has been a challenge considering the scarcity in terms 

of resources provided. One of the reasons for the lack of 

resources is the prohibitive prices of available assistive 

technology for visually impaired students. Assistive 

technologies mainly for beginners are also limited as most 

products are for intermediate learners which can cause 

discouragement of Braille learning for students who have no 

prior knowledge to Braille. Also, technology that can provide 

basic learning in Braille for visually impaired people who are 

not school-based is limited. This study aims to improve the 

assistive technology for Braille notation reading by developing 

and designing an android-based improvised tactile braille device 

coined as TACTICA. TACTICA is a low-cost and portable 

assistive technology that can be used as a supplementary tool by 

teachers and visually impaired students who are beginners in 

braille notation. With the use of the Modified Nurun Based 

Methodology intended for IoT based projects based on the study 

[1], quantitative techniques were used for the analysis of the 

requirements, the iterative processes in the development of the 

device and the tests that will be performed for the whole system. 

The study focused on the used of improvised, low-cost and 

recyclable materials in creating the 3-character braille cells. The 

braille device was infused with microcontroller and IoT 

Technology that allows communication to a developed mobile 

application intended for Special Education (SPED) Teachers 
 
Index Terms—Assistive technologies, braille, internet of things 

 

I. INTRODUCTION 

As a developing country, Philippines’ access to 

assistive technologies is severely limited and there are not 

enough facilities to cater the increasing number of 

disabled children including visually impaired students. 

Attitudinal, institutional, structural, informational, and 

technological barriers in regular schools have 

significantly contributed in deprivation of right to 

education for visually impaired students [2]. Blindness in 

the Philippines is really an issue that is alarming for the 

nation. The limited access to assistive technologies that 

can provide appropriate learning style for children with 

visual impairment is one of the major reasons why there 

is an increase in the number of visually impaired students 
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with poor educational attainment. It is evident that there 

is a need to improve the way assistive technology is 

provided for children with visual impairment to help 

them achieve their desired educational outcomes.  

Based on the Philippine Senate Press Release in 2018, 

there are a total of 648 recognized SPED centers and 

regular schools who offer programs for disabled children 

including visually impaired students in the Philippines. 

Of this number, a total of 471 SPED centers and regular 

schools are catering elementary students and the 

remaining 177 are for catering the high school students. 

[3] The SPED program of Department of Education 

provides a general approach in catering the needs of 

student with disabilities. This program aims to provide 

access to quality education for learners with 

exceptionalities by giving them their individual and 

unique needs. In 2012, based on the SPED early 

enrolment in government elementary schools, it shows 

that there were 40,181 Children with Disabilities students 

enrolled in government schools. Of this number, 4,925 

are visually impaired students. These statistics does not 

include other special cases where Visually Impaired 

learners are not school-based and/or remotely away from 

Special Education centers. 

As a counteract to the limited access to assistive 

technologies, a new trend in technology such as the use of 

readily available low-cost microcontroller and Internet of 

Things are gradually implemented which can benefit 

people with disability by improving their quality of life. 

The term Internet of Things (IoT) generally refers to the 

connectivity and capability extended to everyday things 

being used that is not considered as computer. With the 

emergence of Internet of Things, it has drastically affect 

the everyday lives of people. It has become a solution not 

only for business, but also in government, transportations, 

and even education [4]. This has led the study to align the 

objectives to the use and integration of technologies 

mention herein. 

The first objective of the study is to provide access to 

alternative assistive technology by developing an 

assistive Braille notation tactile reading device using a 

low-cost and readily available microcontroller and 

improvised tactile technology. The second objective is to 

©2019 Journal of Communications 593

Journal of Communications Vol. 14, No. 7, July 2019

mailto:dennis.martillano@upou.edu.ph
mailto:alvarez_iyan@yahoo.com.ph
mailto:dennis.martillano@upou.edu.ph


design and develop a scaled, three-character Braille 

notation tactile reading device, incorporated with an 

audio and speech recognition system that will cater the 

needs of visually impaired students who are beginners in 

Braille notation reading. The last objective is to develop a 

portable Braille notation tactile reading device that allows 

device to device communication using an IoT technology 

that will provide basic learning for visually impaired 

students in community-based set-up by creating an 

android application that can connect with the device for 

students who are not school-based.  

II. LITERATURE REVIEW 

Assistive Technology is defined as any product, 

equipment, and software programs that help people with 

disabilities including visually impaired people to increase, 

maintain, and improve their functional capabilities [5]. 

Assistive Technology however, can only enhance 

students’ basic skills, not replace them. It serves as an 

important tool in educational process. For visually 

impaired students, these assistive technologies are more 

than an educational tool, it is a Fundamental Work Tool 

that serves as their pen and paper allowing them to 

complete educational tasks and participate on class as 

well. Every visually impaired student’s need are unique 

and should be matched with necessary tools or 

technology instead of matching the existing technology to 

the student needs. Functional use of these assistive 

technologies requires redundant sensory feedback. With 

this, it enables visually impaired students to maximize 

their communication rate and improve their literacy [6]. 

A. Assistive Technology Tailored to Person with Visual 

Impairment Needs 

Assistive Technology enables visually impaired people 

to achieve educational success, improve their 

communication skills, and literacy that helps them to be 

more productive citizen and contribute to the 

development of society. The current challenge is to 

provide access and guidelines in the use of assistive 

technology for people with visual impairment. Although, 

there are a lot of new assistive technologies that are being 

created focused on helping the visually impaired people. 

Children which are often beginners are still having a 

difficult time using and familiarizing with these new 

devices due to the complication and the long period of 

time required to be adapted. Moreover, user might be 

overwhelmed by the device or technically intimidated 

because of too much functionalities and physical 

peripherals. Also, most of the devices require extensive 

configuration which is not applicable to children and/or 

beginners [7].  

According to [8], there is no specific solution for 

access to appropriate assistive technology that is suitable 

to address the specific needs of every person with visual 

impairment. Even students with same visual loss may 

require different specification or type of assistive 

technology that is based on their distinct needs. And to be 

able to identify these unique needs of each student, 

collaboration between experts in education of students 

with visual impairments, general assistive technology, 

general educational technology and educational 

evaluators must be conducted. 

III. DISCUSSIONS 

In this study, a Modified Nurun-Based Prototyping, a 

prototyping method intended for the development of 

Internet of things projects was utilized. The methodology 

has 3 main stages. These are Research, Model, and 

Realize. In the Research Stage, the study collected 

insights and developed areas of opportunities leading to 

the objectives. The team analyzed the nature of the 

problem, learned the state of the teachers and students in 

a SPED Center and the technologies that they are 

currently using. The researchers visited a SPED Center in 

the to gather information about their current state in 

assisting visually impaired students. In the Model Stage, 

a rapid and iterative process was conducted to develop 

concepts and learn within a given time frame and tested 

per unit or module. The final prototype design and actual 

braille device was created in the realize stage solidified 

by a User Acceptance Test. Results of the test can be 

viewed in the succeeding part of this paper 

Unit testing was performed by the developers in the 

development of the system to check the progress with the 

use of test cases. User acceptance testing was performed 

by the SPED teacher and visually impaired students in 

Carmona Elementary School to evaluate the aesthetics, 

usability and usefulness of both the mobile application 

and the device. 

Table I to IV show the results of the performed unit 

testing. Unit testing is performed on the four components 

of the system which are Braille cells/dots, Wemos WIFI 

module (IoT Device), speech recognition module and the 

mobile application. Testing is done iteratively until 

passed remarks are achieved. 

TABLE I: UNIT TESTING: BRAILLE CELLS/DOTS 
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TABLE II: UNIT TESTING: WEMOS WIFI MODULE 

 

TABLE III: UNIT TESTING: SPEECH RECOGNITION MODULE 

 

TABLE IV: UNIT TESTING: MOBILE APPLICATION 

 
 

In the UAT conducted, the questions were aligned with 

the objectives of the study. The developers acquired the 

results of the evaluation done by the SPED teachers and 

visually impaired students of the identified SPED Center 

by calculating the averages of the ratings using a 4-Point 

Likert Scale. Students were supervised by the SPED 

teachers in answering UAT by providing them 

specialized printed braille embossed questions base on 

the instruments used. Both the averages of the questions’ 

ratings which are related to the second objective for 

teachers and students are computed where the evaluation 

of the teachers got an average of 3.4 and the evaluation of 

the students got an average of 3.33. The general average 

is also computed where both averages of teachers and 

students were used.  

 
Fig. 1. 4-Point likert scale interpretation 

 
Fig. 2. UAT summary based on objective 2. 

 
Fig. 3. UAT summary based on objective 3. 

Overall, the questions related to the second objective 

which is: “To design and develop a scaled, three-

character Braille notation tactile reading device, 

incorporated with an audio and speech recognition system 

that will cater the needs of visually impaired students 
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who are beginners in Braille notation reading” got a 

general average of 3.37 which has an interpretation of 

“Agree”. The same procedure was used for the third 

objective which is: “To develop a portable Braille 

notation tactile reading device that allows device to 

device communication using an IoT technology that will 

provide basic learning for visually impaired students in 

community-based set-up. Both the averages of the 

questions’ ratings for teachers and students were 

computed where the evaluation of the teachers got an 

average of 3.8 and the evaluation of the students got an 

average of 3.165. With this, the general average of the 

questions related to the third objective got a general 

average of 3.48 which has an interpretation of “Agree”. 

Fig. 1 shows the 4-Point Likert Scale interpretation. Fig. 

2 and Fig. 3 show the summary of the UAT conducted 

An improvised tactile technology was used to create a 

low-cost Braille device. This is the main objective of this 

study. Braille devices are expensive because of the 

materials like solenoids which are used for the embossing 

and engraving of the Braille dots. Braille devices usually 

cost around Php 40,000 to Php 250,000 which greatly 

limits SPED schools or visually impaired people in 

having the chance to use it. 

Fig. 4 shows the materials used to create the 

improvised tactile technology and the rest of the materials 

used to create the device. With the use of electronic 

relays, recycled plastic sticks, cardboard materials and 

papers, the study was able to create a tactile technology 

which has the same function as what is usually used on 

Braille devices like solenoids. Arduino mega is used to 

control what Braille dot to emboss and engrave. Overall, 

the device costs Php 3,870.00 which is dramatically 

lesser than the Braille devices sold in markets today as 

seen in the succeeding figure. 

 
Fig. 4. List of materials used for the device and its costs.  

Fig. 5 shows the representation of how the improvised 

tactile technology works. The mechanism of the relay is 

used and an original concept in the study. Inside the relay 

is an electromagnet which creates magnetism when 

electricity flows in it. This is triggered by the output pins 

in the microcontroller. One Braille dot is supported by 

one relay. When the relay is switched on, the dot is 

engraved such that when the relay is switched off, the dot 

is embossed. Plastic stick was used as the Braille dots. It 

was used because it is light weight and can be easily 

supported by the relay and its size can be adjusted. A 

“stopper” which is made of paper is attached in the 

middle of the stick to control the height of the Braille dot 

and to prevent it from being pulled out of the device. In 

order to stabilize the position and the spacing of the 

plastic sticks with the relay, folder cardboard is used. The 

folder has six holes punched in it  that represents one cell 

which has 6 Braille dots. 

 
Fig. 5. Representation of improvised tactile technology (A) relay (B) 

plastic stick (C) folder (D) mechanism (E) actual improvised tactile 
technology.  

Fig. 6 represents comparison of TACTICA’s 

functionality compared to other existing Braille notation 

reading devices. The figure shows that TACTICA was 

able to perform the expected core functionalities of a 

Braille notation reading device such as embossing and 

engraving pins, refreshable Braille, speech recognition, 

and audio system. Also, TACTICA’s cost is significantly 

lower compared to other existing devices which makes 

TACTICA accessible in terms of costs and functionality.  

 
Fig. 6. TACTICA’s functionality compared to other existing braille 
reading device.  
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Fig. 7 shows the pictorial diagram of the device. The 

device is composed of 3 braille cells with 6 dots each. 

The cells are scaled in a bigger aspect to support the need 

of students who are just beginners in braille notations. 

The improvised tactile embosses and engraves 

accordingly base on the mode passed to it by a mobile 

application thorugh the IoT Technology. There are two 

modes: Tutorial Mode and Drill Mode. Tutorial Mode 

allows students to read basic characters and predefined 

words. The drill mode allows the teacher to pass series of 

3-character words to the device. A speech recognition 

was integrated in the mobile app to assist in validating the 

answers while reading the words in the device. The 

teacher must use the mobile app’s audio catch to allow 

the students to speak or tell the words being read one by 

one. An assistive audio system was also included in the 

braille device to prompt the students and the teacher on 

what to do in the drill mode.  

In order to send drills from the mobile application and 

validate the answers through speech recognition, the 

device is connected to the internet or a wireless network 

if internet is not available with the use of Wemos which 

is an IoT enabled device that connects to WIFI. 

 
Fig. 7. Pictorial diagram of the device. 

 
Fig. 8. Circuit diagram of the system 

 

 
Fig. 9. Block diagram of the system setup. 

 
(a) 

Fig. 10-a. TACTICA mobile application interface for word bank, create 

drill, sending drills and the interface for the Speech Recognition. 

 

©2019 Journal of Communications 597

Journal of Communications Vol. 14, No. 7, July 2019



 
(b) 

Fig. 10-b. TACTICA mobile application interface for viewing drills, 
braille emulator and the special feature to upload and download BRL or 

Braille files that can be used by SPED teachers.  

Fig. 8 shows the circuit diagram of the system. The 

circuit utilizes an Arduino microncroller, a Wemos WIFI 

board and shows the connection of a tactile dot through a 

relay swicth Figure 9 shows block diagram of the system 

setup.  

This communication set -up is based on the study [9] 

that utilizes a Wemos WIFI module to transmit data via 

an http protocol between the mobile application and the 

braille device.             

In the block diagram, the mobile application will send 

the data to the cloud server which contains the words or 

item from the drill sent. Second, Wemos wifi module will 

fetch the data sent by the android application and sends it 

to Arduino Mega via its RX/TX serial ports. Lastly, the 

Arduino Mega will transmit digital signal to control the 

embossing and engraving of the dots in the improvised 

tactile technology. 

Fig. 10 a and b show the mobile application, the 

application allows the SPED teachers to view, create and 

send drills for students by adding or choosing words in 

the word bank. Drills from the application are sent to the 

device and is read by the students. Also, teachers could 

have a quick reference to the Braille equivalent of the 

words. Lastly, as an additional feature, the teachers can 

upload and download BRL files in the application which 

are used by some Braille embossers. The text inputted by 

the teacher to the application will be converted into a 

BRL file then the teachers can download and use the files 

that are created.           

 
Fig. 11. Visually impaired students during the actual test of the braille 

device 

 
Fig. 12. Visually impaired students who tested the device and their 

profiles 

Fig. 11 shows the actual picture of the Visually 

Impaired students who tested and used the developed 

brailled device. The testing was supervised and granted 

by the SPED Center and the SPED Teacher. Students 

were given time to familiarize themselves with the braille 

device before giving them tutotials and drills. The 

students who participated in the testing have different 

types of Visual Impairement as seen in the table within 

the figure in Fig. 12. This is important in order to get 

better results in terms of functionality and to check the 

capability of the device to adapt to different types of 

students who are beginners in braille notations. 

IV. CONCLUSIONS AND RECOMMENDATIONS 

The study was able to develop an alternative assistive 

technology that can help visually impaired practice or 

learn Braille notation reading. The first objective was to 

provide access to alternative assistive technology for 

reading Braille notations and it was met by creating an 

improvised tactile technology with the use of low-cost 

microcontroller and materials like electronic relays, 

recycled plastic sticks, cardboard and paper. The second  
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objective was to develop an assistive technology for 

visually impaired students who are beginners in Braille 

notation reading. This wa achieved by creating a device 

which is scaled and is minimized to 3-characters 

incorporated with speech recognition and audio 

technology. The third objective is to develop a portable 

Braille device that allows device to device 

communication using an IoT technology that will provide 

basic learning for visually impaired students in 

community-based set-up. This objective was met by 

creating a mobile application which can create, and view 

drills consisted of five to ten 3-character words which are 

passed and retrieved by the device. 

Currently, the device is capable of embossing 

uncontracted words with the maximum of 3 characters. 

Also, the speech recognition is integrated in the mobile 

application where internet is required for its functionality. 

To further improve the system, the study would like to 

recommend the following as an extension to this study: (1) 

Increase the maximum number of characters and add the 

embossing of contracted words so that it can be used by 

visually impaired students who already have prior 

knowledge in Braille notation reading. This 

recommendation is also based from the suggestion of the 

SPED teacher that aligns to the embossing and engraving 

of words according to the level of the visually impaired 

students (2) Integrate the speech recognition within the 

device which will result to faster feedbacks and 

validations. (3) Include the embossing of numbers and 

symbols which can be very useful for mathematical 

operations. For the android application, saving words, 

BRL files, and drills are thorugh a cloud server, the 

developers recommend an additional module/function: 

Having an account for both the students and teachers to 

be able to save more data in the cloud server that can be 

used for displaying information to monitor the progress 

of the students, specifically, the student/teacher name, 

drill taken and its date, score, and words that the user got 

right or wrong. 
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