
Problem Statement and Background 
 Imagine a world where you have purchased the perfect present for your brother or sister 
during the holiday season, but they are unable to communicate their joy or happiness to you 
despite loving the present. This disconnect in communication and social cues is unfortunately a 
difficulty that children with autism and their caregivers must face on a regular basis. Children 
with severe autism demonstrate difficulty in vocabulary development, communication with 
caregivers and their environment, and social cue processing. According to the Centers for 
Disease Control’s Autism and Developmental Disabilities Monitoring (ADDM), in the United 
States, 1 out of 68 children are diagnosed with Autism Spectrum Disorder (ASD). These studies 
indicate that 25% of these children are unable to communicate their wants, needs, and thoughts 
verbally. ASD also presents an economic burden to the families that support a child with ASD. 
According to JAMA Pediatrics, the lifetime costs of autism average between $1.4 and $2.4 
million. There are many forms of augmentative and alternative communication (AAC) currently 
on the market, however the price of this type of technology is unaffordable for many families. 
Additionally, as a child’s vocabulary expands, the technology best-suited to meet their needs also 
changes, broadening the search for a cost competitive, versatile, and easy to use device. 

 

 

 

 

 

 

 

Methods and Solutions Considered 

The HEARD project started in the Spring of 2012, as part of Purdue’s Engineering 
Projects in Community Service (EPICS) Program. Since then, we have developed thirteen 
prototypes, seen below, with each model incorporating feedback from user-testing sessions and 
our project partner, Dr. Oliver Wendt, from Purdue University’s Speech Language and Hearing 
Sciences Department. During the initial development of HEARD, local clinicians requested these 
minimum viable product specifications:  
 
• Handheld: HEARD should be lightweight, portable, and fit into a small child’s hand. 
• Customizable: Commands can be easily changed as an individual’s vocabulary expands. 
• Easy to Use: HEARD needs a simple card recording process that allows caregivers to 
 easily overwrite and re-record commands.     
• Cost Competitive: The device must be affordable for families and clinicians, and       

cheaper than existing competing technology on the market. 
• Simplified Electronics: The internal technology of HEARD must be easy to configure 

and replicate for a manufacturing process. 
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 To gather more research, our team worked with Dr. Wendt to conduct user-testing 
sessions in his clinic with his clients that focus on speech therapy. During each session, part of 
our team was seated in an observation room. In each session, one team member sat one-on-one 
with the child, prompting interaction with different HEARD prototypes while other team 
members would observe and take note of reactions and behaviors through remote viewing. 
Through these sessions, we learned the importance of sensory stimulation for children with 
autism, with both colors and textures and as it would be visually stimulating. We formulated the 
physical stimulation by implementing 3D linear patterning in our CAD designs. With this 
patterning on the sides of the device, HEARD could keep the user engaged for a longer period of 
time. Through each user-testing session, the feedback we received on the functionality of 
HEARD allowed us to continue iterating and improving on the design to meet the specifications 
of our project partner, as well as our end-users. With each iteration, we made sure the 
functionality of the device would not be compromised for the end-user. Due to confidentiality 
agreements with our Project Partner and his patients, we are unable to show pictures of the users 
interacting with HEARD during our testing sessions. 
 
 Over the years, the team has developed multiple iterations that strive towards these 
specifications. A notable development in HEARD’s design was the incremental decreasing of the 
height and length of the device. With dimensions similar to that of an iPhone or other handheld 
mobile device, children felt a sense of familiarity with the prototypes, as they could associate the 
use of HEARD with pre-existing personal technologies. The customizability of HEARD is 
highlighted through the RFID (Radio Frequency Identification) technology used in the device. 
The decision to implement this technology was influenced by devices already used in clinical 
speech settings. The team looked to the Logan® ProxTalker®, which uses similar RFID 
technology to record and play messages, but does not offer the degree of portability we were 
aiming for.  

 

 

 

 

 

 

 

  HEARD compared to other AAC on the market. 

Thirteen HEARD Prototypes 



Simplicity and cost-effectiveness have also been major factors in our design decisions. 
The large playback button on top of the device, and the red record buttons allow the user to 
easily understand the process of recording and playing at a glance. These push buttons are 
unique, in that they give tangible feedback when pressed down. The extra step to include tactile 
push buttons reiterates the function of pressing the RFID card on the playback button to hear the 
command to the user. The addition of a laser-engraved quick start guide further allows the user 
to utilize the devices capabilities effortlessly. HEARD’s inner components and circuitry have 
been revamped many times to produce the most efficient and cost-effective design. The decision 
to turn use Adafruit components helps HEARD users achieve a high-tech experience at a fraction 
of the cost of comparable AAC devices. 

Final Design Approach 

Our final design is HEARD (Handheld Educational Augmentative RFID Device). 
HEARD is a portable, customizable, and affordable device that aims to increase the 
independence of children with autism by alleviating the communication and social challenges 
associated with severe autism. HEARD utilizes RFID technology, allowing caregivers, 
clinicians, and educators to record phrases onto a card. The cards can then be customized with 
graphics, words, or pictures associated with the message that the user would like to communicate 
through the device. The device outputs the message, thus facilitating the communication between 
the child and the caregiver. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 Inside the device are multiple Adafruit components, including a Raspberry Pi A+, RFID 

Card Reader, Battery Charger, and OLED Display. These parts work together with a custom-
made printed circuit board, developed by Purdue electrical engineering senior design students, 
and bring unique playback and recording functions to the user. A visual of the recording and 
playback process is seen in HEARD’s components are housed in a 3D printed, ABS plastic shell, 
which allows HEARD to wear many different, kid-friendly colors. The top of the device features 
a centered recession that guides the RFID card onto the large activator button.  

 
 
 
 
 
 

Graphics visualizing the functionality of HEARD. 

Centered recession on HEARD to guide placement of RFID card. 



The bottom of the device, while also contains a laser-engraved quick start guide, lays flat, 
allowing HEARD to be placed on a flat surface when in use or while being stored. A unique 
feature of HEARD is its textured sides, one with raised dots, and one with smooth ridges. These 
patterns provide a tactile sensation, which is particularly stimulating to children with autism. The 
device has a cross section that is 5.16” x 3.01”, sitting perfectly in the hands of the user.  

 
 

 

 

 

 

 

 

 

 

 

 

Outcome 

Now that our final prototype is complete, we are delivering HEARD to our Project 
Partner, Dr. Oliver Wendt, to use in his speech therapy clinic at Purdue University. He will use 
HEARD in sessions with children with varying degrees of autism and work to improve their 
communication skills through speech therapy. We plan to continue working with Dr. Wendt in 
his clinic to conduct user-testing sessions with the children and their families that work with him. 
As the co-founder of SPEAK MODalities LLC, an AAC software solution company, Dr. 
Wendt’s guidance and advice will be integral as we seek to commercialize HEARD so it can 
benefit families beyond the Purdue community. The long-term goal is to bring HEARD to the 
market, by first branching out to other speech clinics, then implementing HEARD in educational 
facilities, and finally in the home setting of the users. 

Cost 

In the first year of sales, HEARD will be focused on sales through an online marketplace. 
Factoring in four full time employees, 800 devices sold at a $450 price point and a 
manufacturing cost of approximately $20 per device, the following financials below were 
calculated for the first three years of sales. This can be adjusted based on resources and 
additional financial support we may receive. One of our main goals while creating HEARD was 
to keep it an affordable price. After researching HEARD’s closest competitor, the Logan® 
ProxTalker®, which retails for $2,995 according to the LoganTech website, we found that we 
could sell HEARD for 15% of the cost of the ProxTalker, and achieve more functionality as well. 

HEARD quick start guide engraved onto device. 



HEARD would include the device, a waist pack with the RFID card binder attached, as well as a 
pack of 25 prerecorded and blank RFID cards.  
 

 
 
 
 
 
 
 
 
 
 
Significance 

Autism spectrum disorder (ASD), includes a large spectrum of disability and symptoms. 
The figure below shows the general communication abilities of individuals with autism. These 
individuals range from being non-verbal, to being able to speak in complete sentences, with 
many falling between these two ends. There are many ability-specific devices on the market to 
help individuals at each stage of their speech ability. However, as individuals expand their 
vocabulary and sentence structure, they often outgrow these preliminary devices and must 
replace them multiple times throughout their lifetimes, often adding financial strain to the 
individual and their family. We believe HEARD bridges the gap between these two ends of the 
spectrum, and in turn, reduces the financial burden for families. Rather than replacing devices as 
the child grows, HEARD grows with the user. As the individual’s vocabulary expands, the 
message associated with an RFID card can be overwritten and re-recorded to include more 
complex commands and statements. For example, a child who initially learned how to say 
“happy” using HEARD, and now has a larger vocabulary can have their caregiver overwrite the 
initial “happy” card, and re-record it to say, “I am happy.” In this way, HEARD allows users to 
master new vocabulary by setting their own learning pace, and not having to rely on the 
standardized learning patterns of other styles of AAC. 
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